E.M. Mowry, MD

A. Beheshtian, MD

E. Waubant, MD, PhD

D.S. Goodin, MD

B.A. Cree, MD, PhD,
MCR

P. Qualley, MA

R. Lincoln, BS

M.F. George, BA

R. Gomez, BS

S.L. Hauser, MD

D.T. Okuda, MD

D. Pelletier, MD

Address correspondence and
reprint requests to Dr. Ellen M.
Mowry, University of California,
San Francisco, UCSF Multiple
Sclerosis Center, 350 Parnassus
Ave., Suite 908, San Francisco,
CA 94117
ellen.mowry@ucsf.edu

Supplemental data at
www.neurology.org

1760

Quality of life in multiple sclerosis is

associated with lesion burden and brain
volume measures

ABSTRACT

Background: Health-related quality of life (HRQOL) is reduced in multiple sclerosis (MS). It is un-
clear whether HRQOL is associated with white matter lesion burden or measures of brain atrophy.

Methods: A cross-sectional baseline analysis of 507 patients with MS in a prospective cohort
study at the University of California, San Francisco was performed. Multivariate linear regression
models were used to determine whether MRl measures were associated with the Emotional Well-
Being and Thinking/Fatigue subscale scores of the Functional Assessment in Multiple Sclerosis, a
validated HRQOL measure in MS. The difference in each MRI metric associated with a minimal
clinically important difference in each HRQOL subscale was calculated.

Results: Higher T1 lesion load (15 mL; p = 0.024), normalized T1 lesion volume (20 mL; p =
0.016), or T2 lesion load (25 mL; p = 0.028) was associated with worse scores for Emotional
Well-Being. Meaningfully lower scores on this subscale were correlated with lower normalized
gray matter volume (118 mL; p = 0.037). Reduced Thinking/Fatigue scores were associated with
higher normalized T1 lesion volume (21 mL; p = 0.024), or T2 lesion load (22 mL; p = 0.010) and
with lower normalized gray matter (87 mL; p = 0.004), white matter (85 mL; p = 0.025), or brain
parenchymal (98 mL; p = 0.001) volume.

Conclusions: Aspects of health-related quality of life (HRQOL) in multiple sclerosis are associated
with MRI evidence of white matter lesions and brain atrophy. These findings strengthen the argu-
ment for the use of HRQOL outcome measures in trials and suggest that lesion burden on conven-
tional MRl is important for HRQOL. Neurology® 2009;72:1760-1765

GLOSSARY

CIS = clinically isolated syndrome; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; EWB =
Emotional Well-Being; FAMS = Functional Assessment in Multiple Sclerosis; FOV = field of view; HRQOL = health-related
quality of life; IQR = interquartile range; IRSPGR = inversion recovery spoiled gradient-recalled; PASAT = Paced Auditory
Serial Addition Test; PPMS = primary progressive multiple sclerosis; PRMS = progressive relapsing multiple sclerosis; MS =
multiple sclerosis; MSFC = Multiple Sclerosis Functional Composite; nBPV = normalized brain parenchymal volume; NEX =
number of excitations; nGMV = normalized gray matter volume; nT1LV = normalized T1 lesion volume; NnWMV = normalized
white matter volume; RRMS = relapsing-remitting multiple sclerosis; SPMS = secondary progressive multiple sclerosis; TE =
echo time; Tl = inversion time; TF = Thinking/Fatigue; TR = repetition time; UCSF = University of California, San Francisco.

Measures of health-related quality of life (HRQOL) are considered more comprehensive in
capturing the overall impact of multiple sclerosis (MS) than physical disability scales such as
the Expanded Disability Status Scale (EDSS).! As a result, the US Food and Drug Administra-
tion now mandates the incorporation of HRQOL measures into MS clinical trials.?

It is postulated that irreversible neuroaxonal loss, which begins in the early stages of MS and is in
part independent of new lesion formation,*>” may be the primary contributor to disease progression.
Although patients with early MS often have normal or only mildly abnormal neurologic examina-

tions, they often report reduced HRQOL scores.!* We hypothesized that such reduced HRQOL
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may be related to neurodegeneration in MS. As
such, we sought to determine whether there is
an association between aspects of HRQOL, spe-
cifically emotional well-being and thinking and
fatigue, and disease burden as assessed by high-
resolution MRI techniques. Establishing such
an association would further support the use of
patient-reported HRQOL outcomes in MS
trials.

METHODS Research participants. The protocol was ap-
proved by the Committee on Human Research at the University
of California, San Francisco (UCSF), and informed consent was
obtained from all participants. White (Hispanic and non-
Hispanic) patients aged 18—70 years with an EDSS score less
than 8.0 were recruited for inclusion in this study between July
2004 and September 2005, primarily from the UCSF Multiple
Sclerosis Center. The diagnosis of MS or clinically isolated syn-
drome (CIS) was required and was made using the International
Panel criteria.”!° CIS was defined as the first well-defined neuro-
logic clinical demyelinating event lasting more than 48 hours. In
patients presenting with CIS, the brain MRI had to meet three
of four Barkhof criteria.!® Patients were not enrolled if they had
experienced a clinical relapse or had received treatment with glu-
cocorticosteroids within the previous month, if they were partic-
ipating in a study of nonapproved medications for MS, or if they
were unable to undergo MRI. Patients with medical conditions
that could put them at risk by participating in the study or who

had recently abused drugs or alcohol were also excluded.

Clinical and laboratory assessments. For all subjects, the
baseline EDSS and Multiple Sclerosis Functional Composite
(MSFC) scores were measured.'"'2 Additional data included age
at disease onset and at enrollment, sex, disease subtype, disease
duration, and treatment status (use of disease-modifying therapy
[DMT] at the time of study).

Health-Related Quality-of-Life assessment. To assess as-
pects of HRQOL, the Emotional Well-Being and Thinking/
Fatigue subscales of the Functional Assessment in Multiple
Sclerosis (FAMS)'? version 4 were administered within 2 weeks
of the brain MRI scans. The FAMS is a validated HRQOL in-
strument that uses self-assessment based on how well patients
agree with statements about aspects of quality of life in the past 7
days. Scores ranging from 0 (not at all) to 4 (very much) were
assigned to the Emotional Well-Being (seven questions) and
Thinking/Fatigue (nine questions) sections. The raw scores of
negatively worded questions, per the protocol, were reversed so
that higher item and subscale scores reflected better HRQOL."
Subscale summary scores were generated based on the answers to
the questions; the possible range for Emotional Well-Being was
therefore 0 to 28 (with 28 reflecting the best possible score),
whereas for Thinking/Fatigue, the scores range from 0 to 36

(with 36 reflecting the best possible score).

MRI protocol. Image acquisition. Brain MRI scans were
performed in all subjects after entry into the study, and analyses
were performed without knowledge of disease subtype, duration,
treatment history, or performance on HRQOL measures. MRI
images were acquired using an eight-channel phased array coil in
reception and a body coil in transmission on a 3-tesla GE Excite
scanner (GE Healthcare Technologies, Waukesha, WI). Each
MRI examination included scout localizers and axial dual-echo

spin echo sequences (echo time [TE] at 20 and 90 msec, repeti-
tion time [TR] = 2,000 msec, 512 X 512 X 44 matrix, 240 X
240 X 132-mm?® field of view [FOV], slice thickness = 3 mm,
interleaved). A high-resolution inversion recovery gradient-echo
T1-weighted isotropic, volumetric sequence (three-dimensional
inversion recovery spoiled gradient-recalled (IRSPGR) 1 X 1 X
1 mm?, 180 slices) was also performed (TE/TR/inversion time
[TI] = 2/7/400 msec, flip angle = 15° 256 X 256 X
180 matrix, 240 X 240 X 180-mm?> FOV, number of excitations
[NEX] = 1). Conventional spin echo, T1-weighted images were
acquired 5 minutes after administration of a single dose (0.1
mM/kg) of contrast agent (TE/TR = 8/467 msec, 256 X 256
X 44 matrix, 240 X 240 X 132-mm?® FOV, NEX = 1).

Lesion identification. Brain lesions were identified on the
baseline high-resolution T1-weighted, T2-weighted, and proton
density—weighted images. Regions of interest were manually
drawn on the high-resolution three-dimensional IRSPGR T1-
weighted images based on a semiautomated pixel intensity
threshold with manual editing, using in-house software, and T'1
lesion masks were created.'*

Brain tissue segmentation and normalization. Brain seg-
mentation and normalization were performed using SIENAX
(Image Analysis Group, Oxford, UK), a fully automated tech-
nique. T1 lesion masks (described above) were incorporated into
the SIENAX program to correct for misclassifications of paren-
chymal tissue while high-resolution T1-weighted images were
segmented into images representing the volume of each voxel
containing gray matter, white matter, CSF, and white matter
lesions. The lesion masks overrode all SIENAX tissue classifica-
tions. Normalized tissue volumes were calculated by summing
the lesion-corrected, partial volume estimate maps, multiplied by
the brain scaling factor calculated by the SIENAX program
yielding the following metrics: normalized T1 lesion volume
(nT1LV), normalized white matter volume (nWMYV), normal-
ized gray matter volume (nGMYV), normalized brain parenchy-
mal volume (nBPV), and nT1LV/nWMV.

Statistical analyses. Calculations and statistical analyses were
performed using Stata 10.0 statistical software (StataCorp, Col-
lege Station, TX). Means £ SDs or medians (with interquartile
ranges) were used to summarize demographic and clinical data.
Linear regression models were used to examine the relation be-
tween HRQOL scores and MRI predictors of interest. Based on
estimates from the literature, we used the Cohen formulation of
the (standardized) effect size, a method in which a standardized
effect size of 0.20 is deemed a “small” effect size, which can be
considered the equivalent of the minimal clinically important
difference.” The standardized effect size is multdiplied by the
baseline SD of the HRQOL scale/subscale score to obtain a cor-
responding effect size on the actual scale. Using the standard
deviations obtained here for Emotional Well-Being (4.85) and
for Thinking/Fatigue (8.63), the corresponding minimal clini-
cally important differences were calculated to be 0.97 and 1.73
points. We then determined the difference in each individual
predictor (MRI parameter) that was associated with the minimal
clinically important difference on these subscales and, from this,
rescaled each predictor. We generated new linear regression
models and calculated the 95% confidence interval (CI) sur-
rounding these rescaled regression lines. Rather than using auto-
mated methodologies, we added covariates to the multivariate
models that were considered as potential confounders a priori or
were necessary for face validity, including age at enrollment, sex,
disease duration, and DMT status. Treatment was considered

important because DMTs have, in some MS studies, indepen-
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Table 1 Demographic characteristics of the
study cohort (n = 507)

Age at disease onset, mean = SD, y 33+9
Age at study entry, mean = SD, y 43 +10
Disease duration, median (IQR), y 6(<1to37)
Female, no. (%) 344 (68)
Clinical subtype, no. (%)
cis 82(16)
RRMS 358(71)
SPMS 48(9)
PPMS or PRMS 19(4)
EDSS, median (IQR) 1.5(0to6.5)

MSFC Z score, median (IQR) 0.2(-2.7to1.1)

PASAT 0.3(-3.7t01.2)
Nine-hole peg test 01(-2.5t01.9)
Timed 25-ft walk -0.2(-0.6t07.4)

No. (%) on disease-modifying therapy = 289 (57)

IQR = interquartile range; CIS = clinically isolated syndrome;
RRMS = relapsing-remitting multiple sclerosis; SPMS = sec-
ondary progressive multiple sclerosis; PPMS = primary pro-
gressive multiple sclerosis; PRMS = progressive relapsing
multiple sclerosis; EDSS = Expanded Disability Status Scale;
MSFC = Multiple Sclerosis Functional Composite; PASAT =
Paced Auditory Serial Addition Test.

dently predicted HRQOL.'*"” Disability and disease subtype
appeared to be mediators (part of the causal pathway between
the MRI predictor and the outcome) rather than confounders
and were therefore not included in the final multivariate models
because to do so would represent overadjustment for the partic-
ular research question. Mediation was assessed using the tech-

nique recommended by Vittinghoff et al.'®

RESULTS Five hundred seven patients whose char-
acteristics are presented in table 1 were enrolled in
the study. The majority had relapsing—remitting MS
(n = 358 patients; 71%) or CIS (n = 82; 16%).
Most patients reported difficulties with both
emotional well-being and thinking and fatigue. The
mean (*SD) score for the Emotional Well-Being
subscale was 22.5 £ 4.9 points; for the Thinking/
Fatigue subscale, it was 23.5 * 8.6 points. The un-

Table 2 MRI characteristics of cohort (baseline)

Parameter (baseline)

Normalized gray matter volume, mL
Normalized white matter volume, mL
Normalized brain parenchymal volume, mL 1,589 = 88
Normalized T1 lesion volume, mL 7+11

Ratio of normalized T1 lesion volume

Mean += SD Median (interquartile range)
975 + 74 981 (750-1,130)
607 + 44 608 (503-719)

1,601 (1,345-1,785)
3(0.05-66)
0.011 +0.020 0.005 (0.00008-0.09464)

to normalized white matter volume

T2 lesion load, mL

T1 lesion load, mL

1762

8+13 3(0.003-71)
4+8 2(0.04-43)
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transformed  distribution of responses to the
questions is presented in table e-1 on the Neurology®
Web site at www.neurology.org. The descriptive sta-
tistics for brain MRI parameters are presented in ta-
ble 2. Five hundred one of the 507 enrolled patients
had a gadolinium-enhanced scan performed; 81

(16%) had at least one enhancing lesion.

Emotional Well-Being. In the univariate analyses (not
shown), worse scores for Emotional Well-Being were
associated with higher T2 and T lesion load as well as
with nT1LV and nT1LV/nWMYV ratio. On the other
hand, substantially better scores for Emotional Well-
Being were predicted by larger nGMV, nBPV, and
nWMV.

The results of the multivariate analyses are shown in
table 3. Higher nGMV was correlated with higher
scores for Emotional Well-Being; clinically important
differences (0.97 points) in this HRQOL subscale were
associated with a 118-mL difference in nGMV. There
was a trend for higher nBPV to correlate with higher
HRQOL scores. There did not appear to be an associa-
tion of nWMYV and Emotional Well-Being, although
the confidence intervals are wide enough that a relation-
ship cannot be completely excluded.

Differences in T'1 and T2 lesion volumes were asso-
ciated with clinically meaningful differences in self-
reported Emotional Well-Being in the multivariate
models (table 4). A 15 mL greater T1 lesion load, a 20
mL greater n'T1LV, or a 25 mL greater T2 lesion load
corresponded to a clinically meaningful reduction in
this aspect of HRQOL. The presence of one or more
contrast-enhancing lesions did not seem to be associ-
ated with this subscale score (0.23 points; 95% CI
—0.94, 1.41; p = 0.70). DMT was not independently

associated with the outcome in any of the models.

Thinking/Fatigue. In the univariate analyses (not
shown), larger nGMV, nWMYV, or nBPV was associ-
ated with substantially better Thinking/Fatigue
scores. Conversely, higher T2 and T1 lesion load,
nT1LV, and nT1ILV/nWMYV ratio were associated
with worse scores for this subscale.

In the multivariate models, higher nBPV,
nGMYV, and nWMYV were strongly related to better
Thinking/Fatigue scores; volumes associated with a
meaningful difference ranged from 85 mL (nWMV)
to 98 mL (nBPV). Because the role of disease subtype
as a mediator in the nGMV and Thinking/Fatigue
model was weaker, we added it to the multivariate
model but found no substantive changes compared
with when it was not in the model (a 93-mL differ-
ence in nGMV predicted a meaningful difference in
Thinking/Fatigue; 95% CI 0.44, 2.81; p = 0.007).

As seen for Emotional Well-Being, small differences

in lesion volume were associated with worse scores for
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Table 3

MRI difference (mL) associated with a

Results of multivariate analyses for MRI predictors of Emotional Well-Being

95% Cl for 0.97-point

Predictor 0.97-point increase in EWB increase in EWB p Value
nGMV 118 0.06,1.89 0.037
nWMV 223 =il Zl, 525 0.40
nBPV 177 -0.10,2.04 0.076
MRI difference (mL) associated with a 95% Cl for 0.97-point
0.97-point decrease in EWB decrease in EWB p Value
Normalized T1 lesion volume 20 -1.76,-0.18 0.016
Normalized T1 lesion volume to normalized 0.04 -1.78, -0.16 0.020
white matter volume ratio
T2 lesion load 25 -1.83,-0.11 0.028
T1 lesion load 15 -1.81,-0.13 0.024

Each row represents one of the multivariate analyses in which the primary predictor was the MRl measure noted in the first
column; covariates included age at onset, sex, and disease-modifying therapy. Each MRI parameter was rescaled after
determining the amount of change in that predictor associated with a 0.97-point difference in the Emotional Well-Being
(EWB) outcome. The rescaled predictor was then used as the primary predictor so that the 95% confidence intervals (Cls)
surrounding these point estimates could be obtained.

nBPV = normalized brain parenchymal volume; nGMV = normalized gray matter volume; '\WMV = normalized white matter volume.

Thinking/Fatigue. A 21-mL (nT1LV) to 22-mL (T2
lesion load) greater lesion burden correlated with a clin-
ically meaningful decrement in Thinking/Fatigue. The
association between the subscale score and T1 lesion
load was somewhat attenuated, and the presence of a
contrast-enhancing lesion was not associated with this
subscale (0.02 points; 95% CI —2.04, 2.07; p = 0.99).
DMT was not independently associated with the out-
come in any of the models.

ity, we demonstrate that patients’ perceptions of how
MS impacts these aspects of health correlate with
both MRI lesion burden and brain volume, in partic-
ular gray matter volume. These associations persisted
independent of treatment status, an important find-
ing because DMTs by themselves have been shown
in some studies to influence HRQOL.'*!7

Brain atrophy in MS is thought to be caused both by

direct axonal damage associated with lesion develop-

DISCUSSION Fatigue and reductions in emotional ~ment and tissue loss accruing independently of new le-

and cognitive health are common in patients with ~ sion development. Atrophy, particularly of the gray
MS, contributing substantially to the impact of the matter, begins early in the course of the disease, when
disease on daily life. In a well-characterized, single-  changes in the clinical examination, except as related to

center cohort of subjects with relatively little disabil-  relapses, may be less apparent.*”!** Neuroaxonal loss,

Table 4 Results of multivariate analyses for MRI predictors of Thinking/Fatigue

MRI difference (mL) associated
Predictor with a 1.73-point increasein TF 95% Cl for 1.73-point increase in TF  p Value
nGMV 87 0.56,2.90 0.004
nWMV 85 0.22,3.24 0.025
nBPV 98 0.70,2.76 0.001

MRI difference (mL) associated = 95% Cl for 1.73-point

with a 1.73- point decrease in TF  decrease in TF p Value
Normalized T1 lesion volume 21 -3.23,-0.23 0.024
Normalized T1 lesion volume to normalized 0.04 -3.34,-0.12 0.036
white matter volume ratio
T2 lesion load 22 -3.05, -0.41 0.010
T1 lesion load 19 -3.58,0.12 0.066

Each row represents one of the multivariate analyses in which the primary predictor was the MRI measure noted in the first
column; covariates included age at onset, sex, and disease-modifying therapy. Each MRI parameter was rescaled after
determining the amount of change in that predictor associated with a 1.73-point difference in the Thinking/Fatigue (TF)
outcome. The rescaled predictor was then used as the primary predictor so that the 95% confidence intervals (Cls) sur-
rounding these point estimates could be obtained.

nBPV = normalized brain parenchymal volume; nGMV = normalized gray matter volume; nWMV = normalized white matter
volume.
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a major contributor to atrophy, is thought to underlie
the long-term development of disability in patients with
MS. Neuroaxonal loss seems to have a more prominent
effect on gray matter than on white matter volume, be-
cause reductions in gray matter volume are prominent
early in the disease course and increase as the duration
of the disease increases, whereas the rate of white matter
atrophy is much lower and relatively constant.'*?! Re-
duced gray matter volume has been shown to be associ-
ated with long-term disability.?*?* The strong
association of Emotional Well-Being and Thinking/
Fatigue scores and atrophy, particularly with nGMYV,
together with the strong association of atrophy and neu-
roaxonal loss, implies that neuro-axonal loss may be a
contributor to reduced HRQOL in MS. HRQOL out-
comes may therefore represent clinical correlates of this
disease process. These observations strengthen the ratio-
nale for incorporating HRQOL instruments into MS
clinical trials, particularly of those in which the preven-
tion of disability with putative neuroprotective agents is
the primary outcome measure.

In addition to being associated with atrophy,
Emotional Well-Being and Thinking/Fatigue scores
correlated with lesion load/volume; smaller differ-
ences in lesion volume than in parenchymal volume
correlated with a meaningful difference in the
HRQOL outcomes. These findings are important
because they suggest that even the lesion burden as
assessed on standard clinical MRI may have an im-
portant impact on patients’ well-being. Furthermore,
there is some indication that lesion burden is also
associated with disability.??

Other studies have evaluated the association of
patient-reported fatigue outcomes and MRI features
in MS.?¥3¢ Fatigue was not associated with brain pa-
renchymal fraction in a cross-sectional analysis of
134 patients but was associated longitudinally.?® An-
other study showed that some aspects of HRQOL
could be predicted by lesions or atrophy in specific
anatomic locations in the brain.?” Fatigue in MS and
in other chronic conditions in which it plays a prom-
inent role, such as chronic fatigue syndrome, has
been shown to have imaging correlates on functional
MRI,*"** and in a small study of chronic fatigue syn-
drome, affected patients had less gray matter volume
than healthy controls.*® Although consistent with
these previous reports, the present study demon-
strates stronger associations between global MRI
measures of disease burden and HRQOL. Reduced
cognition, as measured by neuropsychological batter-
ies, has been shown to strongly correlate with brain
atrophy® and lesion burden®®; some studies have
shown that the correlation of cognition is stronger
with the former than with the latter.’”*® The results
of these previous studies support our findings that

Neurology 72 May 19, 2009

self-reported cognitive dysfunction is strongly associ-
ated with brain atrophy.

Despite the large size of this cohort, our work has
some limitations. The original study was not designed
to evaluate overall HRQOL as a primary outcome mea-
sure. As such, some aspects of HRQOL, particularly
those capturing physical and social well-being, were not
evaluated in this cohort and need to be explored in
future studies. Furthermore, because estimates of clini-
cally important differences in the Emotional Well-
Being and Thinking/Fatigue FAMS subscales are not
available in the literature, we used standardized effect
size benchmarks to estimate the minimal clinically im-
portant difference. Although there is good rationale for
such an approach, the responsiveness of these FAMS
subscales needs to be studied longitudinally. In addi-
tion, we cannot conclude that the association between
HRQOL measures and nGMYV is solely related to atro-
phy, because lesions in the cortical gray matter are diffi-
cult to detect on MRI.

A longitudinal analysis in our cohort is currently un-
der way. In addition to assessing the long-term correla-
tion between HRQOL and radiographic burden of
disease, we will also determine whether these HRQOL
subscales predict subsequent brain atrophy and disabil-
ity. In one study, early accumulation of fatigue was a
better predictor of longer-term reductions in brain atro-
phy than the MSFC.¥” Moreover, two small reports
have suggested that some aspects of HRQOL are
weakly associated with subsequent decline in physical
function.® 4 Therefore, further evaluation of HRQOL
as a predictor of MS outcomes should be pursued. If
such predictive value can be established, patient-
reported HRQOL may gain a more prominent role not
only in the research arena, but also in the clinical care of
patients with MS.
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