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Abstract

Background: Frontal-type cognitive deficits are common in patients with Parkinson disease (PD). The Frontal Assessment
Battery (FAB) was developed to assess frontal lobe functions. However, many studies found that it also correlated with a variety
of other general neuropsychological tests. Objectives: To evaluate whether the FAB has an added value over the Mini-Mental
State Examination (MMSE) and other bedside neuropsychological tests in reflecting cognitive deficits in patients with PD. Methods:
Seventy-two consecutive patients with PD underwent cognitive assessment including the FAB, the MMSE, and a variety of other
neuropsychological tests. Correlations were examined using the Spearman’s r. Results: Highly significant correlations were found
between the total FAB score and tests of attention, executive functions, and memory. To evaluate the contribution of the FAB
beyond that of the MMSE, partial correlation was used. Analyses revealed that the FAB still correlated with most of the tests.
Dividing the patients according to the median MMSE score revealed that the high correlation between the FAB and the MMSE
was preserved in the low MMSE group, while in the high MMSE group the correlation was relatively low. In the high MMSE group,
the FAB correlated with | | tests compared to the MMSE that correlated with one (P < .001), while in the low MMSE group the
number of correlations was |3 versus 7, respectively (P = .05). Conclusions: In our sample of patients with PD, the FAB cor-
related with dysfunction in a variety of cognitive domains including attention, memory, and executive functions. The FAB has an
added value over the MMSE, particularly among nondemented patients, an advantage that can be used in clinical practice.
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the performance of detailed and time-consuming neuropsycholo-
gical assessment.

The frontal assessment battery (FAB) is a recently intro-
duced short bedside test consisting of 6 subtests that explore
various functions of the frontal lobes, including (1) similarities

Introduction

Cognitive impairment may begin early in Parkinson disease (PD).
As the disease progresses, patients may develop dementia due to
dysfunction of the subcortical dopaminergic, noradrenergic, and
cholinergic circuits arising from the accumulation of o-
synuclein-related pathology in the brain, as well as from age-
related changes including plaques and tangles and/or vascular

changes. Dementia occurs in 15% to 44% of patients with
PD,"? and 20 years from disease onset it is present in 83% of sur-
vivors.” Frontal lobe dysfunction is common in patients with PD*
and the prototype of dementia is a dysexecutive syndrome with
impaired attention, executive functions, visuspatial orientation,
and secondarily impaired memory.>® These specific deficits, that
can affect social adaptation and professional achievements, are
difficult to evaluate at bedside or in the clinic and may necessitate
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Table I. Patient’s Baseline Characteristics®

MMSE Group

All Patients Low MMSE High MMSE P Value
Gender (males) 46 (63.9) 15 (51.7) 24 (75.0) 0.059
Age (years) 687 + 11.6 746 + 7.7 638 + 11.6 <0.001
Education (years) 120 4+ 3.7 10.7 + 3.7 13.1 + 3.2 0.008
Disease duration (years) 67 + 4.7 75 + 438 6.6 + 50 0.515
Motor UPDRS stage 238 + 12.0 27.5 + 13.1 20.7 + 10.6 0.034
Hoehn and Yahr score 23 + 08 24 + 08 2.1 +07 0.146

Abbreviations: MMSE, Mini-Mental State Examination; UPDRS, Unified Parkinson’s Disease Rating Scale.

? Values are N (%) for categorical variables and mean (+SD) otherwise.

(conceptualization), (2) lexical fluency (mental flexibility), (3)
motor series (programming), (4) conflicting instructions (sensi-
tivity to interference), (5) inhibitory control (Go-No-Go), and
(6) environmental autonomy. The score for each item is
between 0 and 3 and the maximal possible total score is 18 with
higher scores indicating better performance.

In the original study presenting the FAB, it was found to be a
valid and sensitive test of frontal lobe dysfunction in patients
with extrapyramidal disorders.” Two additional studies have
since claimed that the FAB is useful and reliable for bedside
evaluation of frontal lobe function in patients with PD and fron-
totemporal dementia.®’

However, most studies evaluating the validity of the FAB
for frontal lobe dysfunction in dementia'®'' as well as in
PD'? and other extrapyramidal disorders'*'* have consistently
found it to be highly and significantly correlated with a variety
of other neuropsychological tests. These include measures of
general cognitive impairment, such as the Mini-Mental State
Examination (MMSE; r values ranging from .49 to .73)'%-'%!4
and the Mattis Dementia Rating Score,'® as well as measures
of memory'' and executive functions, including the trail
making test,'? the Wisconsin card sorting test,''"'* and verbal
fluency tests.'*'*!3 While the positive correlations of the FAB
with “frontal” tests are expected, its correlation with other tests
that do not reflect executive functions may point to a lack of
specificity.

The aim of this study was to evaluate whether the FAB has an
added value over the MMSE and other bedside neuropsycholo-
gical tests in reflecting cognitive deficits in general and frontal
lobe dysfunction in particular in patients with PD. We therefore
tested its correlations with an extensive battery of neuropsycho-
logical tests in a large nonhomogenous group of consecutive
patients with PD. In order to see whether this potential advantage
of the FAB depends on the cognitive level, we also analyzed the
FAB as a function of the performance on MMSE.

Methods
Participants

Seventy-two consecutive patients (46 men) with idiopathic PD
were recruited from the Movement Disorders Clinic at Sheba
Medical Center. The mean age was 68.7 + 11.6 years (range

42-96 years) and the mean disease duration was 6.7 + 4.7
years (range: 0.5-27 years). The mean Hoehn and Yahr
(H&Y) score was 2.3 + 0.8 (range 1-4). Sixty-three patients
(87%) were treated by levodopa at the time of inclusion in the
study. The baseline characteristics of the patients appear in
Table 1 (column 1).

Participants were diagnosed by a neurologist specializing in
movement disorders, in accordance with the UK Brain Bank
Criteria.'® Patients were excluded if they had 1 or more of the
following: another central nervous system disorder (eg, normal
pressure hydrocephalus, stroke); a concomitant primary psy-
chiatric disorder; an end stage state (eg, severe parkinsonism),
any cranial neurosurgical procedure or head trauma. The study
was approved by the Institutional Review Board, and all parti-
cipants signed an informed consent form.

All patients underwent an interview-based assessment of
demographic and clinical data followed by a detailed neurological
examination and rating of severity and stage of motor impairment
including part III (motor examination) of the Unified Parkinson’s
Disease Rating Scale (UPDRS)'¢ and the H& Y staging.'’

The FAB’

The FAB consists of 6 subtests designed to test various functions
of the frontal lobe including:

1. Conceptualization and abstract reasoning. Participants are
asked to determine the category similarity between 2
objects (eg, a banana and an orange).

2. Mental flexibility is tested by verbal fluency. This test
requires self-organization and cognitive strategies, both
of which may be impaired by frontal lobe dysfunction.
Participants are asked to list out loud as many words as
possible beginning with a specific letter in 1 minute.

3. Motor programming. Participants are asked to observe and
then perform the Luria maneuver, repeating the pattern
(fist-edge-palm) demonstrated by the examiner.

4. Sensitivity to interference may be observed in tasks in
which the verbal commands conflict with sensory informa-
tion. The participant is asked to provide an opposite
response to the examiner’s alternating signal, for example,
tapping once when the examiner taps twice.
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Table 2. Patients’ Scores on Various Neuropsychological Tests®
MMSE Group

All Patients Low MMSE High MMSE P Value
MMSE 268 + 3.0 246 + 3.1 288 + 0.8 <.001
FAB TS 139 + 34 123 + 3.8 152 + 2.2 <.001
FAB | 26 + 0.6 24 + 038 27 + 04 .081
FAB 2 1.7 + 1.1 12+ 1.0 21 + 1.0 .001
FAB3 25 + 038 22+ 1.0 28 + 05 .003
FAB 4 25 + 09 PAREN 28 + 0.6 .002
FAB 5 1.7 + 1.1 1.5+ 1.2 1.8 + 1.0 279
FAB 6 28 + 0.6 28 + 0.7 28 + 05 .858
FAB 1-5 .1+ 32 94 + 35 124 + 22 <.001
RCF immediate recall 13.1 + 83 10.1 + 7.6 148 + 84 .053
RCF delayed recall 135+ 79 10.6 + 8.0 153 + 74 .045
RAVLT trial | 44 + 24 42 + 23 46 + 24 .542
RAVLT trial 5 9.1 £33 79 + 34 10.0 + 2.9 .014
RAVLT delay 7.6 + 3.7 6.3 + 3.8 86 + 34 .021
Digit forward 7.8 + 24 7.1+ 22 84 + 24 .040
Digit backward 54 + 24 44 + 1.9 6.3 + 2.6 .003
TOH time (seconds) 428.7 + 2533 5759 + 297.7 363.2 + 2045 .013
Number cancellation test | (seconds) 147.9 + 70.2 181.8 + 84.6 120.8 + 40.1 .001
Number cancellation test 2 (seconds) 153.9 4+ 57.6 174.3 + 64.8 1375 + 458 018
Trail making A (seconds) 127.6 + 127.3 183.8 + 1704 859 + 55.7 .006
Trail making B (seconds) 2424 + 1575 3145 + 1793 194.3 + 122.1 .012
Phonemic word fluency 75 4+ 3.2 6.5 4+ 29 82 4+ 3.3 .082
Semantic word fluency 142 + 6.0 1.5 + 5.0 162 + 5.9 .004

Abbreviations: MMSE, Mini-Mental State Examination; FAB TS, frontal assessment battery total score; Rey AVLT Trial |, Rey Auditory Verbal Learning Test:
immediate recall; Rey AVLT Trial 5, Rey Auditory Verbal Learning Test: learning; RCFC, Rey-Osterrrieth complex figure test; TOH time, Tower of Hanoi puzzle:

time to solution.

2 FAB |-5is the sub score in section | to 5. Number cancellations test | is the |-digit cancellation (8) and number cancellation test 2 is the 2-digit cancellation (5 & 3).

P values for comparison between low and high MMSE groups.

5. Inhibitory control is tested by using the go-no-go para-
digm. The participant is asked to inhibit a response that
was previously given to the same stimulus, for example,
not tapping when the examiner taps twice.

6. Environmental autonomy is evaluated by sensory stimuli
anticipated to activate patterns of responses that are nor-
mally inhibited. Prehension behavior (loss of environmen-
tal autonomy) occurs when the visual or tactile perception
of the examiner’s hands compels the patient to take them.

For each item a score of a 0-to-3 is given, resulting in a possible
range of 0 to 18 points, with lower scores indicating greater
impairment.

Neuropsychological Assessment

All patients were assessed by a well-trained Neuropsychologist
who performed a battery of questionnaires and semiquantita-
tive tests to evaluate global cognitive functioning, including the
MMSE,'® the Hebrew version of the FAB (total score and sub-
scores), the Rey-Osterrieth complex figure test (RCFC; includ-
ing copy, immediate, and delayed tests),'” the Hebrew version
of the Rey Auditory Verbal Learning Test (RAVLT),* the
digit span (DS) forward and backward tests,>' the trail making
A and B tests (TM), the Tower of Hanoi (TOH) puzzle, the

phonemic and semantic word fluency tests (PWFT and SWFT),
and the number cancellation (NC) test.”* In all tests, the raw
scores were analyzed.

Statistical Analysis

Correlations between the tests, the MMSE, and the FAB
(before and after controlling for MMSE by partial correlation)
were examined using Spearman’s r. This correlation is based
on the ranked observation of the 2 variables and therefore
makes no assumption about the distribution of the values and
is robust to outliers. When appropriate, P values were corrected
to account for multiple comparisons using the false discovery
rate (FDR) method.”® Comparison of the number of correla-
tions between the groups was done using Fisher exact test.
P values of less than .05 were considered significant.

Results

The MMSE mean score was 26.8 + 3.0 (range: 13-30) and the
median score 27. The mean FAB score was 13.9 + 3.4 (range:
3-18). The patient’s scores on the various neuropsychological
tests are presented in Table 2, column 1.

All the patients that were defined as demented according to
their formal testing had the typical features of PD dementia
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Table 3. Correlation Between the FAB and MMSE With Various
Baseline Characteristics®

FAB TS FAB TS
FABTS MMSE Low MMSE High MMSE
Age —60° —5I° —51° —57°
Years of education 49¢ 46° A4° 27
Hoehn and Yahr stage —44° —29° —-33 —.50°
Motor UPDRS score —57¢ —44° —.69° —.34
Disease duration —.19 —.18 —.18 —.18

Abbreviations: MMSE, Mini-Mental State Examination; FAB TS, frontal assess-
ment battery total score; UPDRS, Unified Parkinson’s Disease Rating Scale.

? Correlations are expressed as Spearman’s r.

®p<.05.

€ P < .00l (both values statistically significant).

Table 4. Correlations Between the FAB and MMSE and Other
Neuropsychological Tests®

TEST FAB TS MMSE FAB TS pc
MMSE .54¢ |

FAB | .54°

RCFC immediate recall .60° .28 .56¢
RCFC delayed recall 49¢ 35° 44°
RAVLT trial | 39° 23 32°
RAVLT trial 5 .65°¢ 46° .55¢
RAVLT delay .56° 43° 45°¢
Digit forward 28° 40° .08
Digit backward A49° 50° 30°
TOH time —51° —.35° —.48°
Number cancellation test | —.54¢ —.49¢ —41°
Number cancellation test 2 —.55°¢ —41° —.45¢
Trail making A —.66° —.51¢ —.55°¢
Trail making B —73 —47° —.67¢
Phonemic word fluency .66° 42° .59¢
Semantic word fluency .66° 44° .59°¢

Abbreviations: MMSE, Mini-Mental State Examination, FAB TS, frontal assess-
ment battery total score; FAB TS pc, frontal assessment battery total score
partial correlation after controlling for MMSE; RCFC, Rey complex figure test;
Rey AVLT Trial 1, Rey Auditory Verbal Learning Test: immediate recall; Rey
AVLT Trial 5, Rey Auditory Verbal Learning Test: learning; TOH time, Tower
of Hanoi puzzle: time to solution.

? Correlations are expressed as Spearman’s r. Number cancellations test | is
the |-digit cancellation (8) and the number cancellation test 2 is the 2-digit
cancellation (5 & 3).* P < .05.

€ P <.00! both values statistically significant (after correction for multiple
comparisons).

(PD-D) and fulfilled the Movement Disorders Society criteria for
probable PD-D.**

When correlations with baseline characteristics were tested it
was found that both the FAB and the MMSE inversely correlated
with age and disease severity as reflected by UPDRS and
H&Y scores. The level of education correlated positively with
the FAB and MMSE as highly educated patients achieved
higher scores in these tests. No correlation was found between
the FAB and MMSE score and the disease duration (Table 3).

When Spearman correlations between the scores of the FAB
and the other cognitive tests were calculated, a high and

significant correlation (.54) was found between the FAB and
the MMSE. The total FAB score in the entire patient group also
significantly correlated with tests of attention (NC, TM, and
DS), executive functions (PWFT and SWFT), memory (RCFC
and RAVLT), and the skill learning (TOH; Table 4).

As evident in Table 4, the MMSE also highly correlated
with other tests. The number of correlations was similar to the
number of tests that correlated with the FAB: (12 versus 14 P =
.48, Fisher exact test) but » values were generally lower than
those of the FAB for the majority of tests.

To evaluate the contribution of the FAB beyond that of the
MMSE, partial correlations between the FAB and other tests
were performed, with the effects of the MMSE removed. As
seen in Table 4, these analyses showed that even_after partial
correlation, the FAB still significantly correlated with most
(13 out of 14) of the other tests.

As it seemed that the FAB has no advantage over the MMSE
inreflecting cognitive decline in the entire group of patients with
PD, we wanted to test whether it might be superior to the MMSE
in subgroups of patients with different degrees of cognitive
impairment. We therefore examined the correlations between
the FAB and other tests in 2 subgroups (30 patients in the low
MMSE group and 33 patients in the high MMSE group) divided
according to the median MMSE score (Table 5). As can be seen,
the significant correlation between the FAB and the MMSE was
preserved in the low MMSE group (.59), while in the high
MMSE group the correlation was relatively low and nonsignifi-
cant (.30). This points to the possibility that in the latter group
the 2 tests are not sensitive to the same dysfunctions. This trend
is further strengthened by the fact that in the high MMSE group
the FAB correlated with 11 tests compared to the MMSE that
correlated with only 1 test (P < .001, Fisher exact test); while
in the low MMSE group, the number of correlations was 12 ver-
sus 6, respectively (P = .046, Fisher exact test). Partial correla-
tion analysis revealed a reduction in the number of tests
correlated with the FAB in the low MMSE group (from 12 to
8 tests, P =.209) alongside a preservation of the number of cor-
relations in the high MMSE group (the same 11 tests).

Analysis of the subscores for specific FAB items revealed
that most patients had similar scores (of 3) on item 6 (environ-
mental autonomy). Moreover, the correlations did not change
significantly when this item was omitted (data not shown),
reflecting its lack of sensitivity.

Discussion

A number of studies have already examined whether the FAB
can be used to detect executive dysfunction in PD,”® and
correlations between the FAB and other executive and non-
executive measures, including the MMSE, have also been
explored.'®'* However these studies were done either in
non-PD patients,'®'** or in a small number of patients,"* and
in most of them the FAB was correlated with a limited number
of neuropsychological tests.”'*'* Our study is therefore unique
by performing an extensive battery of tests in a large population
of patients with PD.
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Table 5. Correlations Between the FAB and MMSE and Other Neuropsychological Tests in Subgroups Divided According to Median MMSE

Score®
Low MMSE High MMSE

FAB TS MMSE TS FAB TS pc FAB TS MMSE TS FAB TS pc
MMSE 59° | 30 |
FAB | 59° | 30
RCFC immediate recall 83¢ .13 83¢ .50° .05 51°
RCFC delayed recall 64° 26 63° 38° 14 36°
RAVLT trial | 55° 34 A47° 23 30 14
RAVLT trial 5 75¢ 510 66° 49° 3l 42°
RAVLT delay 60° 38 51° 46° 33 39°
Digit forward .18 .32 —-.09 .26 42 .16
Digit backward 54° 63° 27 33 30 27
TOH time —.14 —.13 —.13 —.60° —.11 —.60°
Number cancellation test | —51° —.63° —26 —.39° —-.03 —.39°
Number cancellation test 2 —A47° —.64° —19 —6l° —.05 —.62°
Trail making A -7 —.58° —.62° —.50° —3I —46°
Trail making B —.A48° —.58° —42 —8I¢ —26 —.80°
Phonemic word fluency 53° 27 48° 69° 50° 64°
Semantic word fluency 58° 46 49° 68° 14 67°

Abbreviations: MMSE, Mini-Mental State Examination; FAB TS, frontal assessment battery total score; FAB TS pc, frontal assessment battery total score partial
correlation; RAVLT, Rey Auditory Verbal Learning Test; Rey AVLT Trial |, Rey Auditory Verbal Learning Test: immediate recall; Rey AVLT Trial 5, Rey Auditory
Verbal Learning Test: learning; TOH time, Tower of Hanoi puzzle: time to solution.

? Correlations are expressed as Spearman’s r. Number cancellation test | is the |-digit cancellation (8) and the number cancellation test 2 is the 2-digit cancellation

(5 &3).
b p< .05

€ P <.001 both values statistically significant (after correction for multiple comparisons).

In the current study, a significant correlation was found
between the FAB score and various neuropsychological tests
including measures of attention, memory, and executive func-
tion, in patients with PD. Consistent with previous reports in
the literature,'®'* the FAB was highly correlated with the
MMSE. These high correlations that were preserved even after
removing the effect of the MMSE by partial correlation show
that the FAB is in accordance with general cognitive impair-
ment in many cognitive domains.

The finding that in the full sample the FAB correlates with
more tests than the MMSE could be explained by the assump-
tion that in order to succeed in many tasks, that do not specif-
ically test executive functions, one must use executive skills
like divided attention and learning strategies (as tested in the
verbal memory test) or spatial organization (as in the DS test
or the TM tests). This assumption is supported by our finding
that there seems to be a trend for stronger correlations of the
FAB, than those of MMSE, in tests like RAVLT trial 5 (where
strategy is needed at the end of the memory test), in the NC2
test (where spatial organization is required), or in TMB test
(where one should do shift and control).

When the correlation between the FAB and other tests was
examined in 2 groups based on the median MMSE, the high
correlation between the FAB and the MMSE was preserved
only in the low MMSE group. It seems therefore that when the
cognitive function is impaired, patients show dysfunction in
both tests; but when the cognitive function is relatively pre-
served, the FAB and the MMSE detect dysfunction in different

cognitive domains. “In the high MMSE group the proportion of
the tests correlated with the FAB was higher than the propor-
tion correlated with the MMSE and this pattern was preserved
following partial correlation. This may point to the possibility
that the FAB has an added value over the MMSE in capturing
cognitive deficits in non-demented PD patients.” In other
words, it seems that in a patient with PD with a relatively high
cognitive function the FAB will be more effective than the
MMSE in reflecting various cognitive deficits.

There are a number of possible explanations for the lack of
specificity of the FAB total score with respect to frontal dys-
function in our samples. First, our patients had deficits in a
variety of cognitive domains, such that the FAB score was cor-
related with other tests of cognitive dysfunction. This possibil-
ity is in accordance with our finding that the correlation
between the FAB and MMSE was lower in the subgroup of
patients with relatively good cognitive function. It is also
supported by previous reports®® that patients with PD exhibit
cognitive impairment in many domains including visuospatial
functions,”” memory,®® speech and language,® and atten-
tion.”®3% However, the fact that previous studies found the
same pattern of correlation with the MMSE and other tests may
point to the possibility that that there is a structural component
in the FAB that is not specific to frontal processes, such that the
findings cannot be attributed to characteristics of the current
sample. Second, frontal dysfunction is known to affect
patients’ performance in other cognitive domains (eg, attention
and memory), and the high correlation between the FAB and
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other cognitive tests may be attributed to these causal effects. It
is assumed that due to the possible frontal/executive dysfunc-
tion, patients with PD have difficulty inhibiting irrelevant
resources while performing a task, which may lead to excessive
cognitive load. This may, in turn, decrease cognitive process-
ing speed and potentially result in impairment in performing
a variety of cognitive tasks.'” Third, the cognitive processes
tested by the FAB may not be specific to frontal lobe function
but rather require the integrity of other brain regions. This
possibility is supported by the report that the FAB cannot
differentiate frontal dementia from Alzheimer disease (AD)"
and by the finding that patients with PD with a low FAB score
have a reduced perfusion in the left inferior parietal lobule and
in the left supramarginal gyrus, indicating that decreased FAB
scores in these patients may be caused by parietal lobe dysfunc-
tion in addition to their preexisting frontal lobe impairment.*’

The FAB is a feasible bedside test that can be a useful tool in
clinical practice, enabling the clinician to screen for initial cog-
nitive dysfunction in patients with PD. This may be especially
relevant in nondemented individuals in whom specific deficits
are not revealed by the MMSE. Identifying those deficits is
important since their presence can predict behavioral problems
and impairment of social and professional adaption that can be
potentially improved by behavioral or psychological treatment.

In our population, the FAB and the MMSE were correlated
with age, disease severity, and the level of education. The
inverse correlation with age was previously reported®® and is
probably attributed to age-related structural changes in the
frontal lobes.*> The effect of education was also previously
noted by us® and others.”>** The correlation with disease
severity, previously noted in patients with amyotrophic lateral
sclerosis, can be attributed to the progression of the degenera-
tive process in PD into cortical regions.>

An additional finding is the lack of sensitivity of the sixth
item of the FAB (environmental autonomy or evaluation of
prehension behavior) in patients with PD. A similar finding
was reported by Lima et al,'? as all the patients participating
in their study received the maximal score in this item. In
contrast, Lipton et al*® reported that this item discriminated
between frontotemporal lobar degeneration and AD. If the
current finding is reproduced in a larger sample, it may lead
to the constriction of the FAB into 5 items.

Conclusion

In the current sample of patients with PD, the FAB correlated
with dysfunction in a variety of cognitive domains including
attention, memory, and executive functions. Furthermore, it
has an added value over the MMSE in reflecting cognitive
dysfunction, particularly among nondemented patients, an
advantage that can be used in clinical practice.
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