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Abstract

Objective: Frascati international research criteria for HIVV-associated neurocognitive disorders
(HAND) are controversial; some investigators have argued that Frascati criteria are too liberal,
resulting in a high false positive rate. Meyer et al. (2013) recommended more conservative
revisions to HAND criteria, including exploring other commonly used methodologies for
neurocognitive impairment in HIV including the global deficit score (GDS). This study compares
neurocognitive impairment classifications by Frascati, Meyer, and GDS methods, in relation to
neuroimaging markers of brain integrity in HIV.
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Method: 241 persons living with HIV (PLWH) without current substance use disorder or severe
(confounding) comorbid conditions underwent comprehensive neurocognitive testing and brain
structural MRI and MR spectroscopy. Participants were classified using Frascati criteria vs. Meyer
criteria: concordant unimpaired (Frascati(Un)/Meyer(Un)), concordant impaired (Frascati(Imp)/
Meyer(Imp)), or discordant (Frascati(Imp)/Meyer(Un)) which were impaired via Frascati criteria
but unimpaired via Meyer criteria. To investigate the GDS vs. Meyer criteria, the same groupings
were utilized using GDS criteria instead of Frascati criteria.

Results: When examining Frascati vs. Meyer criteria, discordant Frascati(Imp)/Meyer(Un)
individuals had less cortical gray matter, greater sulcal CSF volume, and greater evidence of
neuroinflammation (i.e., choline) than concordant Frascati(Un)/Meyer(Un) individuals. GDS vs.
Meyer comparisons indicated that discordant GDS(Imp)/Meyer(Un) individuals had less cortical
gray matter and lower levels of energy metabolism (i.e., creatine) than concordant GDS(Un)/
Meyer(Un) individuals. In both sets of analyses, the discordant group did not differ from the
concordant impaired group on any neuroimaging measure.

Conclusions: The Meyer criteria failed to capture a substantial portion of PLWH with brain
abnormalities. These findings support continued use of Frascati or GDS criteria to detect HIV-
associated CNS dysfunction.

Keywords

MRI; MRS; cognition; infectious disease; HIV-associated neurocognitive disorders; Frascati
Criteria

Introduction

Since the introduction of combination antiretroviral therapy (CART), life expectancies
among people living with HIV (PLWH) have increased while rates of medical morbidity and
mortality have decreased. However, HIV-associated Neurocognitive Disorders (HAND),
especially milder forms of neurocognitive impairment (NCI), have persisted in the CART era
(Heaton et al., 2011). Frascati criteria, the current international research nosology for
HAND, were developed to meet the need for updated, operationalized classification
methods, especially as literature emerged showing that even mild NCI in HIV was
associated with a range of unfavorable functional outcomes (Antinori et al., 2007). Using
Frascati criteria, HAND prevalence ranges from 30-50%, depending upon comorbidities and
HIV disease treatment histories (Heaton et al., 2010; Saloner & Cysique, 2017). The
majority of those with HAND are classified with mild-to-moderate impairment (>1 SD
below the mean in 2 cognitive domains), which is further divided into Asymptomatic
Neurocognitive Impairment (ANI; meeting criteria for cognitive, but not functional decline)
and Mild Neurocognitive Disorder (MND; meeting criteria for both cognitive and functional
decline; Antinori et al. 2007).

There remains controversy regarding Frascati criteria’s clinical applicability. Some
investigators have proposed that the Frascati criteria for milder HAND are too liberal,
resulting in high false positive classifications, overestimation of HAND, and undue distress
for patients (Gisslén, Price, & Nilsson, 2011; Meyer, Boscardin, Kwasa, & Price, 2013;
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Torti, Foca, Cesana, & Lescure, 2011). Consequently, Meyer et al. (2013) advocate for
stricter cognitive impairment cut-offs (1.5 SD below the mean) and a smaller test battery
(i.e., 3-5 domains versus 7 domains). Although false positive misclassifications may result in
adverse consequences, detecting HIV-associated neurological dysfunction at its earliest point
may be important for early intervention. For example, detection of early CNS dysfunction
may allow for cognitive neurorehabilitation interventions and mitigate risk for NCl-related
adverse functional outcomes (ludicello, Hussain, Watson, Morgan, & Heaton, in press).
Additionally, constraining cutoffs to 1.5 SD below the mean may result in a loss of
sensitivity for detecting brain disorders (Heaton, Miller, Taylor, & Grant, 2004; Heaton et
al., 2004) and the probability that PLWH with clinically significant neurocognitive
difficulties may be overlooked.

An alternate, slightly more conservative approach relative to Frascati for detecting NCI in
PLWH is the Global Deficit Score (GDS; Carey et al., 2004) method. The GDS, an
objective, algorithmic approach to classifying NCI, is often used in research settings and has
demonstrated reliability in detecting NCI in HIV (Cysique et al., 2010; Heaton et al., 1995;
Kabuba, Menon, Franklin, Heaton, & Hestad, 2017; Kanmogne et al., 2010) and is related to
functional- and health-related outcomes (Andrade et al., 2013; Hinkin et al., 2004). The
GDS is a weighted average of neuropsychological test deficit scores ranging from 0 (no
impairment) to 5 (severe impairment); therefore, it considers both number and severity of
deficits. Blackstone et al. (2012) illustrated that GDS-determined NCI nearly guarantees
meeting Frascati criteria for mild NCI, though the opposite is not necessarily true.
Additionally, those impaired using only Frascati criteria had less neurocognitive and
functional deficits than those impaired using the GDS methodology, further suggesting the
GDS approach is more conservative than Frascati criteria.

In addition to neurocognitive assessment, non-invasive magnetic resonance imaging (MRI)
techniques have enhanced understanding of HIV-related brain abnormalities and may have
potential in diagnosing HAND, as there is no reliable biomarker correlate of HAND.
Structural MRI studies report cortical and subcortical gray matter atrophy and white matter
atrophy as well as increased abnormal white matter volume, and these findings have
persisted into the CART era (Becker et al., 2012; Kallianpur et al., 2013; Nichols et al.,
2019). With respect to cognitive functioning, greater brain atrophy correlates with
widespread neurocognitive deficits (Alakkas et al., 2018; Bonnet et al., 2013; Cohen et al.,
2010; Patel et al., 2002; Thames et al., 2012). Magnetic resonance spectroscopy (MRS)
studies demonstrate cerebral metabolic abnormalities indicative of neuroinflammation (e.g.,
elevated choline and myo-inositol) and neuronal loss (e.g., reduced A-acetyl-aspartate and
glutamate) across cortical and subcortical tissues (Chang et al., 2004; Cysique et al., 2013;
Ernst, Jiang, Nakama, Buchthal, & Chang, 2010; Harezlak et al., 2011; Paul et al., 2008).
PLWH with the greatest evidence of neuroinflammation and neuronal loss are at higher risk
for HAND, with decrements executive function, working memory, learning, recall, and
complex motor skills (Ernst et al., 2010; Mohamed et al., 2010; Mohamed, Barker, Skolasky,
& Sacktor, 2018; Paul et al., 2008). Given these findings, some authors have advocated for
the inclusion of neuroimaging biomarkers in HAND diagnostic decision-making (Ances &
Hammoud, 2014; Masters & Ances, 2014; Saloner & Cysique, 2017).

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 February 13.
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Those who have criticized current HAND nosology suggest Frascati criteria overdiagnose
HAND, potentially resulting in a decrease in power to detect associations between HAND
and imaging markers (Meyer et al., 2013; Torti et al., 2011). However, analyses of
neuroimaging data have not been reported. Therefore, the current study aims to examine
structural and metabolite brain imaging markers in PLWH who are impaired via Frascati
criteria but unimpaired via Meyer criteria compared to those that are concordantly
unimpaired and concordantly impaired. Additionally, Meyer et al. (2013) recommended
exploring other commonly-used classifications, including the GDS; therefore, we also
examined those that are impaired via GDS but unimpaired via Meyer criteria compared to
those that are concordanly unimpaired or concordantly impaired. These findings may help
determine if discrepantly classified PLWH exhibit neuroanatomical profiles that more
closely resemble the concordantly impaired or the concordanly unimpared groups.

The present cross-sectional study included 241 PLWH in the NIH-funded CNS HIV Anti-
Retroviral Therapy Effects Research (CHARTER) study who completed comprehensive
neuropsychological testing, neuromedical assessment, and high-resolution multi-channel
structural MRI and MRS between 2004 and 2007 (Jernigan et al., 2011). Participants were
excluded from analysis if there was evidence of severe confounding comorbid conditions as
described in Antinori et al. (2007) and Heaton et al. (2010), current substance use disorder,
or insufficient neuropsychological data. Additionally, one participant was excluded for
meeting criteria for Meyer impairment but being classified as unimpaired via Frascati
criteria (see Supplemental Figure 1).

Participants were recruited and examined at one of five sites: Johns Hopkins University
(Baltimore, MD, n= 38); Icahn School of Medicine at Mount Sinai (New York, NY, /7= 56);
University of California, San Diego (San Diego, CA, n= 68); University of Texas Medical
Branch (Galveston, TX, 7= 53); and University of Washington (Seattle, WA, n7=26). The
procedures were approved by the Institutional Review Board at each university, and all
participants provided written informed consent.

Neuropsychological Assessment

Participants completed comprehensive neuropsychological testing, which assesses seven
cognitive domains commonly affected by HIV (verbal fluency, working memory, speed of
information processing, executive functioning, learning, recall, and motor). Specific tests are
described in detail in Heaton et al., 2010. Raw test scores were converted to T-scores
corrected for the effects of age, education, sex, and race (Heaton et al., 2004; Heaton, Taylor,
& Manly, 2003; Norman et al., 2011).

Clinical Ratings (Frascati Criteria).—As referenced in the Antinori et al. (2007)
presentation of Frascati criteria, clinical ratings (CR) are described in detail by Woods et al.
(2004). Demographically corrected T-scores were not averaged per domain to obtain a
domain T-score, which would allow a good score on one test to obscure or offset a very poor

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 February 13.
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score on another test. Instead, more weight is given to the most impaired scores per domain:
if there are two domain scores at that level, this defines the level of the domain, whereas if
there is only one score at that level the domain rating is one rating score less (Woods et al.,
2004). Tests and domains were then assigned a CR, using a 9-point scale ranging from 1
(i.e., above average functioning) to 9 (i.e., severe impairment). Performance in a domain is
considered to be impaired if the domain CR is greater than or equal to 5 (CR of 5 is defined
as “mild impairment” and is equivalent to a T-score of 35-39). A participant was classified
with HAND if at least two domains of the seven domains assessed were in the impaired
range (i.e., CR=5). However, if learning and memory were the only impaired domains, the
participant had to demonstrate impaired recall retention (i.e., forgetting or impaired
retrieval) as well as impaired learning, in order to avoid double-penalization for learning
deficits. The CR methodology operationalizes and is consistent with current Frascati criteria
for classifying HAND (Antinori et al., 2007).

The 13-item Lawton-Brody ADL questionnaire (Lawton & Brody, 1969) was used to assess
functional impairment (versus best level of prior functioning) in performing instrumental
activities of daily living. The 33-item Patient’s Assessment of Own Functioning (PAOFI;
Chelune, Heaton, & Lehman, 1986) was used to assess current cognitive difficulties in
everyday life. Functional decline was defined as at least two types of evidence of decreased
everyday functioning. Those who were classified as impaired using Frascati CR guidelines
were classified with ANI, MND, or HIV-associated dementia (HAD). In line with Frascati
criteria described in Antinori et at. (2007), those demonstrating mild NCI (i.e., at least 1 SD
below the mean in at least 2 cognitive domains) but not endorsing functional impairment
were classified as ANI, those demonstrating mild NCI and also endorsing decline in
functional abilities were classified as MND, and those with major NCI (i.e., at least 2 SD
below the mean in at least 2 cognitive domains) and more severe functional decline were
classified as HAD.

Meyer Criteria.—Meyer et al. (2013) recommend analyses be limited to three to five
cognitive domains, the threshold for impairment be lowered to less than or equal to —1.5
standard deviations below the demographically-corrected mean, and the average domain
score be used to define an “abnormal” domain. Meyer et al. (2013) do not recommend which
domains be removed from consideration; we selected verbal fluency and speed of
information processing as these domains show the lowest prevalence of impairment in HIV
(Heaton et al 2011), leaving 5 cognitive domains (learning, delayed recall, working memory,
complex motor, and executive function). Individual test T-scores were averaged in each
domain to create domain T-scores, and a participant was classified as impaired via Meyer
criteria if at least two domains had an average T-score of less than or equal to 35 (equivalent
to Meyer’s recommendations of < —1.5 standard deviations below the average domain
score). Participants were categorized into three groups for Frascati CR vs. Meyer analyses:
1) a dually unimpaired group (Frascati(Un)/Meyer(Un)): unimpaired by Frascati CR and
Meyer criteria; 2) Frascati CR-only impairment (Frascati(Imp)/Meyer(Un)): impaired by
Frascati CR but unimpaired by Meyer criteria; and 3) a dually impaired group
(Frascati(Imp)/Meyer(Imp)): impaired by Frascati CR and Meyer criteria.

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 February 13.
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Global Deficit Score (GDS).—To generate the GDS, individual test T-scores were first
converted to deficit scores, which range from 0 (T-score > 40; unimpaired) to 5 (T < 20;
severely impaired). Deficit scores were averaged across all tests in the seven domains
assessed to obtain a global deficit score (GDS) and global impairment was defined by a
GDS=0.5. To compare patterns of impairment by domain, tests in each domain were
averaged to obtain a domain deficit score (DDS); an impaired domain was defined as a
DDS>0.5. These cut-offs are commonly utilized and have previously been shown to yield
the best sensitivity to specificity ratio (Carey et al., 2004; Heaton et al., 2004). Participants
were categorized into three groups for GDS vs. Meyer analyses: 1) a dually unimpaired
group (GDS(Un)/Meyer(Un)): unimpaired by GDS and Meyer criteria; 2) GDS-only
impairment (GDS(Imp)/Meyer(Un)): impaired by GDS but unimpaired by Meyer criteria;
and 3) a dually impaired group (GDS(Imp)/Meyer(Imp)): impaired using both Meyer and
GDS criteria.

Cognitive Reserve Variables.—Participants also were administered the Reading Subtest
from the Wide Range Achievement Test-3 (WRAT; Wilkinson, 1993). The WRAT is a
reliable estimator of premorbid 1Q, despite cognitive decline associated with HIV-infection
(Casaletto et al., 2014; Olsen et al., 2015). Additionally, the Hollingshead Index of Social
Status (Hollingshead, 1975) was calculated using a weighted average of educational and
occupational attainment.

Neuromedical and Psychiatric Assessment

Medical history and HIV disease history were gathered via standardized neuromedical
evaluation. Common medical comorbidities listed in Table 1 and Table 2 were determined
by self-report or taking medication for the condition. Psychiatric comorbidities were
assessed using the Composite International Diagnostic Interview (World Health
Organization, 1997), which is a computer-based, fully-structured interview to assess lifetime
and current affective and substance use disorders in line with the DSM-1V. A senior clinician
(R.K.H.) reviewed all medical, educational, and psychiatric histories to classify each
participant into comorbidity subgroups as defined by Antinori et al. (2007) and Heaton et al.
(2010). Participants with severe comorbidities were classified as “confounded” and were
excluded from this study. Participants with mild-to-moderate comorbidities were classified
as having “contributing” comorbidities and were included in this study. These mild-to-
moderate comorbidities could have contributed to NCI, but the timing or severity of the NCI
suggests an HIV component. The remainder had no more than minimal comorbidities that
were considered “incidental” to a HAND diagnosis.

Nadir CD4+ T-cell count was estimated via a combination of self-report and medical
records. Current CD4+ T-cell count was measured with flow cytometry, and HIV RNA level
was measured by ultra-sensitive PCR (Amplicor, Roche Diagnostic System, Indianapolis IN;
lower limit of detection <50 copies/ml) in a CLIA-certified clinical laboratory.

Neuroimaging Assessments

MRI data were acquired on six General Electric 1.5-Tesla scanners across five sites,
annually reviewed for quality; because scanner differences (e.g., hardware upgrades) can

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 February 13.
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influence neuroimaging measurements, we included a “scanner” variable in statistical
analyses to account for these effects between sites (Fennema-Notestine et al., 2007) as in our
prior work (Fennema-Notestine et al., 2013; Jernigan et al., 2011). Four series were acquired
for structural morphometric analysis: coronal two-dimensional T2- and proton-density (PD)-
weighted fast spin echo sequences (section thickness=2.0 mm), and three-dimensional
sagittal T1- and PD-weighted spoiled gradient recalled acquisitions (section thickness=1.3
mm; as in Fennema-Notestine et al., 2013; Jernigan et al., 2011). MRS was performed using
a standardized point-resolved spectroscopy protocol (echo time=35ms, repetition
time=3000ms; as in Anderson et al., 2015).

Multi-channel Structural MRI.—As described previously (Fennema-Notestine et al.,
2013; Jernigan et al., 2011), we used the multi-channel structural images in a semi-
automated workflow to measure cortical and subcortical gray matter; total cerebral and
abnormal (e.g., hyperintense regions on T2-weighted images) white matter; and ventricular
and cerebral sulcal CSF, as well as supra-tentorial cranial vault volume to account for
individual differences in head size. The workflow includes inspection for motion and other
artifacts, re-slicing to a standard space, intra-subject mutual information registration, bias-
correction with nonparametric nonuniformity normalization, removal of non-brain tissue,
three-tissue segmentation (gray matter, white matter, and CSF), abnormal white matter
designation, and anatomical labeling performed by trained anatomists. This approach
includes the identification of cerebral white matter regions with abnormal MRI signal
characteristics that are segmented as gray matter but anatomically located within the white
matter.

Single-Voxel MRS.—As described previously (Anderson et al., 2015), three voxels were
acquired: frontal gray matter (20x20x20mm and 64 acquisitions), frontal white matter
(20x20%20mm and 64 acquisitions), and basal ganglia (20x20x15mm and 96 acquisitions).
MRS concentrations of A-acetyl-aspartate, choline, myo-inositol, and creatine were
quantified using LCModel with water suppression (Provencher, 2001). Water suppression
allows for examination of absolute metabolite levels; although ratios to creatine have been
commonly reported in the past for standardization across sites and studies, that approach is
limited by evidence that HIV infection independently affects creatine levels directly,
confounding the interpretation of ratio values and existing findings (as in Anderson et al.,
2015; Jansen, Backes, Nicolay, & Kooi, 2006). Only metabolite estimates for adequate
spectra (standard deviation<21) were used; therefore, sample size varied by MRS
metabolite. Structural segmentation was used to estimate the proportion of relevant tissue
volume within each MRS voxel (e.g., amount of gray matter in frontal gray matter voxel) to
control for variability in individual sampling.

Statistical Analyses

First, ANOVAs or Kruskal-Wallis tests for continuous variables and Chi-square tests for
categorical variables were used in order to compare both Frascati CR vs. Meyer and GDS vs.
Meyer group differences on demographics, HIV disease characteristics, medical
comorbidities, and psychiatric diagnoses. To control for multiple comparisons, Tukey’s

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 February 13.
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Honest Significant Difference test was applied to ANOVA tests and Bonferroni correction
was applied for Kruskal-Wallis and Chi-square tests.

Multivariable linear regression analyses were performed to examine the associations
between group and log-transformed MRI structural volumes and MRS metabolites. Both age
and scanner were included as covariates in every model. Additionally, supratentorial cranial
vault volume was included in models predicting MRI structural volume analyses to control
for differences in head size, and proportion of relevant tissue in each voxel was included in
MRS analyses. Standardized beta coefficients are reported in text and tables. For significant
findings, an effect size that is analogous to Cohen’s d was estimated by dividing the
regression coefficient by the residual standard deviation. These analyses were run twice:
once to compare groups using Frascati CR and Meyer criteria, and again to compare GDS
and Meyer criteria. In all multivariable linear regression analyses, the Impaired/Unimpaired
group was specified as the reference group to compare differences between the concordant
impaired and concordant unimpaired groups. JMP version 13.0.0 was used for all analyses.

Sample Characteristics

Most participants were non-Hispanic white men with an average age of 43.9 years and 13.1
years of education. 78% of participants were being prescribed antiretroviral therapy (ART)
and 51% were virally suppressed (i.e., <50 copies/ml plasma).

Frascati CR vs. Meyer Criteria.—Participants’ characteristics by Frascati CR vs. Meyer
Impairment Grouping are displayed in Table 1. The groups had similar demographics, HIV
disease characteristics, medical comorbidities, and psychiatric diagnoses. However, after
correcting for multiple comparisons, the Frascati(Imp)/Meyer(Imp) group had higher
average education than both the Frascati(Un)/Meyer(Un) and Frascati(Imp)/Meyer(Un)
groups, and the Frascati(Imp)/Meyer(Imp) group had a greater proportion classified with
contributing comorbidities than the Frascati(Un)/Meyer(Un) group. Of note, the proportion
of those demonstrating evidence of functional impairment and classified as MND or HAD
(Figure 1) were similar in the Frascati(Imp)/Meyer(Un) group (45.3%) and Frascati(Imp)/
Meyer(Imp) group (42.4%); put another way, 29.9% of the functionally impaired
participants in the Frascati(Imp) group were classified as normal by the Meyer criteria.
Proportion impaired, as defined by a CR of =5, in each cognitive domain by group are
displayed in Figure 3. A stair-step pattern (Frascati(Un)/Meyer(Un) < Frascati(Imp)/
Meyer(Un) < Frascati(Imp)/Meyer(Imp)) was observed for all domains except for verbal
fluency in which the Frascati(Imp)/Meyer(Un) and Frascati(Imp)/Meyer(Imp) groups had
similar rates of impairment.

GDS vs. Meyer Criteria.—Participants’ characteristics by GDS vs. Meyer Impairment
grouping are displayed in Table 2. The groups were similar on most characteristics; however,
the GDS(Imp)/Meyer(Imp) group had more education, a greater proportion prescribed
antiretroviral therapy, and a greater proportion of those classified as having contributing
comorbidities than the GDS(Un)/Meyer(Un) group. Thirty of 64 participants (46.9%) who
were categorized as Frascati(Imp)/Meyer(Un) using Frascati CR criteria were classified as

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 February 13.
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GDS(Un)/Meyer(Un) using GDS methodology, and 2 of 144 (1.4%) participants who were
previously classified as Frascati(Un)/Meyer(Un) using Frascati CR criteria were classified as
GDS(Imp)/Meyer(Un) using GDS methodology (Figure 2). Proportion impaired, as defined
by DDS>0.5, in each cognitive domain by group is displayed in Figure 4. A similar stair-
step pattern of proportion impaired (GDS(Un)/Meyer(Un) < GDS(Imp)/Meyer(Un) <
GDS(Imp)/Meyer(Imp)) was observed for all cognitive domains except for verbal fluency.

Frascati CR vs. Meyer Criteria Imaging Measures

Standardized beta coefficients () from the linear regression models predicting structural
MRI and MRS variables that compare Frascati CR vs. Meyer Frascati(Un)/Meyer(Un) and
Frascati(Imp)/Meyer(Imp) groups to the Frascati(Un)/Meyer(Imp) group are displayed in
Table 3, and predicted means and effect sizes from the significant finding are displayed in
Figure 5.

Structural MRI.—After adjusting for scanner, age, and cerebral vault volume, the
Frascati(Imp)/Meyer(Un) group had less cortical gray matter volume ($=0.08, p=0.02) and
more sulcal CSF volume (B=-0.14, p=0.04) than the Frascati(Un)/Meyer(Un) group. The
Frascati(Imp)/Meyer(Un) group did not significantly differ from the Frascati(Imp)/
Meyer(Imp) on any MRI structural variables.

MRS.—After accounting for relevant covariates, choline in the frontal gray matter was
significantly greater in the Frascati(Imp)/Meyer(Un) group compared to the Frascati(Un)/
Meyer(Un) group (p=-0.17, p=0.01). The Frascati(Imp)/Meyer(Un) group also tended to
have higher choline in frontal gray matter than the Frascati(Imp)/Meyer(Imp) group, but this
was not significant (8=—0.12, p=0.08) nor did any other Frascati(Imp)/Meyer(Un) vs.
Frascati(Imp)/Meyer(Imp) MRS metabolite comparisons differ significantly.

GDS vs. Meyer Criteria Imaging Measures

Standardized beta coefficients () from the linear regression models predicting structural
MRI and MRS variables that compare GDS vs. Meyer GDS(Un)/Meyer(Un) and GDS(Imp)/
Meyer(Imp) groups to the GDS(Un)/Meyer(Imp) group are displayed in Table 4, and
predicted means and effect sizes from the significant finding are displayed in Figure 6.

Structural MRI.—When analyzing the structural MRI variables using the GDS vs. Meyer
criteria, the GDS(Imp)/Meyer(Un) group had significantly less cortical gray matter volume
than the GDS(Un)/Meyer(Un) group (p=0.9, p=0.02), after adjusting for covariates. As seen
in the Frascati CR vs. Meyer criteria analyses, the GDS(Imp)/Meyer(Un) group did not
statistically differ from the GDS(Imp)/Meyer(Imp) group on any MRI structural variables.

MRS.—When comparing the groups derived from the GDS vs. Meyer criteria, the
GDS(Imp)/Meyer(Un) group had significantly less creatine in the frontal white matter than
the GDS(Un)/Meyer(Un) group (p=0.18, p=0.05). The GDS(Imp)/Meyer(Un) and the
GDS(Imp)/Meyer(Imp) groups did not differ significantly on any MRS metabolites.
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Discussion

Optimal classification of neurocognitive impairment within the context of HIV enables
evaluation of potential mechanisms of CNS injury and prediction of functional outcomes. It
is also clinically relevant, as false positive and false negative errors are both important: false
positive errors that are communicated to patients could cause undue stress, and false
negative diagnoses can result in missed opportunities to more closely monitor or intervene.
This study utilized neuroimaging to examine different NCI criteria and help determine the
optimal criteria for detecting NCI within the context of HIV with regards to brain integrity.
Our findings indicate that those classified as impaired using Frascati criteria or GDS criteria,
but unimpaired by the Meyer criteria, differ neuroanatomically from those with unimpaired
cognition. Based on these findings, the Meyer criteria fail to capture a sizable group of
PLWH with cortical atrophy. The group that was not captured by the Meyer criteria is not
small; over a quarter (26%) of the sample was in the discordant Frascati(Imp)/Meyer(Un)
group when classifying using Frascati CR, and 15% of the sample was in the discordant
GDS(Imp)/Meyer(Un) group when classifying using GDS. While Meyer et al. (2013) are
correct that false positives will negatively affect power to detect associations between
cognitive impairment and brain integrity, it is important to also note that false negatives
reduce power as well, which should be considered when examining optimal neurocognitive
impairment criteria within the context of HIV.

Consistent across the Frascati CR and GDS criteria, the discordant group displayed similarly
small cortical gray matter volumes compared to concordant impaired group, and
significantly smaller volumes of cortical gray matter compared to the concordant unimpaired
group. While it is difficult to compare this study which splits HAND into two groups (i.e.,
Impaired/Unimpaired and Impaired/Impaired) to other imaging studies examining HAND as
one group, our findings were somewhat consistent with other studies. Recent CART era
studies comparing neuroanatomical profiles of PLWH to seronegative controls have
identified cortical thinning, particularly in frontal and temporal structures, as a prevalent
neuroimaging correlate within the context of HIV (Bonnet et al., 2013; Cohen, Seider, &
Navia, 2015; Thompson et al., 2005). Additionally, these findings are consistent with a
recent study by the CHARTER group in an overlapping population that found those
classified as MND and HAD had smaller cortical gray matter volumes relative to those
without NCI (Alakkas et al., 2018). Furthermore, reductions in frontal gray matter have been
detected in neurocognitively intact PLWH in the absence of subcortical and white matter
changes (Towgood et al., 2012). Thus, while the Meyer criteria classify individuals in the
discordant Impaired/Unimpaired group as neurocognitively unimpaired, the subtler
neurocognitive deficits defined by Frascati CR and GDS criteria may include early HIV-
related CNS injury. Although discordant Impaired/Unimpaired individuals also displayed
some evidence of subcortical gray and white matter tissue injury compared to concordant
unimpaired individuals, these differences were not statistically significant and are therefore
consistent with observations that PLWH in the CART era may be less vulnerable to
subcortical and white matter damage than the pre-cART era (O'Connor, Zeffiro, & Zeffiro,
2018). Given that our sample was characterized by high rates of impairment in executive
functioning, learning, and recall, it is not surprising that discordant Impaired/Unimpaired
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and concordant unimpaired individuals were best differentiated by our estimate of cortical
gray matter volume, which encompasses frontal and temporal structures that support
memory and higher-order thinking.

Discordant Impaired/Unimpaired individuals also displayed evidence of neurochemical
abnormalities in cortical gray and white matter tissues. For the Frascati CR vs. Meyer
comparisons, the Frascati(Imp)/Meyer(Un) had higher levels of choline, a marker of cellular
membrane turnover that is elevated with glial proliferation and neuroinflammatory
responses, in frontal gray matter than the concordant unimpaired group. Previous research
has shown that PLWH display elevated levels of choline in the context of both chronic-
infection (Harezlak et al., 2011; Mohamed et al., 2010) and early infection (Lentz et al.,
2011; Valcour et al., 2012) compared to seronegative controls. Research has also shown
higher choline is associated with worse neurocognitive functioning (Chang et al., 2004; Paul
et al., 2008; Alakkas et al. 2018). The neurocognitive ramifications associated with choline
may in part be mediated by monocyte activation, a known driver of neural injury that has
been linked to choline in PLWH (Anderson et al., 2015; Kamat et al., 2012; Lentz et al.,
2011). However, while myo-inositol, another marker of neuroinflammation, was greatest in
the Frascati(Imp)/Meyer(Un) group, this difference was not statistically significant. Myo-
inositol is more variable than choline when measured using a 1.5 Tesla scanner, so this
variability may be affecting our power to detect a significant difference, or the
neuroinflammatory differences between groups may be more specific to choline. For the
GDS vs. Meyer comparisons, the GDS(Imp)/Meyer(Un) group had lower levels of creatine,
a marker of brain energy metabolism, in frontal white matter than the GDS(Un)/Meyer(Un)
group. Although creatine has been employed as a reference marker in MRS studies to
generate metabolite/creatine ratios (Jansen et al., 2006), we have reported correlations
between frontal white matter creatine levels and HIV RNA in plasma and CSF, nadir CD4
count, and CSF biomarkers of monocyte and macrophage activation (Anderson et al., 2015).
Thus, the altered frontal white matter brain energy metabolism in GDS(Imp)/Meyer(Un),
compared to GDS(Un)/Meyer(Un) individuals, may reflect neural dysfunction related to
HIV-associated neurotoxicity and neuroinflammation.

Analyses comparing impairment groupings’ demographics suggest that these three groups
were fairly comparable with the exception of formal educational attainment. The concordant
impaired group had the highest level of education for both analyses. This is surprising given
the ample evidence showing that greater education is protective against cognitive
impairment in PLWH (Foley et al., 2012; Maki et al., 2015; Tozzi et al., 2007). Education,
which is often used as a proxy variable for cognitive reserve, is a protective factor against
HAND (Morgan et al., 2012; Stern, Silva, Chaisson, & Evans, 1996). However, cognitive
reserve as estimated from pre-morbid 1Q (i.e., WRAT) and the Hollingshead Index, did not
differ among the groups. In fact, the concordant unimpaired group had the highest pre-
morbid IQ but also had the lowest educational attainment. The concordant impaired group
had the most years (quantity) of education, but the quality of their education and/or
occupational attainment may have been lower. All neuropsychological tests were adjusted
for the effects of education; therefore, the educational normative adjustments with T-scores
(in the potential case of lower education quality) may be negatively impacting the
concordant impaired group resulting in greater impairment rates.
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The three groups were fairly similar on most HIV disease characteristics. The concordant
impaired group was more likely to be on ART, but this was only significant in the GDS vs.
Meyer comparisons and may result from earlier policies that ART not be initiated until
severe immunosuppression was detected. Of note, the proportion of those on ART that were
not virally suppressed did not differ across groups. While the specific medical and
psychiatric comorbidities did not differ between the three groups, the concordant impaired
group had a greater proportion with mild-to-moderate (i.e., “contributing” versus
“incidental™) comorbidities compared to both the concordant unimpaired and discordant
group. However, this comparison was only significantly different with regard to the
concordant unimpaired group. We chose to exclude those with severe (i.e., “confounded™)
comorbidities, as confounding conditions preclude diagnosis of HAND whereas contributing
conditions were included because they may exacerbate HIV-associated NCI or brain
abnormalities and NC impairment, but are unlikely to fully account for them. This decision
is further supported by a recent neuroimaging study by the CHARTER group which found
that those with “contributing” comorbidities were fairly comparable to those with
“incidental” comorbidities (Saloner et al., 2019). However, greater comorbidity burden has
been shown to increase risk for impairment (Heaton et al., 2010; Patel et al., 2013), and
some groups have found comorbid conditions and sociodemographic risk factors are
associated with a greater risk of NCI than HIV status (Maki et al., 2015). Additionally,
comorbidity burden may also contribute to volumetric abnormalities in PLWH (Masters &
Ances, 2014; Lake et al., 2017). Therefore, the concordant impaired group would be
expected to have more widespread cognitive impairments and a higher prevalence of
comorbidities and brain atrophy. The aim of this study was to use neuroimaging to help
assess neurocognitive criteria for identifying CNS differences. This study and the Meyer
criteria do not address the relative contribution of HIV versus comorbidities to the CNS
difference. Therefore, future studies that include an HIV-uninfected comparison groups are
needed to parse apart the effect of HIV-infection compared to comorbidities with respect to
imaging measures and cognition.

Several limitations of our study should be considered. First, this study was cross-sectional in
nature; therefore, we cannot make inferences with regard to causality or timing of NCI in
relation to structural or metabolic brain abnormalities. Longitudinal studies examining long-
term neuropsychological outcomes of these groups in conjunction with imaging measures
are warranted. Next, because we did not study HIV-uninfected controls, we cannot assess if
the observed associations are totally or primarily due to HIV infection; therefore, these
results should be interpreted within the context of HIV rather than fully due to HIV.
Additionally, while the overall sample was fairly large, some groups, particularly the
concordant impaired group, had a smaller sample size. Standardized betas were utilized in
order to compare magnitude of the associations; however, this study may be underpowered
to observe some differences between the discordant group and the concordant impaired
group. Also, generalizability of the current findings to other populations (e.g., to women)
should be considered. For example, this sample was predominantly men. Additionally, while
the rate of viral suppression was similar to Center for Disease Control (CDC) estimates for
viral suppression in the United States, viral suppression was somewhat lower than CDC
estimates for viral suppression of those engaged in medical care (80% at <200 copies/mL;
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Center for Disease Control and Prevention, 2016). Lastly, this study analyzed global
measures of brain structure acquired on 1.5 Tesla systems. Future studies should utilize
scanners with greater field strength (e.g., 3 Tesla) as well as examine specific brain
structures and other imaging modalities such as functional MRI and diffusion tensor imaging
that have been shown to be sensitive to cognitive functioning in HIV (Ances et al., 2009;
Cysique et al., 2017; du Plessis et al., 2017; Masters & Ances, 2014).

In a large group of demographically and geographically diverse PLWH, we found that both
Frascati and GDS criteria captured a group of PLWH with worse brain integrity as compared
to those without neurocognitive impairment. While Frascati and GDS criteria may be
improved by further research, these findings suggest that the cutoff for mild impairment in
HIV research studies should remain at 1 SD below the mean (i.e., the cutoff used in Frascati
and GDS criteria). Future neuroimaging studies that track and attempt to predict longitudinal
progression of HIV-related NCI are needed in order to assess the possible clinical utility of
neuroimaging in helping to identify those at risk for HI\-related NCI.
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Figure 1.
Distribution of subjects per group using Frascati Clinical Rating vs. Meyer Criteria.

Note. Frascati(Un)/Meyer(Un)=Unimpaired by both criteria; Frascati(Imp)/Meyer(Un)=
Impaired by Frascati criteria and Unimpaired by Meyer; Frascati(Imp)/
Meyer(Imp)=Impaired by both criteria. HAND subtypes defined using Frascati criteria: ANI
= asymptomatic neurocognitive impairment; MND = mild neurocognitive disorder; HAD =
HIV-associated dementia.
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Figure 2.
Distribution of subjects per group using GDS vs. Meyer Criteria.

Note. Depicts number of participants that were previously Frascati(Imp)/Meyer(Un) via
Frascati vs. Meyer Criteria and are GDS(Un)/Meyer(Un) via GDS vs. Meyer Criteria (n=30)
and those that were Frascati(Un)/Meyer(Un) via Frascati vs. Meyer Criteria and GDS(Un)/
Meyer(Un) via GDS vs. Meyer criteria (n=2).
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Figure 3.

Neuropsychological impairment rates by Clinical Rating (CR; Frascati) vs. Meyer group.
Note. Frascati(Un)/Meyer(Un)=Unimpaired by both criteria; Frascati(Imp)/Meyer(Un)=
Impaired by Frascati CR criteria and Unimpaired by Meyer; Frascati(Imp)/
Meyer(Imp)=Impaired by both criteria. Impairment defined as a CR = 5.

*Domain not included in Meyer criteria
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Figure 4.
Neuropsychological impairment rates by GDS vs. Meyer group. GDS(Un)/

Meyer(Un)=Unimpaired by both Meyer and GDS criteria; GDS(Imp)/Meyer(Un)= Impaired
by GDS criteria and Unimpaired by Meyer; GDS(Imp)/Meyer(Imp)=impaired by both
criteria.

Note. Impairment defined as a domain deficit score (DDS) > 0.5

*Domain not included in Meyer criteria

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 February 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Campbell et al. Page 22

13.35 11.65 -

=0.02 p=0.80
g 13341 adj. d=0.37 p=0.04 adj. 4=0.05
S -0.90 @ 11551 adj. d=0.32
T 1333 - afg. d=0.03 = [——
'—l— @
£ E 1145 4
3 1332 Z
g 1331 ; 1135
& 13311 g 1135
S 133/ 3
= = 1125 4
e 7]
© 1329 -
11.15 -
1328 |
1327 11.05
Un/Un Imp/Un Imp/Imp Un/Un Imp/Un Imp/Imp
1.6 -
p=0.09
1.5 | =0.01 adj. d=0.38
£ adj. d=0.40
S 151 —
g
£ 145
<
E>> 1.4
£ ]
O
= 1351
=
£
= 1.3
1.25 -
1.2
Un/Un Imp/Un Imp/Imp

Figure 5.
Predicted means with error bars denoting standard error for cortical gray matter volume

(log), sulcal CSF volume (log), and frontal gray matter choline for the Frascati CR vs.
Meyer groups.

Note. Un/Un=Unimpaired by both criteria; Imp/Un=Impaired by Frascati CR criteria and
Unimpaired by Meyer; Imp/Imp=Impaired by both criteria; adj. o= adjusted Cohen’s d. The
Frascati(Imp)/Meyer(Un) group had less cortical gray matter, greater sulcal CSF volume,
and greater FGM choline than the Frascati(Un)/Meyer(Un) group. The Frascati(Imp)/
Meyer(Un) group did not significantly differ from the Frascati(Imp)/Meyer(Imp) group on
these measures.
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Figure 6.

Predicted means with error bars denoting standard error for cortical gray matter volume

(log) and frontal white matter creatine for the GDS vs. Meyer groups.

Note. Un/Un=Unimpaired by both Meyer and GDS criteria; Imp/Un=Impaired by GDS

criteria and Unimpaired by Meyer; Imp/Imp=impaired by both criteria; adj. o= adjusted

Cohen’s d. The GDS(Imp)/Meyer(Un) group had less cortical gray matter and less FGM
choline than the GDS(Un)/Meyer(Un) group. The GDS(Imp)/Meyer(Un) group did not

significantly differ from the GDS(Imp)/Meyer(Imp) group on these measures.

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 February 13.



Page 24

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 February 13.

Campbell et al.

860 (%182)6 (%0°62) 8T (%6'62) T7 O stedaH
520 (%9'ST) § (%5'vT) 6 (68'8) 2T eruepidiadAn
910 (%1'82) 6 (%60'T2) €T (%9'%T) 02 pHotsualadAH
SaISLIBIRIBYD PUE SIINIPIGIOWIOD) [BIIPSN
660 (%L'9€) TT (%0°9€) 8T (%G'se) 8¢ (1LdV U0 3|qe1onisp %) 1YV Buljreq
500 (%6°¢6) 1€ (%1°82) 05 (%evL) L0T 1¥v uo
Lv'0 [est-colset [ozT-8vleer [ost-gsloTr (s1eak) uonoajgur o uoneINp pajeLunsy
050 [vzz - 82l 60T [22z-6T]2.T [oog - o€l 05T unod yao JipeN
G50 [299 - 89¢] 915 [og9 - 62€] €9v [t19 - 99zl zvv 1Unod $g2 JUBLND
850 (%9°0v) €T (%9'2y) 0¢ (%L°08) €2 £PEOI [BNIA B1GE818
280 (%2l ve (%z'29) €v (%b°L9) 26 Salv o A1oisiH
SaIISLISoRIRYD 3s8asId NIH
LEO (%i6€) €T (%9'92) LT (%/'v€) 0§ pakojdw3
€90 (ret) v'8e (ST eor (Lo1) voy ZPeousbutiioH
010 (0¥1) T°e6 (zer) 0e6 (cen o6 Buipeay €-LvdM
n/N‘ni<1 200 (et (92 62T (€2)6eT (sreak) uoneonp3
- (%0°0) 0 (%9T) T (%v'1) 2 ETe}
- (%eve) 8 (%9°5T) 01 (%6'9) 0T oluedsiH
- (%e'L2) 6 (%8'ev) 82 (%0°09) 2L UeDdLIBWY UBdLY
- (%5'8Y) 9T (%1'6€) 52 (%2'17) 09 3NYM OluedsIH-UON
900 - - - ISR E]
or'0 (%8'62) 52 (%9'92) 6 (%e'e8) 02T (orew) sopus
010 W) 9wy @D tTey (e'8) 09y (s1eak) aby
sarydeibowsq
)
u Jo {(as) ues N ‘[0 1] ueips N
pSuostreduios (ee=u ‘1) (r9=u :n/1) (pp1=Un/N)
asim-ared (dwip)aahaN/(dwip)ieosead  (un)ashay/(dwp)ieosedq  (un)iaksn/(un)iressel

Buidnoio) wswuredw | 1843 sA (11easeld) Buney eaiul|d Aq sansualoeleyd uedionied

‘TalqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 25

Campbell et al.

=u
ove £

: =u
1€¢ '

! =u
6€C o

‘ggz=u
9g¢ L

S3WO2IN0 SNOWOI0YIIP 40} (29T0°0 = £/S0°0 = ©) SlusWISNpe-1U0LIBUOg PUE SBWIOJINO SNONURUOD 10} (S0°0 = D) "A’'S'H S. AN L Buisn paulwexs aJam suosLiedwod asim-lied

I

‘19pJOSIP 8SN 80UBISANS = ANS 4apJosip aAissaidap Jofew = QQIA ‘awnsyl| = 17 ‘Xapul ssew Apoq =g ‘Adesay [eliAonainue = 1YY ‘Uonips pJ€ ‘1531 JUBWBABILIY abuey spIM=1vHM

"eLIAILI Y10qg Aq paliedw=(dw)saAain/(dw)neasel Lakein Aq pasredwiun pue Lo ¥ 1reaseld Aq pastedw| =(un)iaksin/(dwi)neaseld feusilo yioq Aq pasredwiun=(un)JaAsin/(un)easeld sjon

n/n < 100> (%9¥5) 8T (%e°1€) 02 (%eve) g8 sasoubelq BungLiueD
G560 (%e'sT) S (% LT) TT (%v'LT) G2 aurwelaydweylaw 17
v9'0 (%z'12) L (%9'92) LT (%z'62) ¢v siqeuues 17
€20 (%v'ey) vT (9%0°05) € (%9°29) €8 [oyodfe 11
L00 (%9°25) 6T (%6°TL) 97 (%TL2) TTT ans 11
€0 (%07€) T (%r21) 8 (%L°6) v1 QAN waind
G660 (%9°25) 6T (%8°29) L€ (%9'59) 08 aamw 11
sasoubelq ILBIYIASH
190 (%5721) ¥ (%5%1) 6 (%zom) 1 5 SoRaEa
(%)
uJo ‘(as) ues  ‘[HO 1] uepa N
HwMMWHM“MS d EE_V\_QMMW,_”\FMQ”& “W_HSwEu_ Aczrmm_w/_u\ﬂgﬁ_\v__wgmm_u_ Ezr%ww,_u\ﬁ m“mwowm\_u_

Author Manuscript

Author Manuscript Author Manuscript

Author Manuscript

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 February 13.



Page 26

Campbell et al.

S8°0 (%521 ¥ (%evT) S (%0'TT) 8T SRR
80 (%1'82) 6 (%L'52) 6 (%5°0€) 05 O ShredeH
250 (%9ST) § (%EVT) § (%86) 9T pRiwapidipadAH
600 (%1'82) 6 (%L'52) 6 (%97) 72 uoisuanadAH
SIISLIBIRIBYD PUB SSINPIGIOIOD [BIIPSN
660 (%2°9¢) TT (%2°9€) TT (%tge) v (1Yv uo 31qe1d819p %) 14V Buljred
nn<ii €00 (%6°€6) T€ (%e°€8) 0€ (%8eL) LeT 14V U0
(040] [esT-2z9l Lzt [621-0¢levt [ogT-26leTT (sseak) uonoagur Jo uoneInp pajewns3
9g°0 [vez - 8¢l 60T [222-v1] 85T [oog - 9¢] 05T UN0d ¥@o JIpeN
Ge0 [299 —89z] 915 [og9 - 65€] L2 [te9 - L92] o5 1Un0d ¥@Q WaLNY
090 (%9°07) €T (%z'L9) LT (%€°05) 98 £PEOI [BIIA B1GER31
6.0 (L2l ve (%v'69) G2 (%6'99) STT Salv Jo AioisiH
sanstgoeIRyD Isessia N IH
0.0 (%e'6g) €T (%9°0¢) TT (%9°2¢) 95 pako|dwz
090 (re1) vee (Ten) 6'6e (zo1) g'0v ZPeousbutiioH
600 (ov1) 2°€6 (7'91) L'16 (0°€T) 9'96 1VIM
n/N <1/ 100> (€T (s2)eetT (o) szt (s1eak) uoneonp3
- (%00) 0 (%00) 0 (%L1 € B8yo
- (%z'v2) 8 (%6°€T) § (%2'8) ST oluedsiH
- (%e'L2) 6 (%L'1Y) ST (%b6v) 58 UedLIBWY UBdLY
- (%58Y) 9T (%v'vp) 9T (%T°0v) 69 aHUYM d1uedsIH-UON
600 - - - Ao
¥9'0 (%8'62) 52 (%8'22) 82 (%028) TVT (orew) sopus
LT0 L) ovy (T vy (8 vey (sreaf) by
salydesbowsg

(%) u 1o (as) ues N ‘[HO 1] veipa N

7euostedwio (eg=u ‘1) (9g=u :n/1) (221=U :N/N)
asim-dred (dwnsehen/(dwsas  (un)aeken/(dwnsas  (un)4eksN/(Un)Sao

o

Buidnois Jaks\ "sA SA9 Aq sansualdeleyd uedionied
‘¢ 9lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 February 13.



Page 27

Campbell et al.

=u
ove e

! =u
T€C '

‘6EZ=U
6EC o

‘9gz=u
9€¢ L

S3LWI02IN0 SNOWO30Y2IP 104 (L9T0°0 = £/S0°0 = ) SIUBWISNIPe-1uo.IBJUOY PUE SBLI0IN0 SNONUIU0D 104 (G500 = ) "A°S'H S.A8yNL Buisn paulwexs a1am suostiedwod mm_\s-h_mn_w

$19pJOSIp asn aduBISgNS = ANS 4apIosIp aAIssadap Jofew = QN ‘Bwndyl| = 17 ‘xapul ssew Apoq =] NG ‘Adesayl [eJIA0NBINUE = ¥V ‘UOIIPa pi€ 1591 JUBWAARIYDY aburY apIM=1VHM
"9 Y10qg Aq palredwi=(dwi)iaAeN/(dw)SAD 1aksN Aq pastedwiun pue elsiLd SA9 Aq padiredw] =(un)iaAsn/(dwi)S@o ‘eusid sao pue JaAsN yrog Aq pastredwiun=(un)JsAsnN/(un)sas sion

Author Manuscript

nin<in 100> (%9'vS) 8T (%eee)zT (%0°52) £ sasoubelq bunngruod
G6°0 (%e'sT) S (%291) 9 (%tLT) 0E aulweldydureylaw 17
90 (%z'12)L (%z'2e) 8 (%.2'62) TS Siqeuued 17
20 (%b2y) ¥T (%2'Ly) LT (%0°.5) 86 1oyodje 17
600 (%9°25) 6T (%eeL) 9z (%e9L) TET ans 11
500 (%0°€) T (%0°02) L (%2°8) ST JRele/ RELELS
080 (%9'.8) 6T (%71'19) 22 (%2'5S) 56 aan 11
sasoubelq ILeIYIASH
() u Jo *(as) vea N ‘[HO1] uepe N
Suosireduwiod d (eg=u ‘1) (9g=u :n/1) (eL1=U:n/N)
asim-dred (dwnashen/(dwi)sas  (un)reken/(dwi)sas  (un)4akain/(un)sas

Author Manuscript

Author Manuscript

Author Manuscript

J Int Neuropsychol Soc. Author manuscript; available in PMC 2020 February 13.



1duosnuey Joyiny

1duosnuen Joyiny

Campbell et al. Page 28

Table 3.

Standardized beta coefficients for structural MRI and MRS measures comparing Frascati Clinical Ratings vs.
Meyer criteria

Abnormal Total

Cgrrj[;;al Sub(t;:?g/ical White White Ventricular SCuISclgl
Matter Matter

Structural

Frascati(Un)/Meyer(Un) 0.082° 0.013 -0.046 0.024 -0.102 —0135%

Frascati(Imp)/Meyer(Imp) -0.004 -0.053 0.080 -0.039 0.051 0.016
aNs;acretta{L Choline Creatine Myo-inositol Glutamate

MRS Frontal White Matter

Frascati(Un)/Meyer(Un) 0.033 -0.051 0.097 0.016 -0.089

Frascati(Imp)/Meyer(Imp) -0.053 -0.012 0.033 -0.025 -0.073

MRS Frontal Gray Matter

Frascati(Un)/Meyer(Un) -0.009 -0.173% -0.010 0.016 -0.021

Frascati(Imp)/Meyer(Imp) ~ -0.066 -0.119 -0.027 0.005 -0.052

MRS Basal Ganglia

Frascati(Un)/Meyer(Un) 0.118 -0.067 0.030 -0.125 0.050

Frascati(Imp)/Meyer(Imp) -0.039 -0.064 -0.006 -0.066 -0.013

Note. Frascati(Un)/Meyer(Un)=Unimpaired by both criteria; Frascati(Imp)/Meyer(Un)=Impaired by Frascati CR criteria and Unimpaired by
Meyer; Frascati(Imp)/Meyer(Imp)=Impaired by both criteria. CSF = cerebrospinal fluid.

All analyses were in comparison to the Frascati(Imp)/Meyer(Un) group derived from Frascati CR vs. Meyer criteria. Predicted means for
significant relationships are presented in Figure 5.

*
£<0.05
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Standardized beta coefficients for structural MRI and MRS measures comparing GDS vs. Meyer criteria

Table 4.

Abnormal

Total

Cgr:;;al Suté:?;ycal It//lvarlitteer ,\\;Ivzﬂit;er Venéré?:ular Sgg:'z:il
Structural
GDS(Un)/Meyer(Un) 0.092% 0.108 -0.050  -0.034 -0.051 -0.074
GDS(Imp)/Meyer(Imp) 0.013 0.008 0.071 -0.071 0.069 0.035
a'\sléicretzle Choline Creatine Myo-inositol Glutamate
MRS Frontal White Matter
GDS(Un)/Meyer(Un) 0.000 -0.057 0.176 " -0.019 -0.027
GDS(Imp)/Meyer(Imp) ~ —0.069 -0.024 0.098 -0.046 -0.048
MRS Frontal Gray Matter
GDS(Un)/Meyer(Un) 0.061 -0.016 0.106 0.052 0.065
GDS(Imp)/Meyer(Imp) ~ —0.026 -0.051 0.081 0.030 -0.001
MRS Basal Ganglia
GDS(Un)/Meyer(Un) 0.087 -0.085 0.100 -0.136 0.044
GDS(Imp)/Meyer(Imp) ~ —0.041 -0.084 0.038 -0.090 -0.009

Page 29

Note. GDS(Un)/Meyer(Un)=Unimpaired by both Meyer and GDS criteria; GDS(Imp)/Meyer(Un)=Impaired by GDS criteria and Unimpaired by
Meyer; GDS(Imp)/Meyer(Imp)=impaired by both criteria. CSF = cerebrospinal fluid.

All analyses were in comparison to the GDS(Imp)/Meyer(Un) group derived from GDS vs. Meyer criteria. Predicted means for significant

relationships are presented in Figure 6.

*
£<0.05
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