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ABSTRACT

Neuropsychological assessment of older individuals with dementing illnesses has suffered from a lack of
appropriately designed testinstruments. The Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS) was developed for the dual purposes of identifying and characterizing abnormal cognitive
decline in the older adult and as a neuropsychological screening battery for younger patients. The entire
battery takes less than 30 minutes to administer, and yields scaled scores for five cognitive domains. The
current study reports preliminary clinical validity results with the RBANS, comparing very mildly de-
mented patients with a diagnosis of probable Alzheimer’s disease2() to patients with Huntington’s
diseaserf = 20) and normal control:(= 40). Although the patient groups had essentially identical total
scores on the RBANS, they exhibited opposite profiles, differing significantly on four of the five subsec-
tions. The AD patients performed most poorly on Language, and Delayed Memory subsections, while the
HD patients obtained their lowest scaled scores on the Attention and the Visuospatial/Constructional
subsections. These results are consistent with the neuropsychological profiles of these dementing disorders
derived from lengthier standardized tests and experimental investigations. In addition, even those patients
who performed above the suggested cut-off points on the MMSE and the Dementia Rating Scale scored
significantly below their controls on the RBANS. These data suggest that the RBANS is effective at both
detecting and characterizing dementia of different etiologies.

The neuropsychological assessment of oldeuwutility in tracking disease progression or moni-
patients with known or suspected dementia hagoring outcome in clinical trials of antidementia
suffered from a lack of appropriately designed medications.

test instruments (cf., Randolph, Mohr, & Chase, On the other hand, existing dementia/mental
1993). Most current standardized neuropsychostatus screening tests, such as the Mini-Mental
logical tests are designed to avoid ceiling effectsState Exam (MMSE; Folstein, Folstein, &
in young normals, and are excessively difficult McHugh, 1975) or the Dementia Rating Scale
for this population. Older individuals may also (DRS; Mattis, 1976) are relatively insensitive to
be more prone to fatigue and less likely to en-mild dementia (e.g., Petersen, Smith, Ivnik,
dure a lengthy neuropsychological evaluation,Kokmen, & Tangalos, 1994). They also do not
which typically exceeds 6 hours (Puthnam & allow for clinically useful profiling of abilities
DelLuca, 1990). The difficulty level, length, and across cognitive domains (Feher et al., 1992),
lack of alternative forms of existing standard- which is of potential utility in differential diag-
ized neuropsychological tests also limits theirnosis and treatment planning. In part, this may
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be due to the fact that until relatively recently, Salmon, & Butters, 1990). Patients with AD typ-
little was known about the nature of early cogni- ically are also reported to perform more poorly
tive deficits in dementing illnesses or how theseon confrontation naming tests and semantically
early deficits differed across dementias of vari-controlled verbal fluency tasks, whereas patients
ous etiologies. with HD have been reported to perform more
Recent studies have established the utility ofpoorly than AD patients on phonemically con-
certain types of neuropsychological tests in thetrolled (letter) fluency tasks (Monsch et al.,
early detection of dementia. The use of a verball994; Randolph, Braun, et al., 1993). In con-
serial list learning task has been shown to be arast, patients with various forms of “subcorti-
particularly sensitive measure of early dementiacal” dementia are often described as more im-
(Flicker, Ferris, & Reisberg, 1991; Masur, paired on tests of attentional function or cogni-
Sliwinski, Lipton, Blau, & Crystal, 1994; Peter- tive processing speed.
son et al., 1994). Immediate recall of stories Using the Wechsler Memory Scale-Revised
(Eslinger, Damasio, Benton, & Van Allen, 1985; (WMS-R; Wechsler, 1987), Troster and col-
O’Donnell, Drachman, Let, & Swearer, 1988), a leagues computed difference scores between the
timed coding task such as Digit Symbol from the General Memory Index and the Attention/
WAIS-R (Masur et al., 1994; Newman, ConcentrationIndex, and compared HD patients
Warrington, Kennedy, & Rosser, 1994), andto AD patients. They found that AD patients
semantic fluency tests (Masur et al.) have alsalemonstrated a significant relative preservation
been identified as sensitive to cognitive deficitsof attentional functions in comparison to HD
associated with very early Alzheimer’s diseasepatients (Troster, Jacobs, Butters, Cullum, &
(AD). Salmon, 1989; see also Butters et al., 1988).
A number of studies have also suggested thaBrandt, Folstein, and Folstein (1988) also re-
dementias of differing etiologies may have dis- ported that HD patients were significantly worse
tinct neuropsychological profiles. The mostthan AD patients in subtracting serial sevens, a
common distinction made is between “cortical” task usually considered attentional in nature. In
dementias (usually AD) and “subcortical” de- comparing AD and HD patients on the DRS,
mentias produced by diseases involving aSalmon et al. reported that HD patients were
greater degree of pathology in subcortical nucleisignificantly worse than AD patients on the Ini-
or white matter, such as Huntington’s diseasetiation section, with a trend to perform worse on
(HD), Parkinson’s disease (PD), vascular de-the Attention section (Salmon, Kwo-on-Yuen,
mentia, and progressive supranuclear palsy (cfHeindel, Butters, & Thal, 1989).
Brown & Marsden, 1988). The majority of this In summary, the majority of studies to date
work has been done in the context of basic re-that have compared dementias of differing etiol-
search into brain-behavior relationships within ogies on neuropsychological tests have em-
specific domains of cognition such as memoryployed largely experimental tests in an attempt
(e.g., Heindel, Salmon, & Butters, 1989; Pillon, to explore brain-behavior relationships across
Deweer, Agid, Dubois, 1993; Randolph, 1991) only a limited number of cognitive domains.
or language (e.g., Monsch et al., 1994; Ran-There is sufficient evidence, however, to suggest
dolph, Braun, Goldberg, & Chase, 1993). that there are some qualitative differences in the
Typically, such studies report poorimmediate profile of cognitive impairment among these
memory and/or blunted learning curves in all disorders, particularly between patients with AD
groups, with the worst performance by AD pa- and patients with HD.
tients. Patients with subcortical dementias are Unfortunately, the currently available instru-
typically found to display better retention over ments for the assessment of dementia all have
time, perform better on recognition testing, andsignificant shortcomings in terms of the transla-
exhibit fewer errors of intrusion than AD pa- tion of these empirical findings intolinically
tients (Butters, Granholm, Salmon, Grant, & usefulapplication. These shortcomings include
Wolfe, 1987; Delis et al., 1991; Hodges, the excessive length and difficulty (for many
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patients) of tests such as the WMS-R, the genamenable to the construction of multiple equiva-
eral insensitivity of screening tests such as thdent forms. This is important in avoiding prac-
MMSE or the DRS, and the lack of referential tice effects in the measurement of disease pro-
scaling or population-based normative data forgression or in screening for symptomatic im-
the DRS or tests such as the CERAD batteryprovements in response to therapeutic interven-
(Morris, Heyman, & Mohs, 1989), which is a tions.
well-designed brief dementia battery used by The RBANS underwent a US nationwide,
many of the University-based Alzheimer’s dis- population-based standardization with adults
ease centers around the US. Another relativelyaged 20-89 years. Itis scheduled for publication
recently constructed test, the Alzheimer’s Dis-in 1998. The present study reports on prelimi-
ease Assessment Scale (Rosen, Mohs, & Davisjary clinical validity results of a study of 80
1984), has enjoyed widespread use as an outsubjects: Twenty patients with mild AD, 20 pa-
come measure in clinical trials of experimental tients with mild HD, and 40 age- and education-
therapeutics for Alzheimer’s disease. Unfortu- matched controls. Our hypothesis was that the
nately, this scale has been reported to be insensRBANS would prove sensitive in terms of de-
tive to early dementia (Zec et al., 1994) andtecting dementia in both patient groups, and
lacks both population-based normative data andvould also be able to identify distinct profiles of
referential scaling. It was also constructedimpairment that would distinguish the patient
largely as a subjective rating scale, rather than groups from each other. Such findings would
psychometric instrument. support the clinical utility of this battery in the

One of the primary design goals for the Re- neuropsychological assessment of dementing
peatable Battery for the Assessment of Neuro-llnesses.
psychological Status (RBANS) was for the spe-
cific purpose of identifying and characterizing
dementia in older individuals. As a result, the METHOD
following design goals were met:

(1) Overall length of battery to be less than Participants
30 minutes This was felt to be important in A total of 80 persons participated in this study.
maximizing patient cooperation and minimizing TWenty of these were patients with a diagnosis of
effects of fatigue on performance. probable AD according to the criteria of the

- . National Institute of Neurological Disorders and
(2) Level of difficulty appropriate for range Stroke and the Alzheimer’'s Disease and Related

from normal older adult through moderately piseases Association (NINCDS-ADRDA;
severe dementiaExisting standardized neuro- McKhann etal., 1984). Routine laboratory tests for
psychological tests are excessively difficult for the differential diagnosis of dementia, including
this population, while dementia screens are in-magnetic resonance imaging scans, were carried
sensitive to mild impairment. The RBANS was ©Ut on all AD patients. All patients also had com-
designed to bridge this gap plete phy_5|ca_l, neurological, and neu_ropsychologl-
. . . cal examinations. None of these patients were tak-
(3)Measurement of cognitive functions typi-  jng medications that affected the central nervous
cally affected by dementing disorders, with pro- system.
duction of scaled score profiledn addition to Twenty patients with a diagnosis of HD also
incorporating measures which are known to beparticipated in the study. These patients were diag-

sensitive to dementia, the ability fofile im- nosed on the basis of a positive family history and

pairment across cognitive domains was felt to pethe presence of choreiform movements. Disease

tical | h terizati f the d ti severity ranged from 6 to 12 on Shoulson’s (1981)
criical in - characterization o € demenlia, s.51e. None of the HD patients were medicated at
which may be important in terms of differential ihe time of the study.

diagnosis and treatment planning. Normal controls were recruited by advertise-
(4) Availability of alternate forms for evalu- ment and were paid for their participation. They

ation of disease progression or outcome testing were matched to the patients on the basis of age

of therapeutics The battery was designed to be and years of education, and as a result neither pa-



RBANS: PRELIMINARY CLINICAL VALIDITY 313

tient group differed significantly from their control a 10-item list of words over four learning trials.
group on these variables. One group of 20 olderThe words are semantically unrelated, early age-
normal controls (ONC) was matched to the AD of-acquisition, relatively high-imagery, and as
patients; a second group of 20 younger normalphonetically unique as possible. (Byory Mem-
controls (YNC) was matched to the HD patients. ory consists of a 12-item story, read aloud for im-
None of the normal controls had any history of mediate recall over two trials. Recall is scored us-
neurological or psychiatric disease and none weréng a verbatim criterion, in order to avoid compli-
taking any medications that affected the centralcated scoring rules.
nervous system at the time of testing.
The demographic characteristics of the subject(2) Visuospatial/Constructional
groups are listed in Table 1. Sixty percent (12/20) This index consists of the following two subtests:
of the AD group had a MMSE score above the (a) Figure Copy consists of copying a geometric
commonly used cut-off score of 23; 60% (12/20) figure comprised of 10 parts. Each part receives a
of the HD patients also had MMSE scores above2-point score (accuracy and placement), for a total
23. Not all patients received the DRS. Of thoseof 20 possible points.h) Line Orientation con-
that did, 36% (5/14) of the AD patients scored sists of a 10-item line orientation test. Each item
above the suggested cut-off score of 123 (Mattis,involves a radiating array of 13 lines spanning 180
1988) and 58% (7/12) of the HD patients scoreddegrees; below the array are two target lines that
above 123. There was no significant difference inare identical in orientation to two of the lines from
MMSE scores between patients who did and didthe array. The subject’'s task on each item is to
not receive the DRS. The mean MMSE of the AD identify the matching lines. One point is given for
patients who received the DRS was 22.8; the meareach correctly matched line, for a total score of 20.
MMSE of those AD patients who did not was 23.7.
The mean MMSE score of the HD patients who (3) Language
received the DRS was 23.9; the mean MMSE ofThis index consists of the following two subtests:
those who did not was 24.6. (a) Picture Naming consists of 10 line drawings,
which the subject must name. Semantic cues are
Repeatable Battery for the Assessment of Neu- given if the object is obviously misperceived (e.g.,
ropsychological Status (RBANS) “umbrella” for mushroom). (b) Semantic Flu-
The RBANS consists of five indexes (see below).ency consists of the total nhumber of exemplars
Stimuli are contained in a wire-bound, easel-typegenerated for a given semantic category (e.g.,
booklet, making the test easily portable and allow-fruits and vegetables) within 60 seconds. The se-
ing for bedside administration. Total administra- mantic categories used were chosen in order to
tion time is 20-30 mins. Two alternate forms are attempt to minimize retrieval demands and thereby
scheduled for publication. All subjects in this more specifically tap semantic stores rather than
study received form A. The battery indexes are: retrieval strategies (cf. Randolph, Braun, et al.,
1993).
(1) Immediate Memory
This index consists of the following two subtests: (4) Attention
(a) List Learning consists of immediate recall of This index consists of the following two subtests:

Table 1. Subject Characteristics .

Group n Gender Age (years) Educ. (years) MMSE DRS
(M/F)
M (SD) M (SD M (SD M (SD)
AD 20 8/12 66.7 (5.5) 13.2 (3.4) 235 (3.4) 121.3  (7.57
ONC 20  10/10 68.3 (6.1) 13.8 (2.7)
HD 20  10/10 476  (12.6) 122 (3.3) 243 (3.5) 120.8 (19.6)

YNC 20 10/10 47.2 (9.2) 135 (2.8)

Note AD = Alzheimer’s disease; ONC = old normal controls; HD = Huntington’s disease; YNC = young normal
controls; SD = standard deviation; MMSE = Mini-Mental State Examination; DRS = Dementia Rating Scale.
aN = 14.
bn=12.
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(a) Digit Span is analogous to digits forward on statistical results reported below for the scaled
the WAIS (Wechsler, 1955). There are two string scores also obtain for raw score totals.

of digits in each item, at lengths increasing from 2

to 9 digits. The second string at a given length is

only read if the first string is failedb) Coding is

similar in nature to the Symbol Digit Modalities RESULTS

Test (Smith, 1973) or the Digit Symbol subtest of

the WAIS-R. Numbers rather than symbols were Scaled Scores

chosen for the response in order to avoid the possiThe distribution of raw scores in each patient
ble detrimental effect of a constructional apraxiagroup and the normal controls for each of the
on performance. The score is the total number offive indexes met assumptions of normality prior
items completed in 90 seconds. to (and following) scaling conversion

(5) Delayed Memory (Univariate Procedure, SAS System). The scaled

This index includes four subtests: (a) List Recall SCOres for the five indexes were analyzed by
involves free recall of the words from the List MANOVA for the fourgroups, followed by post
Learning task.(b) List Recognition involves hoct-test comparisons among groups. The over-
yes/no recognition testing for memory of the all MANOVA was significant £ = 14.2,p <
words from the List Learning taskc) Story Re-  0001). Post hot-tests results are summarized
call involves free recall of the story from the story ;, Taple 2 and the means for each group across

memory test(d) Figure Recall involves free re- . . . ; .
call of the figure from the figure copy subtest. indexes are graphically depicted in Figure 1.

SCALING: In the production version of this Although the YNC group outperformed the
test, each index score will be separately scaled byoNC group across indexes, the only comparison
age group to a scaled score mean of 100 with assothat reached statistical significance was on the
ciated SD of 15. This will allow for a profile of Immediate Memory Subsection. Both control
performance across cognitive domains, and a totafroups performed numerically above the refer-
scaled score will be derived from the the sum Of(ince sample means of 100; this is likely due to

these, also with a normal mean of 100 and standard . . . .
deviation of 15. igher education levels of subjects in the present

For the purpose of the present study, a Sing|estudy in comparison to the reference sample.
reference sample was used to provide these scalinghe HD patients differed from both control
metrics. This was a separate group of 50 normalgroups on all indexes. The AD group differed
individuals ranging in age from 40 to 89 years from the controls on all indexes except Visuo-

(ﬂ‘%a” = 66??' with an average educatijo.n level |°f patial/Constructional. The difference between
.o years. Raw scores were converted into scale D and HD patientS was Signiﬁcant on all in-

scores for all subjects in the present study using .
the same scaling metric, regardless of age. Thalexes except for Immediate Recall. The total

reason for scaling the raw scores in the presengcaled score was nearly identical for the two
study was for the purpose of presenting profiles agpatient groups (AD = 81.4; HD = 81.5), indicat-
they will appear when the scale is published. All ing comparable overall levels of dementia.

Table 2. Results of-Test Comparisons of Groups by Subsections.

Immediate Memory Visuospatial/ Language Attention Delayed Memory
Constructional

A YNC A YNC A YNC A YNC A YNC

B ONC A ONC A ONC A ONC A ONC

CHD A AD B HD B AD B HD

C AD B HD CAD CHD CAD

Note Groups with different prefix letters had Index score means significantly different p&th@5 level for that
subsection. AD = Alzheimer’s disease; ONC = old normal controls; HD = Huntington’s disease; YNC = young
normal controls. See Figure 1 for graphical presentation of means.
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Fig. 1. Index score profiles across RBANS indexes for all four groups in the study. See text for results of statis-
ticalanalyses. Abbreviations: YNC-young normal controls; ONC-old normal controls; HD-Huntington’s
disease; AD-Alzheimer’s disease; IMEM-Immediate Memory; VISCON-Visuospatial/Constructional;
LANG-Language; ATT-Attention; DELMEM-Delayed Memory.

Cortical/Subcortical Profiles and there was very little overlap of the patient
The opposite pattern of performance exhibitedgroups. Setting the cutoff point at 0 and below
by the AD and HD patients suggests that thesdor a “subcortical” score, and above 0 for a
scaled scores might be used to generate a singl&ortical” score resulted in an overall overall
discrepancy score that would be useful in distin-correct classification rate of 93% (See Table 3).
guishing between patterns of dementia. In order

to generate a single score, the mean of the scaledatient Group Differences in Memory Perfor-
scores of the Delayed Memory and Languagemance

indexes was subtracted from the mean of theSeveral previous studies have suggested that AD
scaled scores of the Attention and Visuos-and HD patients display different patterns of
patial/Constructional indexes. These were theperformance on memory testing, with HD pa-
four indexes on which the two patient groups tients displaying relatively preserved recogni-
were significantly different. The results are de-tion memory performance. This pattern was also
picted in Figure 2. The two normal control observed in the present study.

groups did not significantly differ on this mea-  The two patient groups did not differ on ei-
sure. Both control groups were significantly dif- ther the total immediate recall for trials 1-4 total
ferent from both patient groupk (faluesranged of the List Learning subtesfF(1,38] = 1.4, NS),
from 10.6 to 23.2, alps < .002). The HD and or immediate recall on the Story Memory sub-
AD groups were obviously significantly differ- test ¢[1,38] = 1.7, NS). They were, however,
ent on this measurd-{1,38] =53.4,p<.0001), significantly different on the List Learning De-
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Group means on the Cortical/Subcortical measure, derived by subtracting the mean of the Language and
Delayed Memory Indexes from the mean of the Attention and Visuospatial/Constructional Indexes for
each subject. See text for statistical results. Abbreviations: YNC-young normal controls; ONC-old
normal controls; HD-Huntington’s disease; AD-Alzheimer’s disease.

layed Recall F[1,38]=17.7p<.0002), on List jects from the younger normal control (YNC)
Learning RecognitionK[1,38] = 8.0,p<.008), group had total scores overlapping the HD range
and on Story Memory Delayed RcaHl[{l,38] = of scores (94% of all subjects in non overlap-
8.4,p <.006). The AD patients performed more ping distributions). Using a median split for the
poorly than the HD patients on all the delayeddistributions of total scores for younger (HD,

memory measures. YNC) and older (AD, ONC) groups separately,
and classifying the upper 50% of scores as nor-
RBANS Test Sensitivity mal and the lower 50% of scores as demented

There was very little overlap between the pa-yielded a classification sensitivity of 90% and
tients and their controls in terms of total scale specificity of 90% as well (36/40 normals and
score. Only 2 subjects from the older normal 36/40 patients correctly classified).

control (ONC) group had total scores that fell ~As an index of test sensitivity in comparison
within the range of AD scores, and only 3 sub- to the MMSE and the DRS, the RBANS perfor-

Table 3. Classification by “Cortical/Subcortical Deviation Score”.

Patient Group Classified as “Subcortical” Classified as “Cortical”
HD Patients 18 2
AD Patients 1 19

Note AD = Alzheimer’s disease; HD = Huntington’s disease.
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mance of those patients who performed abovdor these 7 HD patients was 97.6 (YNC group
suggested cut-offs for both the MMSE and DRSmean = 113.5§D = 8.5).

was compared to their controls. This was done

as per the group comparisons reported above,

with a repeated-measures ANOVA on the scaledDISCUSSION

scores of the five RBANS subtests.

There were 12 AD patients who scored aboveThis preliminary clinical validity study of the
23 on the MMSE; the overall group difference RBANS suggests that it is sensitive both in
between these patients and the ONC group waterms of detecting and characterizing dementia.
significant £[1,30] = 39.6,p < .0001). Signifi- These two groups of very mildly demented pa-
cant index and index by group interactions weretients both performed well below their age- and
also obtained. These very mildly demented AD education-matched control groups, and dis-
patients differed from the older normal controls played markedly different patterns of perfor-
on every subtest but Visuospatial/Construct-mance across subtests. This was true even for
ional. For purpose of overall comparison, thethose patients who performed above the stan-
mean sum of their scaled scores was 82.3, adard cut-offs for the MMSE and the DRS. The
compared to the ONC mean of 105304=8.9) pattern of impairments exhibited by each of

Only 14 AD patients received the DRS; of these groups is consistent with what has been
these, 5 obtained scores above 123. Even witleported previously in studies using a variety of
this limited power, the difference between theselengthier standardized tests and experimental
5 patients and the ONC group was significantparadigms.

(F[1,23] = 15.3,p < .0008). Again, there were The AD patients, as expected, performed
significant index and index by group interaction most poorly on the Delayed Memory Index,
terms. These 5 AD patients performed signifi- which includes measures of free recall and rec-
cantly worse than did the ONC group on all in- ognition. They were also significantly worse
dexes but Attention and Visuospatial/Construct-than the HD patients on the Language Index. In
ional. The mean sum of the scaled scores forcontrast, the AD patients significantly outper-
these 5 AD patients was 89.2. formed the HD patients on the Attention and

There were 12 HD patients with MMSE Visuospatial/Constructional Indexes. The two
scores above 23; the overall group differencepatient groups did not differ on the Immediate
between these patients and the YNC group wa®lemory Index.
significant £[1,30] = 45.9.p < .0001). Signifi- Obviously, AD and HD are clinically distinct
cant index and index by group interactions weredementing disorders with virtually no diagnostic
also obtained, although the HD group performedoverlap. As such, however, they are appropriate
significantly worse than did the YNC group on for preliminary clinical validity studies such as
all indexes. For overall comparison, the meanthis, and provide the groundwork for further in-
sum of the scaled scores of the HD group wasvestigations of disorders which pose more diffi-
84.9, as compared to the YNC mean of 113.5cult differential diagnostic questions. The fact
(SD=8.5). that the RBANS was able to effectively charac-

Only 12 HD patients received the DRS; of terize the dementias associated with these two
these 7 obtained scores above 123. Even witldisorders suggests that it may be useful in the
this limited power, the difference between theseclinical assessment of disorders with a greater
7 patients and the YNC group was significantdegree of clinical overlap. Additional clinical
(F[1,25] = 18.5,p < .0002). Again, there was a validity studies will include comparison of pa-
significant overall effect of index and a margin- tients with Alzheimer’s disease to patients with
ally significant ¢ < .054) index by group inter- vascular dementia, as well as investigations in-
action term. These 7 HD patients performed sig-volving a variety of other dementing disorders
nificantly worse than did the YNC group on ev- and depressive disorders in the elderly.
ery subtest. The mean sum of the scaled scores
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