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Abstract

Introduction: Multiple sclerosis (MS) is a debilitating neurological condition affecting
nearly one million people across the United States. Among the most prominent symp-
toms of the condition are excessive fatigue and daytime sleepiness. Numerous clinical
trials have investigated the efficacy of modafinil in addressing fatigue among these
patients.

Objective: The objective of the present study is to assess the safety and efficacy of
modafinil for the treatment of fatigue in MS.

Methodology: An electronic search of PUBMED, ScienceDirect, and Cochrane Central
was conducted for articles published from inception to December 2023 using search
terms such as “modafinil,” “fatigue,” and “MS.”

Results: Seven studies were included in our analysis. Modafinil leads to a meaningful
reduction in fatigue when compared with placebo, as measured by Modified Fatigue
Impact Scale [mean difference (MD) = —4.42 [-8.01, —.84]; I>= 45%; p = .02] and
Epworth Sleepiness Scale [MD = —.87 [-1.64, —.10]; I?= 0%; p = .03]. Modafinil
also demonstrated a greater risk of precipitating adverse events (e.g., insomnia,
gastrointestinal symptoms) when compared with placebo [RR = 1.30 [1.03, 1.66];
2= 0%; p = .03]. In quality-of-life assessments, modafinil was associated with over-
all improvement in well-being [standardized mean difference = .18 [.01, .35]; I? = 56%;
p=.04].

Conclusion: The data indicates that modafinil confers a therapeutic benefit when
treating fatigue in patients with MS and improves overall quality of life; however, there
is a risk of precipitating adverse events. Ultimately, higher quality of evidence may be

required to better inform clinical management.

KEYWORDS
adverse events, fatigue, MFIS, modafinil, multiple sclerosis, quality of life

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2024 The Author(s). Brain and Behavior published by Wiley Periodicals LLC.

Brain Behav. 2024;14:€3623.
https://doi.org/10.1002/brb3.3623

wileyonlinelibrary.com/journal/brb3 | 10of9


https://orcid.org/0000-0002-3659-4491
https://orcid.org/0000-0002-8392-2072
mailto:trozexa@gmail.com
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/brb3
https://doi.org/10.1002/brb3.3623

. Brain and Behavior
2 | WILEY [Open ccess3

Open Access

1 | INTRODUCTION

Multiple sclerosis (MS) is a debilitating neurological condition that
affects nearly one million people across the United States (Wallin
et al, 2019). This autoimmune condition predominates in women
who present with a variety of neurological symptoms including weak-
ness, numbness, vision symptoms, bladder dysfunction, and severe
generalized fatigue. The majority of patients present with a relapsing-
remitting disease course, which can advance into secondary progres-
sive MS. A less common subtype is primary progressive MS, which
occurs in about 15% of patients. The treatment for MS is primarily
concerned with the use of immunomodulating and immunosuppres-
sive medications, which help reduce inflammation and limit disease
progression; however, these agents often come with a risk of adverse
reactions, including possible infections (Ghasemi et al., 2017). More
recent disease modifying treatments have shown great promise in the
treatment of the disease, with some even striving toward the outcome
known as no evidence of disease activity, which is based on a demon-
stration of low clinical measures or lack of disease symptoms, relapses,
progression, and MRI activity (Newsome et al., 2023). Yet, despite the
present advancements, the symptoms of fatigue and lethargy that are
experienced by those with MS stand as a crucial obstacle in the way
of substantial improvement in the quality of life (QoL) for sufferers
(Braley & Chervin, 2010).

Modafinil, otherwise known as diphenylmethyl-sulfinyl acetamide,
has been proven as an effective agent against daytime fatigue caused
by narcolepsy and obstructive sleep apnea (Battleday & Brem, 2016).
The mechanism of action of modafinil is not yet completely under-
stood; however, it is known to interact with systems of dopamine
and norepinephrine, most likely resulting in the inhibition of reup-
take of the respective catecholamines. As a result of the increase in
overall cortical activity caused by this drug, a large sum of research
has gone into trying to understand its potential for use as a cogni-
tive enhancer and neuroprotective agent, as well as its properties
as a stimulant (Hashemian & Farhadi, 2020). Several studies have
reported the use of modafinil in the treatment of fatigue in MS,
with some even analyzing its effects against other therapeutics such
as L-carnitine, amantadine, and cognitive behavioral therapy. The
comparative safety and efficacy of these treatments, especially with
consideration to cost-friendliness, have been contested (Micke et al.,
2016).

Literature synthesizing data on the treatment of fatigue in MS with
modafinil has been largely limited. A systematic review and meta-
analysis conducted by Shangyan et al. (2018) was able to consolidate
much of the data that were available at the time and found positive
effects of modafinil in decreasing fatigue. The objective of the present
study is to assess the safety and efficacy of modafinil relative to L-
carnitine and placebo for the treatment of fatigue in patients with MS
in light of more recent clinical trials. It serves to provide an update
to the previous review with the consolidation of newer literature as
well as the assessment of a variety of novel outcomes such as over-

all adverse events, QoL, Epworth Sleepiness Scale (ESS), and subgroup
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comparisons, which have not previously been pooled in any other study
as per our knowledge.

2 | METHODS

2.1 | Protocol and registration
The study protocol was registered via Prospero ((CRD42023491372],
submitted on December 5, 2023).

2.2 | Search strategy

This meta-analysis was conducted according to the guidelines estab-
lished by the Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA). An electronic search of PUBMED, Sci-
enceDirect, and Cochrane Central was conducted for articles pub-
lished from inception to December 2023 without any language
restrictions using the following search string: “(Modafinil OR Provigil
OR CRL-40476 OR diphenylmethyl-sulfinyl acetamide) AND (Fatigue
OR Tiredness OR MFIS) AND (Multiple Sclerosis OR MS).” Fur-
thermore, we used pharmaceutical, generic, and trade names of
modafinil to search for additional published and unpublished trials on
clinicaltrials.gov. In addition, previously published meta-analyses were
also screened to identify any suitable studies matching the inclusion

criteria.

2.3 | Study selection

Studies were selected on the basis of the following inclusion criteria:

1. All studies must be controlled clinical trials or randomized con-
trolled trials (RCTs)

2. Multiple-sequence crossover studies must have an appropriate
washout period of at least 2 weeks

3. All study subjects must be diagnosed with MS

4. The experimental group must be administered modafinil as an
intervention

5. Studies must assess relevant quantitative outcomes of fatigue

Studies were excluded from the review on the basis of the following

criteria:

1. Review articles and observational studies

2. Interventions using enantiomers or derivatives of modafinil (i.e.,
armodafinil)

3. Single-arm studies and single-sequence crossover studies

4. Studies where no relevant outcomes of fatigue are assessed

5. Studies ineligible for pooling (featuring comparator groups that
exhibit distinct characteristics not evaluated in any other included

study)
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6. Irrelevant/Animal studies
7. Studies where data could not be retrieved

2.4 | Data extraction and quality assessment

All studies identified by the searches and from additional sources
were uploaded to EndNote to remove duplicates. All studies were
screened by at least two reviewers (SUQ and SG). Disagreements were
resolved via a third reviewer (MF). The remaining literature was com-
piled into an Excel spreadsheet and data were extracted, including
the following study characteristics: name of study, year of publication,
patient/population data, intervention information (dosage, duration,
and measurement period), MS subtype, and outcome information. In
studies employing scaled graphical representations as the primary
means of data expression, quantitative outcomes were extrapolated
through the application of photogrammetry. Additionally, efforts were
made to obtain missing or raw data by contacting the study inves-
tigators when necessary. A risk of bias (RoB) assessment of studies
was completed using the Cochrane RoB tool as well as the JBI crit-
ical appraisal checklist. The quality of evidence was assessed with
the Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE) approach.

2.5 | Outcomes
From the selected studies, the following outcomes of interest were
extracted:

Primary outcomes:

1. Score on the Modified form of the Fatigue Impact Scale (MFIS)

2. Adverse events as defined by the total number of participants expe-
riencing any of the following: vomiting, nausea, insomnia, injury,
poisoning, nutritional, musculoskeletal, nervous, psychiatric, renal,
respiratory, skin, subcutaneous, vascular disorders, or any event
prompting a discontinuation of treatment

3. Qol,as measured through the following scales: Neuro-QoL-Fatigue
Item Bank T-score, MS QoL Inventory—General Health, Short Form
36 Physical Component Summary, and Hamburg QoL Question-
naire in MS

Secondary outcomes:

1. Score on the ESS
2. Fatigue Severity Scale (FSS)

2.6 | Statistical analysis

All statistical analysis was performed on Review Manager (Version
5.4.1, Copenhagen: The Nordic Cochrane Centre, The Cochrane Col-
laboration, 2014). The outcomes were pooled using a random effects

model. The random effects model assumes that different studies

estimated different intervention effects, partly explaining the hetero-
geneity between studies. The statistical effects used were predicated
upon the nature of the outcomes measured. For studies where a con-
tinuous outcome was measured using identical scales (i.e., change in
baseline scores for MFIS), mean differences (MD) were extracted along
with their 95% confidence interval. For continuous outcomes with-
out standardized units (i.e., QoL), we extrapolated standardized mean
difference (SMD) values. For dichotomous outcomes such as adverse
events, risk ratios (RR) were used to pool data and evaluate effect size.
In cases of zero events occurring in either the treatment or control
groups when analyzing dichotomous outcomes, continuity corrections
and appropriate weightage were applied to the studies to provide a
stable estimate. We used the DerSimonian and Laird variance estima-
tor for tau. Weightage of dichotomous variables such as mortality was
assigned using the inverse variance method, The Higgins (/2) statistic
was used to evaluate heterogeneity, and a value of 25%-50% was con-
sidered low, 50%-75% as moderate, and >75% as high heterogeneity.
The tolerated level of heterogeneity, meriting little further discussion,
is set at less than or equal to 40%, a benchmark decided upon by
reviewing the Cochrane Handbook. In all cases, a p-value of .05 or
less was considered significant. Publication bias was assessed via visual

inspection of Begg’s funnel plots.

3 | RESULTS

3.1 | Literature review

The PRISMA flow chart below summarizes the search and study selec-
tion process (Figure A). The initial search was conducted on December
1st on PubMed, ScienceDirect, and Cochrane Central, which yielded
a total of 1260 results. After screening for relevance and removal of
duplicates, 17 articles were assessed for eligibility. Among those, one
was a letter to the editor, one was on the use of Armodafinil, one did
not provide a relevant comparator group, and five studies were single-
arm, single-sequence, or open-label trials. A total of seven studies were

included in the final analysis (Figure A).

3.2 | Study characteristics/baseline table

This study comprised a total of 486 participants. The study designs
included in our analysis were predominantly RCTs (classic and
crossover), along with a single unspecified clinical controlled trial.
Amongst them, 297 were randomized to modafinil, whereas 293 were
randomized to controls (35 to L-carnitine and 263 to placebo); amount-
ing to 590 unique data contributions across all study arms. The mean
age of the included participants was 42.5 + 9.2 years (Figure S1). We
observed a predominantly female population (71%) (Figure S2). The
dosages included for modafinil were primarily 200 mg with upward
of 400 mg daily. The duration of treatment and measurement periods
for the respective outcomes of the studies ranged from 2 to 8 weeks.
The majority of patients had relapsing-remitting MS (72%) (Figure S3).
Baseline characteristics of the included studies are provided in Table
S1.
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FIGURE A Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) chart.

3.3 | Outcomes
3.3.1 | Primary
MFIS

Five studies assessed MFIS score difference from baseline between
modafinil and placebo groups (Ford-Johnson et al., 2016; Ledinek et al.,
2013; Moller et al., 2011; Nourbakhsh et al., 2021; Stankoff et al.,
2005). Treatment with modafinil led to a statistically significant reduc-
tion in MFIS scores compared to placebo (MD = —-4.42 [-8.01, —.84];
12 = 45%; p = .02). Only two studies compared modafinil treatment to
L-carnitine (Al-Shammari et al., 2023; Ledinek et al., 2013). When com-
pared with L-carnitine, treatment with modafinil demonstrated higher
MFIS scores on average, but the findings were not deemed to be sta-
tistically significant (MD = 10.75 [-3.07, 24.57]; I2= 69%; p = .07).
However, differences between the two subgroups were statistically
significant (p = .04), implying that the difference in outcome between
both comparators (L-carnitine and placebo) was quite substantive. Het-

erogeneity was low among studies in the placebo subgroup (12 = 45%

and p = .12) and moderate among studies in the L-carnitine subgroup
(12 =69% and p = .07) (Figure 1).

Adverse events

Four studies reported incidences of adverse events occurring dur-
ing the treatment time (Ledinek et al., 2013; Moller et al., 2011;
Nourbakhsh et al., 2021; Stankoff et al., 2005). Modafinil treatment
had a higher risk of precipitating an adverse event compared to
placebo (RR = 1.30 [1.03, 1.66]; 12 = 0%; p = .03). The most commonly
reported adverse events were insomnia and gastrointestinal distur-
bances. Heterogeneity among studies was low (I2= 0% and p = .58)
(Figure 2).

Quality of life

Four studies measured overall physical QoL scores posttreatment,
and two studies measured mental-health-specific QoL sub-scores
(Ford-Johnson et al., 2016; Ledinek et al., 2013; Mdller et al., 2011;
Nourbakhsh et al., 2021). Modafinil was found to contribute to an

effectively higher overall physical QoL posttreatment than placebo
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Modafinil Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%Cl| Year IV,Random, 95% CI
1.1.1 Modafinil vs Placebo
Stankoff 2005 8.7 13.64 56 137 13.49 59 25.1% -5.00 [-9.96, -0.04] 2005 =
Moller 2011 -9.45 15.03 62 -6.9 13.82 59 24.2% -2.55[-7.69, 2.59] 2011 -=r
Ledinek 2013 04 11.88 15 147 13.36 15 11.8% -14.30[-23.35,-5.25] 2013 _—
Ford Johnson 2016 -5.71 17.37 9 041 12.88 7 -6.12[-20.95, 8.71] 2016 I
Nourbakhsh 2021 -12.3 13.5664 124 -10.7 13.5578 123 33.7% -1.60 [-4.98, 1.78] 2021 -
Subtotal (95% Cl) 266 263 100.0%  -4.42[-8.01, -0.84] L 2
Heterogeneity: Tau? = 6.96; Chi* =7.29, df =4 (P = 0.12); I = 45%
Test for overall effect: Z = 2.42 (P = 0.02)
1.1.2 Modafinil vs L-Carnitine
Ledinek 2013 04 11.88 15 -17.5 18.4838 15 49.3% 17.90 [6.78, 29.02] 2013 —a—
Al-Shammari 2023 -8.9 16.81 20 -12.7 17.4424 20 50.7% 3.80[-6.82, 14.42] 2023 —i—
Subtotal (95% Cl) 35 35 100.0% 10.75 [-3.07, 24.57] i
Heterogeneity: Tau? = 68.64; Chi* = 3.23, df = 1 (P = 0.07); I = 69%
Test for overall effect: Z = 1.52 (P = 0.13)
50 25 0 25 50
. ; Favors Modafinil  Favors Control
Test for subgroup differences: Chi? = 4.34, df = 1 (P = 0.04), 1> = 77.0%

FIGURE 1

Modified form of the Fatigue Impact Scale (MFIS) (modafinil vs. placebo and modafinil vs. L-carnitine).

Heterogeneity: Chiz = 1.98, df = 3 (P = 0.58); 1> = 0%
Test for overall effect: Z = 2.17 (P = 0.03)

Modafinil Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H,Fixed,95%CI M-H, Fixed, 95%ClI
Ledinek 2013 3 15 0 15 0.7% 7.00[0.39, 124.83] >
Moller 2011 7 62 4 59 5.7% 1.67 [0.51, 5.40] -1
Nourbakhsh 2021 50 125 38 124 534% 1.31[0.93, 1.84] L
Stankoff 2005 34 59 28 56 40.2% 1.15[0.82, 1.62] -
Total (95%Cl) 261 254 100.0% 1.30 [1.03, 1.66] &
Total events 94 70

0102 05 1 2 5 10
Favors Modafinil Favors Control

FIGURE 2 Adverse events (modafinil vs. placebo).

(SMD = .27 [.07, .46]; I2 = 57%; p = .007). On the contrary, there was
no significant difference observed in mental-health-specific aspects of
QoL (SMD = —.08 [-.42, .25]; I2= 30%; p = .63). After pooling the
effects on both mental and physical health QoL measures, modafinil
was found to have overall therapeutic benefit (SMD = .18 [.01, .35];
12= 56%; p = .04). A statistically significant difference between the
subgroups was not found (p = .08). Study heterogeneity was moderate
in the “Overall [Physical]” subgroup (I2= 57%, p = .07) and low in the
“Mental Health” subgroup (12 = 30% and p = .23) (Figure 3).

3.3.2 | Secondary

ESS

Three studies measured change from baseline scores on the ESS
(Moller et al., 2011; Nourbakhsh et al., 2021; Stankoff et al., 2005).
Modafinil contributed to a minor but statistically meaningful reduction
in ESS scores (MD = —.87 [—1.64, —.10]; 12 = 0%; p = .03). Heterogeneity
among studies was low (12 = 0% and p = .39) (Figure 4).

FSS

Three studies measured change from baseline scores or final scores on
the FSS (Ford-Johnson et al., 2016; Lange et al., 2009; Mdller et al.,
2011). No statistically significant difference was found between the
modafinil and placebo groups (MD = 2.5 [-.70, 5.70]; 12 = 89%; p = .13).
Heterogeneity among studies was high (12 = 89% and p =.0001). How-
ever, the greatest contribution of heterogeneity came from Lange
et al., the removal of which would still result in statistically insignifi-
cant findings with only moderate heterogeneity (/2 = 73% and p = .05)
(Figure 5).

3.4 | Quality assessment and publication bias

The quality of studies was assessed using the Cochrane RoB tool
as well as the 2020 JBI Critical Appraisal Checklist. The overall
quality of evidence of the included studies was judged to be mod-
erate. The included studies were at the highest risk of attrition
bias due to patient dropout/discontinuation, which had occurred in
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Modafinil Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed,95%ClI
1.3.1 QoL - Overall
Ford Johnson 2016 18.47 3.1 62 1443 7.81 59 21.0% 0.68 [0.31, 1.05] -
Ledinek 2013 41.5 6.6813 15 40.2 7.5842 15 55% 0.18 [-0.54, 0.89] -
Moller 2011 121 244 9 1149 329 7 29% 0.20 [-0.79, 1.19] 1
Nourbakhsh 2021 -52.5 6.7504 124 -53.1 6.7231 123 45.5% 0.09 [-0.16, 0.34] -
Subtotal (95% Cl) 210 204 75.0% 0.27 [0.07, 0.46] ’
Heterogeneity: Chi? = 6.94, df = 3 (P = 0.07); I = 57%
Test for overall effect: Z = 2.68 (P = 0.007)
1.3.2 QoL - Mental Health
Ford Johnson 2016 2522 315 62 25.71 3.15 59 22.2% -0.15[-0.51, 0.20] —=
Ledinek 2013 42.8 4.6834 9 404 44332 7 28% 0.50 [-0.51, 1.50] S e —
Subtotal (95% Cl) 7 66 25.0% -0.08 [-0.42, 0.25] <
Heterogeneity: Chi> = 1.42, df = 1 (P = 0.23); I = 30%
Test for overall effect: Z=0.48 (P = 0.63)
Total (95%Cl) 281 270 100.0% 0.18 [0.01, 0.35] ‘
Heterogeneity: Chi? = 11.44, df = 5 (P = 0.04); I = 56% :_2 1 5 1 2
Test for overall effect: Z = 2.08 (P = 0.04) Favors Control  Favors Modafinil
Test for subgroup differences: Chi? = 3.08, df = 1 (P = 0.08), I> = 67.6%

FIGURE 3 Quality of life (modafinil vs. placebo).

Modafinil Control Mean Difference Mean Difference
StudyorSubgroup  Mean SD Total Mean SD Total Weight IV,Fixed,95%Cl Year IV, Fixed,95%CI
Stankoff 2005 76 53 56 8.9 4.7 59 17.5% -1.30[-3.13,0.53] 2005
Moller 2011 9.69 443 62 953 494 59 21.0% 0.16[-1.51, 1.83] 2011
Nourbakhsh 2021 8.3 3.9379 124 94 39217 123 614% -1.10[-2.08,-0.12] 2021 ——
Total (95%Cl) 242 241 100.0% -0.87 [-1.64, -0.10] <
Heterogeneity: Chi2 = 1.88, df = 2 (P = 0.39); I2=0% _i‘ 2 5 2 i
Test for overall effect: Z =2.22 (P = 0.03) Favors Modafinil Favors Control
FIGURE 4 Epworth Sleepiness Scale (ESS) (modafinil vs. placebo).
Modafinil Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%Cl Year IV, Random, 95% CI
Lange 2009 13 7.7 11 -04 85 10 14.4% 13.40 [6.44, 20.36] 2009 I —
Moller 2011 -0.33 0.48 62 -0.2 0.44 59 45.4% -0.13[-0.29, 0.03] 2011
Ford Johnson 2016 0.16 1.55 9 -14 186 7 40.2% 1.56 [-0.15, 3.27] 2016
Total (95% Cl) 82 76 100.0% 2.50 [-0.70, 5.70]
i 22 . Chi2 = = = - 12 = 899 + + t t +
?eti:rfogeneltyt.l Tzf-lfu : §.§61. g:l o _12153) df =2 (P =0.0001); I>=89% 20 10 0 10 20
est for overall effect: 2 = 1.53 (P = 0.13) Favors Modafinil  Favors Control

FIGURE 5 Fatigue Severity Scale (FSS) (modafinil vs. placebo).

four studies (Ford-Johnson et al., 2016; Moller et al., 2011; Nour-
bakhsh et al., 2021; Stankoff et al., 2005). Only Al-Shammari et al.
(2023) did not report random sequence generation, allocation con-
cealment, or blinding of participants. Blinding of outcome assessment
was unclear in Al-Shammari et al. (2023) and Stankoff et al. (2005).
Selective reporting and other biases were unclear in Stankoff et al.
(2023), Ledinik et al. (2013), and Al-Shammari et al. (2005) due to

limited raw data reported in the findings. RoB graph and summary
of findings plot are provided in Figures 6 and 7. A table summary
of the JBI critical appraisal checklist is provided in Table S2. Egger’s
regression test for funnel plot asymmetry was nonsignificant indi-
cating no significant risk of publication bias (Figure 8). A summary
of findings table using the GRADE approach is provided as Table
S3.
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FIGURE 6 Risk of bias (RoB) summary plot.
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Bl High risk of bias

FIGURE 7 Risk of bias (RoB) summary chart.

4 | DISCUSSION

Our findings, across seven studies, demonstrate that modafinil leads
to a statistically meaningful reduction in fatigue when compared with
placebo, as measured by MFIS and ESS. These findings coincide with
previous meta-analyses, such as Shangyan et al. (2018), which included
only four studies for the assessment of MFIS. In addition, modafinil
demonstrated a greater risk of precipitating adverse events as well
when compared with placebo, which differs from the findings of Yang
et al. (2017) who analyzed the effects of modafinil on study discontinu-
ation due to adverse events and discovered no meaningful differences
between the groups. L-Carnitine, which was used as a comparator in
two studies, was generally found to be more efficacious than modafinil
in reducing MFIS scores, though the findings were not statistically
significant. Overall, the most common drugs prescribed for the treat-
ment of fatigue in MS include amantadine, modafinil, methylphenidate,
and L-carnitine. Although multiple studies have compared modafinil

with amantadine and methylphenidate, there have been no previous
meta-analyses comparing L-carnitine with modafinil for fatigue in MS.
Prior studies comparing L-carnitine with amantadine demonstrated
that they both hold similar efficacy. However, these findings were
pooled using SMDs due to heterogeneous metrics of fatigue, and the
most recent crossover study included in our analysis found superior
effects with amantadine, followed by L-carnitine, methylphenidate, and
modafinil, respectively (Nourbakhsh et al., 2021).

Fatigue in MS is a complex, multidimensional condition that dras-
tically affects the social and professional aspects of patients’ lives.
According to the MS Council of Clinical Practice Guidelines, it is
officially described as “a subjective lack of physical and/or mental
energy that is perceived by the individual or caregiver to interfere
with usual and desired activities.” There are three distinct cognitive
domains in fatigue: the physical, the cognitive, and the psychosocial
(Ayache et al., 2022). To our knowledge, this study is the first to
shed light on the distinct effects of modafinil in MS patients within
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these domains via a pooled subgroup analysis of QoL outcomes. Our
study found contrasting effects of modafinil on physical and men-
tal/psychosocial QoL indicators. One potential reason for this finding
may be that, although modafinil improves physical function by promot-
ing wakefulness, the resulting adverse effects such as insomnia may
contribute to a deterioration of mental and psychological well-being
over time (Wisor, 2013). The effects of various treatment modalities
on different domains of fatigue might serve as an important avenue for
future research.

Despite our best efforts to ensure the generalizability and repro-
ducibility of our findings, there remain several limitations to our study.
One such limitation is the presence of publication bias due to non-
publication of studies that did not demonstrate statistically significant
findings, which was established via a visual inspection of Briggs funnel
plot. In addition, clinical heterogeneity among the study designs per-
sists, with differences in dosage and treatment duration throughout
the trials. This may be compounded by the fact that certain outcomes,
such as Qol, were measured using various scales; although a conver-
sionto SMD as an effect measure helped standardize these metrics, the
clinical interpretation of these findings may be less straightforward.
Furthermore, several studies conferred a high risk of attrition bias due
to patient dropout, and one study did not specify any protocol for ran-
domization or blinding of participants. Ultimately, more precise RCTs
with higher statistical power and greater sample sizes are required
to provide superior insight and improved quality of evidence for this

intervention.

5 | CONCLUSION

Ultimately, our meta-analysis expands upon the previous literature
by (1) including studies published until December 2023, (2) pool-

ing outcomes such as ESS, adverse events, and QoL measures, and
(3) by comparing modafinil with L-carnitine. Thus, we believe our
study serves as the most comprehensive quantitative review of the
safety and efficacy of modafinil for the treatment of fatigue in
patients with MS to date. The data indicate that modafinil confers
a therapeutic benefit in treating fatigue in patients with MS and
improves overall QoL; however, there is a heightened risk of precipi-
tating adverse events such as insomnia and gastrointestinal symptoms.
Future research comparing modafinil to other treatment modalities
as well as pooling of more precise studies with similar intervention
characteristics would be required to better inform clinical manage-
ment.
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