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Abstract
Background—Rapid-Onset Dystonia-Parkinsonism (RDP) is caused by mutations in the
ATP1A3 gene. This observational study sought to determine if cognitive performance is decreased
in patients with RDP compared with mutation-negative controls.

Methods—We studied 22 familial RDP patients, 3 non-motor manifesting mutation-positive
family members, 29 mutation-negative family member controls in 9 families, and 4 unrelated RDP
patients, totaling 58 individuals. We administered a movement disorder assessment, including the
Burke-Fahn-Marsden Dystonia Rating Scale (BFMDRS) and Unified Parkinson’s Disease Rating
Scale (UPDRS), and a cognitive battery of learning, memory, psychomotor speed, attention, and
executive function. The cognitive battery was designed to evaluate a wide range of functions;
recognition memory instruments were selected to be relatively pure measures of delayed memory,
devoid of significant motor or vocal production limitations. Comparisons of standardized
cognitive scores were assessed both with and without controlling for psychomotor speed, and
similarly for severity of depressive symptoms.

Results—Among RDP patients, a majority had onset of motor symptoms by age 25, and had
initial symptom presentation in the upper body (face, mouth, or arm). Among patients, the
BFMDRS (mean ± SD, 52.1 ± 29.5) and UPDRS motor subscore (29.8 ± 12.7) confirmed
dystonia-parkinsonism. The affected RDP patients performed more poorly, on average, than
mutation-negative controls for all learning, memory, psychomotor speed, attention, and executive
function scores (all P ≤0.01). These differences persisted after controlling for psychomotor speed
and severity of depressive symptoms.

Conclusions—Impaired cognitive function may be a manifestation of ATP1A3 mutation and
RDP.

Keywords
Dystonia; RDP; DYT-12; Rapid-Onset Dystonia-Parkinsonism

Introduction
Rapid-Onset Dystonia-Parkinsonism (RDP), a rare disease with onset over hours to days, is
caused by mutations in the ATP1A3 gene. (1)Motor symptoms occur abruptly and include
dysarthria, dysphagia, and slowness of movement with dystonic posturing and postural
instability. (2) Motor symptoms remain fixed over time, but second episodes of abrupt
worsening have been found. Non-motor symptoms of RDP have recently been reported
including psychosis, anxiety, and depression. (3, 4) ATP1A3 mutations also cause
alternating hemiplegia of childhood (AHC) where patients have early onset of dystonia with
paroxysmal features (before 18 months of age) and often developmental delay. (5) Young
children with RDP also present with fluctuating status.(6)

Rodent studies demonstrate ATP1A3 expression in neurons throughout the brain (7, 8) but a
high proportion in the basal ganglia and cerebellum, areas involved in higher cognitive
processes, (9) suggests a potential pathway for cognitive impairment. We hypothesized that
patients with RDP, caused by ATP1A3 mutations, may have additional impairment outside
of the dystonia-parkinsonism reported previously. We report the first detailed study of
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cognitive status of patients with RDP and suggest that impairment of cognition provides
further evidence of effect of ATP1A3 mutations on neuronal networks in the brain.

Methods
Fifty-eight subjects (29 with ATP1A3 mutations present and 29 familial control subjects
without the mutation) were included in this study. The data reported here are newly
collected as part of a broader longitudinal study of RDP. Participants underwent a structured
neurologic exam with dystonia and parkinsonism rating scales and a standardized history
questionnaire described below. As this is the first cognitive assessment in patients with
ATP1A3 mutations, the neuropsychological battery was designed to gather the most
meaningful information across an array of functions. The protocol was designed to be
performed in less than two hours , keeping in mind the confounding motor symptoms of
RDP and was built upon published work in dystonia. (10, 11)

Standard Protocol Approvals, Registrations, and Patient Consents
All participants signed an informed consent form approved by the Wake Forest School of
Medicine Institutional Review Board before contributing a blood or saliva sample for DNA
screen for ATP1A3 mutations by direct sequencing as described elsewhere. (1)

Medical History/Movement Disorder Assessment
Standardized, videotaped movement disorder assessments were administered by a
neurologist with expertise in dystonia (AB). Measurements included the Unified Parkinson
Disease Rating Scale (UPDRS) and Burke-Fahn-Marsden Dystonia Rating Scale
(BFMDRS). Videos were reviewed by a rater (MS) blinded to genotype status to confirm
presence of dystonia-parkinsonism. The BFMDRS assessed severity and frequency of
dystonia in 9 body areas. (12) Standardized medical history questionnaires were
administered to establish family history, age and site of onset, severity of symptoms, report
of triggers, second events of symptom onset, and self-reported education history. The
Hamilton Rating Scale for Depression (HAM-D) assessed severity of depressive symptoms
and the data were published in 2012. (4) The Instrumental Activities of Daily Living (IADL)
assessed impact of disease on activities of daily living. Self-report and proxy scores are
highly correlated when patients have difficulty responding, making it a useful tool for RDP
patients who have communication difficulty. (13)

Wide Range Assessment of Memory and Learning, Second Edition (WRAML-2)
The WRAML-2 contains subtests encompassing verbal and nonverbal memory domains.
(14) Subtests used in this study include: Verbal Learning (Immediate recall, delayed recall,
delayed recognition), Picture Memory (Immediate recall and delayed recognition), and
Design Memory (Immediate recall). Picture Memory presents the patient with common
scenes where as Design Memory presents the patient with an array of geometric figures.
WRAML-2 raw scores were converted to scaled scores based on age-specific reference
distributions with mean = 10 and standard deviation (SD) = 3. Scaled scores range from 1 to
19, with scores 1 to 4 indicating impairment.

Controlled Oral Word Association (COWA)
The COWA measures speeded expressive language sensitive to frontal lobe dysfunction.
(15) Two verbal fluency scores are obtained. Linguistic fluency requires words beginning
with a given letter (F, A, S) to be generated while Semantic fluency requires words fitting a
certain category (animals). COWA measurements were rescaled to t-scores based on age,
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education level-, gender- and race-specific reference distributions with mean = 50 and SD =
10. (16) T-scores range from 1 to 99, with scores 0 to 39 indicating impairment.

Symbol Digit Modalities Test (SDMT)
The SDMT is a timed substitution test that requires matching geometric forms to digits 1
through 9. One written and one spoken test is completed. (17) SDMT measurements were
rescaled to z-scores based on age- and education level-specific reference distributions with
mean = 0 and SD = 1. Z-score values less than −1.0 indicated impairment.

Trail Making (A&B)
This two-part test provides a measure of visual attention and set shifting ability, as well as
psychomotor speed. (18) Trail Making measurements were rescaled to t-scores based on
age-, education level-, gender- and race-specific reference distributions with mean = 50 and
SD = 10. (16) T-scores range from 1 to 99; with scores 0 to 39 indicating impairment.

Statistical analysis
Data summaries were reported as means ± standard deviations, or counts and percentages. P
values for comparison of educational histories between motor manifesting carrier (MMC)
and non-carrier (NC) groups were calculated under the generalized linear mixed model
using the binomial distribution with logit link, and using a random intercept for family. P
values for continuous measures were calculated under the general linear mixed model using
a random term for family and family x group interaction. Rates of participants performing in
the impaired range are provided (see Table 4), though no formal analysis was performed.
Comparisons between the MMC and NC groups were made using independent t tests. A
value of P < .0038 was considered significant subsequent to Bonferroni correction for
multiple comparisons. To control for effects of psychomotor processing time and of severity
of depressive symptoms, Trail Making Part A time and HAM-D score, respectively, were
used as covariates in the models. P ≤ 0.05 was considered statistically significant. Each
comparison was made using complete data only; data records with missing or incomplete
results were excluded regardless of reason. All analyses were performed using SAS version
9.2 (SAS Institute Inc., Cary, NC).

Results
Twenty-nine ATP1A3 mutation-positive individuals (25 from 9 families, and 4 unrelated
individuals) were examined; 26 exhibited motor symptoms (MMC) and 3 did not exhibit any
evidence of movement disorder (non-motor manifesting carriers, NMC). Twenty-nine
ATP1A3 mutation-negative participants (NC) from the same families agreed to participate
in the study.

Table 1 shows demographic characteristics of participants in the present study. Among
motor-manifesting carriers (MMC), a majority had onset of motor symptoms by age 25, and
had initial symptom presentation in the upper body (face, mouth, or arm). BFMDRS and
UPDRS motor scores confirmed motor complications in MMC patients. Mean scores were
poorer in the MMC relative to the NC group. The MMC group also reported greater
difficulty in activities of daily living relative to the NC group.

Table 2 shows retrospective self-report of education history across groups. Ninety percent of
MMC patients with onset less than 18 years experienced trouble learning in school and were
identified with a learning disability as a child while 70% were asked to participate in a
special class. Sixty-nine percent of the MMC group with onset at or after 18 years had
trouble learning in school while 57% were diagnosed with a learning disorder and 46% were
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asked to participate in a special class. To assess whether learning difficulties preceded onset
of RDP, proportions with difficulties were compared between MMC patients having later
onsets (≥18 years) and NC controls. Between group differences for these MMC patients
(69% of the total) and NC controls (26%) did not reach statistical significance (p = 0.07,
two-sided testing). Fifty percent of MMC patients with later onset graduated from high
school compared to 89% of the NC group (p = 0.07, two-sided testing). One NMC
participant reported learning problems.

Test results are shown in Tables 3 and 4. The analysis examined performance across
cognitive measures. Participants from each group were unable to complete all measures.
MMC participants generally were able to complete tasks at a lower rate (68% to 100%
among all tests) than were participants from the NC group (96% to 100%), and these rates
generally were lower for timed tests (68% to 85% in MMC). Reasons for missing data
include motor dysfunction within the MMC group and fatigue or time restrictions across
groups.

Table 3 shows cognitive performance across groups. Following correction for multiple
comparisons, significant differences were found for all variables between the MMC and NC
groups except for WRAML-2 Picture Memory, WRAML-2 Picture Memory Delayed
Recognition, and COWA Semantic Verbal Fluency. The NMC group was not analyzed due
to inadequate sample size. Whereas contextually based visual memory was relatively
preserved, WRAML-2 scores indicate worse performance among MMC participants for
retrieval and recognition of visual stimuli free of context (Design Memory, Design Memory
Delayed Recognition). MMC participants had greater difficulty with verbal learning (Verbal
Learning, Verbal Learning Delayed Recall, Verbal Learning Delayed Recognition). The
MMC group performed worse in terms of span, task persistence, psychomotor speed, and
mental flexibility (Trail Making Part A, Trail Making Part B). Verbal fluency (COWA) was
worse in MMC participants for linguistic categories, though semantic fluency was not found
to significantly differ. Coding skills (SDMT) were weaker in MMC participants for written
and oral categories. In analyses controlling for psychomotor processing speed (Trail Making
Part A time in seconds), all comparisons of WRAML-2, SDMT, COWA, and Trail Making
Part B measures remained statistically significant between MMC and NC participants.
Similarly, all comparisons of WRAML-2, SDMT, COWA and Trail Making Parts A and B
remained statistically significant after controlling for HAM-D scores.

Table 4 shows percentages of participants with scores falling in the impaired range.
Impaired scores occur more often among MMC participants across cognitive variables.
Rates of impairment appear especially high in the MMC group for executive functioning
(COWA and Trail Making B) as well as psychomotor speed and attention (SDMT and Trail
Making A). In the study sample overall, we observed poorer cognitive test scores with both
decreased psychomotor speed (increased time for Trail Making Part A) and increased
severity of depressive symptoms as measured by the HAM-D.

No participants from the NMC group were impaired on measures of memory. One NMC
participant performed in the impaired range for Trail Making B, SDMT (Written and Oral),
and COWA Semantic Verbal Fluency. Two NMC participants performed in the impaired
range on COWA Linguistic Verbal Fluency.

To examine the effects of RDP severity, Spearman correlations were calculated across
cognitive and disease severity measures (UPDRS, BFMDRS, and IADL). Significant
positive correlations were found between IADL scores and standardized scores for SDMT-
Written (p = 0.043), Trail Making Part A (p = 0.019) and Trail Making Part B (p = 0.004).
As activities of daily living (ADL) ratings decreased, so did scores on these cognitive

Cook et al. Page 5

Mov Disord. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



measures. Significant negative correlations were found between UPDRS scores and scores
for SDMT-Oral (p = 0.05) and Trail Making Part B (p = 0.010) as well as between
BFMDRS scores and Trail Making Part B (p = 0.020). As disease severity increased,
performance on these cognitive measures decreased. Similar analyses were completed for
cognitive measures and duration of illness for MMC participants. No significant relationship
was found.

Discussion
Our findings of significantly worse cognitive performance in RDP motor manifesting
patients when compared to an unaffected, mutation-negative control group of family
members support our hypothesis that cognitive impairment may be a part of the RDP
phenotype. After correction for multiple comparisons, semantic verbal fluency and visual
memory with a contextual component did not significantly differ between RDP patients and
controls. RDP patients regularly performed in the impaired range for attention, verbal
fluency, and coding tasks. Impairment rates among RDP patients are less robust, though still
notable, for both visual memory and verbal learning tasks.

Cognitive performance in RDP families
Shared environment amongst MMC, NMC and NC participants, who were recruited from
the same families, diminishes the potential influence of environmental factors over
differences in cognitive status for these patients. However, the onset of motor symptoms in
RDP is often related to the interaction of a genetic mutation with a physiological stressor,
such as running, childbirth or psychological stress. There was no similar stressor or abrupt
onset reported for the cognitive impairment.

Participants in this study represent a broad range of ages across the adult spectrum. Though
scores on cognitive measures are derived from normative samples controlling for age,
degenerative conditions unrelated to RDP could influence cognitive performance for study
participants advanced in age.

Interpretation of results for RDP patients could be limited by the timed speech requirements
of some tests (SDMT-Oral, COWA). Increased disease severity correlated with poorer
performance on SDMT-Oral for MMC participants. Dysarthria has been shown to predict
poorer scores on the SDMT-Oral in patients with multiple sclerosis, though the same study
did not find any relationship between dysarthria and performance on linguistic COWA. (19)
The current study may over-estimate impairment to attention and psychomotor speed as
measured by SDMT-Oral. Oral-motor tasks that also measure executive functioning and
language (linguistic and semantic forms of the COWA), however, may not have the same
susceptibility to dysarthria. Other research has shown a modest relationship between
myoclonus severity and performance on a semantic verbal fluency task, though no other
differences on speed of motor reactions, in light of mild cognitive impairments for
myoclonus-dystonia sufferers with genetic mutation. (20)

Increased disease severity and decreased ADL ratings were related to poorer performance on
written, timed measures (Trail Making Parts A and B, and SDMT-Written). These findings
suggest some influence of motor impairment on the performance of these particular tests.
However, a prior study found no difference between performance on Trail Making Parts A
and B between a healthy control group and myoclonus-dystonia sufferers without a genetic
mutation. (20) The same study did find poorer performance on executive functioning tasks
(including Trail Making Part B) between myoclonus-dystonia patients with genetic mutation
and healthy controls.
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Three participants in the current study were identified with ATP1A3 gene mutations without
motor symptoms. Further investigation of such individuals, with increased sample size,
could further understanding of the impact of ATP1A3 mutations on cognitive functioning.

Comparisons to other diseases
ATP1A3 mutations may be an independent risk factor for cognitive impairment. ATP1A3
mutations are causative for AHC, where at least 74% of the known cases are do novo
mutations. (5) Features of AHC include paroxysmal attacks of hemiplegia or quadriplegia
and between these attacks patients demonstrate dystonia, ataxia and choreoathetosis, and
may also have cognitive impairment and developmental delay. (21–23) In the 2009 study of
103 patients diagnosed with AHC (23) all were reported to have cognitive impairment with
many also having ataxia (96%), and hemiplegic, tonic, or dystonic episodes (50%). There is
one case report from 2005 of detailed neuropsychological testing in a child with AHC
(without genetic testing) (24) demonstrating impaired academic, intellectual, attention and
executive function, similar to this large group of RDP patients. We propose that ATP1A3
mutations in AHC likely contribute to cognitive impairment. Quantitative assessment of
older AHC patients with mutations in ATP1A3 using the battery employed here might show
more severe cognitive impairment related to the earlier onset of disease in AHC.

The data presented here adds to previous literature describing cognitive impairment as part
of the phenotype in other forms of genetic dystonia. Patients with primary dystonia have
been identified with attentional-executive cognitive deficits as measured by the Cambridge
Neuropsychological Test Automated Battery. (10) In a different study, no differences were
found between symptomatic DYT1 mutation carriers and controls for cognitive tests
evaluating verbal and nonverbal abstract abilities, attention, information psychomotor speed,
and spatial organization. (11) However, the symptomatic groups showed increased verbal
memory retroactive interference. Other patients with primary dystonia showed no
differences from controls on measures of executive functioning and working memory. (25)
Varying cognitive profiles in patients with dystonia illustrate the need for further study of
associated non-motor symptoms for dystonia.

Significance of cognitive impairment in RDP
The role of Na,K-ATPase in neuronal networks is just now being explored in human brain,
mouse models and imaging. Widespread distribution of ATP1A3 in the brain suggests that
the timing of onset or the trigger may affect the phenotype that results. ATP1A3 is present in
neurons in the basal ganglia and cerebellum. These interconnected regions (26, 27) have
increasingly been implicated in functions beyond simple motor control (28) particularly with
respect to attention, language, and learning. (29) Though discussion of mechanism is
speculative, it is interesting that cerebellar cognitive affective syndrome (CCAS) (28, 29)
has been identified in individuals with cerebellar damage, consisting of executive
dysfunction (30), impaired visuospatial cognition (31, 32), and language processing/
production deficits. (33) This resembles the cognitive deficits seen in our patients. ATP1A3
is also prevalent in the hippocampus, (8) and some of our patients’ deficits may involve
these more anterior memory-processing pathways. Mouse studies suggest that deficiencies
in Na,K-ATPase are linked to impaired memory and learning, consistent with current
findings in RDP-manifesting ATP1A3 gene mutation carriers. (34)

Results of this study of 22 patients from 9 families and 4 unrelated RDP cases with ATP1A3
mutations and their mutation-negative family members suggests that cognitive impairment
occurs in those with ATP1A3 mutations and motor manifestations. The study is limited in
that most of the patients studied had motor symptoms at the time of the assessment, but our
results, together with the recent reports of ATP1A3 causing AHC, suggest that cognitive
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impairment may be an independent manifestation of ATP1A3 mutations. Those who care for
patients with cognitive impairment, particularly in families with a history of dystonia or
parkinsonism, may consider ATP1A3 mutations as a possible contributor to these deficits.
Na, K-ATPase in the central nervous system profoundly affects neuronal excitability (35)
and our findings suggest that the impact of a defective pump may give rise to additional
clinical symptoms beyond dystonia-parkinsonism.
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Table 1

Demographics and disease characteristics.

Motor Manifesting
Carriers (N=26)

Non-Motor
Manifesting

Carriers (N=3)

Non-Carrier
Family Members

(N=29)

Female 7 (27%) 3 (100%) 15 (52%)

Age at cognitive testing 40 ± 15 65 ± 20 46 ± 15

Duration of RDP (years) 17.0 ± 12.4 NA NA

Age at RDP onset (years) 23.0 ± 13.0 NA NA

  <18 10 (38%) NA NA

  18–25 10 (38%) NA NA

  26–39 2 (8%) NA NA

  40+ 4 (15%) NA NA

RDP severity score

  1 3 (12%) NA NA

  2 2 (8%) NA NA

  3 12 (46%) NA NA

  4 9 (35%) NA NA

Symptoms started

  Face 1 (4%) NA NA

  Mouth (speech) 10 (38%) NA NA

  Arm 9 (35%) NA NA

  Leg 5 (19%) NA NA

  Trunk 1 (4%) NA NA

UPDRS-III 29.8 ± 12.7 1.7 ± 2.1 0.4 ± 0.9

BFMDRS 52.1 ± 29.5 0.0 ± 0.0 0.1 ± 0.4

IADL 24.4 ± 7.4 27.7 ± 5.8 30.6 ± 0.9

Abbreviations: BFMDRS = Burke-Fahn-Marsden Dystonia Rating Scale, total score; IADL = Instrumental Activities of Daily Living, 8-item total
score; RDP = Rapid-onset dystonia-parkinsonism; UPDRS-III = Unified Parkinson’s Disease Rating Scale, motor subscore.

RDP severity score descriptors are: 0 = unaffected, 1 = limb dystonia only including writer’s cramp, 2 = affected arm and bulbar muscles with
normal gait, 3 = same as 2 with legs affected but walking unassisted, and 4 = same as 2 with legs affected but walking with walker or in a
wheelchair.

Values are mean ± standard deviation or count (%).
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Table 3

Neuropsychological testing.

Motor
Manifesting

Carriers

Non-Motor
Manifesting

Carriers

Non-
Carrier
Family

Members P Value

Memory and Learning

  WRAML Picture Memory 7.2 ± 2.9
[n=26]

9.5 ± 2.1
[n=2]

9.7 ± 2.4
[n=29]

0.010

  WRAML Picture Memory Delayed Recognition 7.9 ± 3.2
[n=25]

7.5 ± 0.7
[n=2]

11.0 ± 3.3
[n=29]

0.008

  WRAML Design Memory 6.3 ± 2.2
[n=22]

8.5 ± 4.9
[n=2]

10.5 ± 3.1
[n=22]

0.001

  WRAML Design Memory Delayed Recognition 6.2 ± 2.6
[n=21]

6.5 ± 2.1
[n=2]

11.4 ± 3.0
[n=22]

<0.001

  WRAML Verbal Learning 6.1 ± 2.8
[n=23]

10.0 ± 3.6
[n=3]

9.9 ± 3.1
[n=29]

<0.001

  WRAML Verbal Learning Delayed Recall 6.1 ± 3.1
[n=21]

11.0 ± 5.3
[n=3]

9.7 ± 2.8
[n=29]

<0.001

  WRAML Verbal Learning Delayed Recognition 7.3 ± 3.7
[n=23]

10.7 ± 3.1
[n=3]

10.2 ± 2.7
[n=29]

0.002

Psychomotor Speed and Attention

  Trail Making Test Part A 38.7 ± 9.4
[n=23]

64 ± 22.6
[n=2]

51.7 ± 11.9
[n=29]

<0.001

  SDMT-Written −2.4 ± 0.9
[n=22]

−1.0 ± 2.9
[n=2]

0.4 ± 0.9
[n=29]

<0.001

  SDMT-Oral −1.9 ± 1.2
[n=19]

−1.0 ± 2.4
[n=2]

0.4 ± 0.9
[n=28]

<0.001

Executive Functioning

  Trail Making Test Part B 36.7 ± 9.8
[n=21]

37.5 ± 26.2
[n=2]

51.1 ± 11.7
[n=29]

<0.001

  COWA Semantic Verbal Fluency 35.2 ± 13.3
[n=18]

45.0 ± 11.1
[n=3]

50.9 ± 9.3
[n=29]

0.005

  COWA Linguistic Verbal Fluency 32.9 ± 7.5
[n=17]

39.0 ± 13.1
[n=3]

47.7 ± 10.0
[n=29]

<0.001

Abbreviations: WRAML = Range Assessment of Memory and Learning, Second Edition (WRAML-2); SDMT = Symbol Digit Modalities Test;
COWA = Controlled Oral Word Association; n = number of participants able to complete each test.

P values are for comparison of neuropsychological test scores in manifesting carriers versus non-carrier family members calculated under the
general linear mixed model using random terms for family and family x genotype-phenotype group.

Values are mean ± standard deviation [n].
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Table 4

Percent impaired on neuropsychological testing.

Motor
Manifesting

Carriers

Non-Motor
Manifesting

Carriers

Non-Carrier
Family

Members

Memory and Learning

  WRAML Picture Memory 5 (19%)
[n=26]

0 (0%)
[n=2]

0 (0%)
[n=29]

  WRAML Picture Memory Delayed Recognition 4 (16%)
[n=25]

0 (0%)
[n=2]

1 (3%)
[n=29]

  WRAML Design Memory 3 (14%)
[n=22]

0 (0%)
[n=3]

0 (0%)
[n=22]

  WRAML Design Memory Delayed Recognition 5 (24%)
[n=21]

0 (0%)
[n=3]

0 (0%)
[n=22]

  WRAML Verbal Learning 6 (26%)
[n=23]

0 (0%)
[n=3]

1 (3%)
[n=29]

  WRAML Verbal Learning Delayed Recall 7 (33%)
[n=21]

0 (0%)
[n=3]

0 (0%)
[n=29]

  WRAML Verbal Learning Delayed Recognition 5 (22%)
[n=23]

0 (0%)
[n=3]

0 (0%)
[n=29]

Psychomotor Speed and Attention

  Trail Making Test Part A 11 (48%)
[n=23]

0 (0%)
[n=2]

6 (21%)
[n=29]

  SDMT-Written 20 (91%)
[n=22]

1 (50%)
[n=2]

2 (7%)
[n=29]

  SDMT-Oral 15 (79%)
[n=19]

1 (50%)
[n=2]

0 (0%)
[n=28]

Executive Functioning

  Trail Making Test Part B 15 (68%)
[n=21]

1 (50%)
[n=2]

4 (14%)
[n=29]

  COWA Semantic Verbal Fluency 12 (67%)
[n=18]

1 (33%)
[n=3]

2 (7%)
[n=29]

  COWA Linguistic Verbal Fluency 16 (94%)
[n=17]

2 (67%)
[n=3]

6 (21%)
[n=29]

Abbreviations: WRAML = Range Assessment of Memory and Learning, Second Edition (WRAML-2); SDMT = Symbol Digit Modalities Test;
COWA = Controlled Oral Word Association; n = number of participants able to complete each test.

All cutoffs for impairment are controlled for age; SDMT cutoffs also control for education (years), and Trail Making and COWA for education
(years), gender, and race.

Values are count (%) [n].
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