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Brief Report

A Comparison of Two Brief
Screening Measures of Cognitive
Impairment in Huntington’s
Disease

ment in individuals with neurologic diseases. However,
a complete neuropsychological assessment is unsuitable
for most medical visits, when clinicians require rapid
assessment of global cognitive functioning. Consequently, brief screening instruments are a means to
summarize, and concisely communicate, information
about a patient’s overall level of cognitive functioning.
A number of brief screening measures have been
developed, such as the Folstein Mini Mental State
Exam (MMSE),1 7-Minute Screen,2 Blessed Information Memory Concentration test,3 and Alzheimer’s Disease Assessment Scale.4 These vary greatly in sensitivity and specificity depending on test length and target
population (for review see Cullen et al.).5
The MMSE, the most commonly used brief screening instrument for cognitive impairment,5 effectively
distinguishes individuals without significant cognitive
impairment from those with dementia. Although it is
an accurate indicator of probable AD,6–8 it is subject
to ceiling effects in individuals with intact abilities or
in patient groups with more subtle cognitive deficits.
In addition, the MMSE relies heavily on intact verbal
rather than visuospatial skills and it lacks items to
assess executive functions and complex attention.
These limitations may be more apparent in assessment
of individuals with Huntington’s disease (HD) since
the cognitive profile is often characterized by deficits
in executive functioning, visuospatial abilities, and
attention,9,10 rather than memory or language.
Recently, an alternative screening measure, the Montreal Cognitive Assessment (MoCA),11 was developed
to capture performance deficits in a wider array of cognitive domains using items with a greater range of difficulty relative to the MMSE. Because of its inclusion
of executive function/attention and visuospatial items,
we hypothesized that the MoCA would be more sensitive than the MMSE to impairments seen in mild to
moderate HD.
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Abstract: The goal of this study was to explore whether the
Montreal Cognitive Assessment (MoCA), a new screening
instrument, would be more sensitive to mild to moderate
cognitive impairment in Huntington’s disease (HD) than an
established screening measure, the Mini Mental State
Exam (MMSE). Our reasoning for this query is that the
MoCA includes a broader range of test items and an additional assessment of executive functioning and attention
compared with the MMSE. Using the receiver operating
characteristic (ROC) analysis to examine performance of
HD and control groups on both tests on overall scores and
scores from various subdomains (i.e., visuospatial abilities)
revealed that the MoCA achieved higher sensitivity without
sacrificing specificity in many domains relative to the
MMSE. ! 2010 Movement Disorder Society
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SUBJECTS AND METHODS
Subjects
Thirty-nine subjects with mild to moderate HD were
recruited from the University of California, San Diego
(UCSD) HD Society of America Center of Excellence
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TABLE 1. Means and standard deviations for group demographics and test information

Age (yr)
Gender (male/female)
Education (yr)
MoCAa total points (range)
MMSE total points (range)

HD, n 5 39

CC, n 5 73

Test statistic

P value

50.7 6 10.8
14/25
14.1 6 2.3
20.1 6 4.5 (11–29)
24.9 6 2.8 (19–30)

51.1 6 11.3
37/36
14.8 6 2.2
27.4 6 1.9 (21–30)
29.0 6 1.0 (26–30)

t 5 20.17
v2 5 0.89
t 5 21.58
U 5 175.50
U 5 276.00

0.869
0.345
0.117
<0.001
<0.001

a

Scores before education adjustment.
Abbreviations: HD, Huntington’s disease; CC, community controls; t, Student’s t-test; v2, chi-square statistic; MoCA, Montreal Cognitive
Assessment; MMSE, Mini Mental State Examination; U, Mann-Whitney U statistic.

(COE) and examined by a senior neurologist. Inclusion
criteria included a definitive diagnosis of HD with
family history and/or expanded cytosin, adenine, and
guanine (CAG) repeat over 39 and overt motor signs
(e.g., chorea). The Unified Huntington’s Disease Rating
Scale (UHDRS)12 was administered to quantify neurologic and functional deficits. The UHDRS Total Motor
Score can range from 0 (no motor symptoms) to 124
(severe, bilateral deficits in all categories). Patients with
HD with dysgraphia or dysarthria severe enough to
impede administration of test items were excluded from
the study. In addition, subjects were assessed on the
UHDRS Functional Capacity Scale, which quantifies
competence for activities of daily living on a scale of 0
to 13, with higher scores indicating better functioning.
Seventy-three community control (CC) subjects were
recruited from ongoing studies at the UCSD HD COE
and screened for any condition that might impair cognition (i.e., head injury, neurologic disease, and substance abuse). Control subjects matched the HD group
on mean age and years of education. Human subjects’
approval was obtained from the UCSD Institutional
Review Board. Subjects were administered the MMSE
and MoCA on the same day following standard procedures in counterbalanced order.
Measures
The MoCA and MMSE assess a range of cognitive
skills on a scale of 0 to 30 points with higher scores indicating better performance and a suggested impairment
cutoff of 25 or fewer points. An item-by-item comparison is beyond the scope of this study, as the tests include
items that vary by type and level of difficulty, and identical items receive differential weighting. As an alternative, we grouped individual items into four widely used
cognitive domains (visuospatial, language, memory, and
orientation) based on previous research13 to compare
their relative utility in distinguishing controls from
patients with HD. The visual-spatial items included
design copy (both tests) and figure drawing to command
(MoCA only). The language items included object nam-
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ing, phrase/sentence repetition (both tests), verbal commands, and reading comprehension (MMSE). The verbal
memory items included recall of either five (MoCA) or
three (MMSE) previously presented words. The MoCA
also includes a fifth executive function/attention domain
comprised of items for phonemic fluency, visuospatial
sequencing/alternation based on Trail Making B Test,
verbal abstraction, auditory span, and target detection
using auditory vigilance for the letter ‘‘A.’’ To permit
more direct comparisons between measures, we
excluded scores from the serial subtraction items from
both tests because of differential weighting, consequently the MMSE does not have an executive function/
attention analysis.
Statistical Analysis
The raw data were examined for outliers and parametric distribution requirements. Between-group comparisons of demographic characteristics were conducted
using Student’s two-group t-tests (or v2 for nominal
data). Because of significantly non-normal distributions, we used nonparametric Mann-Whitney U to
illustrate between-group differences, and Wilcoxon
rank sum test to illustrate within-group performance on
MoCA and MMSE point totals. Using the receiver
operating characteristic (ROC) analyses, we examined
the ability of the two instruments to differentiate
between HD and CC subjects using the total number
of points (excluding MoCA education correction), and
using groupings of test items representing cognitive
domains. The ROC analysis yields sensitivity and specificity statistics, and a graphical representation of how
well each test or domain classifies patients with HD
and controls beyond a chance (50%) level.14
RESULTS
There were no significant differences between the
groups on age, education, or gender variables (see Table 1). In the HD sample, mean CAG repeat number
was 44.6 (SD 5 3.6; range: 40–57). The UHDRS
mean motor score was 36.9 (SD 5 17.7; range: 10–
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TABLE 2. ROC analysis for MoCA and MMSE scores per group

Total score
Visual spatial
Language
Memory
Orientation
Exe Func Attention

Test

AUC

S.E.

P

Sensitivity (%)

Specificity (%)

MoCA
MMSE
MoCA
MMSE
MoCA
MMSE
MoCA
MMSE
MoCA
MMSE
MoCA

0.938
0.903
0.745
0.595
0.669
0.57
0.825
0.713
0.603
0.713
0.833

0.025
0.033
0.052
0.059
0.056
0.059
0.043
0.052
0.059
0.056
0.0485

<0.01
<0.01
<0.01
0.10
<0.01
0.23
<0.01
<0.01
0.08
<0.01
<0.01

97.4
84.6
69.2
23.0
59.0
23.1
82.1
71.8
20.5
46.2
69.2

30.1
31.5
30.1
4.1
28.8
9.6
32.9
32.9
0
0
13.7

ROC, receiver operating characteristic; MoCA, Montreal Cognitive Assessment; MMSE, Mini Mental State Examination; AUC, area under the
curve; SE, standard error; P probability value

76). Mean Functional Capacity Score (FCS) for the
HD group was 6.6 (SD 5 1.9; range: 2–11 points).
As expected, the HD group scored significantly
lower than the CC group on the MOCA and MMSE
total scores (see Table 1). In addition, within-group
comparisons indicated that both the HD (Wilcoxon z

5 25.3; P < 0.001) and CC groups (Wilcoxon z 5
25.9; P < 0.001) had lower total scores on the MoCA
relative to the MMSE.
Using ROC analysis, we examined performance of
both groups on all test domains (see Table 2 for sensitivity and specificity percentages and Fig. 1). The area

FIG. 1. Receiver operating characteristic curves for showing MoCA and MMSE discriminatory capability in HD and CC for total scores (upper
left), visual spatial ability (upper middle), language (upper right), memory (lower left), orientation (lower middle), and executive functions
(MoCA only).
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under the curve (AUC) values demonstrate that both
tests significantly discriminated HD from CC subjects
on total scores; however, the MoCA score yielded
higher sensitivity while maintaining a comparable level
of specificity relative to the MMSE. A similar pattern
was found in the memory domain, with both tests
accomplishing successful group discrimination; the
MoCA, however, yielded higher sensitivity and comparable specificity. In contrast, only the MoCA, and not
the MMSE, yielded significant AUC values for visuospatial and language scores, with higher sensitivity and
specificity relative to the comparable MMSE domains.
The MMSE showed superior discrimination on orientation. Finally, the MoCA executive function/attention
score yielded a significant AUC for group discrimination.
DISCUSSION
To determine whether the MoCA would be more sensitive to HD-related cognitive impairment than the more
widely used MMSE, we evaluated the performance of
patients with HD and matched CCs on these two measures. Our expectation that the MoCA’s expanded assessment of executive function/attention and visuospatial
skills would improve discrimination between groups
was confirmed. The HD group had significantly lower
total scores on both the MoCA and the MMSE relative
to controls. More importantly, the MoCA yielded a
broader range of scores than the MMSE in both groups,
suggesting better identification of within-group differences in deficits in the patients with mildly to moderately
impaired HD. Although our primary focus was a withinsubjects comparison for the HD group, we noted that
the MoCA’s range of scores for the control group was
more than twice that of the MMSE, again suggesting
improved sensitivity to cognitive differences.
The ROC analyses also showed that the MoCA
achieved higher sensitivity without sacrificing specificity in many domains relative to the MMSE. For example, the MoCA improved discrimination of spatial abilities by including a visuospatial item (clock drawing)
that requires planning abilities. Another somewhat surprising advantage of the MoCA was in the language
domain. Despite fewer items relative to the MMSE,
the MoCA showed superior discriminability in this HD
group with putatively intact language skills. On the
other hand, the MMSE was more discriminatory on the
orientation domain, likely a result of differential
weighting of these items.
To our knowledge, this is one of the first investigations of the MoCA’s ability to assess cognitive deficits
in patients with HD. Because our selection of subjects
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with HD focused on those with mild to moderate symptoms, the range of scores represents a potential limitation
for the generalizability of these findings to more severely
impaired subjects. Furthermore, without additional neuropsychological testing, it is difficult to estimate appropriate cutoffs for patient groups, and further research
will be needed to translate these findings into implications for everyday functioning. Nevertheless, our findings are consistent with other studies that examined the
ability of these instruments to detect evidence of cognitive impairment in other patient groups (e.g., Parkinson’s
disease15 and cerebrovascular disease).16,17 These findings also support a recent observation by Zadikoff and
colleagues15 that the MMSE fails to adequately sample
the executive function/attention domain, with a corresponding loss of sensitivity to disorders like Parkinson’s
Disease (PD), especially in its early stages. In conclusion, the MoCA may be the preferable screening measure for assessing mild to moderate cognitive impairment in individuals with HD due to its ability to detect
subtle deficits in specific cognitive domains associated
with the disease.
Acknowledgments: We thank all of the participants, the
staff of the UCSD HD Center of Excellence, Maria Chiara
Civilini and Emily Johnson for help with data collection, and
the anonymous reviewers for their thoughtful comments.
Financial Disclosures: Nothing to report.
Author’s Roles: Laura Mickes: conception, organization,
execution of research project; design, execution of statistical
analysis; writing of the first draft of the manuscript. Mark
Jacobson: Conception, organization, and execution of
research project; design, review and critique of statistical
analysis; review and critique of manuscript. Guerry Peavy:
Conception, organization, execution of research project;
design, review and critique of statistical analysis; review and
critique of manuscript. John T. Wixted: Organization of
research project; design, execution, review and critique of
statistical analysis; review and critique of manuscript. Stephanie Lessig: Organization of research project; review and critique of statistical analysis; review and critique of manuscript. Jody L. Goldstein: Conception and execution of
research project; review and critique of statistical analysis;
review and critique of manuscript. Jody Corey-Bloom: Conception, organization, execution of research project; design,
review and critique of statistical analysis; review and critique
of manuscript.

REFERENCES
1. Folstein MF, Folstein SE, McHugh PR. ‘‘Mini-mental state.’’ A
practical method for grading the cognitive state of patients for
the clinician. J Psychiatric Res 1975;2:189–198.
2. Solomon PR, Pendlebury WW. Recognition of Alzheimer’s disease: the 7 minute screen. Fam Med 1998;30:265–271.
3. Blessed G, Tomlinson BE, Roth M. The associations between
quantitative measures of dementia and of senile change in the

TWO COGNITIVE SCREENING INSTRUMENTS IN HD

4.
5.
6.
7.

8.
9.
10.

cerebral grey matter of elderly subjects. Br J Psychiatry 1968;
114:797–811.
Rosen WG, Mohs RC, Davis KI. A new rating scale for Alzheimer’s disease. Am J Psychiatry 1984;141:1356–1364.
Cullen B, O’Neill B, Evans JJ, et al. A review of screening tests
for cognitive impairment. J Neurol Neurosurg Psychiatry 2007;
78:790–799.
Galasko D, Klauber MR, Hofstetter CR, Salmon DP. The minimental State Examination in the early diagnosis of Alzheimer’s
disease. Arch Neurol 1990;47:49–52.
Small BJ, Viitanen M, Backman L. Mini-Mental State Examination item scores as predictors of Alzheimer’s disease: incidence
data from the Kungsholmen Project, Stockholm. J Gerontol A
Biol Sci Med Sci 1997;52:M299–M304.
Ercoli LM, Siddarth P, Dunkin JJ, et al. MMSE items predict
cognitive decline in persons with genetic risk for Alzheimer’s
disease. J Ger Psychiatry Neurol 2003;16:67–73.
Langbehn DR, Paulsen JS,The Huntington Study Group. Predictors
of diagnosis in Huntington disease. Neurology 2007;68:1710–1717.
Peavy G, Corey-Bloom J. Cognitive deficits and dementia in
Huntington’s disease. Huntington’s Dementia. Leavitt B, ed.
Lake Worth, Florida: Carma Publishing. 2008, p 59–86.

5

11. Nasreddine ZS, Phillips NA, Bedirian V, et al. The Montreal
Cognitive Assessment, MoCA: a brief screening tool for mild
cognitive impairment. J Am Geriatr Soc 2005;53:695–699.
12. Huntington Study Group. Unified Huntington’s Disease Rating
Scale: reliability and consistency. Mov Disord 1996;11:136–142.
13. Strauss E, Sherman EMS, Spreen O, editors. A compendium of
neuropsychological tests: administration, norms, and commentary,
3rd ed. New York: Oxford University Press; 2006. 1216 p.
14. Kahle-Wrobleski K, Corrada MM, Li B, Kawas, CH. Sensitivity
and specificity of the Mini-Mental State Examination for identifying dementia in the oldest-old: the 901 study. J Am Geriatr
Soc 2007;55:284–289.
15. Zadikoff C, Fox SH, Tang-Wai DF, et al. A comparison of the
Mini Mental State Exam to the Montreal Cognitive Assessment
in identifying cognitive deficits in Parkinson’s disease. Mov Disord 2007;23:297–299.
16. Martinic-Popovic I, Seric V, Demarin V. Early detection of mild
cognitive impairment in patients with cerebrovascular disease.
Acta Clin Croatia 2006;45:77–85.
17. Popovic IM, Seric V, Demarin V. Mild cognitive impairment in
symptomatic and asymptomatic cerebrovascular disease. J Neurol
Sci 2007;257:185–193.

Movement Disorders, Vol. 00, No. 00, 2010

