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Abstract

Objective: Progressive supranuclear palsy (PSP) is associated with a variety of cognitive deficits, 

as well as motor and psychiatric disturbances. As clinical trials for PSP evolve, briefer screening 

instruments will be needed to determine cognitive effects of interventions. The Repeatable Battery 

for the Assessment of Neuropsychological Status (RBANS) may fill this gap.

Methods: Three hundred four participants diagnosed with Richardson’s syndrome of PSP were 

evaluated with the RBANS, as well as other scales typically used in PSP.

Results: RBANS performances for these participants fell significantly below expectations for the 

Total Scale score and all five Indexes. Cognitive scores on the RBANS were also significantly 

related to other markers of PSP (e.g., motor and functional abilities, depression, global cognition). 

Compared to other clinical conditions from the literature, patients with PSP show impairment on 

tests of visuospatial perception and construction and attention.

Conclusion: Although additional research is needed, the current study supports the clinical 

applicability of the RBANS in patients with PSP, as well as its potential for future clinical trials.
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Introduction

Progressive supranuclear palsy (PSP) is a rare neurodegenerative condition, which is 

characterized by abnormal aggregates of the microtubule-associated protein tau in neurons 

and glia throughout the brain, but most prominently in the brainstem and basal ganglia 

(Boxer et al., 2017). Although most cases are sporadic, PSP can have an autosomal 
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dominant pattern of inheritance, and it is associated with mutations of the MAPT gene on 

chromosome 17. Clinically, Richardson’s syndrome of PSP (Hoglinger, Respondek, et al., 

2017) presents with a variety of motor disturbances (e.g., early and severe gait instability, 

vertical gaze palsy, rigidity of the axial muscles, dysphagia, pseudobulbar affect) (Litvan & 

Hutton, 1998), neuropsychiatric symptoms (e.g., apathy, depression, sleep disturbances, 

agitation, disinhibition) (Gerstenecker, Duff, Mast, Litvan, & Group, 2013), and cognitive 

impairment. This triad of clinical symptoms often leads to notable functional deficits (K. 

Duff, Gerstenecker, & Litvan, 2013).

A wide range of cognitive difficulties are seen in PSP, including those adversely affecting 

phonemic and semantic verbal and figural fluency (Bak, Crawford, Hearn, Mathuranath, & 

Hodges, 2005; Grafman et al., 1990; Soliveri et al., 2000), naming (Cotelli et al., 2006), 

attention and executive functioning (Bak et al., 2005; Gerstenecker, Mast, et al., 2013; 

Paviour et al., 2005), and learning and memory (Litvan, 1994). Despite multiple cognitive 

domains being affected, Gerstenecker et al. (2013) found primary executive dysfunction 

(e.g., initiating and inhibiting responses, especially on tasks with a motor output) in a large 

cohort of these patients. As the disease progresses and these patients experience progressive 

cognitive decline, it may become difficult to comprehensively evaluate their cognitive 

functioning with lengthy batteries and briefer screening measures of cognitive abilities are 

needed.

The Repeatable Battery for the Assessment of Neurological Status (RBANS) (Randolph, 

1998) is a brief cognitive screening battery that has been used to evaluate 

neuropsychological functioning in a wide range of neuropsychiatric conditions. To our 

knowledge, only two studies have used this battery to evaluate patients with PSP. Boxer et al. 

(2014) did not find a treatment effect in 313 patients with PSP on the RBANS Total Scale 

score in a clinical trial comparing davunetide and placebo across 52 weeks. Using the same 

sample from this clinical trial, Bang et al. (2016) reported that the Total Sale score on the 

RBANS was associated with attrition in the trial and with changes in symptoms of PSP 

across the year-long study. These studies provide preliminary support for the RBANS in 

clinical trials in PSP, but they only focused on the Total Scale score of the RBANS, which 

limits this battery’s utility in defining the cognitive deficits in PSP.

Therefore, the purpose of the present study was to further validate the RBANS as a tool to 

assess cognitive functioning in a large, well-characterized sample of patients with PSP. In 

addition, relationships between RBANS scores and other markers of PSP will be examined. 

Finally, comparisons will be made to other relevant clinical studies in the literature that used 

the RBANS. As clinical trials in PSP expand, a well-validated cognitive measure could be 

useful in determining the effectiveness of treatments.

Methods

Participants and Procedures

Participants were recruited from 48 study centers in Australia, Canada, France, Germany, the 

United Kingdom, and the United States for a randomized clinical trial of davunetide vs. 

placebo (Boxer et al., 2014). Ethics board approval was obtained at each site and all 
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participants gave written informed consent as per local regulations. All participants met the 

following inclusion criteria for PSP: at least a 12-month history of postural instability or 

falls, decreased downward saccade velocity or supranuclear ophthalmoplegia, and an 

akinetic-rigid syndrome with prominent axial rigidity. In addition, at screening, individuals 

had to be between 41 to 85 years old, have a Mini-Mental State Examination (MMSE) score 

≥ 15, live outside a skilled nursing facility or dementia care facility, be able to ambulate 

independently or to take at least 5 steps with minimal assistance, have a Progressive 

Supranuclear Palsy Rating Scale (PSPRS) score ≥ 40, and be able to undergo an MRI scan 

during screening. Participants were allowed to take Parkinson’s medications if the dose had 

been stable for 60 days prior to screening. Participants were allowed to take rasagiline or co-

enzyme Q10 if the dose was stable for at least 90 days prior to screening. Participants were 

excluded if: they had a clear and robust benefit from levodopa at the time of screening, 

evidence of motor neuron disease, or use of acetylcholinesterase inhibitors, antipsychotics 

(other than quetiapine), memantine, lithium, methylene blue, or other putative disease 

modifying drugs for PSP. These were the same participants used in other papers that 

reported on the RBANS Total Scale score (Bang et al., 2016; Boxer et al., 2014), but these 

other papers have not provided information on the other Indexes of the RBANS.

Measures

The RBANS (Randolph, 1998) is a brief, individually administered test measuring attention, 

language, visuospatial/constructional abilities, and immediate and delayed memory. It 

consists of twelve subtests, which yield five Index scores and a Total Scale score. Normative 

information from the manual, which is used to calculate the Index and Total scores, is based 

on 540 healthy adults who ranged in age from 20–89 years old. The Index and Total scores 

are age-corrected standard scores (M = 100, SD = 15). All subtests were administered and 

scored as defined in the manual. Validated translations of the RBANS were used in this 

study, and all participants were tested in their primary language.

In addition to the RBANS, a number of other commonly-used measures in PSP were 

collected on these individuals, including:

• The PSPRS (Golbe & Ohman-Strickland, 2007) is a widely-used rating scale for 

symptoms of PSP, which consists of six categories including daily activities, 

behavior, bulbar, oculomotor, limb motor, and gait/midline. Scores range from 0 

to 100, with higher scores indicating more severe disease.

• The Schwab and England Activities of Daily Living (SEADL) (Schwab & 

England, 1969) scale is a measure of overall disability based on interviews with 

the patient and the informant. It is scored on an ordinal scale, with 0.0 indicating 

vegetative functions, up to 1.0 indicating complete independence.

• The Geriatric Depression Scale (GDS) (Yesavage et al., 1983) is a 30-item 

screening measure for symptoms of depression in the elderly. Higher scores 

indicate more severe depression.
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• The MMSE (Folstein, Folstein, & McHugh, 1975) is a widely-used screening 

measure for global cognitive functioning. Higher scores indicate better cognitive 

functioning.

Boxer et al. (2014) previously presented results from this cohort on three tests of executive 

functioning (Color Trails, Letter-Number Sequencing, and phonemic fluency). We elected 

not to re-present those findings, as: 1) we wanted to focus on the RBANS profile of PSP, and 

2) comparisons between measures would be difficult without a common normative database. 

Finally, not all participants completed all tests due to time restraints, participant fatigue, or 

severity of cognitive impairments, and only participants with all measures were included.

Data Analyses

Primary analyses.—To validate the utility of the RBANS in those with PSP, one sample 

t-tests were used to compare Index scores of the participants with PSP to an expected value 

of 100 (i.e., age-corrected score at the 50th percentile). Cohen’s d, a measure of effect size, 

was calculated from the respective means and standard deviations. The assumptions of a 

one-sample t-test were met (i.e., RBANS data were continuous, RBANS data followed a 

normal distribution [e.g., all skewness and kurtosis values were less than 3], sample is 

randomly drawn from its population). Pearson correlations were calculated between RBANS 

scores and other scale frequently used in patients with PSP (e.g., PSPRS, SEADL, GDS, 

MMSE). An alpha of 0.05 was used throughout.

Secondary analyses.—Since no control data are presented, comparisons were made 

between the RBANS performances of the current PSP sample and other relevant clinical 

studies in the existing literature. Specifically, the means and standard deviations for patients 

with Alzheimer’s disease (AD, n = 69, recruited from southern US medical center’s memory 

disorders clinic, MMSE: M = 22.4, SD = 3.9) (K. Duff et al., 2008), Parkinson’s disease 

with dementia (PD, n = 27, recruited from Oklahoma City medical center’s movement 

disorders clinic, MMSE: M = 23.1, SD = 2.5) (Beatty et al., 2003), and Huntington’s disease 

(HD, n = 75, recruited from University of Iowa’s Huntington’s Disease Center of 

Excellence, no MMSE data on this sample) (K Duff, Beglinger, Theriault, Allison, & 

Paulsen, 2010) were compared with our PSP patients with one-sample t-tests. Effect sizes 

were also estimated. Additional details about these other clinical samples can be obtained 

from the original articles.

Results

Primary analyses

Three hundred four participants PSP participants were included in the final sample. They 

were nearly evenly distributed for gender (53% male and 47% female), with a mean age of 

67.6 (SD = 6.5) years. The vast majority was white (88%) and not Hispanic (91%). Disease 

duration was reported to be fewer than five years for 91% of the sample, and more than five 

years for 9%. Based on their PSPRS score, they tended to be mildly to moderately impaired 

(M = 39.9, SD = 11.1). Daily functioning tended to show increasing dependence (SEADL: 

M = 50, SD = 20). Overall, they were mildly depressed (GDS: M = 12.7, SD = 6.7), with 
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borderline cognition (MMSE: M = 26.2, SD = 3.6). See Table 1 for RBANS Index scores, 

which ranged from moderately impaired to borderline.

One sample t-tests for the RBANS Indexes indicated that all fell significantly below 100 (see 

Table 1), with effect sizes (i.e., Cohen’s d) for all RBANS Indexes being large to very large. 

The largest discrepancies were seen on the Visuospatial/Constructional Index (d = 5.3). 

Large effect sizes were also seen on the Attention and Language Indexes (d = 3.4 and 3.0, 

respectively).

Relationships between the RBANS Indexes and other markers of PSP are presented in Table 

2. Briefly, all of these important clinical characteristics of PSP were significantly correlated 

with the Total Scale score of the RBANS, including PSPRS (r = −0.41, p < 0.001), SEADL 

(r = 0.45, p < 0.001), GDS (r = −0.24, p < 0.001), and MMSE (r = 0.65, p < 0.001). Similar 

relationships existed between the RBANS Indexes and these markers of PSP.

Secondary analyses

The means and standard deviations of the RBANS Indexes for the PSP sample are reiterated 

in Table 3, as are the RBANS scores for the samples of AD, PD, and HD. Compared to 

patients with AD, those with PSP performed significantly poorer on the Visuospatial/

Constructional Index (p < 0.001, d = 2.7) and the Attention Index (p < 0.001, d = 0.6), 

whereas patients with AD performed significantly worse on the Immediate Memory Index (p 

< 0.001, d = 2.4), Language Index (p < 0.001, d = 0.5), Delayed Memory Index (p < 0.001, d 

= 3.7), and Total Scale (p < 0.001, d = 1.5). These cognitive profiles are presented in Figure 

1.

Using the sample of patients with PD with dementia from Beatty et al. (2003), PSP patients 

performed significantly worse on the Visuospatial/Constructional Index (p < 0.01, d = 0.6) 

and the Language Index (p < 0.001, d = 0.9), whereas the patients with PD and dementia 

performed significantly worse on the Immediate Memory Index (p < 0.001, d = 3.1), 

Attention Index (p < 0.001, d = 1.1), Delayed Memory Index (p < 0.001, d = 2.4), and Total 

Scale (p < 0.001, d = 1.9). These cognitive profiles are presented in Figure 2.

Compared to the HD patients in Duff et al. (2009), the PSP patients of the current sample 

performed significantly better on most of the RBANS Indexes (Immediate Memory [p 

<0.001, d = 1.5], Attention [p < 0.001, d = 0.9], Delayed Memory [p < 0.001, d = 1.1], Total 

Scale [p < 0.001, d = 0.5]). The HD patients performed significantly better on the 

Visuospatial Constructional Index (p < 0.0 1, d = 1.8], and the two groups were comparable 

on the Language Index (p = 0.07). These cognitive profiles are also presented in Figure 2.

Discussion

The current study sought to further validate the RBANS as a tool to assess cognitive 

functioning in PSP, for which motor, psychiatric, and cognitive disturbances are common. 

As clinical trials in PSP expand, a well-validated cognitive measure could be useful in 

determining the effectiveness of treatments, and the RBANS may serve this unique role. 

Consistent with prior studies (Bak et al., 2005; Gerstenecker, Mast, et al., 2013; Litvan, 

Duff et al. Page 5

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1994), significant cognitive deficits were observed in this cohort of patients with PSP. For 

example, as seen in two prior studies using the RBANS in PSP (Bang et al., 2016; Boxer et 

al., 2014), the mean Total Scale score for this sample fell at the 4th percentile. This similar 

result is not surprising, as we used the same sample as these prior studies. However, unlike 

these prior studies, we were also able to examine the five Indexes of the RBANS. Across 

these other cognitive domains, the patients with PSP performed the worst on Indexes tapping 

visuospatial perception and construction (Visuospatial/Constructional Index: M = 68.9, SD = 

11.8) and attention (Attention Index: M = 74.0, SD = 15.2). Compared to their other 

cognitive scores, learning and memory and language tended to be more intact in these 

patients. Such a pattern of test scores across cognitive domains would tend to fit with a 

“subcortical” profile. Indeed, using the Cortical Subcortical Index of Randolph et al. 

(Randolph, Tierney, Mohr, & Chase, 1998), this sample of patients with PSP had a decidedly 

“subcortical” cognitive profile on the RBANS (M = −11, where scores ≤0 indicate a 

subcortical profile).

Despite the significant deficits on the RBANS by patients with PSP, the current data cannot 

determine if this reflects a true “cognitive footprint” of this condition or if this reflects a 

more general neuropsychological profile of patients with a variety of neurodegenerative 

disorders. The secondary analyses in the current study can only begin to address this 

question. First, the patients with PSP did worse than all of the other clinical groups on the 

Visuospatial/Constructional Index (e.g., 14 Index points worse than the patients with AD, 10 

Index points worse than the patients with HD, 2 Index points worse than the patients with 

PD with dementia). Second, the patients with PSP tended to perform significantly better than 

the other clinical groups on the Immediate Memory (20 Index points higher than patients 

with AD, 17 Index points higher than patients with PD with dementia, 13 Index points 

higher than patients with HD) and Delayed Memory Indexes (28 Index points higher than 

patients with AD, 12 Index points higher than patients with PD with dementia, 9 Index 

points higher than patients with HD). Third, for the Attention Index, there was more inter-

group differences. Patients with PSP performed slightly better than those with PD with 

dementia (5 Index points) and those with HD (6 Index points), but they performed slightly 

worse than those with AD (4 Index points). Fourth, the PSP patients performed relatively 

comparably to the other clinical groups on the Language Index (+2 Index points compared to 

AD, −3 Index points compared to PD with dementia, +1 Index points compared to HD). 

Although there are clearly other neurological and psychiatric signs and symptoms that 

separate these clinical disorders, they all share cognitive difficulties, and comparisons of 

their cognitive profiles on a common measure like the RBANS can be informative.

As with other neuropsychiatric disorders, the presentation of Richardson’s syndrome 

phenotype of PSP varies considerably between individuals. Some individuals present with 

more noticeable motor dysfunction, whereas others present with more cognitive or 

psychiatric disturbances. It is informative to see how these symptoms of PSP co-occur. As 

observed in the correlational analyses, the cognitive difficulties observed on the RBANS 

appear to vary with the motor abnormalities and functional declines in patients with PSP. For 

example, significant correlations between all RBANS scores and the PSPRS and SEADL 

were noted, with worse cognition being associated with more PSP-related disability. 

Although slightly smaller relationships, it is also interesting to note that RBANS 
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performances varied with depressive symptoms, as indicated by the GDS. Again, more 

depressive symptoms were associated with worse cognition, which is consistent with the 

literature in PSP (Gerstenecker, Duff, et al., 2013). Finally, a global measure of cognition 

(MMSE) was positively correlated with all of the RBANS Indexes. So, if the RBANS is to 

be considered for future clinical trials in PSP, researchers should be encouraged that it 

captures some shared variance with other characteristic symptoms of PSP. It also possesses 

other important features of adequate neurocognitive endpoints, such as the availability of 

alternate forms (e.g., four forms available through test publisher), brevity of administration, 

and availability of translations for multinational studies (e.g., translated into over 20 

languages).

Despite the supportive findings for using the RBANS in patients with PSP, some limitations 

should be mentioned. First, we did not utilize a control group in the current study, and future 

studies should attempt to find appropriate comparison participants. Although not ideal, 

comparing these patients to expectations based on age-matched normative data are more 

analogous to clinical practice. Education was also not collected in this study, which is 

another important variable when considering cognitive functioning, particularly in such a 

diverse sample. The lack of a control group also prevents the calculation of sensitivity and 

specificity values for the RBANS in our PSP sample. Our use of three “historical” 

comparator groups (AD, PD, HD) had similar limitations (e.g., no control of education, sex, 

or race/ethnicity; unable to calculate sensitivity/specificity; unable to conduct more 

sophisticated analyses [e.g., profile analysis]), which may have influenced the results. 

Second, subtest scores for the RBANS were not available for analysis. It is likely that the 

subtests that make up the Index scores would provide a more fruitful examination of the 

cognitive difficulties associated with PSP. Third, the current study used a cohort of patient 

who were relatively early in the course of their disease (e.g., 91% had a disease duration of 

<5 years, inclusion criteria included MMSE score ≥ 15). In this way, our results likely apply 

to an early “window” of PSP, rather than the entire spectrum. Fourth, there are other 

biomarkers of PSP that were not available for analysis. For example, future studies might 

also examine the relationship between the RBANS and volumetric neuroimaging or 

neurofilament light chain or phosphorylated tau (Dutt et al., 2016; Hoglinger, Schope, et al., 

2017; Rojas et al., 2018). Fifth, the RBANS was developed as a screening battery, and more 

comprehensive neuropsychological batteries will likely detect even more subtle cognitive 

difficulties in PSP. The RBANS also does not include measures of executive functioning, for 

which deficits are frequently seen in PSP (Gerstenecker, Mast, et al., 2013). Although we 

elected not to re-present the results of three non-RBANS tests of executive functioning in 

this cohort, they can be found in Boxer et al. (2014). Finally, despite using validated 

translations of the RBANS and testing participants in their primary language, there are many 

inherent challenges with conducting multi-national clinical trials. The RBANS has been 

used in many samples outside of the United States (Baune et al., 2010; Collinson et al., 

2014; De la Torre et al., 2014; Goldbecker et al., 2013; Liogier d’Ardhuy et al., 2015; 

Yamashima et al., 2002), but continued work on examining the effects on test administration, 

scoring, and norming is needed. Regardless of these limitations, the current study provides 

additional support for using the RBANS to assess cognition in patients with PSP, and future 

studies might extend these findings with longitudinal comparisons of PSP patients.
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Figure 1. 
RBANS profiles of PSP and AD.
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Figure 2. 
RBANS profiles of PSP, PD with dementia, and HD.
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Table 1

RBANS Indexes in the PSP sample

RBANS Indexes Mean (SD) Range t (df) p d

Immediate Memory 83.7 (19.3) 44 − 126 −14.8 (303) < 0.001 1.7

Visuospatial/Constructional 68.9 (11.8) 50 − 112 −45.9 (303) < 0.001 5.3

Language 83.4 (10.9) 51 − 134 −26.4 (303) < 0.001 3.0

Attention 74.0 (15.2) 43 − 118 −29.8 (303) < 0.001 3.4

Delayed Memory 82.9 (17.6) 40 − 117 −16.9 (303) < 0.001 1.9

Total Scale 72.9 (13.1) 44 − 105 −36.1 (303) < 0.001 4.1

Note. Index scores are age-corrected using the standardization sample from the RBANS manual. Means and standard deviations (in parentheses) 
are presented in the second column. t = t-value from one sample t-test. df = degrees of freedom. p = p-value. d = Cohen’s d.
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