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Abstract

Background: Fatigue is associated with reduced quality of life and social participation, and poor employ-
ment outcomes. However, most studies examining fatigue are limited by small sample sizes or short
follow-up periods.

Objective: To characterize the natural history of fatigue.

Methods: The North American Research Committee on Multiple Sclerosis Registry participants with >7
years of longitudinal data between 2004 and 2019 and a relapsing disease course were included. A subset
of participants enrolled within 5 years of diagnosis was identified. The Fatigue Performance Scale assessed
fatigue and >1-point increase in Fatigue Performance Scale sustained at the next survey defined fatigue
worsening.

Results: Of 3057 participants with longitudinal data, 944 were within 5 years of multiple sclerosis diag-
nosis. Most participants (52%) reported fatigue worsening during follow-up. Median time to fatigue wor-
sening ranged from 3.5 to 5 years at lower levels of index fatigue. Fatigue worsening was associated with
lower annual income, increasing disability, lower initial fatigue level, taking injectable disease-modifying
therapies and increasing depression levels in the relapsing multiple sclerosis participants.

Conclusion: Most multiple sclerosis participants early in their disease suffer from fatigue and at least half
reported fatigue worsening over time. Understanding factors associated with fatigue may help to identify
populations most at risk of fatigue worsening will be informative for the overall management of patients
with multiple sclerosis.
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Introduction
Multiple sclerosis (MS) is associated with many
symptoms, but fatigue is one of the most debilitating

some limited pharmacologic interventions, fatigue
remains an issue.'®!!

symptoms experienced by individuals with MS,
affecting 50%—8% of individuals.'™ Up to 69% of
patients describe fatigue as their worst symptom.®’
Fatigue, often defined as an overwhelming sense of
tiredness, lack of energy, and feeling of exhaustion,
is multidimensional in nature, encompassing physical
and cognitive aspects, and can be influenced by mul-
tiple factors.®” MS-related fatigue is adversely asso-
ciated with walking ability, health-related quality of
life (QoL), depression, anxiety and social participa-
tion.” Despite the availability of behavioral and

Longitudinal studies on fatigue in MS are limited, but
most showed a high proportion of individuals with
persistent fatigue.”'*"'* One study found no associ-
ation between the change in fatigue score and the
change in disability measured by Expanded
Disability Status Scale (EDSS)."* Two other studies
found that patients who were fatigued at baseline
were not more likely than non-fatigued patients to
have progression in their disability.'>'® However,
these studies followed individuals for only 1-3
years and were conducted in relatively small
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cohorts. In contrast, a study of 134 individuals
enrolled in a two-year clinical trial of interferon
beta-la found that those with worsening fatigue
during the initial two years had greater progressive
brain atrophy over the following six years.!” Given
the varied association of fatigue with poor outcomes,
a better understanding of the natural history of fatigue
and the factors associated with fatigue worsening
would be useful to identify when fatigue indicates
someone is at risk for poor outcomes. Thus, we
aimed to characterize the natural history and worsen-
ing of fatigue in MS in people with MS in a larger
cohort with a longer duration of follow-up.

Methods

Study population

The North American Research Committee on
Multiple Sclerosis (NARCOMS) registry is a self-
report registry for persons with MS. Since 1996, the
registry has collected self-reported demographic and
clinical information. Participants complete an enroll-
ment survey and update their information semi-
annually thereafter. The diagnoses of MS and
outcome measures used in the registry have been vali-
dated.'®2°

This analysis included participants who were enrolled
in the NARCOMS Registry, lived in the United
States, reported physician-confirmed MS diagnosis
with a relapsing initial course (RMS), and had at
least 7 years of follow-up with at least 50% of their
follow-up surveys completed to have sufficient
follow-up to capture changes in fatigue over time.
Additionally, participants included had a fatigue
score for the initial survey. To better understand the
natural history of fatigue in participants from MS
diagnosis, we identified participants in this cohort
who were enrolled in the NARCOMS Registry
within five years of their MS diagnosis (early RMS
cohort). Data from semi-annual surveys between
2004 and 2019 were utilized for this analysis and
the maximum follow-up possible was 15 years.

Standard protocols, approvals and consents

Participants permit the use of their de-identified infor-
mation for research purposes. The NARCOMS regis-
try is approved by the Institutional Review Board at
UT Southwestern. The datasets presented in this
article are not publicly available because the datasets
generated and analyzed for this study are held by the
NARCOMS Registry (https:/www.narcoms.org).
Requests to access the datasets should be directed to
MSregistry@narcoms.org. The statistical analysis

plan for this work was not registered prior to being
conducted.

Participant characteristics

At enrollment, participants reported date of birth, sex,
race and ethnicity, education, age at onset of MS
symptoms and diagnosis, and MS clinical course.
Race and ethnicity were categorized as White or
non-White due to the small number of participants
in the African American, Asian, Hispanic and
Latino, and other racial and ethnic categories. We
categorized education level as>high school/GED or
not.

Disability

The Patient Determined Disease Steps (PDDS) is a
single-item measure of disability with response
options ranging from 0 (normal) to 8 (bedridden). It
correlates highly with a physician-scored EDSS
score.’’ The PDDS is collected in every survey
including enrollment from participants.

Fatigue

The Fatigue Performance Scale (FPS) is a single-item
measure used to assess fatigue impairment in the past
month. Participants evaluate their level of fatigue by
selecting one of six levels: normal fatigue (0) where
there are no limitations on activity or lifestyle,
minimal fatigue (1), mild fatigue (2), moderate
fatigue (3), severe fatigue (4) that forces the partici-
pant to modify their daily activities every day, or
total fatigue disability (5), where fatigue prevents
the participant from doing many of their daily activ-
ities. It is a psychometrically validated scale to
measure fatigue levels in patients with MS with the
FPS demonstrating a strong correlation with the
Modified Fatigue Impact Scale (r=0.72), Fatigue
Severity Scale (r=0.75) and the PROMIS Fatigue
measure (r = 0.83), thereby indicating concurrent val-
idity.">**?* The FPS also demonstrated construct val-
idity.?>** Fatigue worsening was defined as at least a
I-point increase in the FPS sustained at the next
survey.

Data analysis

We summarized participant characteristics using
means (SD), median (interquartile range), and fre-
quency (percentage). The index fatigue level was
the FPS at the first survey available for a participant.
Comparisons between index fatigue levels of fatigue
or those with and without fatigue worsening were
evaluated using analysis of variance (ANOVA),
Kruskal-Wallis test, as appropriate, for continuous
variables and chi square test for categorical variables.
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Factors associated with fatigue worsening were exam-
ined using the Kaplan—Meier method and multivari-
able Cox proportional hazards regression models.
Total fatigue at index (FPS=5) was excluded as wor-
sening was not possible at this level. We evaluated the
following baseline characteristics determined a priori:
age at MS diagnosis (years, continuous), White race
(non-White race as a reference group, binary), female
sex (male sex as reference group, binary), income>
$50,000 annually (income <$50,000 annually reference
group, binary), education level (< high school diploma
or GED reference group, binary), disease-modifying
therapy used at index (none, injectable, infusion and
oral), and PDDS at index (ordinal). We assessed the pro-
portional hazards assumptions using an interaction term
between each factor in the model and log(time), with
time defined as the time from the index date to worsen-
ing or the end of follow-up. A sensitivity analysis was
conducted including depression (ordinal) from enroll-
ment due to an increased amount of missing data at
index because the scale was not consistently included
early in the registry surveys. Variable selection was con-
ducted a priori and informed by literature review.
Hazard ratios (HR) and their 95% confidence interval
(95%CI) are presented. The significance level was set
at 0.05. Statistical analyses were conducted using SAS
V9.4 (SAS Institute Inc., Cary, NC).

Results

Participants

As of December 31, 2019, over 12,000 RMS partici-
pants enrolled in the NARCOMS Registry had at least
one follow-up survey between 2004 and 2019. Of
those, 3057 had an initial FPS score and completed
at least 50% of surveys for at least 7 years of
follow-up (Figure 1). Participants had a mean (SD)

NARCOMS participants completing at least one follow-up
between 2004-2019
N=12,166

Enrolled for 7 years or longer
N=4,404

Had the Fatigue Performance Scale and completed >50% of surveys
N=3,057

RelapsingMS and a disease duration of <5 years at enrollment
N=944

Figure 1. Participant disposition.

age at their index survey of 49.8 (10.1) years and
most were female (80.2%) and White (88.9%,
Table 1). The average age at diagnosis was 40.3
(9.9) and the median (25th, 75th) PDDS level at the
index was Moderate Disability (Minimal Disability,
Late Cane). Most participants reported some fatigue
with only 8.6% of the participants reporting normal
fatigue levels. Increasing fatigue was associated
with increasing age, disease duration and disability
level and depression at enrollment (all p<0.001,
Table 1). Gender, education level, DMT, relapses
and employment were also associated with fatigue
while race was not (Figure 2).

Fatigue at time of MS diagnosis

Of the 3057 participants, 944 (30.9%) participants
enrolled within 5 years of the MS diagnosis and had
a relapsing disease course, thus allowing for a more
homogeneous characterization of the natural history
from MS diagnosis. The early RMS cohort was also
mostly female (83.5%) and White (87.5%) and had
a mean (SD) age of 455 (9.7, Table 2
and Supplemental Table 1). The average age at diag-
nosis was 42.6 (9.5) and had a median disability of
Mild Disability (Minimal Disability, Early Cane). A
large proportion of participants in the early RMS
cohort reported some level of fatigue (90.6%,
Supplemental Table 1).

Fatigue worsening

Within the early RMS cohort, 491 (52%) reported
worsening fatigue that was sustained over the
follow-up period. The median length of follow-up in
this cohort of 8 (2.5, 11.5) years. A majority of parti-
cipants at lower levels of fatigue at the index had a
higher proportion of worsening fatigue (Normal,
69.7%; Minimal, 71.4%) over follow-up while Mild
Moderate and Severe levels of fatigue had a lower
proportion of participants (60.9%, 57.4%, and
20.6%, respectively) with fatigue worsening (trend p
<0.0001).

The time to fatigue worsening increased for each level
of index fatigue where the median (25th percentile,
75th percentile) time to worsening in those with no
fatigue at index was 3.5 (2.5, 6.0) years and 4.0
(2.0, 5.0) years in those with minimal fatigue.
Participants with mild fatigue at index had a median
time of 5.5 (4.0, 9.0) years to fatigue worsening
while those with moderate fatigue had a median
time of 8.0 (6.0, 11.5) years (Figure 3). Multiple
factors were associated with a faster rate of fatigue
worsening in the multivariable Cox regression ana-
lyses (Table 3), including disability level, disease-
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Figure 2. Proportion of fatigue levels within the cohort participant characteristics. (A) gender, (B) race, (C) education level,
(D) disease-modifying therapy, (E) relapse in the past 6 month, (F) employment status in the past 6 months. The percentage
shown is based on the distribution of the Fatigue Performance scale by each level of the participant characteristic.

modifying therapy type, annual income, and index
fatigue level (p<0.001). Increasing disability level
was associated with a 9.5% increased hazard of
fatigue worsening (HR (95%CI): 1.10 (1.04, 1.15), p
=0.0005). Compared to those on injectable disease-
modifying therapies, participants on oral therapies or
no DMT had a reduced hazard of fatigue worsening
while those participants on an infusion DMT were not
statistically significantly different (Oral: 0.49 (0.305,
0.797), p=0.004; No DMT: 0.29, (0.215, 0.395), p<
0.0001; Infusion: 1.03 (0.7640, 1.396), p=0.834).
Annual household income greater than $50,000 was
associated with a 30.5% decreased hazard of fatigue
worsening (p =0.026). No association was observed
for age, race, sex, and education level with worsening
fatigue. Sensitivity analyses which included depression

level at enrollment were consistent, and showed an asso-
ciation between increased depression and worsening
fatigue (HR (95%CI): 1.117 (1.014, 1.230), p=0.025).

Discussion

In this longitudinal study involving 3057 participants
we found over 90% of participants reported fatigue.
Using over 15 years of longitudinal fatigue data, we
observed that over time participants with lower
reported fatigue levels initially worsened over 3.5—
5.5 years. Fatigue worsening was associated with
the lower initial fatigue level, lower total annual
income, increasing disability, taking injectable
disease-modifying therapies and increasing depres-
sion levels in the relapsing MS participants.
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Table 2. Early RMS participant characteristics overall and by fatigue worsening.
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Figure 3. Fatigue worsening in early relapsing multiple sclerosis.

Early in the RMS disease course, a high proportion of
participants reported at least minimal fatigue and
72.8% had mild fatigue or greater (i.e., similar to
not considering borderline fatigue levels as fatigued
with the FSS). This is consistent with other studies
showing that fatigue is reported early and in a high
proportion of persons with MS (36%—78%).*
While literature estimates of individuals with MS
who have fatigue have a wide range—possibly due
to variation in study methodology, regional differ-
ences and fatigue assessments used, our estimates
are within the range of reported estimates.

The rich longitudinal data in the NARCOMS Registry
allowed us to characterize fatigue over time.
Importantly, we observed over half of the participants
early in their MS diagnosis reported worsening of
their fatigue and the median time to worsening
fatigue ranged between 3.5 and 5.5 years. Prior longi-
tudinal studies showed that fatigue persisted at con-
stant levels but was generally of 1-3 years duration.
Our findings suggest that follow-up in excess of 5
years may be needed to fully understand the evolution
of fatigue in people with MS. One study examined
change over a 10-year period and found no statistic-
ally significant change in fatigue. Yet, the study cap-
tured fatigue at only two time points, used

dichotomized fatigue levels and included a smaller
number of persons with MS (n=96), all of which
limited power to detect change over time.”> Over
shorter time periods, efforts have focused on charac-
terizing patterns of fatigue changes.”*?’

We observed an association between worsening
fatigue for those on an injectable DMT compared to
those not taking a DMT or those on oral DMTs.
Yet, the time frame of our study and the amount of
follow-up needed for inclusion in the analysis,
results in a limited number of DMTs other than inject-
able DMTs and the results regarding oral DMTs
should be interpreted with caution. An older study
showed no differences in fatigue or changes in
fatigue over a year between those on injectable
DMTs and those not taking a DMT.*® Our results
may differ from this study due to differences in the
underlying measure of fatigue used, sample size, or
length of follow-up. Clinical trial outcome data and
their association with fatigue would be helpful for
understanding the effect of DMTs on fatigue.

Other studies have also reported baseline fatigue level
being associated with changes in fatigue®*® however,
disability level has been inconsistently associated
with fatigue.'>!519231 After adjusting for multiple
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Table 3. Factors associated with worsening fatigue based on multivariable Cox regression.
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factors, there was an association between increasing
disability and fatigue worsening. Little information
is known regarding the association of socioeconomic
status with fatigue, except that fatigue has been shown
to be associated with economic outcomes in persons
with MS mainly with respect to employment and
should be considered as an area of future research.?*
The association between depression and fatigue has
been studied frequently and similar to many of
those studies we found a moderate association
between depression and fatigue reported among
participants. '>-*%-2

Our study is not without limitations. The NARCOMS
Registry is a voluntary registry for persons with MS
and participants in the NARCOMS registry may not
be fully representative of the MS population. The
mean age of the NARCOMS cohort is similar to the
peak prevalence of MS in the US, however, represen-
tation of diverse racial/ethnic populations is limited in
the registry.>> We used a single-item scale with a
6-month recall period to measure global MS fatigue
in our participants and it may not capture daily fluc-
tuations or specific domains of fatigue as well as
other measures. Yet, the NARCOMS Registry has
used the validated FPS longitudinally since 2004
and the FPS strongly correlates with the MFIS and
FSS.?* Fatigue worsening was defined as at least a
1-point sustained change in the FPS, for which the
minimally important difference has not been deter-
mined. However, the FPS validation study showed a
linear relationship with the MFIS (MFIS=17.8+
FPS X 10.6) where each level of the FPS corresponds
to approximately 10 points on the MFIS suggesting a
1-point change likely corresponds to a meaningful
change in fatigue using the FPS.** Last, we did not
systematically capture treatment for fatigue.
However, the use of medications for MS fatigue is
low and limited treatments for fatigue are available
with evidence that exercise and cognitive-behavioral
therapy may be effective but minimal high-quality
evidence for medication use.''**

While many previous studies have shown fatigue per-
sists over time, we found that fatigue worsening
occurred frequently but often required a long
follow-up time to observe these changes than most
studies examine. As most individuals will experience
fatigue worsening over time, there is a need for treat-
ment management plans to address fatigue, which
leads to greater social participation, higher QoL and
employment. Individuals of lower SES and fatigue
levels are at particular risk of worsening fatigue and
warrant support from clinicians. Understanding

factors associated with fatigue may help to identify
populations that are most informative for future
fatigue clinical trials.
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