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associated with reduced thalamic and cortical gray
matter volumes

Isaiah Kletenik* ®, Enrique Alvarez*, Justin M Honce, Brooke Valdez, Timothy L Vollmer and
Luis D Medina ®

Abstract

Objective: Brain atrophy has been correlated with objective cognitive dysfunction in multiple sclerosis
but few studies have explored self-reported subjective cognitive concerns and their relationship to brain
volume changes. This study explores the relationship between subjective cognitive concerns in multiple
sclerosis and reduced brain volume in regions of interest implicated in cognitive dysfunction.
Methods: A total of 158 patients with multiple sclerosis completed the Quality of Life in Neurologic
Disorders Measures (Neuro-QoL) short forms to assess subjective cognitive concerns and underwent brain
magnetic resonance imaging. Regional brain volumes from regions of interest implicated in cognitive
dysfunction were measured using NeuroQuant automated volumetric quantitation. Linear regression was
used to analyze the relationship between subjective cognitive concerns and brain volume.

Results: Controlling for age, disease duration, gender, depression and fatigue, increased subjective
cognitive concerns were associated with reduced thalamic volume (standardized f=0.223, t;50=
2.406, P=0.017) and reduced cortical gray matter volume (standardized f=0.240, t;50=2.777,
P=0.006). Increased subjective cognitive concerns were not associated with any other regions of
interest that were analyzed.

Conclusions: Subjective cognitive concern in MS is associated with reduced thalamic and cortical gray
matter volumes, areas of the brain that have been implicated in objective cognitive impairment. These
findings may lend neuroanatomical significance to subjective cognitive concerns and patient-reported
outcomes as measured by Neuro-QoL.

Keywords: Subjective cognitive concern, multiple sclerosis, gray matter, metacognition, quantitative
MRI, atrophy
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Introduction

Cognitive dysfunction has long been recognized as
one of the prominent disabling sequelae of multiple
sclerosis (MS). The prevalence of cognitive dysfunc-
tion ranges from 43% to 70% and can be present
even in the early stages of the disease.' Patients with
MS experience cognitive dysfunction in a number of
domains, most prominently in attention,” visual and
verbal memory and processing speed.” While the

severity, likely reflecting ongoing degeneration in
both white and gray matter.* Brain volume loss in
patients with MS has been shown to occur at a faster
rate than in healthy controls. Estimates of average
brain volume loss in a normal adult range from
0.1% to 0.3% annually while brain volume loss
in an untreated patient with MS is estimated at
0.7% annually.’

exact mechanism of cognitive dysfunction in MS is
not yet known, brain atrophy is increasingly recog-
nized as a marker of MS disease progression and

Brain volume loss in MS has been shown to corre-
late with worsening of disability as assessed by a
number of clinical scales.® Whole brain volume
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and regional brain volume loss have also been shown
to correlate with cognitive decline in MS as assessed
by the cognitive elements of a number of disability
scales and neuropsychological tests.” Various brain
regions have been identified as regions of interest
(ROIs) related to cognitive dysfunction in MS
including cortical gray® and white matter,” thalami,”
basal ganglia,'” amygdalae and hippocampi.'’

Subjective cognitive concerns (SCCs),'? previously
called subjective cognitive complaints or memory
complaints, are a self-reported perception of dys-
function in memory or thinking with or without
impairment on objective cognitive testing.'> SCC
in the absence of objective impairment on neuropsy-
chological testing has been termed subjective cogni-
tive decline (SCD) and is recognized as a preclinical
stage of mild cognitive impairment and dementia."*
SCD has been explored most extensively in
Alzheimer dementia in which it has been shown
to be a predictor of progression to dementia'* and
to correlate with neuroanatomical changes including
reduced hippocampal volumes,'” but little is known
about the clinical and pathological relevance of SCC
and SCD in MS. Some studies have shown a corre-
lation between SCC in MS and objective cognitive
impairment, especially in cases of mild impairment
of immediate recall and processing speed,'® while
other studies have shown a gap between subjective
reports and objective testing and a stronger correla-
tion of SCC with depression'” and fatigue.'®

Our aim is to explore whether SCCs can relate
to reduced brain volumes in MS, in particular, if
the patient’s experience of dysfunction is associated
with pathological changes in the brain. A number of
different measurement tools have been used to assess
self-reported SCC in MS including the cognitive
elements of the Multiple Sclerosis Quality of
Life-54,"" the Cognitive Failures Questionnaire,'®
the Perceived Deficits Questionnaire,'®  the
Multiple Sclerosis Neuropsychological Screening
Questionnaire  (MSNQ)'® and the Cognitive
Function Scale.?’ Given the prevalence of standard-
ized patient-reported outcomes (PROs) for assessing
the patient’s subjective experience of illness as well
as their use in clinical trials in MS,?! we relied on
PROs reflecting cognition from the Quality of Life
in Neurological Disorders (Neuro-QoL) measures in
our study. Neuro-QoL is a widely used, National
Institute of Neurological Disorders and Stroke
(NINDS)-funded, self-report battery of short form
questionnaires that is completed by patients to help
assess various aspects of quality of life as related to

neurological disease,”” has been validated in MS*
and employed to assess self-report SCCs in other
research protocols.>* We hypothesized that PROs
assessed by Neuro-QoL reflecting perceived cogni-
tive dysfunction in patients with MS would be asso-
ciated with regional brain volume loss in ROIs, such
as the thalami, basal ganglia, amygdalae and hippo-
campi, as measured by automated volumetric quan-
titation from standard of care magnetic resonance
imaging (MRI).

Methods

Participants

De-identified PROs and NeuroQuant volumetric
data were gathered by retrospective chart review.
All patients were seen at the Rocky Mountain MS
Center between May 2014 and October 2016 and
had a diagnosis of MS made by neuro-immunology
trained faculty following McDonald criteria. As part
of standard of care, all patients completed a battery
of PROs, including those related to upper and lower
mobility, mood, cognitive concerns, and other
disease-related symptoms. Standard of care quanti-
tative MRIs were also performed in each patient, and
automated volumetric quantitation was performed
using NeuroQuant software. For purposes of the
current analysis, we reviewed records of patients
who underwent quantitative brain MRIs within
90 days of completing the Neuro-QoL short forms.
Research studies using the clinical database of
de-identified PROs and NeuroQuant volumetric
data were approved under Colorado Multiple
Institutional Review Board #14-0394. All patients
who were seen at the Rocky Mountain MS Center
between May 2014 and October 2016, met criteria
for diagnosis of MS, completed PROs and had
NeuroQuant MRI within 90 days of completing
PROs were included in the study.

Assessing SCCs

SCCs were assessed using Neuro-QoL, which
includes short forms on anxiety, depression, fatigue,
upper and lower extremity functions, applied cogni-
tion including executive function and general con-
cerns, emotional and behavioral dyscontrol, positive
affect and wellbeing, sleep disturbance, social par-
ticipation and satisfaction and disease stigma.
Specific questions per domain are rated by patients
on a five-point scale (e.g. ‘never’ to ‘very often’).
Raw scores from the ‘Applied Cognition: General
Cognitive Concerns’ (GCC) short form were used
as a marker of SCC. The GCC short form includes
eight questions related to applied cognition such as
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‘my thinking was slow’, or ‘I had trouble thinking
clearly’ with a total raw score ranging from 8§ to 40.
This section has been shown in a previous analysis
to be a strong factor that accounts for much of the
variance in Neuro-QoL responses for our samples,*
and assesses for subjective concerns in processing
speed and working memory. As a comparator, we
also analyzed scores from the ‘Lower Extremity
Function (Mobility)’ (LEF) short form. Despite
overlap in ROIs related to physical disability and
cognitive impairment in MS, we used this domain
for comparison to allow added specificity in testing
our primary hypothesis. This short form also
includes eight questions answered with a five-point
scale for lower extremity functions, a 1 denoting
‘unable to do’ and 5 able to do ‘without any diffi-
culty’” with a total raw score also ranging from 8 to
40. Neuro-QoL also provides the opportunity to con-
vert raw scores into normalized T-scores, which help
compare the respondent to either a clinical popula-
tion or healthy normative population. In order to
help simplify interpretation of findings without
requiring comparison with a normative sample,
raw scores were used for all analyses.

MRI acquisition and analysis

All MRI was obtained as standard of care at our
institution, which includes a standardized sagittal
three-dimensional (3D) T1 acquisition for brain vol-
umetric analysis generally following recommended
NeuroQuant parameters with few modifications.
MRI parameters for each scanner are as follows:
Siemens Symphony Tims 1.5 T scanner: sagittal
3D T1 magnetization-prepared rapid gradient echo,
TR =1890 ms, TE = minimum, TI=1100 ms, flip
angle =8, matrix =192 x 192, FOV =240 mm?,
slice thickness = 1 mm. Phillips Achieva 1.5 T scan-
ner: sagittal 3D T1 fast field echo, TR = shortest,
TE=4ms, flip angle=8, matrix=192x 192,
FOV =240 mm?, slice thickness=1 mm. Phillips
Achieva 3T scanner: sagittal 3D T1 fast field echo,
TR =shortest, TE =shortest, flip angle=9,
matrix = 192 x 192, FOV =240mm?, slice thick-
ness =1 mm. GE Discovery 750W 3.0T scanner:
sagittal 3D T1 inversion recovery fast spoiled gradi-
ent echo, inversion time = 600 ms, TE:M in full, flip
angle=8, matrix =192 x 192, FOV =240 mm?,
slice thickness = 1 mm.

All sagittal 3D T1 volumetric images were analyzed
using NeuroQuant software, which is a fully auto-
mated method for quantifying brain structures shown
to have significant statistical agreement in calculat-
ing brain volumes in MS to other validated methods

such as SIENAX.?® All processing was performed in
standard fashion as described in https://www.cortech
slabs.com/resources/installed-system/ at the time
of image acquisition per clinical protocol at our
institution. NeuroQuant analyzes a high resolution
non-contrasted T1-weighted 3D sagittal MRI and
constructs a segmentation-based measurement of
both cortical and subcortical volumes. The software
corrects for a number of factors, deletes non-brain
tissue using its active contour model and separates
various anatomical structures using a probabilistic
atlas. NeuroQuant then compares volumes to a
normative database adjusting for age, gender and
intracranial volume.”*?” Using a customized data
retrieval pipeline, calculated volumes for each
brain region were automatically extracted from the
NeuroQuant processing server for storage in the
study database.

Statistical analysis

Linear regression was used to analyze the relation-
ship between SCC and brain ROI volumes (cortical
white matter, cortical gray matter, thalami, basal
ganglia, amygdalae and hippocampi) after inclusion
of relevant covariates as explained below. All brain
volumes were standardized to intracranial volume.
We also ran a comparison analysis for specificity;
in this second set of analyses, we examined self-
reported lower extremity mobility and the same
brain ROI volumes and covariates. All statistical
analyses were performed using SPSS software
(IBM Corp, released 2016. IBM SPSS Statistics for
Windows, version 24.0. Armonk, NY, USA: IBM
Corp.) using a P<0.05 threshold.

Relevant covariates were chosen for both theoretical
and statistical purposes. Age, disease-modifying
treatment, disease severity, disease duration® and
gender®® have been associated with differences in
brain volume, while fatigue'® and depression'’
have been associated with differences on measures
of cognition. Theoretically, we considered age (in
years), disease severity (patient determined disease
steps; PDDS), disease-modifying treatment, disease
duration (in years), gender, self-reported depression
(as measured by Neuro-QoL depression short form),
and self-reported fatigue (as measured by Neuro-
QoL fatigue short form) as potential covariates.
Statistically, univariable linear regression analyses
with a lax significance value (P<0.10) were used
to identify which theoretically determined covariates
were predictive of our outcome variables (ROI vol-
umes). Age, PDDS, disease duration, gender and
fatigue were found to be significant covariates
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following this method. However, collinearity analy-
ses revealed a strong relationship between PDDS
and disease duration. Given that disease duration
was more strongly predictive of ROI volumes than
PDDS, PDDS was dropped as a relevant covariate.
Depression did not significantly predict any of
the ROI volumes, but given its well-established
role in SCC in MS,'” it was included as a covariate.
Therefore, the following covariates were included in
all subsequent analyses: age, disease duration,
gender, depression and fatigue.

Results

Patient population

We identified 921 unique patients with a diagnosis
of MS who underwent quantitative brain MRIs
during the selected study period. Of those 537 had
completed PROs and 158 participants had completed
PROs within + 90 days of imaging (see Table 1).

Raw scores on Neuro-QoL assessment of GCC
ranged from 8 to 40 points with a mean score of
29.9+9.2 and on LEF scores ranged from 12 to
40 points with a mean score of 35.9 4+ 6.0.

Association of SCC with thalamic and cortical gray
matter volumes

Linear regression supported a relationship between
SCCs and normalized thalamic and cortical gray

Table 1. Patient population and demographics.

matter volumes after controlling for disease duration,
age, gender, depression and fatigue. Greater self-
reported SCCs was associated with smaller thalamic
volumes, t;s0=2.406, P=0.017. Independent of the
covariates, SCC accounted for a modest amount of
variance on thalamus/intracranial volume, partial
*=0.038 (see Figure 1). Similarly, greater SCCs
was associated with smaller cortical gray matter
after accounting for covariates, t;50=2.777,
P =0.006, partial *=0.050 (Figure 2).

SCC was not significantly associated with any other
ROIs after controlling for covariates. By compari-
son, LEF short form scores were not significantly
associated with any ROIs that we examined (all
P >0.05) (see Table 2).

Discussion

SCCs have been little studied in MS. Our results
suggest a possible association between self-report
SCCs and reduced volume of thalamic and cortical
gray matter accounting for 3.8% of the variance in
thalamic volume and 5.0% of the variance in corti-
cal gray matter volume. Reduced thalamic’ and
cortical gray matter® volumes have been implicated
in objective cognitive impairment in MS. Certain
cognitive domains feature prominently in the
Neuro-QoL GCC short form section used in our
study as a marker of SCC, including processing
speed, attention and episodic memory. Objective
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Subjective Cognitive Concerns and Thalamic Volume
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Thalamus/ICV Residual
(Controlling for age, disease duration, gender, depression & fatigue)
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Neuro-QoL: General Cognitive Concerns Total Raw Score

Figure 1. Standardized residuals of thalamic volume, controlling for covariates, regressed on general cognitive con-

cerns score.

Cortical Gray Matter/ICV Residual

2.5 T T T

Subjective Cognitive Concerns and Cortical Gray Matter Volume

8 12 16 20
Neuro-QoL: General Cognitive Concerns Total Raw Score

(Controlling for age, disease duration, gender, depression & fatigue)

T T T T 1

24 28 32 36 40

Figure 2. Standardized residuals of cortical gray volume, controlling for covariates, regressed on general cognitive

concerns score.

measures of cognitive performance in patients
with MS have shown an association of both reduced
cortical gray matter and thalamic volumes with
slowed cognitive processing speed”’ and an associ-
ation of reduced thalamic volume with reduced epi-
sodic memory performance.*® To our knowledge,
our study is the first to show an association between
increased SCCs and reduced volumes in ROIs
that have correlated with objective cognitive dys-
function in MS. Still, not all ROIs implicated in
cognitive dysfunction in MS reached significance
in our study including amygdalae, hippocampi and
basal ganglia.

In MS, as in other neurological disorders that can
cause cognitive impairment, SCCs have not clearly
correlated with objective cognitive impairment
on neuropsychological testing,'”'® and there are
conflicting data.'® Our study suggests a relationship

between SCCs and changes on volumetric imaging,
lending possible neuro-anatomical significance to
self-report SCCs and patients’ subjective experien-
ces as well as to the use of Neuro-QoL as an eval-
uation tool. Further research will be needed to
explore differences between patients who report
SCCs with or without objective impairment on neu-
ropsychological testing and the volumetric patterns
of these groups.

Two previous studies reported on the association
between SCC and brain volumes in MS. A 2006
study by Benedict and Zivadinov,'” which used
MSNQ to evaluate SCC, showed no association
between self-report SCC and MRI outcomes but
did show an association between informant-report
SCC and increased T1 and T2 lesion volume and
reduced whole brain parenchymal fraction. There
are likely to be a number of reasons why that
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study did not show an association between self-
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The most prominent limitation of our study is the
lack of objective cognitive testing, which limits our
ability to understand the relationship of SCCs to
objective cognitive impairment which is planned in
future work. While SCCs may therefore capture a
subset of patients with objective impairment, the
lack of clear correlation of SCCs to objective cogni-
tive impairment on neuropsychological testing'”'®
may lend support to SCCs existing separate from
or prior to objective impairment. Other limitations
of our study include not differentiating between
different MS subtypes and lack of other imaging
analyses such as brain parenchymal fraction and
T2 lesion volume load. Our effect size was also
modest probably for a number of reasons. While
most research studies that investigate brain volume
with MRI use more time-consuming volumetric
analysis such as SIENAX and FIRST, we employed
the fully automated NeuroQuant image processing
pipeline that did not require significant human
post-processing.

It is challenging to study subjective concerns,
which are based entirely on patients’ subjective
report adding another layer of variability; subjective
human experience in its uniquely individual nature is
beyond standardization. Self-report SCCs may also
be confounded by a host of other factors including
depression, anxiety and fatigue. Deficits of insight
into cognitive impairment, or in a person’s ability to
think about their own thinking, metacognition,
may have different patterns of injury or be related
to more advanced impairment. This may account for
the greater variability at the extremes whereby a
highly functioning patient with nearly intact cogni-
tion will report subjective impairment due to decline
from a previous baseline that may not be detectable
in any structural changes, while another patient with
advanced pathological impairment may not be aware
of or accurately report their subjective deficits;'® this
may explain the variability of thalamic volumes at
the extremes of patient reported scoring of cognitive
concerns (see Figure 1).

We expected our comparator, LEF, to relate to some
motor ROIs such as cortical white matter volume but
did not find our comparator to relate to any ROIs.
The NeuroQuant software may not be as accurate at
detecting cortical white matter volume as it is at
calculating certain gray structures such as the thala-
mus given their more clearly delineated borders and
centralized location. Also, the spinal cord, which
contributes significantly to lower extremity disabili-
ty in MS, was not included in our analysis.

Alternatively, in our sample, patients had higher
scores on LEF than on GCC indicating a lesser
degree of subjective lower extremity dysfunction
perhaps making it more challenging to associate
this subjective dysfunction with neuroanatomi-
cal changes.

Despite these limitations, our study may lend neuro-
anatomical significance to patient-reported SCCs by
associating them with reduced thalamic and cortical
gray matter volumes, regions that have been shown
to correlate with objective measures of cognitive
dysfunction in MS.
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