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Abstract We investigated regional gray matter (GM) reduction as a predictor of judgment ability
in 120 non-depressed older adults with varying degrees of cognitive complaints and/or impairment
(including those with MCI and mild AD). Participants underwent neuropsychological assessment,
including the Test of Practical Judgment (TOP-J), a recently developed instrument that evaluates
judgment and problem solving related to safety, medical, social/ethical, and financial issues.
Structural MR scanning included T1-weighted SPGR volumes acquired at 1.5 Tesla. We used
voxel-based morphometry to analyze the relationship between GM density and TOP-J scores,
controlling for age, education, gender, intracranial volume, verbal memory, and crystallized
knowledge. Consistent with our hypothesis, judgment ability correlated with GM density in
prefrontal regions (left inferior and superior frontal gyri). Findings extend previous observations
of frontal involvement in higher-order cognitive abilities/executive functions and provide initial
validation of the TOP-J’s sensitivity to the integrity of these brain regions in individuals at risk for
dementia.
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Introduction

Loss of judgment ability is a common diagnostic feature of the dementing process, as
executive cognitive functions that permit goal-directed use of existing knowledge
progressively decline (Duke and Kaszniak 2000; Karlawish et al. 2005; Knopman et al.
2001; Marson and Harrell 1999). Individuals with compromised executive functioning may
exercise poor judgment for various reasons such as failing to develop an appropriate
problem definition or formulation, making impulsive decisions, not engaging in efficient
search strategies, fixating on a single plan due to compromised mental flexibility, or failing
to consider the long-term consequences of solutions (Marsiske and Margrett 2006; Thornton
and Dumke 2005; Woods et al. 2000). For individuals in the early stages of dementia,
compromised decision making about daily activities, such as meal preparation or financial
matters, may lead to dangerous outcomes (Kounti et al. 2006; Nygard 2003). These
individuals also may persist in behaviors that are no longer safe such as driving or managing
medications without assistance. Given its importance, practitioners often evaluate the
judgment ability of older adults with suspected dementia (Rabin et al. 2008). Knowledge
derived from the clinical assessment of judgment can inform decisions about diagnosis,
functional and cognitive competence, and treatment (Bertrand and Willis 1999; Kim et al.
2002).

Neuroimaging techniques are increasingly used to elucidate the neural circuitry subserving
specific cognitive abilities. While research into the neural substrates of judgment and
decision making is limited, available functional magnetic resonance imaging (fMRI) and
positron emission tomography (PET) findings are largely consistent with behavioral data,
highlighting the important role of the frontal cortex including inferior frontal, superior
frontal, anterior cingulate, and medial frontal gyri, as well as other areas within the
cerebellum, parietal lobes, and associative cortices, depending on the task employed
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(Bechara et al. 1999; Fukui et al. 2005; Gong et al. 2005; Manes et al. 2002; Menon et al.
2001; Paulus et al. 2002; for review see Roth et al. 2006). To our knowledge, no study has
used structural neuroimaging to examine the neural correlates of judgment in older adults,
including those at risk for Alzheimer’s disease (AD).

We used voxel-based morphometry (VBM) to analyze the relationship between regional GM
density and judgment ability. VBM enables global analysis of brain structures without a
priori identification of the region of interest (Ashburner and Friston 2000). This approach is
not biased toward any brain region and permits identification of potentially unsuspected
changes in regional brain structure. We used the Test of Practical Judgment (TOP-J) to
assess participants’ judgment (Rabin et al. 2007). We developed the TOP-J in response to an
identified need for assessment instruments for the growing number of elders with cognitive
deterioration. At present, there appears to be a lack of clinically useful tools to assess
practical judgment (Rabin et al. 2007); in a recent survey of neuropsychologists,
approximately 90% of respondents called for additional or improved judgment tests (Rabin
et al. 2008).

We previously reported on the development and validation of the TOP-J including item
selection, scale development, and preliminary psychometric properties, which showed good
reliability, validity, and dimensionality (Rabin et al. 2007). The TOP-J was sensitive to
declining judgment skills, with mild AD patients scoring in the clinically impaired range
(approximately 2 SDs below the mean of healthy controls, HC) and amnestic mild cognitive
impairment (MCI) patients showing an intermediate level of performance (approximately 1
SD below the HC mean, low average range). Older adults with significant cognitive
complaints (CC) but intact neuropsychological performance also showed similarly reduced
scores (approximately 1 SD below the mean of HC, low average range). The CC group is of
special interest in light of recent evidence suggesting that these individuals show brain
changes intermediate between those seen in MCI and healthy older adults without
complaints; they may represent a “pre-MCI” stage (Saykin et al. 2006).

The goal of the current study was to investigate relations between structural neuroimaging
data and judgment ability in a group of older adults in various stages of cognitive
impairment and with varying degrees of cognitive complaints. We correlated TOP-J scores
with brain morphology data (utilizing VBM with covariates) in our combined sample of
participants classified as HC, CC, MCI, or probable AD. Based on previous neuroimaging
research on the neural correlates of executive functions in both cognitively healthy and
impaired populations (Newman et al. 2007; Roth et al. 2006), we hypothesized that the
neural basis for impaired judgment skills would involve predominantly prefrontal cortical
regions.

Materials and methods

Participants

Participants included 120 euthymic older adults enrolled in a longitudinal memory and aging
study at Dartmouth Medical School. All participants provided written informed consent and
were at least 60 years of age (range=63-88), right-handed, and fluent in English. Exclusion
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criteria included any significant or uncontrolled medical, psychiatric, or neurological
condition (other than AD or MCI) that could affect brain structure or cognition, history of
head trauma with loss of consciousness lasting more than 5 minutes, and current or past
history of substance dependence. Participants underwent neuropsychological assessment and
structural neuroimaging. All participants had knowledgeable collateral informants who
answered questions about participants’ cognition and general health. Level of cognitive
complaint was determined from responses on multiple self- and informant-report measures,
and a Cognitive Complaint Index was calculated as the percentage of items endorsed by the
participant and/or the informant (see Table 1). Saykin et al. (2006) present more detailed
information about study methodology and utilized instruments. A board-certified
geropsychiatrist conducted a semi-structured interview to rule out depression or other
psychiatric disorders. A board-certified neuroradiologist ruled out incidental pathology on
structural MRI including white matter changes greater than expected for age (Fazekas et al.
2002).

Participants diagnosed as AD (n=13) defined by NINCDS-ADRDA criteria (McKhann et al.
1984) had: 1) impaired general cognitive functioning as determined by cutoff scores on the
Mattis Dementia Rating Scale-2 (Jurica et al. 2001) and Mini Mental State Examination
(Folstein et al. 1975); 2) impaired activities of daily living (as reported on self and informant
versions of Neurobehavioral Function/Activities of Daily Living Scale (NBF-ADL,; Saykin
1992); 3) significant memory complaints (endorsed at least 20% of possible complaints
across all inventories or complaints were deemed significant by clinical consensus); and 4)
impaired memory (memory scores >2 SD below the mean established for age- and
education-matched controls). Participants diagnosed as amnestic MCI (n=34; Petersen 2004;
Petersen et al. 2001) had: 1) preserved general cognitive functioning; 2) generally normal
activities of daily living; 3) no dementia; 4) significant memory complaints; and 5) impaired
memory (memory scores 1.5 SD below the mean established for age- and education-
matched controls). Notably, all MCI participants had isolated memory problems; those with
primary impairments in other domains such as executive functioning or language were
excluded. Participants classified as CC (n=34) had: 1) preserved general cognitive
functioning; 2) generally normal activities of daily living; 3) no dementia; 4) significant
memory complaints; and 5) no significant memory deficit on cognitive testing. Participants
classified as HC (n=39) had: 1) preserved general cognitive functioning; 2) generally normal
activities of daily living; 3) no dementia; 4) no significant cognitive complaints; and 5)
intact memory ability.

Test of Practical Judgment (TOP-J)

The TOP-J is a 15-item, open-ended questionnaire in which participants listen to brief
scenarios about everyday problems and report aloud their proposed solutions. These
scenarios were designed to be easily understood and representative of the types of judgment
problems faced by older adults, yet complex enough to require higher-order cognitive
abilities. A survey of practicing neuropsychologists established that formal assessment of
everyday judgment should incorporate issues related to the identified content domains (i.e.,
safety, social/ethical, financial, and medical issues). During the item development process,
we considered the possibility that individuals would draw upon crystallized information and
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personal/social knowledge when responding to questions. Therefore, we strove to create
scenarios for which the generation of successful solutions would also require executive
cognitive abilities. A related goal was to develop items appropriate for both high- and low-
functioning individuals to avoid ceiling and floor effects. A panel of 16 neuropsychology
experts verified the content validity of TOP-J items (Rabin et al. 2007, 2008).

TOP-J responses were recorded verbatim and scored on a 4-point scale (scores per item
range from 0-3), with a higher value indicating better judgment. Unclear or ambiguous
responses were queried in a neutral manner. Given the relatively small number of questions
and the overlap of content domains for many scenarios, all TOP-J items were combined into
a single, overall composite score (ranging from 0-45), rather than dividing the test into
subscales.! Detailed examiner instructions were included on the protocol, and the TOP-J
took approximately 10 minutes to administer and score. As reported by Rabin et al. (2007),
initial findings in 134 older adults indicated that test-retest stability was .86, inter-rater
reliability was .96, and internal consistency was .68. Evidence for convergent validity was
demonstrated by moderate correlations with related constructs (e.g., tests of executive
functioning, crystallized knowledge, language, and memory), whereas discriminant validity
was demonstrated by low correlations with measures involving minimal executive demands
(e.g., rote attention, visuoconstruction, and emotional functioning). We also found a
moderate association between the TOP-J and relevant items from the informant version of
the activities of daily living scale (i.e,. NBF-ADL; r=-.40, p<.001).

Voxel-based morphometry

Imaging was completed on a GE Signa 1.5 Tesla Horizon LX magnet with echo speed
gradients using a standard head RF coil. The structural MR was a T1-weighted 3-
dimensional spoiled gradient echo (SPGR) coronal volume. Parameters were: TR=25, TE=3,
flip angle=40, 1 NEX, and slice thickness=1.5 mm (no skip), yielding 124 contiguous slices
with a 24 cm field of view and 256x256 matrix with 0.9375 mm in-plane resolution. We
also acquired T2-weighted 3 mm axial survey images as a screen for focal lesions. VBM
was performed on the SPGR images using the SPM5 package (Wellcome Department of
Imaging Neuroscience, London, UK, http://www.fil.ion.ucl.ac.uk/spm/). Briefly, the SPGR
volumes were reconstructed from dicom images, registered to the T1 template, segmented in
native space, and the GM maps were normalized and re-sampled to 1 mm3. The maps were
then spatially smoothed (10 mm full width half maximum) and subjected to statistical
parametric mapping on a voxel-by-voxel basis using the General Linear Model approach
implemented in SPM5.

We used SPM5 to identify brain areas where GM was correlated with TOP-J scores in the
entire sample, adjusting for age, education, gender, and total intracranial volume (ICV). ICV
was obtained by manually tracing the outer boundary of the entire brain, including the
cortical CSF, using the BRAINS software package (Andreasen et al. 1992). We controlled
for the effects of memory using a combination of short and long delay free recall scores on

1The TOP-J also can be administered in a 9-item version. See Rabin et al. (2007) for more detailed information about the test
development and validation processes, including sample items. The 15- and 9-item TOP-J protocols are available upon request from
the corresponding author.
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the California Verbal Learning Test, Second Edition (CVLT-II, Delis et al. 2000) given the
observed relationship between the TOP-J and these CVLT-II scores in our participants with
memory complaints and/or dysfunction (r=.33, p<.001). We controlled for the effects of
crystallized verbal knowledge using participants’ raw scores on the Information subtest of
the Wechsler Adult Intelligence Scale-Third Edition (WAIS-111 Info; Wechsler 1997) given
the significant relationship between the TOP-J and WAIS-III Info scores (r=.48, p<.001).

Select demographic and neuropsychological variables are presented in Table 1. Using a
critical significance threshold of .001 at the voxel level and a minimum cluster size of 100
voxels, results indicated that decreased judgment was correlated with a reduction in GM
density in the left inferior frontal gyrus (r=.36, p=.0001) and left superior gyrus (r=.29, p=.
0013) (see Table 2; Fig. 1). Importantly, no region showed an increase in GM density as
TOP-J scores decreased. As mentioned previously, age, years of education, gender, ICV,
CVLT-IlI memory scores (short delay free recall score + long delay free recall score), and
WAIS-III Info scores were entered into the statistical model as covariates. As a secondary
analysis, we examined the degree to which the observed patterns were present within three
subgroups of participants: HC, CC, and MCI/AD combined. Results revealed that the TOP-J
was related across the sample to GM density in the left inferior frontal gyrus (HC: r=.45, p=.
004; CC: r=.35, p=.045; MCI/AD: r=.26, p=.079) and to a lesser extent in the superior
frontal gyrus (HC: r=.32, p=.050; CC: r=.26, p=.141; MCI/AD: r=.15, p=.329).

Discussion

This quantitative study examined the relationship between structural neuroimaging data and
judgment ability in older adults. We used VBM to identify brain areas where GM density
reduction was associated with scores on the TOP-J, an objective performance instrument
that assesses practical judgment and problem-solving skills. Our sample included 120
euthymic elders with intact cognition and varying degrees of neuropsychological
impairment and/or complaints about cognition. From a neuropsychological perspective,
judgment falls under the domain of executive functioning and typically requires the
coordination of numerous higher-order cognitive processes including the ability to generate
strategies to approach a problem, identify goals, evaluate the consequences of various
courses of action, balance competing priorities, inhibit inappropriate responses, and monitor
the effectiveness of a chosen plan (Marsiske and Margrett 2006; Thornton and Dumke
2005). Judgment also relies upon other cognitive processes including aspects of memory
(e.g., calling to mind relevant past experiences and practical knowledge), crystallized
knowledge (e.g., ingrained scripts that result in effective solutions), and language (e.g.,
understanding the problem being presented and communicating a decision to others).

As hypothesized, TOP-J scores correlated with GM density in prefrontal regions involved in
a range of higher-order cognitive processes such as selecting among competing responses
and representations, decision making, response inhibition, cognitive flexibility, processing
and retrieval of semantic knowledge, and working memory (i.e., left inferior and left
superior frontal gyri) (du Boisgueheneuc et al. 2006; Roth et al. 2006; Talati and Hirsch
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2005; Thompson-Schill 2003; Thompson-Schill et al. 1997; Uchiyama et al. 2008; Zhang et
al. 2004). Our results extend previous validation of the TOP-J by providing evidence of its
selective relationship with prefrontal integrity, excluding variance that could be explained
by other variables often associated with cognitive functioning and/or GM volume such as
age, gender, and education (Buckner 2004; Coffey et al. 1998, 2001; Lemaitre et al. 2005;
Manly 2003; Salat et al. 1999; Smith et al. 2007; Sowell et al. 2003; Thompson et al. 2003).
We also covaried for performance on tests of verbal memory and crystallized verbal
information (given their conceptual association and observed relation with judgment ability)
and ICV (to adjust for brain size and global atrophy) (Pell et al. 2008). These findings are
consistent with cognitive, behavioral, and functional neuroimaging studies implicating the
prefrontal cortex in practical judgment/problem solving.

Dementia typically has a gradual onset, and the transition phase from normal cognition to
impairment represents a critical window of opportunity for the initiation of treatment,
particularly any future treatments that affect the underlying disease process. While episodic
memory is the primary early cognitive deficit, initial symptoms of memory loss may be
accompanied by subtle changes in other neuropsychological domains, and research suggests
that executive function tests can help predict later conversion to AD (Albert et al. 2001,
2007; Ready et al. 2003). Additionally, functional neuroimaging studies have shown
abnormal brain activation of frontal lobe systems during MCI patients’ performance of
executive function tasks, and positive effects of psychopharmacological treatments such as
cholinesterase inhibitors may be mediated via frontal systems (Rosano et al. 2005; Saykin et
al. 2004). Identifying MCI patients who show declines in specific aspects of executive
functioning, such as judgment, may be useful for studies investigating how such declines
reflect changes in brain function over the course of illness. This could provide a valuable
subcategory of participants to be followed in longitudinal studies or treatment trials targeting
a personalized therapeutic approach. Tests like the TOP-J also may be used as outcome
variables in trials of cognitive-enhancing interventions for which improvements in judgment
and/or functional skills are expected and must be demonstrated objectively. Further, as
disease modifying agents for AD and other dementias are developed it will be important to
determine if degree of parenchymal sparing is associated with preserved judgment.

While the cross-sectional design of the present study restricted conclusions about the ability
of mild judgment problems to predict diagnostic conversion, longitudinal assessments are
being performed to examine the predictive validity of the TOP-J for clinical progression in
our participant groups. This research may have implications for early detection of dementia
and intervention. It is important to note that study results were correlational and therefore
cannot demonstrate causal relationships. Additionally, due to limited statistical power, we
were unable to explore the relationship between TOP-J performance and GM density in the
entire brain among our four subgroups. However, when we interrogated the two clusters
extracted from the overall analysis by participant status (HC, CC, and MCI/AD), the TOP-J
was related to GM density in the left inferior frontal gyrus and to a lesser extent in the
superior frontal gyrus. The correlation was relatively strongest in the HC group, suggesting
that the relationship was not the unique result of a threshold effect of volume loss in the
disease state. In future work we hope to clarify the relationship between TOP-J performance
and left frontal GM for individuals in various stages of neurodegenerative decline and
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evaluate the specificity of the observed relationships. Additionally, while we did not have
sufficient power for our findings to withstand a very stringent whole-brain search FDR
adjustment, the results we reported using an uncorrected, but reasonably stringent, threshold
of p<.001 are meaningful and in regions implicated in the neural circuitry of executive
functions. These findings require replication in a larger sample.

Although VBM is advantageous for detecting subtle, localized structural brain changes in
large areas of cortex, future research might also employ ROI-based methods to determine
whether TOP-J scores correlate with volumes of brain regions identical to those observed in
the current study. Another approach would utilize functional neuroimaging techniques such
as fTMRI with TOP-J-like probes or other decision-making tasks (adapted for in-scanner
administration) to examine the degree to which activated sites and sites that show GM
density-performance correlations correspond. Higher-order cognitive abilities are the result
of the integrated activity in networks of regions, as opposed to activity in any one isolated
region (Friston et al. 1993; Luria 1966). The addition of connectivity approaches represents
another future direction that would enable investigation of functional interactions between
brain regions engaged during judgment/decision making. Together, these structural and
functional approaches would provide convergent evidence for how the brain supports
judgment ability in older adults, in both health and neurodegenerative disease.
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Fig. 1.
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Locations and plots of the two significant clusters for which a relationship exists between
judgment and GM density at a threshold of pync<.001 (Top=Left inferior frontal gyrus;
Bottom=Left superior frontal gyrus). The respective plots represent the linear relationship
between TOP-J scores and the first eigenvariate of the plotted cluster. Covariates were age,

years of education, gender, ICV, CVLT-1I memory scores, and WAIS-I11 Info scores
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Table 1
Demographic and neuropsychological data
Participant group
:' :C3 0 5534 :\]/':%L ﬁfls P Group differences?
Age (yrs) 718(5.1) 741(6.2) 736(61) 752(70) NS -
Education (yrs) 16.8(2.6) 16.6(28) 16.6(29) 144(35) NS -
Gender: MIF 12/27 10/24 17117 5/8 NS -
CCl (%) 72(55)  238(85) 30.0(121) 36.7(103) <001 MCI, AD>CC>HC
MMSE 290(1.1) 289(1.3) 268(L5) 224(39) <00l HC,CC>MCI>AD
DRS-2 1416 (L7) 141.0(21) 137.7(39) 1232(121) <001 HC,CC>MCI>AD
CVLT-ll
Learning 504 (84) 463(84) 339(6.6) 241(65 <00l HC,CC>MCI>AD
Shortdelay — 11.2(3.0) 101(28) 6.1(26)  1.8(1.9) <001 HC, CC>MCI>AD
Longdelay — 11.9(28) 109(27) 6231  09(L7) <001 HC, CC>MCI>AD
TOP-J 374(39) 337(39) 342(44) 296(52) <00l HC>CC, MCI>AD

Data are Mean (SD) except where otherwise noted.

CCl=Cognitive Complaint Index (Saykin et al. 2006); MMSE=Mini Mental State Exam, raw score (n/30); DRS-2=Mattis Dementia Rating
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Scale-2, raw score (n/144); CVLT-1I1=California Verbal Learning Test, Second Edition, total learning score (n/80), short delay free recall score (n/
16), and long delay free recall score (n/16); TOP-J=Test of Practical Judgment, total raw score (n/45).

a .
Posthoc analyses were conducted using Tukey’s procedure.
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Table 2

MNI coordinates, t-values, and cluster sizes for VBM analysis: Regions showing reduced GM density
associated with lower judgment

Region@ X,Y,Z Peakt  k
eg value

Left inferior frontal gyrus ~ -43, 20, 8 3.73 126
(BA45)

Left superior frontal gyrus  -24,63,-4  3.36 102
(BA10)

All t-statistics are significant at p<.001 uncorrected, corresponding to critical t-value of 3.16.

MNI=Montreal Neurological Institute atlas coordinates; VBM=Voxel-based morphometry; judgment=TOP-J total score; BA=Brodmann area.

&I'here were no regions in which GM density was negatively correlated with TOP-J total score.
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