
J Head Trauma Rehabil
Vol. 23, No. 1, pp. 52–63
Copyright c© 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins

A Randomized Trial of Modafinil for the
Treatment of Fatigue and Excessive
Daytime Sleepiness in Individuals with
Chronic Traumatic Brain Injury
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Background: This study examines the efficacy of modafinil in treating fatigue and excessive daytime sleepiness in
individuals with traumatic brain injury (TBI). Methods: A single-center, double-blind, placebo-controlled cross-over
trial, where 53 participants with TBI were randomly assigned to receive up to 400 mg of modafinil, or equal number
of inactive placebo tablets. Main eligibility criteria were being at least 1 year post-TBI severe enough to require
inpatient rehabilitation. The primary outcome measures were fatigue (Fatigue Severity Scale, FSS) and daytime
sleepiness (Epworth Sleepiness Scale, ESS). Results: After adjusting for baseline scores and period effects, there were
no statistically significant differences between improvements seen with modafinil and placebo in the FSS at week 4
(–0.5 ± 1.88; P = .80) or week 10 (–1.4 ± 2.75; P = .61). For ESS, average changes were significantly greater with
modafinil than placebo at week 4 (–1.2 ± 0.49; P = .02) but not at week 10 (–0.5 ± 0.87; P = .56). Modafinil was
safe and well tolerated, although insomnia was reported significantly more often with modafinil than placebo (P =
.03). Conclusions: While there were sporadic statistically significant differences identified, a clear beneficial pattern
from modafinil was not seen at either week 4 or week 10 for any of the 12 outcomes. There was no consistent and
persistent clinically significant difference between treatment with modafinil and placebo. Key words: brain injury,
fatigue, modafinil, randomized clinical trial

IN the United States today, an estimated 5.3 million
Americans are living with a traumatic brain injury

(TBI)-related disability.1 While these individuals may
face many issues, including impaired mobility and cog-
nition, ongoing health problems, decreased productiv-
ity, behavioral changes, difficulty with personal care, and
reduced quality of life, depending on the injury type and
severity, fatigue is common to a strikingly large number
of those who survive TBI.

In a general population study, fatigue had a current
prevalence of 6% to 7% and a lifetime prevalence of
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24%.2 Fatigue is experienced by individuals with a wide
range of conditions, including cancer, multiple sclero-
sis, Parkinson’s disease, fibromyalgia, depression, and
hysterectomy.3 In a population-based study of individ-
uals hospitalized for TBI in Colorado, at 1 year post
injury, 41% reported getting tired more easily than be-
fore their injury4; however, the proportion of individuals
reporting fatigue varies considerably across studies and
is often reported in conjunction with other symptoms,
with reported prevalence ranging from 37% to 98%.5–9

Other studies have documented higher levels of fatigue
in individuals with TBI compared to normal controls10

and that individuals with TBI reported a significantly
greater impact of fatigue on their lifestyle, and reported
activities requiring physical and mental effort as more
frequent causes of fatigue.11

Despite the clearly ubiquitous presence of fatigue after
TBI, the precise definition and measurement of fatigue
remains enigmatic. Fatigue has been described as “an
overwhelming sense of exhaustion and decreased capac-
ity for physical and mental work regardless of adequate
sleep.”12 It has been construed both as a single discrete
experience and as a multicausal phenomenon that exists
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along a continuum of severity.13 Moreover, there appears
to be 2 types or dimensions of fatigue. For example, fa-
tigue has been described as a condition characterized
by a subjective feeling of decreased energy with both
physical and psychological aspects.14 Physical fatigue has
been defined as the end result of excessive energy con-
sumption, depleted hormones or neurotransmitters, or
diminished ability of muscle cells to contract. Psycholog-
ical or mental fatigue, on the other hand, is defined as
a subjective state of weariness related to reduced moti-
vation, prolonged mental activity, or boredom. In TBI,
the “coping hypothesis”7,15 proposes that psychological
fatigue could be related to the mental effort necessary
to overcome attention deficit and slowed processing, or
that individuals with TBI expend greater psychophysio-
logical costs to maintain stable performance over time,
and that these costs are also associated with subjective
increases in fatigue.15 Despite the difficulties in defini-
tion, etiology, and measurement, it is also clear that ex-
cessive fatigue can lead to or be accompanied by mood
disturbances, decreased energy, severe limitations in the
ability to function, and negatively affect self-care, social
activities, and quality of life.16

Reports of interventions for fatigue in individuals with
TBI are few. Several TBI studies have shown that physi-
cal conditioning programs reduce physical fatigue.6,17–19

Amantadine has been used to treat fatigue associated
with multiple sclerosis, and has been used in single case
studies of fatigue in TBI; however, no objective research
evidence exists.20

Modafinil is a wakefulness-promoting agent, initially
approved and indicated by the Food and Drug Adminis-
tration (FDA) for patients with excessive daytime sleepi-
ness (EDS) associated with narcolepsy,21,22 with subse-
quent expansion to EDS in other conditions (eg, ob-
structive sleep apnea–hypopnea syndrome,23,24 and shift
work sleep disorder).25 In addition, modafinil has been
found to improve health-related quality of life in indi-
viduals with narcolepsy.26 Reported by up to 31% of the
adult population, consequences of EDS can include ac-
cidents, negative economic and public health outcomes,
reduced work and school performance, and impaired
psychological functioning.27 While less studied than fa-
tigue, individuals with TBI also experience an array of
sleep disturbances including EDS. The prevalence of
sleep disturbances of any kind (eg, insomnia, sleep ap-
nea, periodic limb movement disorder) has ranged from
29% to 80%,28–33 with one study finding that 80% of
those also reported problems with fatigue.34 One study
looked at EDS specifically in 71 brain-injured individu-
als in a residential/day rehabilitation program, with ex-
cessive daytime sleepiness reported in 65% of subjects;
among these, 11% had sleep apnea–hypopnea, 25% had
periodic limb movement disorder, and 1 subject had
narcolepsy.35 With respect to treatment of EDS after

TBI, one study suggested that daytime sleepiness was
reduced by methylphenidate but not sertraline.36

Because EDS is associated with a number of other
symptoms and conditions, modafinil has also been stud-
ied in a variety of other settings. The modafinil lit-
erature is replete with studies looking at a variety of
outcomes, from symptoms of fatigue or sleepiness to
neuropsychological test performance, in a variety of con-
ditions including neurological conditions, breathing dis-
orders, and psychiatric diagnoses.37 To date, there has
not been any controlled evaluation of modafinil use for
the treatment of individuals with TBI. There have been
some open-label, uncontrolled studies suggesting that
modafinil may result in subjectively improved daytime
function and quality of life.38,39

The purpose of this study was to determine the effi-
cacy of modafinil in treating fatigue and EDS in indi-
viduals with TBI. The primary aim was to test the hy-
pothesis that modafinil is more efficacious than placebo
in treating fatigue and excessive daytime sleepiness in
individuals with TBI. Additional analyses explored if
modafinil would improve cognitive function and health-
related quality of life in individuals with TBI.

METHODS

Study design

A single-center, randomized, blinded, placebo-
controlled, crossover study design was used. Baseline
testing consisted of all study measures in addition to
a general physical examination performed by the re-
search physiatrist. Participants’ medical records were ab-
stracted to collect demographic and injury-related infor-
mation. This study was approved by the institutional
review board of record for the study center.

Participants and recruitment

Recruitment for this study began in November 2002
when the first recruitment letter was mailed out, and
continued through September 2004 when the final par-
ticipant enrolled in the study. During this time period
recruitment letters were mailed out 2 additional times
(May 2003 and February 2004) to target individuals who
were newly eligible because they met the criteria of being
1 year post-injury. Per study protocol, each participant
was followed for at least 24 weeks (28 weeks if they opted
for the open label portion of the study). The last follow-
up evaluation was completed on the final participant in
March 2005.

Individuals between the ages of 18 and 65 (inclusive)
who had received inpatient rehabilitation for TBI (de-
fined as injury to brain tissue caused by an external me-
chanical force as evidenced by loss of consciousness,
posttraumatic amnesia, or objective neurologic findings
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that can be reasonably attributed to TBI on physical
or mental status examination)40 at a single model sys-
tem of care were identified from a hospital database.
Approximately 1300 of those who were at least 1 year
post injury were sent a recruitment letter describing
the study and asking for those experiencing disabling
symptoms of fatigue and/or excessive daytime sleepi-
ness, which compromised their ability to function opti-
mally, to consider participation in this study. Individuals
who responded were then screened and excluded for the
following: (1) presence of neurologic or neuropsychi-
atric diagnoses that would obscure the evaluation of the
medication’s effectiveness (eg, aphasia, brainstem dys-
function, a preinjury diagnosis of attention deficit hy-
peractivity disorder, Alzheimer’s disease, stroke, other
dementing illnesses, psychiatric disorder, or substance
abuse or dependence); (2) a diagnosis by history of other
likely causes of EDS (eg, narcolepsy or obstructive sleep
apnea); (3) concurrent medication use and/or clinically
significant systemic disease (eg, multiple sclerosis, fi-
bromyalgia, bipolar disorder, chronically symptomatic
respiratory disorders, congestive heart failure) that might
cause fatigue and/or diminished arousal; (4) epilepsy
(isolated seizures in the acute postinjury treatment pe-
riod were not an exclusion); (5) cardiovascular disease
or risks including hypertension requiring medical treat-
ment; (6) history of severe renal or hepatic impairment;
(7) significant psychiatric or behavioral disturbance that
would obscure the evaluation of medication effective-
ness; (8) non-English speaking (to the extent that would
limit the ability to complete study measures); (9) preg-
nant females or females of childbearing potential unless
acceptable double barrier contraceptives were in use.

One hundred fifty-six individuals responded to this
recruitment letter and were screened for eligibility. Of
these, 57 were excluded on the basis of study criteria and
48 chose not to pursue participation in the study. The
remaining 51 individuals met study criteria, signed an
informed consent form, and were enrolled in the clinical
trial.

Intervention

The manufacturer (Cephalon, Inc, Frazer, PA) pro-
vided the study drug modafinil in 100-mg tablets, and
matching placebo tablets. All instructions to patients ref-
erenced the number of tablets to be taken, without ref-
erence to dose or content. Subjects randomized to the
DRUG FIRST protocol began taking 1 tablet (100 mg) of
modafinil once a day at noon for 3 days, then increased
to 1 tablet (100 mg) twice a day (200-mg total daily dose)
for the next 11 days, followed by the maintenance dose
for the trial of 2 tablets (200 mg total) twice a day in the
morning and at noontime (400 mg total daily dose). This
dosage was maintained for 8 weeks and was followed by

a 4-week washout period in which the patient received
neither modafinil nor placebo. Following the washout
period, individuals in the DRUG FIRST group crossed
over to begin taking placebo on the same time schedule
as for the first 10 weeks of the trial.

Subjects randomized to the PLACEBO FIRST pro-
tocol were maintained in the same protocol timing of
receiving placebo tablets, followed by washout and drug
protocol. In the event that participants were unable to
tolerate the 4-tablet (400 mg/d) dose, their dose was de-
creased back to 2 tablets (200 mg/d) and they remained in
the trial. This could be done without breaking the study
blinding by instructing the participant to only take 1 pill
twice a day, without knowing the content of the tablets.
Following the end of the randomized study protocol,
both groups were offered a 4-week open label period
where all participants could receive modafinil using in-
dividual clinically monitored titration and maintenance
dosage.

Outcomes

Primary outcome measures

There were 3 primary outcomes measures used in the
study, 2 for fatigue, and 1 for daytime sleepiness. The
2 measures of fatigue included the Fatigue Severity Scale
(FSS)41 and the Modified Fatigue Impact Scale (MFIS).42

Daytime sleepiness was measured by the Epworth Sleepi-
ness Scale (ESS).43

The FSS is a popular one-dimensional fatigue/
function measure that has been used in studies of in-
dividuals with chronic fatigue syndrome (CFS)44 and
has been found to be an accurate and comprehen-
sive measure of fatigue-related severity, symptoma-
tology, and functional disability for individuals with
CFS-like symptomatology.13 The FSS has been used in a
population of individuals with TBI45 and has also been
used in trials of modafinil.46 The FSS is composed of
9 Likert-type items, each ranging from 1 (no impairment)
to 7 (severe impairment), yielding scores from 9 to 63, with
higher scores indicating more severe fatigue.

The MFIS is a short, multidimensional subjective
fatigue measure that has been found to be valid and
reliable42 and has been used successfully in individu-
als with TBI.45 It is a 21-item self-report instrument in
which subjects are asked to rate the extent to which fa-
tigue has caused problems for them (0 = no problem,
to 4 = extreme problem), yielding scores from 0 to 84,
with higher scores indicating a greater impact of fatigue.
Subscales for cognitive, physical, and psychosocial func-
tioning can also be calculated.

The ESS is a simple and reliable self-administered
8-item questionnaire, which is shown to provide a
measurement of the subject’s general level of daytime
sleepiness.43,47,48 This measure has been tested in a
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variety of applications, including individuals with TBI.35

Each of the 8 items rates a routine daytime situa-
tion on a 4-point scale from 0 = would never doze
to 3 = high chance of dozing. Subjects who score
10 or more are considered to have excessive daytime
sleepiness.

The FSS and ESS were collected weekly, and the MFIS
was collected at 8 time points during the study period.
Study participants completed these measures during a
phone interview with the study coordinator. During
these interviews, the study coordinator also asked par-
ticipants about any adverse reactions or side effects they
might be experiencing.

Secondary outcome measures

Health-related quality of life was measured using the
physical summary score and mental summary score from
the Medical Outcome Study 12-Item Short Form Sur-
vey (SF-12).49 The 12 items are a subset of items in
the SF-36 and include 1 or 2 items from each of the
8 health concepts commonly represented in widely used
surveys: physical functioning, role limitations due to
physical health problems, bodily pain, general health,
vitality (energy/fatigue), social functioning, role limita-
tions due to emotional problems, and mental health.49

This measure has been validated in a TBI population50

and has been used in modafinil trials.26 The SF-12 (along
with all secondary outcomes) was administered at 5 time
points during the study period, at baseline, week 4,
week 10, and weeks 4 and 10 after crossover. A base-
line measurement was not repeated after the washout
phase.

The cognitive functions of interest in this study were
reaction time, attention, memory, and vigilance. Reac-
tion time, visual motor speed, and memory were mea-
sured using the Immediate Post Concussion Assessment
Cognitive Testing (ImPACT), a computerized cognitive
test battery with 6 alternate forms that is designed for
repeated administration.51–60 The test battery contains
6 cognitive testing modules: (1) Word Memory; (2) De-
sign Memory; (3) X’s and O’s; (4) Symbol Matching;
(5) Color Match; and (6) Three Letters. Performance
on these individual modules are combined to yield the
4 composite scores, Verbal Memory, Visual Memory, Vi-
sual Motor Speed, and Reaction Time, used in this study.

The cognitive function of vigilance was measured us-
ing the Conners’ Continuous Performance Test II (CPT
II) computer program,61 a computerized assessment tool
that measures sustained visual attention and was devel-
oped for use in individuals with attention deficit hy-
peractivity disorder. The CPT II can be used repeatedly
to monitor changes in sustained attention over time.62

All measures of cognitive function were administered at
5 time points during the study period.

The Beck Depression Inventory II (BDI II)63 was ad-
ministered to assess for the presence of depression, which
has been found to be associated with both fatigue and
excessive daytime sleepiness.14,64 This measure has been
found to be valid and reliable,63 has had its psychomet-
ric properties tested with individuals with TBI, and been
found to be an effective tool for self-reported depres-
sion in TBI.65,66 The BDI II may be used repeatedly to
monitor changes in depressive symptoms over time. It
consists of 21 four-choice questions, with scores ranging
from 0 to 3, where higher scores indicate more depres-
sive symptomatology. This measure was administered at
5 time points during the study.

Participants completed these secondary study mea-
sures in-person at the hospital with the study coordina-
tor. Pill containers were also checked by the pharmacy at
the time of the in-person visits to monitor medication
compliance.

Randomization and blinding

A computer-generated randomization sequence was
created for the total expected enrollment for the study,
without blocking or stratification, and was provided to
the pharmacy as a list. Once patients provided informed
consent, the study coordinator alerted the hospital phar-
macy to randomize the participant by assigning them the
next group assignment (drug or placebo first) according
to the randomization sequence. The pharmacy was re-
sponsible for maintaining the study blinding. Investi-
gators, study coordinator, data collectors and analysts,
as well as the study participants were blinded to which
protocol (drug or placebo) subjects received first. The
success of blinding was evaluated by asking participants
at the end of each phase which pill they felt they were
receiving.

Statistical methods

The target sample size for the study was 44 patients,
which was selected so that a paired t-test would have ap-
proximately 90% power to detect a half-standard devia-
tion difference between treatment conditions. Approx-
imately 50 patients were enrolled in order to allow for
some incomplete data. There were no interim analyses
or plans for early termination of the trial. All study data
were entered into a Microsoft Access 2002 database, and
were analyzed in SPSS Version 13 and SAS Version 9.1.

Baseline differences in demographic and clinical at-
tributes across the 2-groups were compared using inde-
pendent samples t tests for continuous variables and χ2

tests for categorical variables. Crude treatment effects
were analyzed using a paired t test of the difference be-
tween modafinil and placebo in the 4-week change in
outcome (and separately for the difference in 10-week
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change). In addition, treatment effects within each treat-
ment period were analyzed separately using 2-sample
t tests.

The primary analysis was specified a priori as the dif-
ference between treatment groups in the 4-week change
in the outcome measures after adjusting for the base-
line value of the outcome and period effects. The pri-
mary analysis was conducted in a linear mixed-effects
regression analysis of the 4-week change in each of the
2 periods for each subject with treatment group, period,
and baseline score as explanatory variables and a ran-
dom subject effect. The potential for carryover effects
was assessed by adding a period-by-treatment interac-
tion term to this regression model. Secondary analyses
evaluated treatment effects on secondary endpoints and
at 10 weeks. Preliminary descriptive plots were used to

Figure 1. Participant flow.

determine if transformations were necessary (they were
not), and the robustness of the conclusions to poten-
tially influential data points was evaluated by sequen-
tially deleting subjects and evaluating whether there were
substantial changes to the estimated treatment effects or
to their statistical significance.

RESULTS

Participant flow and number analyzed

Fifty-one subjects were randomized to receive either
modafinil first (n = 27) or placebo first (n = 24). Forty-
six individuals completed the entire study and were in-
cluded in the per-protocol analysis (Fig 1). However, the
number of participants included in each analysis varied
because of incomplete data.
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Baseline data

Demographic and clinical characteristics for study par-
ticipants are shown in Table 1. Average age for all partic-
ipants was 38.25 years (SD = 12.20). Thirty-five partici-
pants were male (68.6%), and 16 were female (31.4%). At
the time of enrollment, average time post injury was 5.77
years (SD = 4.97). Initial Glasgow Coma Scale (GCS)
scores were in the severe range (GCS 3–8) for 26 par-
ticipants (51%), in the moderate range (GCS 9–12) for
12 participants (23.5%), and in the mild range (GCS
13–15) for 13 participants (25.5%). Demographic and
clinical characteristics for the 27 participants who were
allocated to Group A (modafinil first), and the 24 partic-
ipants who were allocated to Group B (placebo first) are
likewise shown in Table 1. Although the groups show
significant differences in their Rancho Level class, over-
all the groups did not show any important imbalances
that have the potential to affect trial results. Baseline
scores on the various outcome measures are reported in
Table 2. While BDI–II scores suggest elevated levels of
depressive symptoms, they were not substantially differ-
ent between the 2 groups.

Primary and secondary outcomes

Table 2 shows mean scores in period 1 for those tak-
ing modafinil and placebo at baseline, week 4, and week
10, as well as the average unadjusted difference between
the modafinil group and the placebo group at weeks
4 and 10. There was a substantial placebo effect with
improvements in a variety of outcomes between base-
line and 4 weeks when taking either pill. For example,
when compared to baseline, mean 4th-week FSS scores
improved by 5.8 points when taking modafinil and 6.7
points when taking placebo. However, when comparing
changes on modafinil versus placebo at weeks 4 and 10
in period 1, there were no statistically significant differ-
ences in any of the primary outcome measures. There
was one statistically significant finding in period 1, with
the change from baseline in the ImPACT Visual Motor
Speed Composite score at week 4 being 3.4 points larger
in the placebo group than the modafinil group (P =
.04). This was entirely due to an increase between base-
line (21.4 points) and week 4 (25.2 points) in the placebo
group, while the modafinil group showed essentially no
change (23.9–23.5). At week 10, during period 1, there
were no statistically significant differences between the
modafinil and placebo groups.

Table 3 shows mean raw scores and difference in
changes during period 2, after the crossover. The group
taking modafinil second had a 10.9 point larger reduc-
tion in the MFI than the placebo group at week 4
(P = .03), although the MFI difference was reduced
to 8.1 points at week 10 and was no longer significant
(P = .14). The only other statistically significant finding

TABLE 1 Baseline characteristics

Total Group A Group B
(N = 51) (n = 27) (n = 24) P

Age .279∗

Mean 38.25 36.49 40.23

Standard 12.20 11.59 12.80

deviation

Years postinjury .810∗

Mean 5.77 5.61 5.95

Standard 4.97 4.76 5.29

deviation

Sex .776

Male 68.6% 70.4% 66.7%

Female 31.4% 29.6% 33.3%

Initial GCS score .197†

Mild (13–15) 25.5% 33.3% 16.7%

Moderate (9–12) 23.5% 14.8% 33.3%

Severe (3–8) 51.0% 51.9% 50.0%

Rancho level (DC) .047†

V 5.9% 0.0% 12.5%

VI 17.6% 25.9% 8.3%

VII 58.8% 63.0% 54.2%

VIII 9.8% 3.7% 16.7%

Missing 7.8% 7.4% 8.3%

Cause of injury .413†

Vehicular 72.5% 66.7% 79.2%

Fall 17.6% 18.5% 16.7%

Other 9.8% 14.8% 4.2%

Marital status .597†

Single 49.0% 55.6% 41.7%

Married 37.3% 33.3% 41.7%

Separated/ 13.8% 11.1% 16.7%

divorced

Employment status .648†

Student 7.9% 11.1% 4.2%

Employed 49.0% 44.4% 54.2%

Homemaker 3.9% 3.7% 4.2%

Special 3.9% 7.4% 0.0%

employment

Retired 23.5% 18.5% 29.2%

Unemployed 11.8% 14.8% 8.3%

Caregiver .835†

No 80.4% 81.5% 79.2%

Yes 19.6% 18.5% 20.8%

Race .155†

White 84.3% 85.2% 83.3%

Hispanic origin 9.8% 14.8% 4.2%

Black 3.9% 0.0% 8.3%

Native American 2.0% 0.0% 4.2%

∗Independent samples t test.
†χ2 Test.

was in the ImPACT Verbal Memory Composite scores,
which decreased while on modafinil from 80.3 points at
baseline to 77.4 at week 10, and increased in the placebo
group from 78.1 at baseline to 87.1 at week 10. The differ-
ence between the changes in the 2 groups was statistically
significant at weeks 4 and 10 in period 2. However, these
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analyses assumed that all participants returned to their
original baseline scores at period 1 for all of the neu-
ropsychological tests.

Table 4 shows the results of the mixed-effects regres-
sion analyses. Participants averaged a 1.2 point greater
decrease in the ESS when on modafinil versus placebo,
after controlling for their baseline scores and whether
they took the modafinil first or second (P = .02). How-
ever, this difference had decreased to 0.5 points at week
10 and was no longer statistically significant (P = .56).
Statistically significant findings on the ImPACT Verbal
Memory Composite (P = .03) and CCPT-II Omissions
(P = .03) were seen at week 4, but not at week 10, where
CCPT-II Commissions was significant (P = .05).

The sensitivity analyses showed that results were not
influenced by extreme values or missing data. There
was no evidence of significant carryover effects as mea-
sured by the magnitude of the period-by-treatment in-
teraction. Since subjects had elevated baseline depres-
sion scores (BCI-II) we also adjusted the primary results
for baseline depression score, and (separately) checked
for interaction between treatment effects on fatigue
and baseline BDI-II score. Neither analysis showed any
significant associations nor required alteration of our
conclusions.

Adverse events

Owing to the cross-over study design, all participants
were given both modafinil and placebo during the course
of the study. Thus, adverse events data were available
for all 51 participants under each treatment modality
(Table 5). With the modafinil treatment, 5% or more of
the 51 participants reported a total of 6 adverse events.
Headaches were the most commonly reported adverse
event, with 15 (29.4%) participants reporting a total of 51
headaches. Insomnia was reported by 10 (19.6%) partici-
pants, who experienced a total of 13 occurrences during
the 12 weeks that they were taking modafinil. Fatigue was
reported by 5 participants (9.8%), dizziness was reported
by 4 participants (7.8%), and nausea and tremor were
reported by 3 (5.9%) participants. With placebo treat-
ment, 2 adverse events were reported by 5% or more
of the 51 participants. Like with modafinil, headaches
were the most commonly reported adverse event. Ten
(19.6%) participants reported a total of 33 headaches
during the 12 weeks that they were taking placebo. Na-
sopharyngitis (common cold) was reported by 3 (5.9%)
participants under the placebo treatment modality. In-
somnia was reported significantly more with modafinil
than with placebo (P = .03; chi-square test).

Blinding

In the first period, 15/24 (62.5%) of the placebo
patients and 13/25 (52%) of the modafinil patients TA
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TABLE 5 Adverse events

Modafinil Placebo

n % n %

Headache 15 29.41 10 19.61
Insomnia 10 19.61 2 3.92
Fatigue 5 9.80 2 3.92
Dizziness 4 7.84 2 3.92
Nausea 3 5.88 1 1.96
Tremor 3 5.88 0 0.0
Nasopharyngitis 1 1.96 3 5.88

correctly guessed their treatment group. In the second
period, 13/24 (54.2%) of the placebo and 11/23 (47.8%)
of the modafinil patients correctly guessed their treat-
ment assignments. None of these percentages are signif-
icantly different from 50%; thus, participant blinding
was considered to be effective. Data collectors and data
analysts were also blinded to treatment allocation until
after initial interpretation of the results.

DISCUSSION

This study provides evidence that in this small pop-
ulation of persons with chronic TBI, modafinil is safe
and well tolerated but is not effective in treating fa-
tigue. There were no statistically significant differences
in a number of subjective and objective fatigue measures
when participants were taking modafinil versus placebo.
Our findings demonstrate that fatigue symptoms may
exhibit a substantial placebo effect in pharmaceutical
studies and questions the utility of open-label studies
of fatigue. Our study suggests that modafinil does not
exhibit any additional benefit.

Our results are consistent with the findings of other
studies that have not found modafinil to be effec-
tive for the treatment of fatigue in multiple sclerosis,67

schizophrenia,68 Parkinson disease,69 and postpolio
syndrome.70 Residual fatigue in patients with depression
treated with selective serotonin reuptake inhibitors may
be a possible exception.71–73 Several uncontrolled studies
have found significant improvements in fatigue,74–76 al-
though our study suggests that these findings may largely
be explained by the substantial placebo effect. The re-
sults of our study, along with previous studies, suggest
that fatigue after TBI is a complex, multifactorial phe-
nomenon.

Several studies have found modafinil to be effective
for the treatment of EDS in various populations and it
may also be effective in chronic TBI. The relationship
between fatigue and sleepiness is not straightforward,77

and participants in this study did exhibit a statistically
significant difference between modafinil and placebo on

the ESS at 4 weeks. However, these differences were no
longer present at 10 weeks, suggesting that only time-
limited, short-term use of modafinil may be beneficial.
Furthermore, although statistically significant, no cor-
rection for multiple comparisons was made and the
clinical significance of these findings is unclear. One
researcher has suggested that a difference in ESS total
score of 6 points is needed for a change to be considered
reliable.78

Likewise, on the objective neuropsychological tests,
there were sporadic statistically significant differences
between modafinil and placebo, but there was no con-
sistent pattern of improvement when taking modafinil.

Overall, the adverse event profile resembled that seen
in a larger 21-center trial in patients with narcolepsy,
where headaches were most common on placebo and
modafinil, while nausea and rhinitis were more com-
mon on modafinil than placebo.22 In the present study,
insomnia was significantly more common while tak-
ing modafinil, but in most cases the medication was
well tolerated and did not result in discontinuation of
the medication. There were 4 discontinuations while
participants were taking modafinil, and 1 while taking
placebo (see Fig 1). One withdrawal was for suspected,
but not confirmed, seizures and one each for tremors and
nausea.

There are several limitations to the study that affect
both the internal validity and the generalizability of the
findings. First, the study population was limited to a sin-
gle center treating moderate to severe TBI. The findings
may not apply to the larger number of individuals with
mild TBI. Furthermore, the sample showed a high level
of depressive symptoms, which may not be representa-
tive of the general population of individuals with TBI.
Second, a number of outcomes were assessed and mul-
tiple statistical tests were performed, making it possible
that statistically significant findings were due to random
variation. Third, the clinical significance of our findings
is complicated by the fact that most participants elected
to continue with the open-label phase of the study. This
may suggest that modafinil had unmeasured benefits, or
simply reflect an eagerness to receive free medication. A
clinical global impression measure may have helped clar-
ify the issue. Anecdotally, participants suggested that the
fatigue measures used in the study may not accurately
reflect the fatigue experienced by individuals with TBI
and may suggest the need for better measures. Finally,
the validity of self-report measures in TBI may be ques-
tioned.

Although this study does not support the use of
modafinil in treating fatigue in individuals with TBI,
individual responses were certainly variable, and it is
possible that certain subgroups may benefit more than
others. We are currently doing exploratory analyses that
may identify characteristics that could be used to help
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guide future studies within specific subgroups of indi-
viduals with TBI.

CONCLUSION

In this randomized controlled study of fatigue in indi-
viduals with moderate to severe TBI, there was no signif-

icant difference between treatment with modafinil and
placebo over a 10-week period. Although a statistically
significant improvement in excessive daytime sleepiness
was seen at 4 weeks, the clinical relevance of this finding
is unclear. Future studies may consider the possibility
of needing outcome measures that are specific to the
fatigue experienced by individuals with TBI.
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