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Abstract

‘Stages’, as used in clinical practice and research, are defined, their value
described, and criteria are proposed for their evaluation. The specific interest
is in staging Alzheimer’s disease (AD). Two staging systems, one based on the
Global Deterioration Scale (GDS) and one based on the Mini-Mental State
Exam (MMSE), are compared in terms of these criteria, as an illustration of
the process involved. We propose that there is not one unique staging system,
that different staging criteria might be appropriate to different research or
clinical needs, depending on which part of the temporal course of the disease is
of primary interest, and on whether the focus is on cognitive, functional, neu-
rological, behavioral, economic, or other issues. GDS staging seems a better
choice for the later stages of AD when the focus is on functional change.
MMSE staging seems a better choice for tracking the earlier stages of AD when

the focus is on cognitive change.
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Introduction

In clinical practice and research, a ‘stage’ is a clinically
distinct period or phase of a progressive disease or process
characterized by a certain pattern of signs, symptoms,
responses ar reactions. Salient examples are the stages of
cancer, the stages of labor, the stages of childhood, and the
stages of adolescence. At issue here are the stages of Alz-
heimer’s disease (AD).

Generally, stages are clinically meaningful and recog-
nizable, but are arbitrarily defined divisions of a process
that is both complex and continuous. The divisions are
arbitrary in that how many stages are defined, on what
information classification into stages is based, what as-
pects of change are emphasized, and where the thresholds
are placed defining a transition from one stage to another,
are the choice of the designer of the staging system. Thus
stages are not intrinsic 10 the disease or process. Because

of this arbitrariness, there can be different valid ways of
staging a particular disease or process that will produce
conclusions, not necessarily identical, but complementary
to each other. Different ways of staging a particular dis-
ease or process may be more or less useful in different
population types (e.g., community versus clinical, mildly
ill versus severely il}) or for different types of research
questions (¢.g., neurological versus behavioral versus so-
ciat).

Stages may be especially important scientifically when
there is heterogeneity among patients in the timing and
course of the disease or process. By matching patients on
stage, one can compare patients in a more meaningful
fashion both for clinical decision making and for research
purposes. Because patients within a stage are more homo-
gencous than patients at different stages, there is greater
power to detect patterns of response in research using
stage-matched patients. For example, the assessment of
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the efficacy or effectiveness of treatments is facilitated
when patients assigned to treatment and control groups
are comparable in where they are in the course of the dis-
order. Not only is power to detect efficacy or effectiveness
increased, but the effect size is maximized.

When the process or disease extends over many years,
staging permits efficient segmentation of research efforts,
allowing researchers to focus on one stage, or one stage-
to-stage transition at a time. For example, it may be that
those AD patients who have a specific genotype, etiology,
gender, racial/ethnic background, or socioeconomic sta-
tus will tend to have a more rapid progression, or a more
virulent course than others. There may be subtypes of AD
with different etiologies, different responses to treat-
ments, and/or different courses of illness that could be
identified by the pattern of stage durations. Moreover, it
may well be that certain treatraents are efficacious or
effective only when initiated at certain stages of the disor-
der, or that the efficacy or effectiveness is signaled by a
prolongation of the duration of an early stage of the disor-
der. Finally, the success of screening programs is often
assessed by comparing the distribution of stage at time of
initial diagnosis for those who undergo screening versus
those who do not [1, pp. 162-166].

Stages also have colloquial utility [2] in that they pro-
vide the means for quick and concise communication.
Between clinicians and researchers familiar with the stag-
ing system, stages locate a patient in what is often a long
and complex process. In clinical practice, stages aid in
explaining to patients and families what to expect as the
disease progresses, how long each stage can be expected to
last, and what level of care will likely be needed at each
stage.

To accomplish the above objectives, a scientifically
valid staging system must satisfy certain criteria:

(1) Stages must be operationally defined.

(2) Staging must have excellent inter-observer and ade-
quate test-retest reliability (day-to-day inconsistency of
the patients’ responses should be the major source of
unreliability) as well as convergent validity.

(3) Stages must be exhaustive and exclusive. After
onset of the disease, every patient is in some stage, and
only one stage, at each point of time.

(4) Stages must be progressive. Unreliability aside,
after onset, the patient moves from one stage (o the next
in succession. Diagnosis of the disorder can be done at the
earliest in the first stage, and, if death is related to the
disorder and not to competing risks, death occurs in the

last stage.
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(5) There must be enough stages to absorb a major part
of the heterogeneity of the process, but not so many that
one could not study each stage, one stage at a time, nor
communicate effectively in clinical practice. Three stages
(e.g., mild, moderate, severe) are workable, but 5 or 7
stages are more typical. For examples, 5 stages of cancer
are typically defined, and the GDS staging to be discussed
below has 7 stages. In the case of AD, the median time
from diagnosis to death is of the order of 5-10 years [3],
and significantly longer for female than for male AD
patients. Thus 5 stages of AD, with a median duration of
about 1-2 years in each, would seem to be ideal for
research and clinical purposes.

(6) Stages must have clinical validity such that the
stages should be sensitive not only to the key clinical
symptoms addressed, but also to the major clinical symp-
toms not explicitly considered in defining the stages. For
example, the stages of cancer are defined by clinical signs,
but are useful because they also relate strongly to treat-
ment responsiveness and to probable survival time.

This paper examines two proposals for staging patients
after onset of AD. One is based on the Global Deteriora-
tion Scale (GDS) [4], which was specifically designed as a
staging system. The second is based on the Mini-Mental
State Examination (MMSE) [5], which is an interval scale
not specifically designed as a staging system, but which
can be adapted to perform that function. These are select-
ed to illustrate the process by which staging systems might
be evaluated for use in clinical research and practice.

“

Materials and Methods

Staging Instruments

GDS Stages. The GDS [6] is a 7-point rating instrument designed
for the staging of cognitive and functional capacity in normal aging,
age-associated cognitive impairment, and dementia. The GDS is one
of the most widely used instruments for clinical assessment of the
overall magnitude of severity of age-associated memory impairment
(AAMI) and primary degenerative dementia (PDD), particularly
PDD of the Alzheimer type [6]. The GDS assigns a label from GDS-1
to GDS-7 to each patient, with GDS-7 indicating the greatest impair-
ment.

GDS-1 indicates absence of any subjective or objective cognitive
impairment. As this rating would necessarily predate the clinical
diagnosis of AD, GDS-! is not a clinical stage of AD per se. GDS-2
indicates subjective complaints but no objective evidence of impair-
ment on clinical interview, nor in employment and social situations.
Diagnosis of AAMI or age-related cognitive decline by DSM-1V [7]
may be made during GDS-2 and diagnosis of possible AD is occa-
sionally but rarely made during GDS-2. In effect, once clinical diag-
nosis of AD has been made there are 5 possible GDS stages: GDS-2
and 3 (combined), GDS-4, GDS-5, GDS-6, GDS-7.
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Operational guidelines are presented for assigning GDS stages
based on information about subjective complaints of memory defi-
cit, abjective abservation of deficit on careful clinical interview, and
an assessment of the functional ability of the patient, in part based on
information provided by a knowledgeable informant [4). While the
GDS staging system provides for stages that are exhaustive and
exclusive, users sometimes signify their inability to assign an AD
patient to onie and only one stage by assigning half-stages, i.e. GDS-
3.5, to signify a mixture of GDS-3 and 4. These half-stages have no
operational definition, and compromise the criterion of exhaustive
and exclusive stages for GDS staging. Here, those assigned to a half-
stage are reassigned to the stage below, i.e. GDS-3.5 is treated as
GDS-3, because the implication is that the operational criteria for
GDS-4 are not yet fully satisfied.

The GDS stages so defined have clinical validity, and have been
demonstrated to have both interobserver and test-retest reliabili-
ty [8].

MAMSE Stages. MMSE (5] is a widely used clinical scale, designed
for preliminary screening, diagnosis and serial assessment of psycho-
geriatric patients, providing a very brief but formal and relatively
thorough measure of cognition, including orientation, memory, at-
tention, language, and design copying [9]. Scores range from 0 to 30
ou an interval scale, with 30 the best possible score. Instructions for
administering and scaring the examination, including consideration
of special circumstances, are available [10]. The MMSE also has clin-
ical validity, and has been demonstrated to have both interobserver
and test-retest reliability [5].

We here propose the following staging system for the MMSE:
MMSE-1: 24-30; MMSE-2: 15-23; MMSE-3: §-14; MMSE-4: 4-7;
MMSE-5: 0-3. The cut-point of MMSE=23 is often used clinically
[11] to define onset of dementia. The cut-point of MMSE=15 was
selected as the lower bound of ‘early’ AD as a selection criterion intg
our studies. The cut-points under 15 are set at intervals in a 2:1:1
ratio because clinical changes are more rapid as MMSE approaches
zero. Nevertheless, while the choice of cut-points may be infarmed
hy expected clinical changes, by expected durations, or by test-retest
unreliability, it should again be noted, that they remain, until valida-
tion, arbitrary choices.

Sample

All 206 patients in this study were recruited into the Stanford-
Palo Alto VA Aging Clinical Research Center (ACRC) between Jany-
ary, 1982 and Januvary, 1997 and had a clinical consensus diagnosis
of prabable Alzheimer's [12]. To determine the diagnosis of probable
AD, all patients had a complete medical, psychiatric, neurologic,
neuroimaging, and neuropsychological assessment. Based on these
evaluations, a consensus diagnosis was reached by an interdisciplin-
ary team including 1-3 physicians and at least 2 other experienced
clinicans, Only AD patients with active major medical problems
(e.g., congestive heart failure or recent life-threatening cancer) that
would have made participation in an intensive longitudinal study
difficult, were excluded. Of the patients recruited on whom we have
neuropathology results (n = 46), 89% have been confirmed as definite
AD with or without other diagnoses (e.g. Lewy body variant, isch-
emic vascular changes). Patients were recruited as early in the disease
process as possible, and were recruited to have an MMSE score of 15
or above at entry (i.e., MMSE-] or 2). At entry all were home-dwell-
ing ar living in board-and-care homes, i.¢., none were institutional-
ized in skilled nursing facilities at entry. Written informed consent
was obtained from patieats or from their caregivers at entry. Each
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patient was to be followed longitudinally at approximately 6-month
intervals, Because the emphasis of the ACRC is on the early and mid-
dle stages of AD, routine clinical follow-up ceased after two succes-
sive cognitive assessments ({ year or more) at which MMSE = 0.
Effort was made 10 solicit donation of brains at time of death from all
patients for neuropathological studies,

The population from which this sample is drawn tends to be of
khigh socicecaonomic status (42% college graduates) and predominant-
ly nonminority (93% Caucasian). Of the sample, 62% were men. The
data used in this report were taken from the resulting longitudinal
database.

Clinical Measures

The Alzheimer’s Disease Assessment Scale (ADAS Cog, Non-cog)
{13) contains 21 items divided into two subscales: (1) the 11-item
cognitive subscale for assessment of receptive and expressive lan-
guage ability, orientation, constructional and ideational praxis, and
word-list recall and recognition, and (2) the 10-item noncognitive
subscale for assessment of mood, psychotic symptoms, mator activi-
ty, tremors, and appetite change. Possible cognitive scores range
from 0to 70, and noncognitive scores from 0 to 50, with higher scores
on both subscales reflecting greater dysfunction. The cognitive sub-
scale was administered by a clinician (orientation items) and a
trained psychology technician (remaining items). The noncognitive
subscale ratings were made by the clinician, based on information
obtained through separate interviews with the patient and caregiver.

From the ADAS cognitive subscale, we also obtained measures of
aphasia and apraxia, which are salient indicators of rapidity of cogni-
tive decline [14). Following recent work by the ADAS developers
[15], the aphasia score was the mean of ratings for ‘difficulty making
self understood’, ‘cornprehension of spoken language’, ‘word-finding
difficulty’, ‘following commands', and ‘confrontation naming'. The
apraxia score was the mean of the two praxis items. The aphasia and
apraxia scores range from 0 to 5, indicating ‘no’ o ‘severe impair-
ment’ respectively.

Time-Based Behavioral Disiurbance Questionnaire (TBDQ). The
TBDQ is designed to measure diurnal variations in behavioral dis-
turbance (16, 17], The TBDQ was filted out by consenting caregivers
if they lived with the patient at the time of the assessment. The
TBDQ requests caregivers to report whether, over the previous
month, the patient exhibited any of the following seven behaviors:
combativeness, agitation, wandering, incoherent speech, hallucing-
tions, confusion, and disorientation (detinitions were provided for
each behavior). Respondents were asked to check off the time peri-
ods during which the behavior took place: morning (Wake until
12 p.m.); early afternoon (12 noon to 4 p.m.); late afternoon/evening
{4 p.m. to 10 p.m.); night (10 p.m. to Wake). The TBDQ score used
here is the averall score, computed for each patient as the percentage
of the seven behaviors checked across the four time periods.

Incontinence. Incontinence was assessed through clinical inter-
view with the caregiver. In each interview, one or two recording
methods were used: either the incontinence item of the Blessed-Roth
Dementia Rating Scale [ 18], or the incontinence item of the Califor-
nia AD Program’s Minimum Uniform Data Set which is the data
collection instrument of the California AD Diagnostic and Treat-
ment Centers. In either case, no differentiation is made between
incontinence due to cognitive or physical impairment.

In all cases, the MMSE and GDS$ assessments associate with a
particular measure that was nearest to the time of measurement with-
in 90 days.
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Table 1. Correspondence between

GDS and MMSE stages GDSMMSE ~ MMSE-l MMSE-2 MMSE-3 MMSE4 MMSES Total
MMSE score 24-30 1523 8-14 47 0-3
GDS-2,3 106 78 t 1 0 186 (17)
GDS-4 33 247 17 0 0 297(28)
GDS-5 0 110 157 23 4 294 (27)
GDS-6 0 7 65 a9 135 256 (24)
GDS-7 0 0 0 0 37 3703)
Total 139 442 240 73 176 1,070 (100)
(13) (41 (22) ) (16)

Numbers in bold indicate the modal response in a row and/or colum. Values in parenthe-

ses are percentages.
Table 2. Transition frequencies for
MMSE stages {total transitions = 863), From/To MMSE-1 MMSE-2 MMSE-3 MMSE-4 MMSE-5 Total
to assess whether MMSE stages are
progressive MMSE-1 63 58 1 0 2 124
MMSE-2 21 227 121 10 12 391
MMSE-3 0 13 105 51 32 201
MMSE-4 0 0 7 10 45 62
MMSE-5 Q 0 0 2 83 85
Numbers in bold indicate the number of backward transitions.
Table 3. Transition frequencies for
GDS stages to assess whether GDS stages From/To GDS-2,3  GDS-4 GDS-5 GDS-6 GDS-7 Total
are progressive '
GDS-2,3 89 68 8 2 1 168
GDS-4 8 134 105 {0 4 261
GDS-5 2 7 148 93 3 253
GDS-6 0 0 4 148 20 172
GDS-7 0 0 0 1 8 9
Numbers in bold indicate the number of backward transitions.
Results There is a strong correspondence between the two stag-

Staging Criteria 1 and 2: Operational Definition,

Interobserver and Test-Retest Reliability, and

Convergent Validity

The MMSE and GDS stages described above are both
based on scales that have been operationally defined and
have documented interobserver and test-retest reliability
[3, 8. In the current data, 206 patients were observed on
1,070 occasions when MMSE and GDS scores were both
obtained for the same patient within the same week. Stag-
ing based on these observations are presented in table 1.

302 Dement Geriatr Cogn Disord 1998;9:299-308

ing systems, in that modal responses for a row or column
tend to lie on the diagonal. But, as would be expected
from the less than perfect test-retest reliability of each
staging system, there are also discrepancies between the
two staging systems. In general, MMSE-1 corresponds to
GDS-2 and 3; MMSE-2 corresponds to GDS-4; MMSE-3
corresponds to GDS-5. Discrepancies occur primarily in
the later stages of dementia, such that MMSE-4 and § are
less distinctly related to GDS-6 and 7.

Kraemer/Taylor/Tinklenberg/Yesavage



Staging Criteria 3 and 4: Exhaustive and Exclusive

Categories That Are Progressive

For both the GDS and the MMSE stages, transition
matrices were compiled, counting for each pair of stages,
how many times on two successive observations of an AD
patient (usually about 6 months apart), the AD patients
were seen initially in one stage and subsequently in anoth-
er (n = 573). If a staging system is both reasonably reliable
and progressive, there may be a few ‘one-step backward’
transitions, e.g. from stage 5 to 4, due to unreliability, but
very few, if any, ‘two or more-step backward transitions’,
e.g. from stage 5 to stage 3.

In table 2 are presented the transition frequencies for
the MMSE stages, and in table 3 those for the GDS stages.
Only 3% of the GDS stage transitions and 5% of the
MMSE stage transitions went backward by one step.
None of the MMSE stage transitions were backward by
more than one step, but 2 of the GDS stage transitions
(from GDS-5 to GDS-2,3) went backwards two steps or
more. Both staging systems appear to reasonably satisfy
this criterion.

It should also be noted that observed progression
through stages, however defined, is not necessarily
smooth. For example, there are 3 patients who transition
from GDS-2,3 to GDS-6 or 7, and 2 patients who transi-
tion from MMSE-1 to MMSE-5. Occasionally, a patient
appears to skip a stage in an approximately 6-month peri-
od. This phenomenon may be due in part to interobserver
and test-retest unreliability of the measurements underly-
ing the staging, but may also reflect important individual
differences among AD patients in the progression of the
disease.

Staging Criterion 5: Adequate Stage Durations

In a sample of AD patients representative of a popula-
tion, with each patient followed at regular intervals from
diagnosis to death, the proportion of observations in each
stage is an unbiased estimate of the percentage of total
duration spent in each stage in that population. Similarly,
the number of transitions that do not change stages (the
numbers on the diagonal of tables 2, 3) are also indicators
of relative average duration in each stage.

The present sample is selected to be a representative
sample of available and eligible AD patients, but is not a
representative sample across the course of the illness, as it
undersamples time in MMSE-5. In this sample, the lon-
gest durations in the GDS system are in GDS-4, 5, 6 and
in the MMSE system are in MMSE-2, 3, with very short
duration in GDS-7. In the present sample of AD patients,
there were only 37 (3%) observations in GDS-7 (table 1).

Stages of AD

Table 4. Estimated median duration (years) in each of the inter-
mediate stages

Stage MMSE stages Stage GDS stages
n duration n duration
years years
MMSE-2 111 1.6 GDS-4 100 1.2
MMSE-3 45 1.4 GDS-5 90 1.5
MMSE-4 43 0.8 GDS-6 19 20

Moreover, all time spans from entry to one stage to
entry to the next higher stage in this sample were located,
and an estimate of the median in each such intermediate
stage was computed. This is a crude estimate, for succes-
sive observations are taken at approximately 6-month
intervals, and occasionally 9 months or more may lapse
until the next measurement. Thus entry to a stage first
observed at a time point could actually have occurred at
any time since the last observation. However, the bias
occurs at both ends of the intervals, and thus should gen-
erally cancel out. In table 4 are presented the estimates of
the medium duration (in years) at each corresponding
intermediate stage for GDS and MMSE staging in this
sample. Again this confirms the difference in how the two
systems operate, as AD patients tend to spend a longer
time in MMSE-2 and 3, and shorter times in MMSE-4,
whereas they tend to spend a shorter time in GDS-4 and
5, and a longer time in GDS-6.

Despite the sampling differences, the unbiased esti-
mates of duration of GDS-5 and -6 reported for a different
AD population where there is likely an oversampling of
time in MMSE-5, which are also estimated quite differ-
ently [8] (page 302), are 1.4 and 2.4 years, corresponding
well to 1.5 and 2.0 years estimated here.

Of the 43 AD patients in the present sample who are
deceased and for whom we have an MMSE within a year
of death, 42% (18/43) had an MMSE=0. In general, 56%
(24/43) were in stage 5, 12% (5/43) were in stage 4, 19%
(8/43) were in stage 3, 12% (5/43) were in stage 2, and 2%
(1/43) were in stage 1. Clearly, many AD patients do not
survive to reach stage 5, although that is the modal stage
at death.

Staging Criterion 6: Clinical Validity

A valid staging system must be sensitive to important
clinical changes over time, including significant clinical
symptoms not explicitly considered in defining the stages.
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Fig. 1a-d. Means of response measures external to the staging systems for stages ! (MMSE-1, GDS-2,3),
2 (MMSE-2, GDS-4), 3 (MMSE-3, GDS-5), 4 (MMSE-4, GDS-6), 5 (MMSE-3, GDS-7).

Figures la-d and table 5 present the means of observed
characteristics clinically associated with AD progression:
ADAS cognitive total scores, specific measures of aphasia
and apraxia, ADAS noncognitive behavioral ratings,
TBDQ disruptive behaviors, and incontinence. Note that
often there were too few observations in GDS-7 1o assess

304 Dement Geriatr Cogn Disord 1998:9:299-308

the results. These results show that in both staging systems
all the clinical symptoms measured increased in severity
in the more advanced stages. The pattern of changes
shown in the table and figures suggests that it makes very
little difference whether GDS or MMSE staging is used.
Both appear to have clinical validity.
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Table 5. Mean ADAS aphasia and apraxia scores for each of the
staging systems

Stage level Aphasia score Apraxia score
MMSE GDS MMSE GDS
stages  stages stages  stages

MMSE-1 or GDS-2,3 0.51 0.64 0.37 0.46

MMSE-2 or GDS-4 0.99 0.99 0.88 0.81

MMSE-3 or GDS-5 2.28 1.87 2.11 1.68

MMSE-4 or GDS-6 3.32 3.80 3.14 3.81

MMSE-5 or GDS-7 4.68 4.96 4.58 5.00

Discussion

Both the MMSE and GDS instruments were shown to
be useful as staging systems. Each system has its own
advantages and limitations in research and clinical prac-
tice. First, as a backdrop for discussing limitations, we
discuss the sampling and measurement issues enmeshed
in the development of any staging system.

Sampling and Measurement Issues

Sampling issues are crucial in estimating the total
duration of any disease as well as the duration of separate
stages. Ashford et al. [19] emphasize the necessity of test-
ing the entire range of AD pathology to obtain a non-
biased measurement of duration in any stage of disease.
Such a task can very likely only be accomplished by sam-
pling patients at the time of diagnosis of AD with regular
and frequent assessment up to the time of death.

Our Center, for example, focuses less on the end stage
of AD, because we are particularly interested in individu-
al differences and determinates of rate of cognitive de-
cline and in predictors of nursing home placement. As a
result, our duration indicators for GDS-7 - based on the
proportion of observations in each stage and on the num-
ber of transitions that do not change stages — very likely
underestimate the duration of the terminal stage of AD in
the general AD population. On the other hand, a study
giving an estimate of an average of a total of 7 years for
GDS-7 is likely to be an overestimate [20]. As Reisberg
[20] noted, each duration was computed conditional on
reaching that stage. That is, patients who died before
reaching that stage were excluded from the computation,
not included as 0. In a later study [8], approximately 50%
of patients over the age of 75 at entry (GDS 4-6) had died
before the average follow-up interval of 4.6 years. The
overall pattern of results, like those in the sample here

Stages of AD

reported, indicates that many AD patients, especially
those over 75 at time of diagnosis, either do not survive to
GDS-7 and/or have only a short duration at that stage.

The comorbidity that affects any aging population fur-
ther complicates sampling. Moritz et al. [3], for example,
found that at the time of diagnosis of probable or possible
AD, 25.2% of males and 17.0% of females patients had a
history of heart disease; 20.3% of males and 31.0% of
females had a history of hypertension; S.1% of males and
15.6% of females had chronic obstructive pulmonary dis-
ease. Comorbid conditions may exacerbate the course of
AD, and AD may also exacerbate the course of the comor-
bid conditions. To impose stringent criteria in patient
selection excluding most comorbidity in order to have a
sample of ‘pure AD’, as some studies have, will produce a
sample that is not representative of AD patients in gener-
al, and will tend to give an overestimation of the average
total duration of AD. Indeed, Moritz et al. [3] report that
for women (but not for men) who constitute the majority
of AD patients, comorbid physical conditions such as a
history of heart disease, stroke and diabetes, rather than
signs and symptoms of AD, are the significant predictors
of time from diagnosis to death.

Studies that exclude both certain stages of AD and cer-
tain patients with comorbid conditions are most likely to
produce biased estimates of the duration of AD and its
stages. For example, one study [8] excluded, at baseline,
all individuals in GDS- 2 or 3, samples no one in GDS-7,
and excluded all patients with comorbid conditions. Ex-
clusion of comorbidities would tend to produce an overes-
timate of the total duration of AD, and the exclusion of
early AD would tend to overestimate the proportion of
time spent in later GDS stages. In a similar way, esti-
mated durations of illness may be quite different in stud-
ies of institutionalized patients or in samples focusing on
early age of onset of AD.

Intertwined with the issue of longevity is the issue of
progression. More disease progression is conceptually
possible in patients who live longer, and it is clinically
obvious that when a patient reaches the end stage, how-
ever defined, the disease continues to progress until
death. The MMSE staging system defined here will be
more limited than is the GDS staging system in this
respect, because of the differential emphases these two
staging systems place on early versus late stages. Thus the
GDS and its accompanying ordinal assessment of func-
tional capacity, the functional assessment staging (FAST)
[21], appear to be most applicable where the research
emphasis is on late-stage AD.
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Measurement and Analytic Issues Related to Staging

Crucial to the discussion of measurement and analysis
of staging based upon rating scales is the determination of
whether the scale is an ordinal scale or an interval scale. In
mathematics [22], a nominal scale (e.g., ethnic group:
Caucasian, African American, Asian American, Hispanic
American, Other) applies different labels to different
items; an ordinal scale (e.g., letter grades: A, B, C, D, E), in
addition, imposes an ordering between the items; an
interval scale (e.g., counts, length, weight, time), further-
more establishes a unit of measurement. One set of
objects can be labeled in different ways, ordered in differ-
ent ways, or scaled in different ways. For example, the
MMSE score, like the Hamilton Rating Scale for Depres-
sion, the Brief Psychiatric Rating Scale and the ADAS, a
count of signs and symptoms, is thus an interval scale.
However, the items on the MMSE might also be given
weights indicative of their different clinical severities, or
might be assigned a weight equal to the average time after
onset at which that sign or symptom appears, and other
interval scorcs might be the average of the weights so
assigned. The scores would likely be highly correlated, but
not identical. In contrast, both GDS staging and MMSE
staging, as defined above, are ordinal, allowing only the
decision that one patient might be at a later stage than
another.

The mathematical importance of the level of measure-
ment lies in the fact that computational operations avail-
able to interval scales are different from those available to
ordinal scales. It is often convenient to use numbers (1, 2,
3..) as the labels attached to stages. However, results
based on adding (averaging) and subtracting numerical
labels attached to the stages (e.g., in computing means,
standard deviations, percentage of variance accounted
for) are logically and mathematically questionable [23].
Linear models, such as those used in analyses of variance,
regression, and correlation analyses are validly used only
for interval scales. Yet, many of the results in the research
literature are based on application of linear models to
ordinal scales.

The issue of more meaningful quantification of rate of
decline has been discussed in depth by Ashford et al. [19].
In this study they developed a ‘time-index’ model of
severity of AD, thus also an interval scale. Of interest for
this presentation is that they used both an expanded form
of the MMSE and a series of clinical questions based in
part on the GDS. Their time-index method set as a goal a
measure quantified in terms of time of progression across
the length of the average clinical course of AD.
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Valid staging systems facilitate communication be-
cause a progressive disease or developmental process is
split into a small number of clinically distinct periods.
Staging also allows researchers to focus on more homoge-
neous patient groups to gain greater statistical power and
clearer interpretation of results. However, the global ordi-
nal nature of stages tends to make them suboptimal as
measures for detecting intraindividual change if one’s
interest lies in short-term change or in tracking change in
a specific ability or symptom. General cognitive scales,
such as the ADAS Cognitive Subscale and the Dementia
Rating Scale [24], and specific cognitive tests such as ver-
bal fluency and clock drawing are preferable for detecting
change because these measures are more finely scaled and
can be performed by mild to moderately severe dementia
patients for 1-2 years [25-28].

As staging systems for AD, both the MMSE and GDS
were shown to be useful. Each system may have different
advantages and disadvantages for specific AD subpopula-
tions or for some particular focus of research interest. The
acid test is whether a particular staging system leads to
new insights into the course of AD that are important for
clinical decision making and are replicated in future inde-
pendent research. Any staging system based on different
information, obtained from different sources, or empha-
sizing different aspects of the clinical changes that take
place over the time course of AD is likely to be highly
correlated but not identical to another. Yet each might be
very useful for specific research and clinical purposes.

Other scales such as the ADAS or the Hierarchic
Dementia Scale [29], like the GDS scale, correlate highly
with the MMSE and with each other. Ashford et al. {19],
for example, note that among the range of patients they
tested, there was a close correlation between the MMSE
and the time-index form of assessment, such that the
MMSE could explain 90% of the variance of the latter.
Each such scale could also be used to define stages that
would perform comparably to both the GDS and the
MMSE staging. Each could undergo the kind of evalua-
tion demonstrated above for GDS and MMSE staging
both to assess its merit and its performance relative to
other proposed and validated staging systems. However
stages are defined, within each stage, there are always fin-
er grained clinical changes that might be of interest to
those focusing on the study of one stage, or of one stage-
to-stage transition. For example, delineation of the time
of onset of symptoms to the time of diagnosis, both of
which may occur in GDS-2, 3 or in MMSE-1, would
require much finer resolution of the earliest observable
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clinical changes that take place within those stages. In
such cases, a strategy such as that used to define the FAST
substages of the late stages of AD might be necessary to
study the early stages.

With multiple valid and reliable staging systems poten-
tially available, how would one choose among them?
What issues are involved? To illustrate: For the purposes
of our clinical research to date, we have elected to use
MMSE staging, the definition, and documentation for
which has been here described. MMSE staging is easier to
use, takes less time, and has great clinical familiarity. In
addition, the MMSE is based on clinical observation and
evaluation of the patient rather than on informant report
in an interview, This is especially advantageous when
there is no informant available, as in screening frail elders
who live alone, when there is no reliable or consistent
informant, or where the quality of informant information
may be inconsistent or questionable, as in the case of dou-
ble-dementia couples.

Moreover, interval scales such as the MMSE scores can
be used in a variety of powerful statistical analytic meth-
ods inappropriate for ordinal scales such as GDS or
MMSE stages. For certain research investigations, having
the MMSE interval scale available would yield greater
power, and having the MMSE staging available for other
studies where staging affords greater clarity is an advan-
tage. Finally, because of our hopes of finding ways of
delaying onset, prolonging the early stages of AD, and
delaying the onset of the final stages and institutionaliza-

tion, we have placed the emphasis of our study on the ear-
ly stages. The increased emphasis that the MMSE places
on the earlier stages is more consonant with our research
goals than is GDS staging,

If our context had been different, the choice of staging
system might also well have been different. A staging sys-
tem more focused on specific neurological, physical, be-
havioral, social, or economic changes might be preferable
to the GDS (functional change), or the MMSE (cognitive
change) staging, for those researchers particularly inter-
ested in those specific facets of the multiple clinical
changes that occur in the process of AD. In short, there
need not be one standard staging system for the field.
What is needed is that each research project use a staging
system that is well-defined, documented to satisfy the cri-
teria articulated above, justified in terms of the context
and goals of the research projected, and consistently
applied.
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