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Abstract
Objectives—Cognitive impairment affects up to 80% of systemic lupus erythematosus (SLE)
patients within ten years of diagnosis. Memantine, a seronergic receptor and nicotine acetylcholine
receptor antagonist, acts on the glutamatergic system through the NMDA receptor, and is used to
treat dementia. We investigated whether it had benefit for SLE cognitive impairment.

Methods—A randomized double-blind, placebo-controlled single center 12 week trial of
memantine titrated to 20mg/day was performed, using a 2:1 randomization ratio, in 51 SLE
patients. The primary outcome measures were change in the Automated Neuropsychological
Assessment Metrics (ANAM) throughput scores at 12 weeks.

Results—There were no statistically significant differences between treatment groups on change
from baseline in any of the ANAM throughput scores at 6 or 12 weeks. For the ACR cognitive
battery, the only statistically significant finding was for the Controlled Oral Word Association
Test - S words at 6 and 12 weeks. At 12 weeks, the memantine group exhibited greater
improvement compared to the placebo group (3.6 ±1.8 vs. 0.5 ± 3.8 words, p=0.03). In a subset
analysis limited to patients that scored ≥ 1 standard deviation below normal controls at baseline,
no significant differences between treatment groups were found.
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Conclusions—In this first clinical trial of memantine in SLE, patients treated with memantine
did not exhibit significant improvement in cognitive performance compared to the placebo group,
regardless of the degree of impairment at baseline, with the exception of controlled oral word
association.
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INTRODUCTION
Neuropsychiatric systemic lupus erythematosus (NP-SLE) occurs in 30 to 75% of SLE
patients [1–6]. Of the case definitions for NP-SLE [1], cognitive impairment occurs most
frequently [7]. Ten years after diagnosis, 80% of a mostly Hispanic-American SLE cohort
had cognitive impairment [8]. SLE patients can have psychomotor and mental tracking
deficits similar to those seen in patients with subcortical brain disease, even in the absence
of gross neurologic involvement [9].

Factors significantly associated with cognitive decline in SLE include persistently positive
antiphospholipid levels, prednisone use, diabetes, higher depression scores and less
education [10]. Verbal memory deficits, decreased psychomotor speed, and decreased
overall productivity have all been significantly correlated to elevated antiphospholipid levels
[10, 11, 12]. Menon and colleagues reported that SLE patients with persistently elevated IgG
aCL levels over a period of two to three years performed significantly worse than SLE
patients with occasionally elevated or never elevated titers on a variety of
neuropsychological tests [12]. Hanly and colleagues followed 51 female SLE patients over a
five year period and found that persistent anticardiolipin IgG elevations were associated
with decreased psychomotor speed, while persistent anticardiolipin IgA elevations were
correlated with problems with executive functioning and reasoning abilities [11]. Of four
cross-sectional studies, two found a relationship between lupus anticoagulant positivity and
cognitive dysfunction [9, 13], one found no such relationship [14] and one found no
relationship between anticardiolipin and cognitive dysfunction [15].

An advance in the understanding of cognitive impairment in murine SLE has been the
recognition of a subset of anti-DNA antibodies that cross-react with the anti-NR2 glutamic
receptor. At low concentrations, the antibodies are positive modulators of receptor function
(by increasing excitatory postsynaptic potentials), and at high concentrations they promote
excitotoxicity (through enhanced mitochondrial permeability transition) [16]. These
antibodies mediate apoptotic cell death of neurons. Both the presence of the autoantibodies
and a break in the blood brain barrier are necessary to lead to cognitive impairment in the
murine model [17]. The agent used to break the blood brain barrier determines what area of
the brain is vulnerable to the antibodies [18]. Memantine prevents cognitive impairment
from anti-NR2 in the murine model. Anti-NR2 autoantibody has been investigated in human
SLE cognitive impairment. Three studies found no association with cognitive impairment
[19–21]; one found an association with learning memory deficits [22].

Memantine (1-amino-3, 5-dimethyl-adamantase) is FDA-approved for Alzheimer’s disease
[23–25]. It is an NMDA receptor antagonist (as well as a 5 HT 3 receptor antagonist and
nicotine acetylcholine receptor antagonist). In Alzheimer’s, most of the benefit is in slowing
down progression of symptoms, rather than a readily detectable improvement above baseline
[26] Because of its known benefit in Alzheimer’s disease and vascular dementia, we
hypothesized that it might have benefit in cognitive impairment in SLE, regardless of
baseline anti-NR2 status.
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METHODS
The study was approved by the Johns Hopkins University School of Medicine Institutional
Review Board and was registered with clinicaltrials.gov (clinical trials.gov identifier
NCT00181298). All patients gave signed informed consent.

The study was a single center (Hopkins Lupus Center) double-blind, randomized, placebo-
controlled phase 2 trial. The randomization allocation was 2:1 memantine to placebo.
Enrollment took place between March 2006 and February 2007 at the Johns Hopkins
Hospital. The consort diagram is shown in Figure 1. Fifty-one SLE patients were
randomized and completed the baseline visit.

Inclusion/Exclusion criteria
Inclusion criteria included the diagnosis of SLE by the treating rheumatologist, confirmed
by ACR classification criteria. Cognitive impairment was reported on multiple visits prior to
the study and confirmed by the treating rheumatologist (MP), using the targeted questions
proposed in the EULAR guidelines [27,28]. Exclusion criteria were age less than 18 years;
history of noncompliance, pregnancy, liver failure or renal insufficiency (calculated
creatinine clearance <50 cc); severe SLE flare in the last 6 weeks (defined by SELENA flare
index) [29], recent (within four weeks) change in any medication relevant to cognitive
function including prednisone, anti-depressants, medication for insomnia, narcotics or
attention deficit disorder; current alcohol or illicit drug abuse; and current use of memantine,
donepezil, or modafinil.

Automated Neuropsychological Assessment Metrics (ANAM)
ANAM is a set of computer-administered neuropsychological tests, selected from a larger
battery developed by the Department of Defense [30]. It is administered in a single session,
taking about 20 to 30 minutes. Because it is computer-generated, there is no repetition of
individual tests. ANAM assesses the following nine domains: continuous performance
(vigilance/sustained attention), code substitution (visual scanning and learning), code
substitution with immediate memory (nonverbal memory), code substitution with delayed
memory (nonverbal memory), simultaneous spatial processing (visual perception and mental
rotation), Sternberg test (sustained attention and working memory), mathematical processing
(simple mental arithmetic), matching to sample (visuospatial perception and working
memory) and simple reaction time. Throughput is the number of correct responses per
minute. It is the best outcome measure because it combines lapses, reaction time, accuracy
and consistency. ANAM has previously been shown to be highly correlated with standard
tests of cognitive performance [31] in both non-SLE and SLE [32,33] populations.

American College of Rheumatology (ACR) Neuropsychological Battery
Representative tests from the ACR neuropsychological test battery were selected from each
of five major cognitive domains. Verbal functioning was assessed with the Woodcock-
Munoz Test Battery [34], which assesses broad language abilities as well as picture
vocabulary, verbal analogies, and literacy. Executive functioning was assessed with the
Controlled Oral Word Association Test [35] and Part B of the Trail Making Test [35].
Memory was assessed with the immediate/delayed/recognition trials of the Rey Complex
Figure Test [36] and California Verbal Learning Test [37]. Visuomotor processing and
motor speed were assessed with the Rey Complex Figure (time/copy scores), Finger
Tapping Test [35, 36], Part A of the Trail Making Test [35], and WAIS-R Coding and Block
Design Subtests [38]. Attention was assessed with the WAIS-R Digit Span subtest [38].
Visual perception and speed were assessed by the symbol search test [38]. Tests were given
in a single session and in a fixed order. This battery took 2–3 hours to administer.
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Anti-NR2
Serum analyzed for the study was collected from the participants prior to study drug
administration at baseline. Serum was stored at −70° C until it was shipped to Stavanger
University Hospital, Norway (Prof. Omdal’s laboratory) with an adequate supply of dry ice.

A decapeptide (DWEYSVWLSN) was synthesized as previously described [39]. Ninety-six
well microtiter plates (655001 Greiner bio-one, GmbH; Frickenhausen, Germany) were
coated with 1μg synthetic decapeptide in 100μl phosphate buffered saline (PBS) (pH 7.4) in
each well and kept overnight at 4°C. The next morning the wells were blocked with 300μl
10% fetal calf serum (FCS) in PBS for 1 hour at room temperature. Serum was then
incubated for 2 hours at 1:50 dilution with 10% FCS. To detect antibodies bound to the
antigen, peroxidase labeled anti-human immunoglobulins (A-8400, Sigma, St. Louis, Mo,
USA) were used, incubated for 1 hour in room temperature, and washed with PBS.

For developing, o-phenyldiamine dihydrochloride (OPD, S-2045, Dako, Denmark) was used
as a substrate and after 30 minutes incubation in room temperature the reaction was stopped
by adding 100μl 1M H2SO4 to each well. The plates were read at 492 nm using a microplate
reader. The cut-off OD value was set to 0.538 by analyzing serum samples from 25 healthy
blood-donors and calculating the mean + 2SD (0.325 + 2*0.107). Anti-NR2 antibody
positivity was defined as OD>0.538.

Study procedures
Patients were seen at baseline, 6 weeks and 12 weeks. At each visit ANAM, the SELENA
SLEDAI [29], Krupp Fatigue Inventory [40], Calgary Depression Scale [41], mini-mental
status examination [42] and fibromyalgia tender points were assessed. ACR Cognitive
battery was also conducted on the patients. The starting dose of memantine/placebo was 5
mg/day. It was increased by 5 mg weekly to 20 mg/day by week 4. Matching drug/placebo
was donated by Forest Laboratories Inc. (Jersey City, New Jersey, U.S.A.).

Statistical considerations
The a priori sample size and power analysis was based on a difference in means of 0.75
standard deviations (SDs) between the treatment groups on the outcome measures to be
clinically significant using a two-sided test with significance set at 0.05. A total of 60
patients was needed for 80% power, so the power achieved for the study patients with
follow-up data was 70%.

Demographic and clinical characteristics were summarized using appropriate descriptive
statistics. Categorical data were summarized with frequencies and percentages and treatment
groups were compared using Fisher’s exact tests. Continuous data were summarized with
means and SDs and compared using two-sample t-tests. Cognitive function, as measured by
the ANAM and the ACR Cognitive battery, at baseline were compared across treatment
groups to test for differences. Change in each cognitive measure between baseline and 6
weeks and also at 12 weeks was calculated. Two-sample t-tests were used to test for
differences in change in cognitive function between treatment groups. Mixed effects
regression analysis was also used to assess treatment effect over visits, while accounting for
within patient correlation and adjusting for anti-NR2 status. A subset analysis was
performed on only those patients that performed at least 1 SD below a control sample at
baseline on at least one ANAM subtest for the ANAM measures and one ACR cognitive test
for the cognitive battery. Analysis was performed using SAS versions 9.1.3 and 9.2 (SAS
Institute Inc., Cary, NC, USA). All reported P values are two-sided, and P < 0.05 was
considered significant.
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RESULTS
The consort diagram is shown in Figure 1. One patient was found to be ineligible after
randomization (due to renal dysfunction). Two patients withdrew from the study after one
month. Demographic and clinical characteristics of the 51 patients that completed the
baseline visit are presented in Table 1. The memantine and placebo groups did not differ in
demographic characteristics, or in the eleven ACR criteria. The only historical clinical
characteristics that significantly differed between treatment groups at baseline were
polyneuropathy, which had occurred in 29% of the placebo group and only 3% of the
memantine group (p=0.01), and acute confusional state, which occurred in the past in 24%
of the placebo group and only 3% of the memantine group (p=0.04). No patients had acute
confusional state or polyneuropathy at baseline or during the trial itself.

Baseline ANAM subtest throughput scores and ACR cognitive battery results are
summarized in Table 2. The treatment groups did not significantly differ on any of the
scores at baseline. For ANAM, 31% (16/51) were ≥ 2 SD below controls on at least one
ANAM test and for the ACR Neuropsychiatric battery, 59% (30/51) were ≥ 2 SD below
controls on at least one ACR NP test.

There were three serious adverse events during the study: 1) one patient (on memantine) was
hospitalized for lupus flare during week 7; 2) one patient (on placebo) was hospitalized for
ankle injury; and 3) one patient (on memantine) had raised intraocular pressure during week
6. None of the serious adverse events were attributed to memantine. The patient with raised
intraocular pressure withdrew after week 6 and the other two patients completed the study.

Anti-NR2
Only five study patients were positive for serum anti-NR2 (4 in the memantine and 1 in the
placebo group). Therefore, comparisons of anti-NR2 across treatment groups were not
possible.

Change in Cognitive Performance
There were no statistically significant differences between treatment groups on change from
baseline in any of the ANAM throughput scores at 6 weeks (data not shown) or 12 weeks
(Table 3). The only ACR cognitive battery measure that was significantly different between
the groups was the Controlled Oral Word Association Test - S words. The memantine group
had a mean (SD) improvement of 2.0 (4.1) words compared to a worsening of 1.1 (4.7)
words in the placebo group at 6 weeks (p=0.02). Similarly at 12 weeks, the memantine
group had a mean improvement of 3.6 (4.7) words compared to only a 0.5 (3.8) word
improvement in the placebo group at 12 weeks (p=0.03; Table 3).

A mixed effects regression analysis, modeling the fixed effects of anti-NR2 status, visit,
treatment group and the interaction of visit and treatment group on ANAM throughput
scores, was performed. There were significant learning effects over time on 6 of the 9
ANAM subtests (all but code substitution with delayed memory, matching to sample, and
simple reaction time). However, no statistically significant differences were seen between
treatment groups across visits.

We performed a subset analysis on those patients whose baseline cognitive performance on
at least one of the ANAM subtests was at least 1 SD below the mean of a control group [43,
44] and a similar subset analysis on those patients whose baseline performance was at least 1
SD below the mean of the control group on at least 1 of the ACR cognitive battery. There
were no statistically significant differences between the memantine and the placebo groups
for any of the subset analyses (Table 4).
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DISCUSSION
This trial is the first randomized trial for mild cognitive impairment in SLE. As such,
important lessons were learned. One unexpected finding was that twelve patients (24%) with
cognitive impairment by self-report and physician targeted questioning using EULAR
guidelines [28] did not score at least a 1 SD below normative data on at least one ANAM
test and six (12%) patients did not on at least one ACR cognitive test. The ACR
Neuropsychiatric Battery appears to be more sensitive than ANAM in detecting mild
cognitive impairment in SLE. We believe, however, that future clinical trials of cognitive
impairment will need to require ANAM and ACR Neuropsychiatric Battery as part of
screening.

The analysis that included all patients found a significant effect of memantine treatment for
only the S words subtest of the Controlled Oral Word Association Test at both 6- and 12-
week follow-ups. This would not have remained statistically significant, if corrected for
multiple comparison testing. Although not statistically significant, the most marked
improvement for the memantine group compared to placebo, in the analysis of the subset of
patients with demonstrated cognitive impairment at baseline, occurred in the continuous
performance test and the test of simple reaction time. This suggests that future studies might
enroll patients with deficits in these domains to determine whether memantine use should be
considered as part of clinical care.

Anti-NR2 was very infrequent in our patient population. We did not measure anti-NR2 in
the cerebrospinal fluid where it might be produced in CNS-SLE. Our study strongly
suggests that serum anti-NR2 is not correlated with mild cognitive impairment in SLE, in
agreement with previous reports [19–21]. The percent positivity for anti-NR2 in our study
was 10% (95% confidence interval, 3–21%). This is somewhat less than in the Brain
CONECTIONS study of newly diagnosed SLE patients (20%) [45], and in other studies
(25.8% (Harrison), 35% (Hanly), 19.0% (Omdal)). There is no enrichment of anti-NR2
when one selects for SLE patients with cognitive impairment, as in our study.

There are limitations to our study that should be addressed. First, the study used self-
reported cognitive impairment confirmed by the physician using targeted questions. Twelve
percent of patients did not exhibit significant impairment at baseline on any of the
neuropsychiatric tests. This contributed to the study being slightly underpowered to detect a
clinically meaningful improvement. Our subset analyses of patients who scored > 1 SD
below a control sample at baseline also failed to detect any benefit of memantine. Second,
another limitation is the very low prevalence of anti-NR-2 abnormality in the study
population. However, multiple groups have not found any association of anti-NR2 with
cognitive impairment in SLE [19–21]. The benefit of memantine in Alzheimer’s, in addition,
is completely independent of anti-NR2. Third, it is possible that any benefit of memantine
might take years to be apparent, if its role is to prevent worsening of cognitive impairment.

CONCLUSION
In conclusion, the trial was slightly under-powered, because 12% of patients with self-
reported and physician-confirmed cognitive impairment did not exhibit significant
impairment at baseline on any of the cognitive measures. Possible improvement was seen in
two cognitive domains: continuous performance and simple reaction time, with significant
improvement in one domain: oral word association. These results can be used to select
appropriate patients and to power future clinical trials for cognitive impairment in SLE.
However, memantine cannot be recommended for mild cognitive impairment in SLE, given
the overall negative results of our trial.
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Figure 1.
CONSORT diagram
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Table 1

Demographic and clinical characteristics of the patients at baseline by treatment group. Mean ± standard
deviation or frequency (%).

Characteristic
Memantine Placebo

P Valuea
n=33 n=18

Age, years 50.8 ± 13.2 50.3 ± 11.0 0.89

Gender, female 30 (91) 15 (88) 0.65

Race 1.0

White 23 (70) 13 (72)

African American 7 (21) 4 (22)

Other 3 (9) 1 (6)

Education, years 14.5 ± 2.8 14.2 ± 2.5 0.70

Fibromyalgia 19 (58) 12 (67) 0.56

Neurologic abnormalities:b

 Cerebrovascular disease 0 (0) 2 (11) 0.12

 Headache 5 (15) 5 (28) 0.30

 Mononeuropathy 1 (3) 3 (17) 0.12

 Polyneuropathy 1 (3) 5 (29) 0.01

 Seizure disorder 5 (15) 1 (6) 0.65

 Acute confusional state 1 (3) 4 (24) 0.04

 Cognitive dysfunction 33 (100) 17 (94) 0.35

 Mood disorder 14 (42) 9 (50) 0.77

SLICC Damage 1.9 ± 2.0 1.7 ± 1.9 0.71

VAS scale 3.9 ± 1.6 3.5 ± 1.5 0.31

Krupp fatigue 5.7 ± 1.2 5.3 ± 1.2 0.28

Calgary depression scale 7.2 ± 5.8 7.3 ± 5.9 0.97

Selena SLEDAI 2.0 ± 2.1 1.2 ± 1.8 0.20

Mini-mental 29.2 ± 1.1 29.2 ± 0.9 0.96

ACR Criteria:

 Malar rash 14 (42) 8 (44) 1.0

 Discoid rash 5 (15) 3 (17) 1.0

 Photosensitivity 21 (64) 1 (61) 1.0

 Oral ulcers 20 (61) 9 (50) 0.56

 Arthritis 24 (73) 12 (67) 0.75

 Serositis 17 (52) 10 (56) 1.0

 Renal disorder 5 (15) 2 (11) 1.0

 Neurological disorder 4 (12) 1 (6) 0.64

 Hematological disorder 20 (61) 9 (50) 0.56

 Immunologic disorder 23 (70) 11 (61) 0.55

 Abnormal ANA titer 32 (97) 15 (83) 0.12

a
From two-sample t-test for continuous and Fisher’s exact test for categorical measures

b
Only those neurologic abnormalities that occurred in at least two patients are presented.
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Table 2

Mean ± standard deviation of baseline neuropsychiatric tests by treatment group.

Neuropsychiatric Measure
Memantine Placebo

P Valuea
n=33 n=18

ANAM throughput score:

 Code substitution, delayed memory 29.2 ± 13.8 23.3 ± 10.9 0.12

 Code substitution, immediate memory 27.8 ± 14.4 24.5 ± 10.9 0.40

 Code substitution 36.3 ± 9.9 33.8 ± 8.4 0.36

 Continuous performance test 72.1 ± 21.8 72.8 ± 18.3 0.91

 Matching to sample 21.7 ± 6.4 19.5 ± 7.1 0.26

 Mathematical processing 17.0 ± 6.9 15.6 ± 6.1 0.50

 Simultaneous spatial processing 18.6 ± 7.0 18.4 ± 6.6 0.93

 Simple reaction time 181.6 ± 48.2 189.0 ± 50.1 0.61

 Sternberg memory recall 56.0 ± 16.9 54.4 ± 15.0 0.74

ACR neuropsychiatric battery:

 Minimental State Exam 29.2 ± 1.1 29.2 ± 0.9 0.96

 Woodcock total 54.5 ± 3.7 55.0 ± 2.2 0.51

 Trails A 37.8 ± 16.7 41.6 ± 22.5 0.50

 Trails B 85.5 ± 44.0 103.9 ± 65.6 0.30

 Rey total - copy 32.1 ± 6.4 31.3 ± 8.3 0.68

 Rey total – immediate recall 14.0 ± 7.6 13.9 ± 7.2 0.99

 Rey total – delayed recall 13.9 ± 7.5 13.4 ± 7.1 0.83

 Symbol score 29.6 ± 8.8 27.2 ± 11.3 0.40

 California Delay LDFR 10.3 ± 3.9 8.4 ± 4.1 0.11

 California Delay LDCR 10.8 ± 3.8 9.4 ± 3.5 0.21

 California Delay – Hits 14.8 ± 2.4 13.6 ± 3.1 0.13

 California Delay – FP 1.5 ± 1.8 1.4 ± 1.7 0.76

 Block total 38.8 ± 9.6 39.8 ± 9.3 0.74

 COWAT - F 13.1 ± 4.6 11.2 ± 5.3 0.19

 COWAT - A 11.4 ± 4.6 8.9 ± 3.9 0.07

 COWAT – S 13.2 ± 4.7 13.1 ± 5.9 0.96

 Coding score 66.7 ± 18.6 65.8 ± 17.3 0.87

 Tap dominant 47.2 ± 11.8 47.5 ± 9.7 0.92

 Tap nondominant 42.8 ± 10.4 43.5 ± 13.8 0.85

 Digit forward 10.5 ± 2.3 11.0 ± 2.4 0.42

 Digit backward 6.4 ± 2.3 6.4 ± 2.6 0.99

a
From two-sample t-test.
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Table 3

Change in Neuropsychiatric Test Scores at 12 Weeks by Treatment Group. Mean ± SD

Neuropsychiatric Measure
Memantine Placebo

P Valuea
n=30 n=17

ANAM throughput score:

 Code substitution, delayed memory −0.4 ± 14.4 2.8 ± 10.0 0.41

 Code substitution, immediate memory 4.8 ± 15.2 7.6 ± 8.9 0.44

 Code substitution 7.3 ± 7.2 6.2 ± 8.2 0.63

 Continuous performance test 12.8 ± 12.9 2.9 ± 26.5 0.16

 Matching to sample 0.6 ± 6.2 2.7 ± 4.6 0.23

 Mathematical processing 3.2 ± 7.2 2.0 ± 3.9 0.46

 Simultaneous spatial processing 4.1 ± 8.1 3.9 ± 3.2 0.93

 Simple reaction time 14.0 ± 41.0 5.1 ± 50.4 0.51

 Sternberg memory recall 7.0 ± 12.9 7.0 ± 11.4 0.99

ACR neuropsychiatric battery:

 Minimental State Exam 0.2 ± 1.3 0.5 ± 1.1 0.41

 Woodcock total −0.2 ± 2.7 −0.1 ± 3.2 0.96

 Trails A −3.6 ± 10.5 −5.7 ± 14.6 0.56

 Trails B −6.9 ± 26.2 −13.8 ± 26.7 0.40

 Rey total - copy 0.3 ± 3.7 1.7 ± 7.6 0.49

 Rey total – immediate recall 6.7 ± 5.7 5.1 ± 6.2 0.39

 Rey total – delayed recall 5.9 ± 5.6 6.4 ± 8.9 0.86

 Symbol score 3.0 ± 7.4 2.1 ± 9.7 0.71

 California Delay LDFR 2.6 ± 2.7 1.8 ± 3.8 0.40

 California Delay LDCR 2.8 ± 2.4 1.6 ± 2.5 0.14

 California Delay – Hits 0.6 ± 1.7 0.4 ± 2.4 0.71

 California Delay – FP −0.7 ± 1.8 0.2 ± 1.7 0.12

 Block total 2.7 ± 7.2 6.5 ± 6.0 0.07

 COWAT - F 2.0 ± 4.4 2.5 ± 4.4 0.71

 COWAT - A 0.6 ± 4.3 1.6 ± 3.0 0.41

 COWAT – S 3.6 ± 4.7 0.5 ± 3.8 0.03

 Coding score 5.5 ± 17.5 −2.0 ± 21.1 0.20

 Tap dominant 5.2 ± 9.4 3.0 ± 7.5 0.42

 Tap nondominant 5.1 ± 9.7 2.2 ± 10.3 0.36

 Digit forward 0.6 ± 2.1 0.6 ± 2.3 0.97

 Digit backward 1.0 ± 1.7 −0.1 ± 2.3 0.07

a
From two-sample t-test.
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Table 4

Change in ANAM throughput scores at 12 weeks for patients that were at least 1 standard deviation below
normal control data on at least one of the 9 ANAM subtests or one of the 21 ACR Neuropsychiatric battery at
baseline

Neuropsychiatric Measure
Memantine Placebo

P Valuea
n=24 n=13

ANAM throughput score:

Code substitution, delayed memory 0.4 ± 15.0 4.7 ± 9.8 0.36

Code substitution, immediate memory 6.8 ± 15.7 7.0 ± 9.5 0.97

Code substitution 7.7 ± 7.6 7.0 ± 8.9 0.78

Continuous performance test 14.5 ± 13.5 3.2 ± 29.8 0.21

Matching to sample 1.2 ± 6.1 2.5 ± 4.9 0.51

Mathematical processing 3.6 ± 7.6 1.7 ± 3.0 0.31

Simultaneous spatial processing 5.0 ± 6.3 4.0 ± 3.6 0.55

Simple reaction time 23.2 ± 36.9 −0.3 ± 48.1 0.11

Sternberg memory recall 6.3 ± 13.5 5.9 ± 11.4 0.92

ACR neuropsychiatric battery: n=26 n=16

 Minimental State Exam 0.2 ± 1.4 0.5 ± 1.1 0.41

 Woodcock total −0.2 ± 2.9 0.0 ± 3.2 0.81

 Trails A −3.5 ± 11.3 −5.6 ± 15.0 0.62

 Trails B −6.8 ± 27.0 −15.5 ± 26.6 0.32

 Rey total - copy 0.1 ± 4.0 1.7 ± 7.9 0.45

 Rey total – immediate recall 6.5 ± 4.2 4.9 ± 6.3 0.41

 Rey total – delayed recall 5.9 ± 5.7 6.7 ± 9.0 0.76

 Symbol score 2.7 ± 7.7 1.9 ± 10.0 0.76

 California Delay LDFR 2.7 ± 0.6 1.5 ± 3.8 0.24

 California Delay LDCR 3.0 ± 2.5 1.6 ± 2.6 0.09

 California Delay – Hits 0.7 ± 1.8 0.4 ± 2.5 0.68

 California Delay – FP −0.8 ± 2.0 0.1 ± 1.7 0.13

 Block total 2.8 ± 7.7 6.8 ± 6.0 0.09

 COWAT - F 2.2 ± 4.7 2.4 ± 4.6 0.85

 COWAT - A 0.2 ± 4.2 1.6 ± 3.1 0.29

 COWAT – S 3.1 ± 4.5 0.6 ± 3.9 0.08

 Coding score 4.5 ± 18.4 −3.9 ± 20.1 0.17

 Tap dominant 6.7 ± 9.4 2.7 ± 7.7 0.16

 Tap nondominant 6.3 ± 10.2 2.0 ± 10.6 0.16

 Digit forward 0.6 ± 2.1 0.9 ± 2.0 0.64

 Digit backward 1.0 ± 1.9 −0.1 ± 2.4 0.11

a
From two-sample t-test.
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