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Abstract
Reliable detection and quantification of longitudinal cognitive change are of considerable
importance in many neurological disorders, particularly to monitor central nervous system effects
of disease progression and treatment. In the current study, we developed normative data for
repeated neuropsychological (NP) assessments (6 testings) using a modified Standard Regression-
Based (SRB) approach in a sample that includes both HIV-uninfected (HIV−, N=172) and
neuromedically stable HIV-infected (HIV+, N=124) individuals. Prior analyzes indicated no
differences in NP change between the infected and uninfected participants. The norms for change
included correction for factors found to significantly affect follow-up performance, using
hierarchical regression. The most robust and consistent predictors of follow-up performance were
the prior performance on the same test (which contributed in all models) and a measure of prior
overall NP competence (predictor in 97% of all models). Demographic variables were predictors
in 10%-46% of all models and in small amounts; while test retest interval contributed in only 6%
of all models. Based on the regression equations, standardized change scores (z-scores) were
computed for each test measure at each interval; these z scores were then averaged to create a total
battery change score. An independent sample of HIV− participants who had completed 8 of the 15
tests was used to validate an abridged summary change score. The normative data are available in
an electronic format by email request to the first author. Correction for practice effects based on
normative data improved the consistency of NP impairment classification in a clinically stable
longitudinal cohort after baseline.
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Introduction
The development of norms to reliably identify and quantify neuropsychological (NP)
impairment has had a significant impact for clinical and research neuropsychology (Strauss,
Sherman, & Spreen, 2006). Normative data that corrects for demographic factors associated
with NP performance in healthy controls (i.e., age, education, gender and sometimes
ethnicity or pre-morbid ability), enables accurate estimation of disease prevalence, clearer
definition of disease and treatment effects and improved clinical management in a variety of
neurological and psychiatric disorders.

Neuropsychologists also have emphasised the necessity for providing norms in order to
reliably estimate cognitive change over time (Heaton, et al., 2001; Salthouse & Tucker-
Drob, 2008). Identifying real cognitive change in individuals undergoing repeated NP
assessment is potentially valuable for both clinical and research purposes, but diagnosing NP
change beyond baseline assessments is difficult because of random biological variation,
measurement errors, and practice effects (McCaffrey & Westervelt, 1995)

“Practice effect” (PE), or “learning effect” is seen on most NP measures and is larger on
measures of problem solving or tests with a high novelty component (Dikmen, et al., 1999).
PE complicates detection of meaningful change and leads to underdetection of impairment
beyond baseline assessment even when alternate test forms are available.

Recent research advances in the area of repeated NP assessment have shown that prediction
of cognitive change is substantially improved in clinical samples, including samples for
which cognitive change is expected (after treatment for example), when referenced against
normative standards. Normative standards are ideally derived from appropriate comparison
samples for which no change is expected beyond normal test re-test fluctuation (including
practice effect) or regression towards the mean (Heaton, et al., 2001; Salthouse & Tucker-
Drob, 2008).

One method that has been extensively validated in healthy as well as clinical samples, and
that is now commonly used in test development, is the Standard Regression-Based (SRB)
change score approach (M. R. Basso, Carona, Lowery, & Axelrod, 2002; Brandt &
Benedict, 2001; Chelune, Naugle, Lüders, Sedlak, & Awad, 1993; Dikmen, Heaton, Grant,
& Temkin, 1999; Martin, et al., 2002; McSweeny, Naugle, Chelune, & Luders, 1993). This
method has an advantage over other change score approaches (Collie, Darby, Falleti, Silbert,
& Maruff, 2002) in that it can accommodate multivariate modelling (Temkin, Heaton,
Grant, & Dikmen, 1999) with inclusion of numerous factors that may influence NP
performance over several assessments.

Longitudinal norms for cognitive change using versions of the SRB change score approach
have involved widely used NP measures in healthy and relatively young volunteers (Attix, et
al., 2009; M. R. Basso, et al., 2002; Dikmen, et al., 1999; Levine, Miller, Becker, Selnes, &
Cohen, 2004; Martin, et al., 2002; Temkin, et al., 1999), elderly samples (Duff, et al., 2008;
Duff, et al., 2005; Frerichs & Tuokko, 2005; Ivnik, et al., 1999) and samples at risk for
cognitive impairment (Heaton, et al., 2001; Hermann, et al., 1996; Sawrie, Chelune, Naugle,
& Luders, 1996). Most include normative formulas for individual tests. A few studies have
provided norms for scores representing cognitive domains (Duff, et al., 2005) or cognitive

Cysique et al. Page 2

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



factor scores derived from specific NP batteries (Ivnik, et al., 1999), but none of these
studies provides guidance to detect and quantify overall cognitive change as derived from a
total NP test battery involving multiple cognitive domains.

In this regard, the study of Woods, et al. (2006) proposed a battery change score approach
using the Reliable Change Index method (RCI). As noted by the authors, a strong advantage
of a summary change score approach is to improve the reliability and validity of the
observed change as it is based on multiple cognitive abilities. In fact, cognitive change
across several NP functions, and in variable patterns, is common in many neurological
disorders.

In the present study we have modified the SRB change score approach to allow for: 1)
selection of predictors of cognitive change based on previous literature, but with the addition
of an estimate of overall prior NP competence and, 2) development of a summary change
score approach on the total NP test battery. We developed norms in samples of HIV-
uninfected (HIV−) people and HIV-infected (HIV+) individuals who were carefully and
independently classified as stable with regard to both disease-related and treatment-related
neuromedical status. We validated these norms in another sample of HIV− individuals who
took a subset of the test battery two or three times. Finally, to enhance accuracy in
classifying impairment (versus change) after baseline, we provide normative corrections for
practice effects and demonstrate that their use greatly reduces a tendency for clinically stable
examinees to appear to have improved abilities over time.

The first aim of the current study was to develop normative longitudinal data based on
multiple cognitive domains and defined by a single summary change score. To reach this
aim, we initially used an HIV-negative (HIV−) sample to develop longitudinal normative
SRB equations. The SRB equations were then applied to the clinically stable HIV+ group.
The application of the norms to the HIV+ group was done to demonstrate that clinically
stable HIV+ do not differ in terms of performance change as compared to HIV− individuals
despite a slightly higher rate of baseline impairment rate.

Because the HIV+ and HIV− cohorts showed comparable test-retest results, combining their
data for normative purposes provides the advantages of a larger sample size and a broader
range of baseline performances from individuals who also share general personal/
background characteristics with the individuals to which the norms for change would be
applied (e.g., HIV+ patients who are progressing off treatment, failing their current
treatment or initiating new regimens for example). We believe this is the first study to
develop norms for change in this context. The normative formulas will be made available in
an electronic format, for ease of use. As noted, we also provide a method for correcting for
PE on the six repeated assessments.

Methods
Participants

Of 296 volunteers at the San Diego HIV Neurobehavioral Research Center (HNRC) who
completed the same test battery over two to six visits, 172 were HIV− controls recruited
between 1999 and 2006 and 124 were clinically stable HIV+ individuals recruited through
the multi-site CNS HIV Antiretroviral Therapy Effects Research (CHARTER) study
between 2001 and 2007. An additional, “validation group” was 111 HIV− volunteers who
completed a subset of the same test battery at two time points and 67 who completed the
abbreviated battery at three time points at the HNRC between 1987 and 1999. Table 1
compares the demographic characteristics and provide summary results on the NP test
battery for the normative HIV− and HIV+ groups and the validation sample.
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Neuromedical stability was defined for the HIV+ group as having: ( a) stable HIV disease
indicators between visits (i.e., CD4 counts not changing among following categories >500,
500–200, <200; < 1 log10 change in their plasma HIV RNA levels (viral load); and no new
AIDS defining illnesses), (b) no change in their antiretroviral regimen, and (c) no incident
psychiatric illness (i.e., major depressive episode or substance use disorder) or neurological
events (i.e., head injury or meningitis) between visits.

Participants with a history of non-HIV related neuromedical factors that might potentially
cause neurocognitive impairment were excluded. These exclusion criteria were (a) head
injury with unconsciousness greater than 30 minutes, (b) any known, non HIV related
neurological disorders (e.g., epilepsy, stroke), psychotic disorders (schizophrenia) and (c)
significant levels of current self-reported substance use, defined as more than three alcoholic
drinks per day over the past 30 days, or use of any illegal drugs in the past 30 days.
Diagnosis of bipolar disorder was not disqualifying so long as patients were stable on their
medications.

Procedure
Neuropsychological Assessments—In the reference sample the NP test battery was
composed of 15 individual NP tests which assessed 7 ability areas (see Table 2). When
available, alternate versions of the NP tests (i.e., Hopkins Verbal Learning Test-Revised,
Brief Visual Memory Test-Revised) were used according to the schedule detailed in the
manual to minimize PE.

Data Analysis
Development of NP norms for change—To identify individuals who presented with
overall NP change versus stability (“norms for change”), we used a statistical methodology
based on the multivariate Standard Regression-Based (SRB) approach ((McSweeny, et al.,
1993; Temkin, et al., 1999; see also Collie, et al., 2002, for review of change score
methodologies). The advantage of multiple regression SRB is that it accounts for practice
effect, regression towards the mean and other factors that potentially may influence test-
retest variability in neurologically stable people (e.g., test-retest interval, demographics and
“overall NP competence” at baseline) (Temkin, et al., 1999).

Prior to analysis, raw scores for each individual NP measure were transformed into scaled
scores (with a mean of 10 and a standard deviation of 3 based on large samples (Heaton et
al., 2004; Norman et al, submitted). The scaled score transformations provide a robust
method to: a) normalize distributions of multiple NP tests using a common metric, b)
attenuate the effects of outliers (Tabachnik & Fidell, 2007). The scaled score
transformations will be part of the electronic file that can be requested by email to the first
author.

The first step in developing norms for change consisted of statistically evaluating the
comparability of the HIV+ and HIV− groups to determine whether they could be combined
to create a larger reference group for which no NP change is expected beyond practice
effect. The 172 HIV-controls were assessed at approximately one-year intervals (14.26 ±
4.89 months) and 124 neuromedically stable HIV+ individuals had been assessed at
approximately six month intervals (7.28 ± 2.56 months). Baseline rate of impairment was
22% in the HIV− group and 28% in the HIV+ group (see Table 1) as defined by the Global
Deficit Score (GDS) method (Carey et al., 2004).

Regression formulas were developed for the HIV− group only, using the method detailed in
the following sections for the combined normative data. The change rate in the HIV+
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individuals fell well between the 90% prediction intervals of stability based upon regression
based norms developed with the 172 HIV-individuals as a reference (see Table 3). In no
instance did the resulting rate of change (or no change) of the stable HIV+ group differ
significantly from those of the HIV− control sample (all p-values >.20). Consistent with
findings from previously published studies, test-retest intervals were not significantly
associated with practice effect across testing visits for the current reference samples
(Cysique, et al., 2009). Baseline impairment rate in the combined HIV+ and HIV− reference
sample reached 24.6%. Table 3 presents the percent rate of change data on the mean scaled
score across the study time points for the HIV+ and HIV− samples.

Additionally, we tested whether HIV status was associated with differences in performance
change using a multivariate approach, which also provides an adjustment for attrition. For
this we developed a mixed effect regression model. HIV status and time were included as
fixed linear effects, HIV status and time as a fixed non-linear interaction effect, and subject
as a random effect. By incorporating subject-specific effects, i.e. the random intercepts and
slopes, the mixed-effects model has the advantage of removing biases in estimation due to
attrition at later time points and by adjusting the groups, time and interaction effect
intercepts and slopes of the model. We included the model described above (model 1) and a
model with demographic and test-retest effect (model 2) in the appendix. In all instances, the
HIV status and time interactions were not significant, indicating that there was no difference
between the HIV− individuals and HIV+ individuals’ performance changes over time.

The entire reference group was therefore composed of 296 volunteers at baseline and at time
2 (test-retest interval: 11.3 months ± 5.3); 241 at time 3 (test-retest interval from baseline:
21.8 months ± 9.0), 171 at time 4 (test-retest interval from baseline: 32.5 months ± 11.0),
132 at time 5 (test-retest interval from baseline: 42.3 months ± 13.2) and 64 at time 6 (test-
retest interval from baseline: 49.8 months ± 16.5). To investigate differences in performance
among subgroups across time, we conducted a series of repeated measure ANOVAs testing
for (a) group effect (this effect was represented by including sub-samples according to how
many sessions they completed), (b) time effect, and (c) group -by- time interaction effect.
The interaction could indicate, for example, that the sample that had completed 6 sessions
was different from those who had completed only 2 sessions. In all analyses the interaction
term was non-significant (p>.90), indicating that NP performance was homogenous
regardless of number of visits completed.

Table 4 presents the baseline scaled scores on the 15 NP measures for the reference sample
and on the eight NP measures for the validation sample.

To determine which factors influenced longitudinal NP performance in the reference
sample, we conducted a series of hierarchical regression analyses using the follow-up scaled
score as the outcome variable and a predetermined list of candidate predictors. The selection
of these factors and their order as hierarchical predictors of follow-up NP performance was
based on previous research literature in the study of longitudinal NP performance (M. Basso,
Bornstein, & Lang, 1999; Duff, et al., 2007; Heaton, et al., 2001; Levine, et al., 2004). This
step is different from the original method (Chelune, et al., 1993) for which stepwise
regression was used. The hierarchical method used the knowledge of previous findings to
inform the order of entry into the regression, while stepwise uses only a sample specific
statistical cut-off.

The predictor variables that were considered in the multivariate analyses included (in order):
1) baseline or previous test performance of the individual NP measure in question (scaled
scores), 2) Baseline or previous NP competence (defined as the previous mean scaled score
on the battery, with exclusion of the NP measure currently tested in the regression model);
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3) age (in years), 4) education (in years); 5) gender (male vs. female coded as 0 and 1), 6)
ethnicity (Caucasians vs. Others; coded as 1 and 0), and 7) relevant test-retest interval (in
months). Any predictive factor that accounted for significant R2 change above and beyond
the previously entered predictors (p<.10) was retained in order to compute reference
regression formulas. Table 5 lists which factors were found to be significant predictors of
follow-up performance for all the 15 NP measures at all study time points. Multi-colinearity
was not detected in any of the models when tolerance statistics and the magnitude of change
in the overall R2 were examined for each model after a particular factor was added or
excluded.

Once the initial predictive models were built, we tested some interaction terms (i.e., overall
competence * age, overall competence*previous test score; overall competence * education
level, overall competence * sex and age*edu) chosen to detect possible interactions of
demographic factors with overall NP competence. From all the models containing the
interaction terms (as described above), at most one interaction of predictors emerged as
marginally informative for the following NP tests: Letter Fluency and WCST perseverative
errors. Accordingly, we decided not to encumber the models by retaining these few
interactions.

Next, the significant predictors were retained in a series of standard multivariate regression
analyses to derive regression formulas for each individual NP test. These formulas served to
compute the 15 individual predicted follow-up scaled scores as shown below [formula 1]:

[1]

In this formula Yp is the predicted scaled score at follow-up, β1 is the regression coefficient
(slope) for predictor X1; β2 for predictor X2; βn for predictor Xn; X1 is the observed baseline
or previous test score, X2 and Xn are the overall NP competence, and demographic or re-test
interval factors entered into the model and a is the intercept.

To inspect for any heteroscedasticity of demographic effects in the resulting 15 models at
the six time points (Tabachnick & Fidell, 2007), we conducted a series of Pearson
correlation analyses between the residuals of each model and age, education, and gender
separately. None of the analyses reached statistical significance (p<.05), showing that
demographic effects were quite similar across the NP performance range and over time.

Finally, because most neuropsychological assessments involve the evaluation of several
cognitive abilities often yielding a number of individual NP measures, we have developed a
method that takes into account all the information within the test battery by computing a
battery NP change score or a summary NP change score.

Summary regression-based change scores (sRCS) were computed as follows: The standard
deviation of the residuals (i.e., error term of the regression model in SD units) for each of
the 15 final regression models was computed for time 1 predicting time 2; time 2 predicting
time 3; time 3 predicting time 4, time 4 predicting time 5; time 1 predicting time 3 and also
predicting time 4, and time 5. Formulas for time 4 predicting time 5 and time 1 predicting
time 5 were applied at time 6. This was applied as such because of the relatively small size
of the sample at time 6. Altogether, 15 individual z-scores at 6 different time ranges were
computed, by dividing the difference between predicted and obtained follow-up scaled
scores by the error term of the regression model [see 2]. The resulting Z-score reflects how
well or poorly the participant did at follow-up, relative to expectations for a
neurocognitively stable person with his/her baseline (or previous) score and other variable-
specific baseline predictors:
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[2]

In this formula, Xo is the scaled score at follow-up; Xp is the predicted follow-up scaled
score derived from the reference sample regression equations [1], and SDresidual is the
standard deviation of the residuals from the reference sample regression model. Note that
this regression based change score can be negative (if the obtained follow-up score is worse
than the predicted) or positive (if the obtained score is greater than the predicted score).

The final step in the development of the norms for change was to average the 15 individual
regression based change scores (z-scores), at relevant times, to compute the sRCS and
determine a 90% confidence interval to define “no change” on a summary of the entire test
battery. Thus, participants in the top 5% of the sRCS distribution of the reference sample
were defined as “improved” and the bottom 5% were defined the “decliners”. Cut-offs for
significant change are also provided in the appendix for 80% and 70% confidence intervals.

Computation of the Practice effect (PE)—PE corrections were developed separately
from the norms for change using scaled scores, on each individual NP measure across the
study time points. The median PE of the normative sample was selected for this purpose.
That is, the median PE (in scaled score units) was subtracted from the scaled score at follow-
up, to estimate what the performance would have been without practice. We then applied
these corrections to the mean scaled score to illustrate how it helps avoid spurious findings
of apparent improvement (and decreased sensitivity to impairment or decline) in functioning
over repeated NP assessments.

Missing data—Of the 18,000 possible scores on every NP test measure across the six
testings, 135 (0.75%) were missing. However for each individual, the summary NP
performance was composed of at least 12 individual NP measures, in our judgement
providing a reliable estimate of global NP performance.

Validation—The norms for change (i.e., prediction formulas from the reference sample
regression models and resulting z-scores and sRCS at appropriate times) were then applied
to a sample the 111 HIV-persons for validation. These norms were applied to an abridged
NP battery consisting of eight of the initial 15 NP tests which were available for the
validation sample (Table 2 and Table 3). For this a separate sRCS and confidence interval
were computed on the abridged NP battery, using formulas derived from the reference group
for the eight relevant NP tests. Test-retest interval was not involved in these analyses
because it had no predictive power in the hierarchical models in the reference sample on any
of the eight NP measures concerned.

Analyses were conducted using PAWS 18.0 version, JMP 7.0 version (SAS Inc) and the
effect size calculator from (Lipsey & Wilson, 2001).

Results
Reliability and practice effect (PE) findings

Table 6 presents median overall PE computed from scaled scores (i.e., using the same metric
across all NP measures). We retained the “median PE” rather than the alternative “average
PE” because it provided a better estimate of overall stability. Indeed, the average PE across
all 15 measures tended to overestimate PE in the mean scaled score (the most reliable
measure; see Table 7) across time, while the median PE correction better matched the goal
of “no change”.
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In Figure 1, we illustrate the application of these PE corrections on the mean scaled score for
the sample re-tested five times after baseline (see also Table 7 which provides this for all
time points). Without correction, an apparent improvement in the mean scaled score is
observable at each session reaching almost a full scaled score point at time 6. PEs were
found to be larger, in most instances, at the first test-retest interval (sum corrections = 6
scaled score points), but considerable additional PE also occurred from time 2 to time 5
(sum corrections = 6.5 additional scaled score points, see Table 5 and Figure 1). The median
PE figures did not provide any additional correction between time 5 and time 6 (see sum in
Table 5 suggesting that PE is subtle or variable thereafter).

Table 8 presents reliability statistics in the reference sample. Test re-test reliability was
overall adequate. Median correlation coefficients (r’s) across the 15-test battery were .67 for
time 1 – 2; .68 for time 2 – 3; .70 for time 3 – 4; .69 for time 4 – 5, and .68 for time 5 – 6.
The highest test retest reliability was observed for the mean scaled scores (.88 – .92), and for
certain speed of information processing tests and working memory tests (Digit Symbol: .89;
PASAT-50: .82). The reliability was lowest for the delayed recall in memory tests (medians
of .52 and .63). The use of scaled scores rather than raw scores improved the reliability
statistic on several tests, while in other tests the difference with the raw scores was small in
either direction (data not shown).

Validation of the sRCS
In the validation sample, classification of cases as improving or declining at time 2 or 3 did
not differ from the 5% reference sample’s prediction (Table 9). When considering the
continuous sRCS, the validation sample declined more than the reference sample only at
time 2. While this represented a significant statistical difference, we determined that this
average decline (−0.16) was far from the confidence interval boundary for significant
decline, that is > 0.825. Thus, use of confidence intervals to determine a significant and
clinically meaningful level of change at the individual level remains quite accurate; that is,
the “percent declined” in this validation sample at time 2 is only 6% (very close to the 5% in
the reference sample) and the maximum deviation from expected across these validation
points was two percent (Table 8).

Further analyses using each of the eight individual NP measures yielded somewhat different
proportions of stability vs. change (improvement or decline) especially on the Trail Making
Test part B. Thus, targeting the summary measure of cognition for interpretation of
meaningful change (here the sRCS) approach, while most conservative, is also more reliable
and should be recommended over using the SRB approach on individual tests.

Finally, we compared the continuous and the discrete predictions of change in the reference
sample using the 15 NP test-based sRCS versus the 8 NP test-based sRCS. We found for
time 1 – 2 a 90.5% agreement in the classification of change and a significant correlation for
the continuous sRCS (r= .77; p<.0001); for time 2 – time 3 there was an 88.0% agreement in
the classification of change and a significant correlation for the continuous sRCS (r= .79;
p<.0001); and for time 1 – 3 there was a 91.0% agreement in the classification of change and
a significant correlation for the continuous sRCS (r= .81; p<.0001). In all instances,
disagreement in change classification involved “change” versus “no change” (never change
in the opposite direction).

Discussion
In the current study we developed a series of summary regression-based change scores
(sRCS) over six NP testings in a sample of 296 HIV-uninfected and neuromedically stable
HIV-infected individuals. These longitudinal normative standards - in an abridged format -
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were then successfully applied to validation samples of 111 HIV-uninfected individuals who
were assessed twice or 3 times (N=67) based on 8 NP tests. Estimates of the proportion of
individuals with significant NP performance change did not differ between the normative
sample and the validation sample, in both groups approximately 5% improved or declined
and 90% were stable. We also found that the 15 NP test-based norms and the 8 test-based
norms were highly correlated demonstrating a high level of agreement in the classification
of “change” or “no change”.

Prior to the development of our norms we have demonstrated, using two different statistical
methods (the SRB method and mixed effect regression analyses) that clinically stable HIV+
individuals perform similarly to HIV− individuals in terms of test-retest change despite a
slightly higher impairment rate at baseline in the HIV+ sample. Our study confirms and
extends our previous findings (Cysique et al., 2009) where we had found that clinically
stable HIV+ individuals performed similarly to HIV− individuals over a one-year period.
Here we show that this longitudinal comparability extended to a three-year period, and was
even seen when we adjust for attrition as allowed mixed effect regression analyses. Another
large study has found that clinically stable HIV+ individuals had stable psychomotor speed
performance over a five-year period as compared to HIV− individuals (Cole et al., 2007).
There is therefore cumulative evidence that the stability of performance across several years
is associated with stable HIV disease, providing a valuable pool of performance data that
can be standardised use to create norms for change. While this applies to HIV infection,
where long-term treatment is known to be increasingly effective and increasing patients’ life
expectancies almost as long as non-HIV infected individuals, we would recommend as
proposed here, that the stability of performance is empirically determined (by comparison to
HIV− controls) prior to normative data development.

Moreover it should be noted that the HIV+ reference sample represents a carefully selected
subgroup of the CHARTER cohort, who have both minimal confounds and very stable
disease and treatment over time as well as no incidence of psychiatric conditions and
substance use disorders. Because of this, their baseline impairment rate is much lower than
the rest of CHARTER cohort (28% versus 52% overall and 40% in the total subgroup with
minimal comorbidity (Heaton et al. press). This explains why we did not find a statistically
significant difference (at p<.05) in baseline impairment and overall NP performance on the
GDS when compared to the HIV− reference sample (only a trend; p<.08). Concerning the
HIV− reference sample, it should be noted that in the current era, HIV− participants in
HNRC studies (those who have the current NP battery) share lifestyle factors with the HIV+
reference sample (e.g., they do not have current or incident substance use disorders but
could have lifetime disorders). Our combined HIV+ and HIV− sample provides larger age
and educational ranges, as well as broader gender and ethnicity representations (see Table 1)
and increase range of baseline NP performance. All those characteristics are not only
valuable for HIV research, but also beyond this field of research, as the methods should be
applicable to a range of neuromedical conditions. Further inspection of our normative data
demonstrated that our norms for change were independent of baseline impairment. Indeed,
the sRCS were at all times not statistically different between impaired and unimpaired
individuals at baseline (dichotomous sRCS p>.28). When using the continuous sRCS, there
was no systematic indication that the impaired individuals declined or improved as a group
as compared to the unimpaired group.

In addition to this evidence of validity of the current approach in clinically stable HIV+
patients and HIV-controls, the same methods were found to be valid for detecting cognitive
changes produced by HIV-associated disease and a CNS penetration of antiretrovirals in
another study (Cysique, et al., 2009). We have also used the same sRCS methodology in
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cross-cultural settings, finding that cognitive decline measured in this way was sensitive to
HIV disease-related change in China (Cysique, et al., 2010).

Another method for detecting meaningful cognitive change is based on PRESS statistics
(Berres, Zehnder, Blasi, & Monsch, 2008.; Blasi, et al., 2009). Briefly, this method
reportedly provides an improved selection of prediction models compared to the stepwise
regression often used prior the generation of SRB change scores. Interestingly, several of
their models include interaction terms involving demographics. In our study, we found that
the inclusion of interaction terms did not substantially improve our predictive models. Some
important differences between the methods in the two studies include that the PRESS-based
method was validated on only one test of learning and memory (i.e., the California Verbal
Learning Test) and did not account for overall NP competence as we did (of course, our
measure of prior NP competence requires longitudinal use of a test battery, rather than a
single test). Without the inclusion of overall NP competence, a significant amount of
variance may be unaccounted in predicting NP change. This may explain why the addition
of interaction terms is important in the PRESS studies, but not in ours. In future studies use
of the exact same predictive models (models inclusive of overall NP competence as a
predictor when using battery wide summary change scores) might be compared for the SRB
method and the PRESS method.

With respect to our inclusion of overall NP competence, one might assume that a pre-morbid
ability estimate (e.g. pre-morbid IQ) might perform better than current cognitive
functioning. However, in one prior study, it has been shown that a measure of premorbid
functioning (estimated IQ) did not independently predict meaningful cognitive change
(Frerichs & Tuokko, 2005).

It might be suggested that the construction of our SRB formula privileged the prior
performance in a test and the overall NP competence as they were entered as first and
second predictors in the hierarchical model which eventually served to select the predictors
to be included in the final formulas. In fact, we found that overall NP competence was a
significant predictor in 97% of all models, while demographic factors were less frequently
significant (see Table 5; age is a predictor in 46% of all models; education is a predictor in
15% of all models, gender is a predictor in 13% of all models; ethnicity is a predictor in 10%
of all models; and test-rested interval is a predictor in only 6% of all models). In addition,
the variance explained by both the prior performance on the same test and the overall NP
competence contributed to 70–90% of the overall model R2; while demographic factors
accounted for between 5–15% of explained variance, and test retest-interval to 1.5–3%.
Further comparison of our “order of entry” of demographics confirmed that the variance
explained by demographics was lessened in our approach, but that our final models were
simpler and less prone to apparently spurious associations (e.g., predictions going in
inconsistent directions across the test variables; see Table A2 in the appendix).

While overall test-retest reliability was adequate for individual tests, the highest reliability
was found for the mean scaled scores and some psychomotor speed and working memory
tests. Lowest reliability was found for some delayed recall and executive functions
measures. These patterns are similar to findings of previous studies (M. Basso, et al., 1999;
Temkin, et al., 1999). Higher reliability in psychomotor speed based tests is known to be
boosted by their psychometric properties such as large range of possible values and
approximation to a normal distribution even on raw scores. In contrast, measures of memory
and executive functions often have a restricted range of possible values, especially in
follow-up assessments. They are also intrinsically more susceptible to learning effects (M.
Basso, et al., 1999; Temkin, et al., 1999). We found the improved distributions provided by
the scaled scores enhanced the test-retest reliability of those measures and did not
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substantially change those of other NP measures. In the case of the memory tests, alternate
versions were used for each of the five follow-ups, perhaps contributing to reduced test-
retest reliability.

Practice effects were found to be larger, in most instances, in the first test-retest interval in
accordance with previous observations (Collie, et al., 2003). However, additional PEs were
found at visits three to five for multiple test measures and in particular on the WCST,
demonstrating that learning continues over multiple exposures to tests of executive
functioning (M. Basso, et al., 1999; Levine, et al., 2004).

Our study had several limitations:

1) The reference group was mainly male, but with a relatively good age range (18–66) and
education range (7–20), and was diverse in terms of ethnicity representation (Table 1).
Although age and gender were not strong predictors of test-battery test change in our
models, our results maybe less generalizable to women and older individuals (beyond age
65).

2) The sRCS method is relatively complex, requiring several computational steps. To aid
potential users, we have built a password protected spreadsheet which will include the
needed raw to scaled scores transformations, the computation of the z-scores and the sRCS
with the normative confidence intervals. Only the final computed sRCS will appear on this
spreadsheet and the entry field of the relevant predictor for each of the 15 NP measures. The
formulas will be password protected and accessible in plain text format upon request to the
first author. The spreadsheet is available upon request to the first author
(lcysique@ucsd.edu) and will be held by the HIV Neurobehavioral Research Center at San
Diego, USA < http://hnrc.hivresearch.ucsd.edu/>.

3) The NP testing required is relatively extensive, requiring approximately 2 hours to
complete. The optimal use of the current sRCS would require the use of the 15 NP measures
in the version presented in Table 3. However, the abridged sRCS based on 8 NP measures
might be used as a second choice as we have shown that it has substantial overlap with the
15 NP measure-based sRCS predictions.

In conclusion, we provide norms for a moderately comprehensive test battery, using an
improved method to quantify global cognitive change that can be applied in clinical samples
to determine disease-related incidence of cognitive decline or incidence of cognitive
improvement after treatment initiation. In the future, the summary sRCS approach should be
compared to other recently developed methods for interpretation of cognitive change and to
determine how well they perform overall and within specific cognitive domains.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
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Table 2

Neuropsychological Test Battery

Verbal Fluency

    Animal fluency * (Benton, Hamsher & Sivan, 1994; Heaton et al., 2004)

    Letter fluency * (Benton, Hamsher & Sivan, 1994; Gladsjo et al., 1999)

Attention/Working Memory

    PASAT-50 * (Gronwall, 1997; Diehr, Heaton & Miller, 1998)

    WAIS-III L-N Sequencing (Wechsler Adult Intelligence Scale-Third Edition, Psychological Corporation,
    1997; Heaton, Taylor & Manly, 2003)

Speed of Information Processing

    WAIS-III Digit Symbol * (Wechsler Adult Intelligence Scale-Third Edition, Psychological Corporation,
    1997, Heaton, Taylor & Manly, 2003)

    WAIS-III Symbol Search (Wechsler Adult Intelligence Scale-Third Edition, Psychological Corporation,
    1997, Heaton, Taylor & Manly, 2003)

    Trail Making Test A (Army Individual Test Battery, 1944) *

Executive Functioning

    WCST-64 (Kongs, Thompson, Iverson, & Heaton, 2000)

    Trail Making Test B (Army Individual Test Battery, 1944) *

Learning/Memory

    Verbal (Hopkins Verbal Learning Test-Revised) total learning & delayed recall (Brandt & Benedict, 2001)

    Visual (Brief Visuospatial Memory Test-Revised) total learning & delayed recall (Benedict, 1997)

Motor

    Grooved Pegboard dominant * & non-dominant hand * (Klove, 1963; Heaton et al., 2004)

*
NP measures included in the abridged summary score for cross-validation.
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Table 4

Baseline NP performance (scaled scores, mean (SD)) on 15 NP measures in the HIV− and HIV+ reference
samples (separately and combined) and in the validation samples

HIV−
Reference

Sample
(N=172)

HIV+
Reference

Sample
(N=124)

Total
Reference

Sample
(N=296)

HIV−
Validation

Sample
(N=111)

Letter fluency (total correct) 10.61 (2.65) 9.72 (2.73) 10.24 (2.72) 11.23 (2.74)

Animal Fluency (total correct) 11.03 (2.34) 9.77 (2.51) 10.5 (2.49) 11.45 (2.56)

PASAT 50 (total correct) 9.76 (2.64) 8.27 (3.11) 9.13 (2.94) 10.24 (2.70)

WAIS-III L-N Sequencing (total correct) 10.39 (2.61) 9.45 (2.72) 9.98 (2.69) -

WAIS-III Digit Symbol (total correct) 9.68 (2.69) 10.08 (2.89) 9.85 (2.78) 10.17 (2.66)

WAIS-III Symbol Search (total correct) 10.28 (2.64) 9.17 (3.05) 9.81 (2.87) -

Trail Making Test A (time in seconds) 10.91 (2.32) 9.24 (2.25) 10.20 (2.43) 11.31 (2.69)

WCST-64 (perseverative errors) 9.00 (3.08) 7.07 (2.79) 8.19 (3.11) -

Trail Making Test B (time in seconds) 10.99 (2.53) 9.64 (2.99) 10.42 (2.81) 11.63 (2.55)

HVLT-R Total Learning (total correct) 8.87 (2.71) 8.08 (2.92) 8.54 (2.83) -

HVLT-R Delayed Recall (total correct) 8.96 (3.02) 7.60 (3.36) 8.39 (3.23) -

BVMT Total Learning (total correct) 9.24 (2.93) 8.05 (2.92) 8.74 (2.98) -

BVMT Delayed Recall (total correct) 9.07 (3.09) 7.84 (3.07) 8.56 (3.13) -

Grooved Pegboard DH (time in seconds) 9.93 (2.67) 8.66 (2.88) 9.40 (2.82) 10.66 (2.28)

Grooved Pegboard NDH (time in seconds) 9.74 (2.61) 8.24 (2.94) 9.15 (2.78) 10.31 (2.40)

L-N: Letter-Number; WCST-64: Wisconsin Card Sorting Test; HVLT-R: Hopkins Verbal Learning Test-Revised; BVMT: Brief Visuospatial
Memory Test-Revised; DH: Dominant hand; NDH, non-dominant hand
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Table 6

(Median) practice effect from baseline to follow-up on 15 NP measures (scaled scores)

T2 T3 T4 T5 +

Letter fluency 0.0 0.5 1.0 1.0

Animal Fluency 0.0 0.0 0.0 0.0

PASAT 50 0.5 1.0 1.0 1.0

WAIS-III L-N Sequencing 0.0 0.0 0.0 0.0

WAIS-III Digit Symbol 0.0 0 .5 1.0 1.0

WAIS-III Symbol Search 0 .5 1.0 1.0 1.0

Trail Making Test A 0.5 1.0 1.0 1.0

WCST-64 perseverative errors 1.0 2.0 2.0 2.0

Trail Making Test B 1.0 1.0 1.0 1.0

HVLT-R Total Learning 0.0 1.0 0 .5 0 .5

HVLT-R Delayed Recall 0 .5 0 .5 0 .5 0 .5

BVMT Total Learning 1.0 1.0 0.0 1.0

BVMT Delayed Recall 0 .5 0.0 0.0 0 .5

Grooved Pegboard DH 0.5 0.0 1.0 1.0

Grooved Pegboard NDH 0.0 0 .5 0.5 1.0

Sum 6.0 10.0 10.5 12.5

L-N: Letter-Number; WCST-64: Wisconsin Card Sorting Test; HVLT-R: Hopkins Verbal Learning Test-Revised; BVMT: Brief Visuospatial
Memory Test-Revised; DH: Dominant hand; NDH, non-dominant hand
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