
Cognitive Performance in Long-Term Abstinent Alcoholics

George Fein, Ph.D1, Jennifer Torres, B.A.1, Leonard J. Price, Ph.D2, and Victoria Di Sclafani,
M.P.H.1
1 Neurobehavioral Research, Inc., Corte Madera, CA

2 Alta Bates Medical Center, Herrick Campus, Berkeley, CA

Abstract
Background—There are few investigations of the potential recovery of neurocognitive function
in chronic alcoholic samples after very long-term abstinence. The current study examined cognitive
abilities in middle-aged, (mean age 46.8 years) long-term abstinent alcoholics (LTAA). Twenty-five
LTAA men and 23 LTAA women abstinent for an average of 6.7 years were compared to an equal
number of gender and age comparable normal controls (NC). We examined the association of
neurocognitive variables with age, duration of abstinence, alcohol use measures, and the density of
family history of problem drinking.

Methods—LTAA and NC underwent comprehensive neuropsychological assessment. Performance
was measured in the following nine domains: abstraction/cognitive flexibility, attention, auditory
working memory, immediate memory, delayed memory, psychomotor function, reaction time, spatial
processing, and verbal skills.

Results—LTAA performed similarly to NC, except for deficits in the spatial processing domain.
The spatial processing results must be interpreted with caution because of multiple comparison
issues; however, spatial processing deficits are among the impairments most often reported in
abstinent alcoholics. None of the cognitive measures was associated with length of abstinence, any
alcohol use variable, or family history measure.

Conclusions—Very long-term abstinence resolves most neurocognitive deficits associated with
alcoholism, except for the suggestion of lingering deficits in spatial processing.
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Introduction
The deleterious effects of alcoholism on cognitive functioning were reported in the literature
as early as the 1880s by Wernicke (Wernicke, 1881) and Korsakoff (Korsakoff, 1887), followed
by Hamilton in 1906 (Hamilton, 1906), and Fisher in 1910 (Fisher, 1910). By the 1960s, the
studies by Fitzhugh and coworkers introduced the clinical neuropsychological model to the
study of cognitive function in alcoholism, and marked the beginning of systematic research in
this area (Fitzhugh et al., 1960; Fitzhugh et al., 1965). The current literature reflects a
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developing understanding of the time course of the recovery of cognitive functions during
abstinence, and the multiple factors that may influence the presence and severity of cognitive
deficits in specific patients (Bates et al., 2005; Brady and Sinha, 2005; Fein et al., 1990; Munro
et al., 2000; Oscar-Berman, 2000; Parsons et al., 1987; Rosenbloom et al., 2005; Rosenbloom
et al., 2004; Sullivan et al., 2002; Sullivan et al., 2000a; Sullivan et al., 2000b).

The presence of neuropsychological deficits in alcoholics after abstinence is not a trivial issue;
at least some deficits are present in a majority of abstinent alcoholics after acute detoxification
(Fein et al., 1990). Although researchers in the field of alcoholism have made great headway
in the study of cognitive function in abstinence, there are several limitations in the current
literature. First, there have been no large-scale epidemiologic studies establishing the
prevalence of cognitive deficits in the alcoholic population at large. Most of the investigations
of neuropsychological function in abstinent alcoholics are studies of relatively early abstinence
only. In addition, the great majority of these studies used convenience samples from inpatient
or outpatient treatment settings. We have shown that bias is present in such treated samples
because they have more severe early alcohol use trajectories (Fein and Landman, 2005). Bias
in treated samples may also be present with regard to the presence and severity of cognitive
impairments, psychiatric co-morbidity, and other factors that may contribute to the decision to
seek treatment.

These caveats aside, the available data illustrate the tremendous extent to which
neuropsychological problems are exhibited in alcoholics entering treatment and in early
abstinence. Fortunately, the evidence also reports clinically significant recovery of function in
most cognitive domains over the first months to one year of abstinence (Munro et al., 2000;
Sullivan et al., 2000a; Sullivan et al., 2000b). These investigators found that age was an
important modifying variable, with older alcoholics showing more severe cognitive deficits
and less recovery of function in early abstinence. However, there is a dearth of data on the
extent of recovery of cognitive abilities in long-term abstinence. The current study addresses
this gap in our understanding by investigating cognitive function in very long-term abstinent
alcoholics. We examined cognitive performance in middle-aged (average age 46.8 years)
alcoholic men and women abstinent for an average of 6.7 years, compared to age and gender
comparable normal controls. In long-term abstinence, we expected to find: 1) further recovery
of cognitive abilities (compared to the literature reporting cognitive deficits in alcoholics with
short-term abstinence), 2) that cognitive performance was correlated with increasing
abstinence, and 3) that increasing age was an important variable modifying the magnitude and
time course of recovery of cognitive abilities with abstinence.

Methods
Subjects

A total of 96 participants were recruited from the community by postings at AA meetings,
mailings, newspaper advertisements, a local Internet site, and subject referrals. The study
consisted of two subject groups, long-term abstinent alcoholics (LTAA) and age and gender
comparable light/non-drinking normal controls (NC). The LTAA group (n = 48) contained 25
men and 23 women, ranging from 35 to 57 years of age (mean = 46.8 years), abstinent from 6
months to 13 years. The inclusion criteria for the LTAA group were: 1) met lifetime DSM-IV-
R (American Psychiatric Association, 2000) criteria for alcohol dependence 2) had a lifetime
drinking average of at least 100 standard drinks per month for men, and 80 standard drinks per
month for women, and 3) were abstinent for at least 6 months. A standard drink was defined
as 12 oz. beer, 5 oz. wine, or 1.5 oz. liquor. The control group also consisted of 25 men and
23 women, ranging in age from 34 to 59 years of age (mean = 45.6 years). The inclusion criteria
for the NC group was a lifetime drinking average of less than 30 standard drinks per month,
with no periods of drinking more than 60 drinks per month.
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Exclusion criteria for both groups were: 1) lifetime or current diagnosis of schizophrenia or
schizophreniform disorder (c-DIS) (Robins et al., 1998), 2) history of drug abuse or dependence
or current substance abuse or dependence (other than nicotine or caffeine), 3) significant history
of head trauma or cranial surgery, 4) history of significant neurological disease, 5) history of
diabetes, stroke, or hypertension that required medical intervention, 6) laboratory evidence of
hepatic disease, or 7) clinical evidence of Wernicke-Korsakoff syndrome.

Procedures
All subjects were fully informed of the study’s procedures and aims, and signed a consent form
prior to their participation. Subjects completed four sessions that lasted between an hour and
a half and three hours, and included clinical, neuropsychological, electrophysiological, and
neuroimaging assessments. Normal controls were asked to abstain from consuming alcohol
for at least 24 hours prior to any lab visit. A Breathalyzer (Intoximeters, Inc., St. Louis, MO)
test was administered to all subjects. A 0.000 alcohol concentration was required of all
participants in all sessions. We had one positive Breathalyzer test result, on an “abstinent
alcoholic” subject; that subject was excluded from the study. Subjects were compensated for
time and travel expenses upon completion of each session. Subjects who completed the entire
study were also given a completion bonus.

General Assessment
All subjects participated in the following assessments: 1) psychiatric status regarding
exclusionary criteria was assessed using the c-DIS (Robins et al., 1998), 2) subjects were
interviewed on their drug and alcohol use using the lifetime drinking history methodology
(Skinner and Allen, 1982; Skinner and Sheu, 1982; Sobell and Sobell, 1990; Sobell et al.,
1988), 3) medical histories were reviewed, 4) blood was drawn to test liver functions, and 5)
the Family Drinking Questionnaire was administered based on the methodology of Mann et
al. (Mann et al., 1985; Stoltenberg et al., 1998).

Family Drinking Density
Family Drinking Density was assessed using the Family History Drinking Questionnaire
(Mann et al., 1985; Stoltenberg et al., 1998), participants were asked to rate their biological
relatives as being alcohol abstainers, alcohol users with no problem, or problem drinkers. The
proportion of first-degree relatives that were identified as problem drinkers was determined
from this questionnaire. Table 1 presents a summary of the demographic, alcohol use, and
family drinking density variables.

Neuropsychological Assessment
The neuropsychological assessments were administered in one session. The battery began with
the administration of the following individual tests: Rey-Osterrieth Complex Figure (copy,
immediate, and 20 minute delayed) (Osterrieth, 1944), Trail Making Test A and B (Reitan and
Wolfson, 1985), Symbol Digit Modalities Test (written administration only) (Smith, 1968),
American version of the Nelson Adult Reading Test (AMNART) (Grober and Sliwinski,
1991), Short Category Test (booklet format)(Wetzel and Boll, 1987), Controlled Oral Word
Association Test (COWAT) (Benton and Hamsher, 1983), Paced Auditory Serial Addition
Test (PASAT) (Gronwall, 1977), Block Design (WAIS-R) (Wechsler, 1981), Stroop Color and
Word Test (Golden, 1978), Fregly Ataxia Battery (Fregly et al., 1973), and the Simulated
Gambling Task (Bechara et al., 1994).

After a 15 minute break, the subject completed the MicroCog (MC) Assessment of Cognitive
Functioning (standard version) (Powell et al., 1993). The MicroCog is a computer-administered
and -scored test that assesses important neurocognitive function in adults. MicroCog was
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designed to be sensitive to detecting cognitive impairment across a wide range, and takes into
account levels of premorbid intellectual functioning by providing age- and education-level
adjusted norms.

Normative scores derived from a nationally representative sample of adults are available for
each test, either from the creators or distributors of the tests. Z-scores for the
neuropsychological domains and measures were computed based on standardized norms
adjusted for age [Stroop (Golden, 1978), Short Categories (Wetzel and Boll, 1987), PASAT
(Stuss et al., 1988), Block Design (Wechsler, 1997), and Rey (Denman, 1987)], years of
education [AMNART (Schwartz and Saffran, 1987)], age and years of education [Symbol Digit
Modalities (Smith, 1982), MicroCog (Powell et al., 1993)], and age, gender, and years of
education [(Trails A and B (Heaton et al., 1991), COWAT (Ruff et al., 1996)]. The Stroop,
Symbol Digit Modalities, and the MicroCog test norms are not specific to gender, since gender
did not significantly affect scores in the normative samples (Golden, 1978; Powell et al.,
1993; Smith, 1982). The AMNART is used as a measure of premorbid intelligence (Grober
and Sliwinski, 1991). The AMNART did not have age norms because the test was designed to
be resistant to the effects of normal aging and most neurodegenerative diseases. Additionally,
Grober et al (1991) have reported that gender does not influence AMNART scores.

The final NP battery consisted of the following 10 domains, and their component tests: (1)
Attention (Stroop Color, MC Numbers Forward, MC Numbers Reversed, MC Alphabet, MC
Word List 1) (2) Verbal Fluency (COWAT, AMNART), (3) Abstraction/Cognitive Flexibility
(Short Categories, Stroop interference score, Trail Making Test B, MC Analogies, MC Object
Match A), (4) Psychomotor (Trails A, Symbol Digit), (5) Immediate Memory (MC Story
immediate recall, Rey immediate recall, MC Word List 2), (6) Delayed Memory (MC Story
delayed recall, Rey delayed recall), (7) Reaction Time (MC Timers simple and cued), (8)
Spatial Processing (MC Tic Tac, MC Clocks, Block Design), and (9) Auditory Working
Memory (PASAT at delays of 2.4, 2.0, 1.6, and 1.2 seconds). Table 2 presents raw scores as
well as group, gender, and group by gender effect sizes for all of the neuropsychological
measures.

Global Clinical Impairment Score (GCIS)
Each domain’s average Z-score was converted to a global clinical impairment score (GCIS).
A clinical impairment score of 0, or no impairment, was assigned to domain Z-scores falling
above the 15th percentile, a score of 1, or moderately impaired, was assigned to domain Z-
scores falling at or below the 15th and above the 5th percentile, and a score of 2, or severely
impaired, was assigned to domain Z-scores falling at or below the 5th percentile. The cutoff
points for the clinical impairment scores were designed to make the GCIS sensitive to clinically
relevant impairment. The domain clinical impairment scores (0, 1, or 2) were then summed
across domains to yield the GCIS, with greater GCIS scores indicating more severe impairment.

Statistical Analysis
The data were analyzed using the Statistical Package for the Social Sciences (SPSS Inc.,
2004). Analysis of Variance (ANOVA) for unbalanced designs was carried out using the
General Linear Models procedure. We also used Analysis of Covariance (ANCOVA) to assess
the effect of age on the performance of the LTAA group versus the NC group. We performed
the ANCOVA with age as the covariate on both the domain scale scores and on the ranks
(across all subjects) of each domain scale score. The analysis of the ranks was equivalent to
examining Spearman correlations of age with domain scores within each group. (Spearman
correlations are robust with respect to underlying distribution assumptions and resistant to the
effects of outliers.) Following the use of ANCOVA on the ranks of each domain scale score,
we tested for differences in the correlations between groups. Spearman correlations were used
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to examine the association of cognitive measures with alcohol use, demographic, and family
history measures. Associations of cognitive performance measures with abstinence duration
in the LTAA group were analyzed using partial correlation analysis (partialling out the effect
of age).

Results
Demographic and Subject Variables

Table 1 presents demographic and alcohol use variables for all participants. The groups were
similar in years of education, but did differ significantly in family drinking history, with the
abstinent alcoholics having a greater proportion of first-degree relatives who were problem
drinkers (F1,92 = 32.08 p < 0.001). On average, the LTAA men drank 6 drinks per day and the
LTAA women drank 4 drinks per day. NC drank 0.2 drinks per day for men and women. LTAA
had a peak alcohol dose that was almost twenty times the peak dose for NC.

NP performance
The NP performance results are presented in Table 2 and 3 (Table 2 presents the raw scores,
and Table 3 presents the z-scores). ANOVA of the average z-score across domains and of the
GCIS showed essentially equivalent performance in the LTAA and NC groups. The only
domain score in which there was a difference between groups was in spatial processing, where
LTAA performed worse than NC (F1, 92= 3.86, p = 0.05; uncorrected for multiple
comparisons). In addition, none of the individual tests evidenced group differences. Figure 1
shows the essentially identical profile across cognitive domains of performance of LTAA and
NC. There were also gender differences, with women performing better than men across a
number of domains (see Table 3, multivariate test Wilks λ9,81 = 0.735, p = 0.002), but no group
by gender interactions. There were no group, age, or group by age interactions for the average
z-score across domains, or for the GCIS, or for the multivariate comparison across all domains
Wilks λ9,81 = 0.892, p = 0.396. There were no correlations between any neuropsychological
variable and any alcohol use measure.

Discussion
We examined cognitive function in middle-aged alcoholic men and women abstinent an
average of 6.7 years. Generally, LTAA performed as well as NC; except in the spatial
processing domain, where LTAA performed more poorly than NC. The cognitive performance
of LTAA was not associated with duration of abstinence or age (consistent with the majority
of cognitive recovery occurring during the first years of abstinence) (Crews et al., 2005).

We offer the finding of spatial processing deficits in LTAA versus NC with caution. First, there
were no statistically significant group differences on any of the three tests within the spatial
processing domain; only when the three tests were averaged together was there a statistically
significant difference between groups. Second, spatial processing was one of nine
neuropsychological domains tested, without correction for multiple comparisons. Therefore,
there is not strong statistical evidence for the spatial processing deficit. Nevertheless, spatial
processing deficits are among the impairments most often reported in abstinent alcoholics, and
other investigators also report that this specific deficit may not resolve, even with long-term
sobriety (Crews et al., 2005; Munro et al., 2000; Oscar-Berman et al., 1997; Sullivan, 2005;
Sullivan et al., 2002).

We also found better cognitive performance across many domains in women (both normal and
alcoholic) compared to men. No such effect should have been observed since we used gender
specific norms for the majority of tests, and on the other tests, the normative data do not suggest
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gender differences. We hypothesize that the heightened performance of our San Francisco Bay
Area participants compared to the normative sample (the average z-score across domains
averaged about 0.33 in NC) was greater for women than for men. The fact that the highest
domain score in the NC (and in the LTAA) was the verbal domain is consistent with the very
high SES and incomes in the areas from which we recruited our subjects.

This study reinforces the generally held view that spatial processing function may be
particularly vulnerable to impairment in alcoholics, and especially resistant to full recovery
with long-term abstinence. Spatial information processing ability, which is dependent on right
hemisphere and frontal cortex function declines with normal aging (Mattay et al., 2006; Meguro
et al., 2003; Rajah and D’Esposito, 2005; Schretlen et al., 2000). These particular results lead
one to wonder whether impairments in spatial processing (in abstinence) will become even
more pronounced as brain functional reserve capacity declines in old age (Di Sclafani et al.,
1998; Fein and Di Sclafani, 2004).
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Figure 1.
The mean ± standard error for each cognitive domain is presented for the LTAA and NC groups,
illustrating the similarity of cognitive profiles across domains for the two groups.
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Table 2
Neuropsychological Domains and Individual Tests (Raw Scores)

Abstinent Alcoholic Control Effect Size (%)

Variable Male (n=25) Female (n=23) Male (n=25) Female (n=23) Group Gender Group by Gender

Neuropsychological
Domains (Raw scores)

Abstraction/Cognitive
Flexibility
MicroCog Analogies 10.92 ± 3.45 13.65 ± 2.42 12.44 ± 3.43 13.61 ± 2.42 1.2 7.7** 1.3
MicroCog Object Match A 8.60 ± 2.89 11.04 ± 1.62 10.10 ± 2.80 10.67 ± 1.97 1.4 9.3** 3.8.06

Short Categories 28.84 ± 14.39 29.61 ± 16.08 28.44 ± 15.31 27.83 ± 14.23 0.1 0.0 0.1
Stroop-Interference 40.39 ± 9.94 45.17 ± 9.37 42.40 ± 8.66 45.65 ± 8.95 0.5 4.7* 0.2
Trails B 61.48 ± 21.15 64.00 ± 21.26 57.60 ± 16.69 62.13 ± 18.93 0.6 0.8 0.1
Attention
MicroCog Alphabet 10.83 ± 0.48 11.00 ± 0.00 10.92 ± 0.40 11.04 ± 0.21 1.0 4.7* 0.1
MicroCog Numbers Forward 9.92 ± 4.21 10.26 ± 2.67 10.72 ± 3.41 10.87 ± 3.03 1.1 0.1 0.0
MicroCog Numbers Reversed 8.88 ± 3.65 9.48 ± 2.84 10.36 ± 3.93 10.00 ± 3.33 2.1 0.0 0.5
MicroCog Wordlist 1 9.71 ± 2.97 10.83 ± 2.25 10.04 ± 2.79 11.00 ± 1.35 0.3 4.5* 0.0
Stroop-Color 71.43 ± 11.92 77.50 ± 11.92 72.00 ± 10.39 76.26 ± 13.20 0.0 4.7* 0.1
Auditory Working Memory
PASAT 2.4 (seconds delay) 40.80 ± 11.40 39.76 ± 13.83 45.96 ± 9.85 42.50 ± 11.46 2.9 1.0 0.3
PASAT 2.0 (seconds delay) 37.44 ± 9.15 41.00 ± 7.34 40.12 ± 9.68 38.76 ± 9.55 0.0 0.4 1.9
PASAT 1.6 (seconds delay) 32.96 ± 8.80 34.00 ± 6.38 37.08 ± 10.62 35.76 ± 9.02 2.7 0.0 0.4
PASAT 1.2 (seconds delay) 25.79 ± 6.62 24.39 ± 5.07 27.22 ± 8.85 27.24 ± 7.13 2.3 0.2 0.3
Immediate Memory
MicroCog Story Recall 9.00 ± 1.59 9.48 ± 0.95 9.68 ± 1.18 9.52 ± 1.47 1.9 0.4 1.5
MicroCog Wordlist 2 14.25 ± 3.87 14.96 ± 1.43 14.36 ± 3.28 15.39 ± 1.08 0.3 2.6 0.1
Rey-Immediate Recall 43.48 ± 11.86 43.78 ± 10.82 45.00 ± 11.22 46.22 ± 12.84 0.7 0.1 0.0
Delayed Memory
MicroCog Story-
Delayed Recall

8.96 ± 2.97 10.83 ± 2.71 9.64 ± 3.16 11.22 ± 3.62 0.8 7.3** 0.1

Rey-Delayed Recall 43.36 ± 11.24 42.91 ± 11.57 44.12 ± 12.26 46.22 ± 12.87 0.7 0.1 0.3
Psychomotor
Symbol Digit Modalities 49.88 ± 6.95 54.70 ± 7.19 54.68 ± 10.22 57.05 ± 10.84 4.0.06 4.0* 0.5
Trails A 30.24 ± 9.02 27.57 ± 6.65 31.04 ± 12.18 30.43 ± 7.83 1.0 0.8 0.3
Reaction Time
MicroCog Cued Timers 10.96 ± 1.49 10.87 ± 1.58 11.08 ± 1.50 10.57 ± 2.04 0.1 0.9 0.4
MicroCog Simple Timers 10.82 ± 1.53 10.60 ± 1.73 10.83 ± 1.43 11.03 ± 1.50 0.5 0.0 0.5
Spatial Processing
Block Design 45.76 ± 8.18 42.83 ± 11.99 50.40 ± 10.14 45.35 ± 9.59 3.2 4.0* 0.3
MicroCog Clocks 10.38 ± 2.39 11.43 ± 1.08 11.08 ± 1.47 11.35 ± 1.61 0.8 3.8.06 1.4
MicroCog Tic Tac 8.46 ± 2.40 8.09 ± 1.78 9.24 ± 2.67 8.91 ± 2.64 2.8 0.5 0.0
Verbal
AMNART 33.80 ± 6.98 37.00 ± 5.35 33.12 ± 7.50 37.83 ± 6.43 0.0 8.4** 0.3
COWAT 43.32 ± 8.49 47.30 ± 11.21 43.48 ± 14.64 45.35 ± 11.39 0.2 1.6 0.2

Measures are reported mean ± standard deviation.

Effect is significant:

*
= p≤0.05,

**
= p≤0.01,

***
= p≤0.001
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Table 3
Neuropsychological Domains and Individual Tests (Z-scores)

Abstinent Alcoholic Control Effect Size (%)

Variable Male (n=25) Female (n=23) Male (n=25) Female (n=23) Group Gender Group by Gender

Neuropsychological
Domains (z-scores)

Abstraction/Cognitive
Flexibility

0.00 ± 0.64 0.40 ± 0.43 0.19 ± 0.56 0.37 ± 0.56 0.5 6.5** 1.1

MicroCog Analogies 0.31 ± 1.15 1.22 ± 0.81 0.81 ± 1.14 1.20 ± 1.43 1.2 7.7** 1.3
MicroCog Object Match A −0.47 ± 0.96 0.35 ± 0.54 0.03 ± 0.93 0.22 ± 0.66 1.4 9.3** 3.8.06

Short Categories −0.14 ± 0.99 −0.08 ± 1.33 −0.18 ± 1.19 0.13 ± 1.21 0.1 0.6 0.3
Stroop-Interference 0.06 ± 0.75 0.38 ± 0.99 0.11 ± 0.67 0.30 ± 0.64 0.00 2.8 0.2
Trails B 0.27 ± 0.92 0.15 ± 1.31 0.18 ± 1.01 −0.03 ± 1.07 0.4 0.6 0.0
Attention −0.15 ± 0.58 0.10 ± 0.39 0.05 ± 0.59 0.18 ± 0.52 1.8 3.3.08 0.4
MicroCog Alphabet 0.28 ± 0.16 0.33 ± 0.00 0.31 ± 0.13 0.35 ± 0.07 1.0 4.7* 0.1
MicroCog Numbers Forward −0.03 ± 1.40 0.09 ± 0.89 0.24 ± 1.14 0.29 ± 1.01 1.1 0.1 0.0
MicroCog Numbers Reversed −0.38 ± 1.22 −0.17 ± 0.95 0.12 ± 1.31 0.00 ± 1.11 2.1 0.0 0.5
MicroCog Wordlist 1 −0.10 ± 0.99 0.28 ± 0.75 0.01 ± 0.93 0.33 ± 0.45 0.3 4.5* 0.0
Stroop-Color −0.41 ± 0.76 0.03 ± 0.79 −0.42 ± 0.70 −0.06 ± 0.86 0.1 6.2* 0.1
Auditory Working Memory −0.07 ± 0.71 −0.29 ± 1.15 0.14 ± 0.87 −0.20 ± 1.27 0.6 2.0 0.1
PASAT (2.4 seconds delay) −0.23 ± 1.06 −0.29 ± 1.23 0.25 ± 0.96 −0.29 ± 1.33 1.1 1.8 1.2
PASAT (2.0 seconds delay) −0.21 ± 0.80 0.08 ± 0.72 −0.13 ± 0.95 −0.08 ± 0.92 0.1 1.0 0.5
PASAT (1.6 seconds delay) 0.06 ± 0.66 0.13 ± 0.49 0.34 ± 0.87 0.24 ± 0.67 2.0 0.0 0.4
PASAT (1.2 seconds delay) 0.20 ± 0.56 0.06 ± 0.47 0.28 ± 0.82 0.29 ± 0.66 1.4 0.3 0.3
Immediate Memory 0.48 ± 0.63 0.60 ± 0.40 0.54 ± 0.57 0.71 ± 0.46 0.6 1.9 0.1
MicroCog Story Recall −0.33 ± 0.53 −0.17 ± 0.32 −0.11 ± 0.39 −0.16 ± 0.49 1.9 0.4 1.5
MicroCog Wordlist 2 1.42 ± 1.29 1.65 ± 0.48 1.45 ± 1.09 1.80 ± 0.36 0.3 2.6 0.1
Rey-Immediate Recall 0.25 ± 0.95 0.33 ± 0.88 0.28 ± 0.82 0.49 ± 1.03 0.3 0.6 0.1
Delayed Memory 0.01 ± 0.85 0.27 ± 0.72 0.06 ± 0.81 0.45 ± 0.98 0.5 3.7.07 0.2
MicroCog Story-
Delayed Recall

−0.35 ± 0.99 0.28 ± 0.90 −0.12 ± 1.05 0.41 ± 1.21 0.8 7.3** 0.1

Rey-Delayed Recall 0.27 ± 0.94 0.26 ± 0.94 0.24 ± 0.96 0.49 ± 1.08 0.3 0.4 0.4
Psychomotor −0.31 ± 0.59 0.13 ± 0.81 −0.21 ± 0.98 0.02 ± 0.90 0.0 4.1* 0.4
Symbol Digit Modalities −0.27 ± 0.76 0.33 ± 0.84 0.14 ± 1.02 0.57 ± 1.21 2.9.10 6.9** 0.2
Trails A −0.36 ± 0.89 −0.07 ± 1.07 −0.56 ± 1.14 −0.45 ± 0.88 2.2 1.0 0.2
Reaction Time 0.30 ± 0.43 0.24 ± 0.42 0.32 ± 0.43 0.27 ± 0.51 0.1 0.3 0.0
MicroCog Cued Timers 0.32 ± 0.50 0.29 ± 0.53 0.36 ± 0.50 0.19 ± 0.68 0.1 0.9 0.4
MicroCog Simple Timers 0.27 ± 0.51 0.20 ± 0.58 0.28 ± 0.48 0.34 ± 0.50 0.5 0.0 0.5
Spatial Processing 0.14 ± 0.53 0.14 ± 0.50 0.42 ± 0.56 0.29 ± 0.50 4.0* 0.4 0.4
Block Design 0.72 ± 0.75 0.59 ± 1.03 1.15 ± 0.92 0.78 ± 0.87 3.0.09 1.9 0.5
MicroCog Clocks 0.13 ± 0.80 0.48 ± 0.36 0.36 ± 0.49 0.45 ± 0.54 0.8 3.8.06 1.4
MicroCog Tic Tac −0.51 ± 0.80 −0.64 ± 0.59 −0.25 ± 0.89 −0.36 ± 0.88 2.8 0.5 0.0
Verbal 0.97 ± 0.48 1.20 ± 0.50 0.87 ± 0.74 1.13 ± 0.55 0.6 4.3* 0.0
AMNART 1.20 ± 0.45 1.40 ± 0.36 1.20 ± 0.46 1.47 ± 0.42 0.2 7.2** 0.2
COWAT 0.75 ± 0.72 1.00 ± 0.96 0.54 ± 1.26 0.78 ± 0.85 1.2 1.7 0.0
Average Domain z-Score 0.16 ± 0.36 0.32 ± 0.34 0.26 ± 0.46 0.36 ± 0.52 0.8 2.3 0.2
Global Clinical Impairment
Score (GCIS)

0.56 ± 1.00 0.30 ± 0.64 0.62 ± 1.05 0.52 ± 1.04 0.8 1.2 0.1

Measures are reported mean ± standard deviation.

Effect is significant:

*
= p≤0.05,

**
= p≤0.01,

***
= p≤0.001
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