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Background and Purpose—Poststroke fatigue is common and reduces quality of life. Current evidence for intervention is
limited, and this is the first placebo-controlled trial to investigate treatment of poststroke fatigue with the wakefulness
promoting drug modafinil.
Methods—The trial was randomized, double-blinded, and placebo-controlled. Patients were treated with 400-mg modafinil
or placebo for 90 days. Assessments were done at inclusion, 30, 90, and 180 days. The primary end point was fatigue at
90 days measured by the Multidimensional Fatigue Inventory-20 general fatigue domain. Secondary end points included
the Fatigue Severity Scale, the Montreal Cognitive Assessment, the modified Rankin Scale and the Stroke-specific quality
of Life questionnaire. Adult patients with a recent stroke achieving a score of ≥12 on the Multidimensional Fatigue
Inventory-20 general fatigue domain were consecutively included. Exclusion criteria were severe cognitive disabilities
and contraindications for modafinil treatment.
Results—One thousand one hundred twenty-one patients with stroke were screened and 41 patients included, 21 received
modafinil. The primary end point, the Multidimensional Fatigue Inventory-20 general fatigue score, did not differ
between groups. Patients in the modafinil group obtained better scores on the Fatigue Severity Scale (P=0.02) and in
some subscales of the stroke-specific quality of life questionnaire (0.001<P<0.05), which were secondary outcomes. No
serious adverse reactions were observed and there was no difference in blood pressure between groups.
Conclusions—There were no significant differences between the 2 groups with regard to the primary end point. There were
secondary significant outcomes that should be explored in future trials.
Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01800097.   
(Stroke. 2015;46:00-00. DOI: 10.1161/STROKEAHA.115.010860.)
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F

atigue is common among patients with stroke. Frequencies
range from 35% to 92%, although highly dependent on definition, time, and method for assessment.1,2 Poststroke fatigue
influences quality of life negatively, and is associated with a
poorer physical health 18 months after stroke, later return to
work and a higher risk of death.3–6 Furthermore, poststroke
fatigue has been rated by patients among the top 10 research
priorities relating to life after stroke,7 and 40% of stroke survivors reported fatigue as one of the worst consequences within
the first year after their stroke.8 Therefore, interventions
against poststroke fatigue are warranted. Physical, cognitive,
and medical strategies have been proposed but to date there is
little evidence to guide clinical practice.9
Factors such as depression, anxiety, higher age, female sex,
cognitive impairments, and prestroke fatigue are thought to
be associated with poststroke fatigue but causal relationships

have been difficult to establish.10 Depression has been studied
most intensively, and although there is strong evidence linking fatigue and depression, there is also evidence that fatigue
occurs without depression.11 Two trials have addressed treatment with antidepressive medication for fatigue after stroke
but found no effect.12,13
Modafinil is a wake promoting drug useful for treatment
of excessive sleepiness in narcolepsy, shift work sleep disorder, and obstructive sleep apnea. Numerous other indications,
including treatment of fatigue in multiple sclerosis, have been
suggested but are still debated.14 The neurobiochemical effects
of modafinil are complex and not fully understood.15 The primary effects seem to involve inhibiting reuptake by dopamine
and norepinephrine transporters. Furthermore, it is known to
have some effects on serotonin, glutamate, gamma-aminobutyric acid, orexin, and histamine systems, but it is unknown
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whether these effects are direct or a consequence of changes
in the catecholamine system.16 The pharmacological profile is
distinct from amphetamine,17 and modafinil has fewer adverse
effects, little potential for abuse and no withdrawal reactions.18
Higher frequencies of adverse reactions in patients treated
with modafinil than placebo have been reported in clinical
trials.14 The most common are headache, nausea, insomnia,
and nervousness. A concern about modafinil has been a high
rate of dermatologic reactions in patients with attention deficit
hyperactivity disorder.14
To our knowledge, modafinil has only been used for
poststroke fatigue treatment in a small trial without placebo
control.19 The aim of this study was to evaluate the effect of
treatment with modafinil on fatigue after stroke. The primary
end point was to reduce fatigue measured by the general
fatigue domain on the Multidimensional Fatigue Inventory-20
general fatigue domain (MFI-20 GF), whereas secondary end
points included improvements on the Fatigue Severity Scale
(FSS) and of neurological outcome, quality of life, cognition,
reaction times, depression, bone density, and muscle mass.

Methods
The trial was a phase 3, single-center, randomized, double-blinded,
and placebo-controlled trial. Patients were assigned 1:1 to modafinil
or placebo.

Study Population
Patients were recruited from the Department of Neurology at Herlev
Hospital, Denmark, Included patients had had a stroke within 14
days; had a modified Rankin Scale score of ≤3 before admission; and
were at least 18 years old. They experienced poststroke fatigue, with a
score of ≥12 on the MFI-20 GF and gave written informed consent to
participate. Exclusion criteria were cognitive or communicative disabilities that would substantially affect a patient’s ability to answer
questionnaires; fertile women not using safe contraceptives; other
disorders known to give substantial fatigue (including any malignant
disease); continued treatment with benzodiazepines or antiepileptic
drugs (not including sleeping pills); and stroke induced by infection,
trauma, or surgery, or a contraindication for modafinil treatment (including drug or alcohol abuse).
From January 2014, the inclusion criterion about stroke within 14
days was expanded to 6 months to increase recruitment.

Screening Procedure
Patients admitted to the Department of Neurology with a stroke diagnosis were consecutively screened. All patients complying with in
and exclusion criteria were approached and presented with the MFI20. For patients not eligible for inclusion, the reason was recorded.
If >1 reason applied, only the first on the list was recorded. If they
had a score of ≥12 on the MFI-20 GF, they were offered inclusion in
the study. All enrollments and all assessments were conducted by 1
investigator blinded to modafinil treatment.

Randomization, Blinding Procedure, And
Treatment
Patients were treated with 400-mg modafinil or placebo in 100-mg
tablets for 90 days. The dose was reduced to 200 mg if the patient
was ≥65 years. The treatment was administered in the morning. If
assumed adverse events were encountered, a dose reduction was
allowed.
Patients were assigned on site to either placebo or modafinil according to a computer-generated plan with permuted different block
sizes. The plan was generated at www.randomization.com by the

associated unblinded study nurse. Block sizes were kept unknown
to all blinded staff. Medication was individually allocated according
to this plan by the unblinded study nurse. All medication allocations
were double checked by another unblinded person. Medication containers were only identifiable by a number referring to a medicine
identification list. The medicine identification list was only available
to unblinded staff who prepared the medication, and they had no contact with the included patients. The medication and the medication
identification list were prepared by an independent pharmacy holding
the necessary permits.

Outcome Assessment
Patients were evaluated at baseline and at 30, 90, and 180 days.
Medication ended after the 90-day visit. The MFI-20 questionnaire
was completed at all 4 visits. It is a 20-items fatigue self-administered questionnaire designed to measure 5 fatigue domains: general
fatigue, physical fatigue, reduced activity, reduced motivation, and
mental fatigue. Each item is scored from 1 to 5 with higher scores, indicating greater fatigue. The scores within each domain are summed
up to a total domain score. The MFI-20 GF domain can be used as an
overall measure of fatigue.20
The secondary end points described in the following were obtained at all 4 visits. First, we used the FSS that is a 9-item selfadministered questionnaire originally developed for measurements
of fatigue in multiple sclerosis and systemic lupus erythomatosus. Each item is scored from 1 to 7 with higher scores reflecting
more fatigue. The median of all items gives a global score.21 After
initiation of this study, the scale was validated in a stroke cohort
showing better results if items 1 and 2 were removed.22 Therefore,
we have included both versions of the scale. We refer to the reduced form as FSS-7. For measurements of disability, we used the
modified Rankin Scale, the modified Barthel-100 Index, and the
Scandinavian Stroke Scale. The modified Rankin scale describes
disability on a scale from 0 to 6 where 0 indicates no symptoms
at all and 6 indicates death.23 The modified Barthel-100 Index is a
scale measuring 10 variables describing activities of daily living.
The maximum and best score is 100.24,25 Scandinavian Stroke Scale
is a scale to measure neurological disabilities after stroke. A maximum score of 58 is obtained if the patient has no symptoms at all.26
As measurements of physical performance, we used the 30-s chair
to stand test and the timed up and go test. The 30-s chair to stand
test is a test of lower body strength. Patients with arms held bended
and against the chest were asked to rise from a chair and sit down
again as many times as possible within 30 s. A 17″ chair without
armrests was used, placed with the back against a wall.27 The timed
up and go test is a test of mobility. It measures the time it takes for
a person to rise from a chair, walk 3 m and return to the chair.28
Further body composition in terms of bone mineral density, fat-free
mass, and fat mass was obtained by dual-energy x-ray absorptiometry. Fat-free mass is a measure of total muscle mass. Scans were
performed by a Lunar iDXA scanner with serial number DF+13189
and software version 14.10 (GE Medical Systems, Madison WI).
Scanning was performed at inclusion and at 90 days. The idea was
that patients who were less fatigued would be more active and,
therefore, obtain a higher bone mineral density and more muscle
mass. We measured reaction time by a simple procedure to obtain
an overall measure of information processing speed.29 The patient
was placed in a quiet room and instructed to press a button as fast
as possible when hearing a 500-Hz tone. The tone was generated
from a computer program designed to give 150 auditory tones with
random intervals ranging from 1 to 5 s between each tone. If the
tone was not interrupted by a press on the button it ended after
1000 ms. Patients were allowed a total of 5000 ms to respond from
the start of the tone. Failure to respond within these 5 s was registered as an error (missing response). Responding too early (before
100 ms) was also registered as an error (immature response), thus
correct responses were accepted within the range of 101 to 4999
ms. We measured the median reaction time, the number of immature responses, and the number of mistakes as end points. The program was designed by Gary Darby (http://delphiforfun.org, VA).
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At 30, 90, and 180 days visits the following outcomes were added: Major Depression Inventory, The Stroke-Specific Quality of Life
(SS-QoL) scale, and the Montreal Cognitive Assessment. The Major
Depression Inventory is a 10-item self-report questionnaire with dual
functions. A total score indicates the degree of depression although it
also contains the information necessary for making a diagnosis of depression according to the 10th revision of the International Statistical
Classification of Diseases and related health problems.30 A higher score
indicates a greater burden of symptoms. The SS-QoL Scale is an instrument developed to evaluate health-related quality of life in patients with
stroke. It is divided into 12 domains, and each domain consists of 3 to 6
questions. Questions are scored from 1 to 5 and the scores within 1 domain are summarized into a domain score where higher scores indicate
better quality of life.31,32 The Montreal Cognitive Assessment is a short
cognitive screening tool designed to detect cognitive impairments. The
maximum score is 30 and a score of >26 is considered normal.33 It has
been validated for patients with stroke recently.34
The outcome measurements of physical performance (timed up
and go test, chair to stand test, and body composition) were omitted
for patients included later than 14 days because they were no longer
expected to improve in these parameters.
All adverse events were registered by interview and review of patient files at each visit. Events were followed closely by the external
monitoring unit. An annual safety report was handed in to the Danish
Health authorities.

Statistics
To detect a difference in mean MFI-20 GF scores of 2 points, we
should include 64 patients in each group if Z2-α and Z-β (type 1
and type 2 errors) were 5% and 20%, respectively and the SD of
the MFI-20 GF was 4 (www.statstodo.com/SSiz2Means_Pgm.php).
Because of small groups, data were not assumed normally distributed
and measured as medians with associated interquartile ranges unless
otherwise stated.
Comparisons of groups were done with Mann–Whitney U test for
nonpaired groups, and proportions were compared with Fisher exact
test. Statistics were calculated with IBM SPSS version 22. Data were
analyzed blinded to treatment allocation.

Ethics
The trial was registered at clinicaltrials.gov with unique identifier:
NCT01800097. The full protocol is only available in Danish. The trial
was approved by the Danish Data Protection Agency (2007-58-0015/
HEH.750.87–1), the National Health and Medicines authority
(23349) and by the Regional Committee on Health Research Ethics
(H-3-2009-116). The trial was monitored by the unit for Good
Clinical Practice at Copenhagen University Hospital. All patients
provided written informed consent.

Results
Between October 2012 and October 2014, we screened 1121
patients and 41 patients were included. The last follow-up visit
was conducted by the end of March 2015. Twenty-one were
allocated to modafinil treatment. Data on the primary end point
were available for 17 in the modafinil and 18 in the placebo
group; see details in Figure (flow chart). From 90 to 180 days,
4 patients withdrew from the study. One moved to a distant
location and 3 could no longer manage to come for the visit.
Some of the secondary outcomes were not obtained in all cases
because the patients were fatigued. Only mobile patients could
do the timed up and go test and the 30-s chair to stand test.
The study recruited fewer patients than planned within the
scheduled timeframe because of a lack of eligible patients. It
was not possible to extend the recruitment period because of
lack of funding.

Figure. Flowchart.

Baseline characteristics for included patients are presented in Table 1. No difference between the modafinil and
the placebo group was detected in 35 variables except for the
timed up and go test where the modafinil group performed
significantly better than the placebo group. The treatment dose
was reduced to 200 mg because of age in 14 of 21 patients
in the modafinil group (67%) and in 16 of 20 in the placebo
group (80%). Two patients in the modafinil group (9.5%) and
4 patients in the placebo group (20%) were included after 14
days from the index event.
Outcomes at 90 days are shown in Table 2. Change in
scores between inclusion and 90 days are shown in Table 3.
Score changes are positive if they represent an improvement
and negative if they represent a worsening.
After 90 days, the MFI-20 GF median score was 27%
higher in the placebo group than in the modafinil group
(P=0.31). From baseline to 90 days, the MFI-20 GF median
score decreased 25% more in the modafinil group, although
these differences were not significant. None of the other
subscales of the MFI-20 questionnaire differed significantly
between groups.
The FSS showed significantly better scores in the
modafinil group at 90 days regardless of whether the full FSS
or the shortened FSS-7 was used (0.01<P<0.05). The decrease
on the FSS from inclusion to 90 days was also significantly
better in the modafinil group for both versions of the scale
(0.01<P<0.05). There was no significant difference between
the groups in MFI-20 or FSS scores at 30 or 180 days except
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Table 1.

Baseline Health Characteristics
Modafinil (n=21)

Placebo (n=20)

Age, y

69 (62–79)

71 (65–82)

Female sex (%)

10 (48)

12 (60)

Ischemic stroke (%)

20 (95)

17 (85)

Right hemisphere dominance (%)

19 (91)

19 (95)

Systolic blood pressure, mm Hg

139 (120–151)

132 (123–148)

Diastolic blood pressure, mm Hg

81 (72–92)

78 (70–93)

Heartrate, bpm

75 (65–87)

73 (62–80)

Right-sided stroke (%)

15 (71)

10 (50)

TACS (%)

2 (9.5)

1 (5)

PACS (%)

8 (38)

8 (40)

POCS (%)

8 (38)

7 (35)

LACS (%)

3 (14)

4 (20)
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Current smoker (%)

5 (25)

6 (32)

Earlier smoker (%)

8 (40)

5 (26)

Hypertension (%)

9 (43)

13 (65)

Diabetes mellitus (%)

4 (19)

4 (20)

Earlier stroke (%)

6 (29)

4 (20)

Ischemic heart disease (%)

0 (0)

3 (15)

Time from stroke to inclusion (d)

8 (6–11)

Discharged to rehabilitation home (%)

10 (48)

MFI-20 GF

17 (16–19)

Fatigue Severity Scale

45.5 (37.8–57.5)

Fatigue Severity Scale-7

37.5 (26.5–45.3)

Scandinavian Stroke Scale

48 (31–54)

Modified Rankin score

3(2–4)

Barthel-100 score
Timed up and go test (s)*

9 (6–14)
10 (50)
18 (15–20)
50.5 (37.8–54.8)
38 (29–45)
48 (44–54)
3 (2–4)

86 (32–100)

86 (69–100)

9 (6–13), n=10

20 (9–37), n=11

Chair to stand test, no. of risings

2.5 (0–13), n=16

4 (0–8.3), n=16

Reaction time (ms)

339 (306–770)

407 (314–744)

Reaction time mistakes

3 (2–21)

2 (1–9)

Reaction time immature response

0 (0–5)

0 (0–2)

BMD (g/cm2)

1.21 (1.196–1.301), n=7

1.12 (0.91–1.23), n=11

Fat mass (g)

30498 (29959–39585), n=7

20908 (16414–32905), n=11

Fat-free mass (g)

44965 (43395–59924), n=7

42654 (36776–57195), n=11

n (%) or median (interquartile range). BMD indicates bone mineral density; LACS, lacunar stroke; MFI-20 GF,
Multidimensional Fatigue Inventory general fatigue domain; PACS, partial anterior circulation stroke; POCS, posterior
circulation stroke; and TACS, total anterior circulation stroke.
*P<0.05.

that modafinil reduced mental fatigue in the MFI-20 mental
fatigue subdomain at 180 days. These data are provided in the
Table I in the online-only Data Supplement.
The results of the 12 domains of the SS-QoL questionnaire
at 90 days are presented in Table 4. The domains of upper
extremity function, work and productivity, and language were
significantly better in the modafinil group.
At 30 and 180 days, there were several significant findings. The timed up and go test test and the SS-QoL domains of
language, work and productivity, and energy were all significantly better in the modafinil group at 30 days (0.01<P<0.05).
At 180 days, the SS-QoL domains of language and thinking

were significantly better in the modafinil group (0.01<P<0.05).
Exact data for 30 and 180 days can be found in the Table I in
the online-only Data Supplement.
There was no significant difference between the 2 groups
at any time in physical impairment measured by modified
Rankin Scale score, modified Barthel-100 Index, chair to
stand test, and the Scandinavian Stroke Scale or on depression
or body composition measured by dual-energy x-ray absorptiometry scans.
There was no difference between the groups in reaction
times for neither comparison between groups nor improvement scores. If both groups were combined into 1 group,
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Outcome Compared Between Groups at 90 days, Median (Interquartile Range)
Modafinil (n=17)

Placebo (n=18)

P Value

MFI-20 general fatigue

11(10–15)

14 (10–16)

0.32

MFI-20 physical fatigue

11 (9.5–14)

13.5 (10–15.3)

0.29

MFI-20 reduced activity

11 (7–15.5)

15 (8.8–17)

0.13

MFI-20 reduced motivation

8 (4.5–9.5)

9 (7.8–11.5)

0.10

MFI-20 reduced motivation

7 (4.5–9.5)

9 (4.8–11.3)

0.39

Fatigue Severity Scale

36 (24–41)

49.5 (37–55)

0.019

Fatigue Severity Scale-7

22 (19–29)

37.5 (24.5–42.3)

0.042

2 (1–4)

2 (2–3)

0.99

Modified Rankin Scale
Scandinavian Stroke Scale

50 (36–57)

54 (49.8–56.5)

0.23

Barthel-100 Index

100 (62–100)

100 (98.5–100)

0.35

Timed up and go

6.5 (3.6–7.8), n=8

8 (5.3–12.5), n=12

0.098

6 (0–15), n=12

11 (7–13), n=13

0.65

MoCA

25.5 (20.8–28), n=10

25.5 (23.5–28), n=16

0.86

MDI

7.5 (2.3–13.8), n=16

9.5 (6.5–16)

0.21

Reaction time, ms

356 (308–616), n=15

333 (287–485), n=18

0.23

3 (1–7)

3 (0.75–5.25)

Chair to stand
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Reaction time, immature responses
Reaction time, missing responses

1

1 (0–3)

0 (0–1.25)

0.14

1.217 (1.188–1.275)

1.083 (0.916–1.204)

0.056

Fat mass, g,

27861 (26340–35239)

19895 (15985–31715)

0.15

Fat-free mass, g

45912 (41854–59148)

43338 (36269–59193)

0.43

Bone mineral density, g/cm2

If n differs from the number given in the top-row, it is stated beneath the outcome. MDI indicates Major Depression
Inventory; MFI, Multidimensional Fatigue Inventory; and MoCA, Montreal Cognitive Assessment.

reaction times improved from inclusion to 90 days (P=0.004).
Thus, both the groups achieved improved reaction times, but 1
group did not improve more than the other.
We then subtracted the 10th percentile reaction time
from the 90th percentile reaction time to investigate if
Table 3.

fatigue occurred more markedly at the end of the reaction
time test. Again, we found no significant group differences
on days 30, 90, or 180. We also compared the 90th with 10th
percentiles improvement scores on days 30, 90, and 180 (all
P>0.05).

Change From Inclusion to 90 Days
Modafinil (n=17)

Placebo (n=18)

P Value

MFI-20 general fatigue

6 (1 to 8)

4.5 (1.5 to 6.3)

0.44

MFI-20 physical fatigue

6 (1.5 to 8)

4 (−2.5 to 6)

0.80

MFI-20 reduced activity

4 (2 to 6.5)

2 (−1 to 4.75)

0.13

2 (−4.5 to 3.5)

0.5 −4.3 to 5)

0.99
0.46

MFI-20 reduced motivation
MFI-20 mental fatigue

1 (−1.5 to 4.5)

2 (0 to 6)

13 (−2.5 to 25.5)

−2 (−7.5 to 6.2)

0.04

FSS (7)

13 (−2.5 to 24)

−0.5 (−1.25 to 6)

0.047

Modified Rankin score

1 (0 to 1), n=18

1 (0 to 1), n=19

0.50

Scandinavian Stroke Scale

FSS

5 (2 to 13) n=15

3 (0 to 7.3)

0.46

Barthel-100 score

6 (0 to 35)

10 (0 to 26)

0.83

Chair to stand-test

0 (0 to 4.75), n=12

4 (1 to 8), n=13

0.07

4 (0 to 6), n=7

10.5 (2.5 to 20.5), n=10

0.09

Timed up and go
Reaction time, ms
Reaction time, immature response
Reaction time, missing response
Bone mineral density, g/cm2

7 (−41 to 160)

65 (10 to 156)

0.42

2 (−0.25 to 14.8)

0 (−3 to 7.5)

0.25

0 (−1.25 to 2)

0 (0 to 0)

0.74

0.014 (0.0040 to 0.05), n=7

0.0095 (0.0085 to 0.029), n=11

0.79

Fat mass, g

3103 (2551 to 3841), n=7

1283 (−356 to 3776), n=11

0.21

Fat-free mass, g

−272 (−1107 to 911), n=7

−684 (−3032 to 356), n=11

0.25

Values illustrate the change in score between baseline and 90 days. If the value is positive, the value represents an
improvement. If negative, it represents a worsening. FSS indicates Fatigue Severity Scale; and MFI, Multidimensional
Fatigue Inventory.
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Table 4. Median Stroke-Specific Quality of Life Scores
(Interquartile Range) of the 12 Domains at 90 Days
Modafinil, n=13

Placebo, n=17

P Value

Mobility

29 (26–30)

27 (24–30)

0.65

Energy

9 (6–12)

7 (4–12)

0.36

Upper extremity function

24 (22–25)

20 (17–24)

0.02

Work and productivity

14 (13–15)

12 (11–13)

0.007

Mood

22 (18–24)

21 (18–23)

0.46

Self-care

25 (22–25)

23 (22–25)

0.32

Social roles

19 (10–24)

13 (12–18)

0.32

Family roles

13 (9–15)

12 (9–15)

0.68

Vision

15 (15–15)

15 (14–15)

0.39

Language

25 (24–25)

22 (20–24)

0.012

Thinking

15 (12–15)

11 (8–15)

0.15

Personality

13 (12–15)

14 (11–15)

0.77

Downloaded from http://stroke.ahajournals.org/ by guest on April 5, 2018

Comparing errors when performing the reaction time test,
both groups made a similar amount of missing or immature
responses on days 30, 90, and 180 (all P>0.05).
If the International Classification of Diseases-Tenth
Revision diagnosis of depression is made on the basis of the
Major Depression Inventory, there were 1 patient with a mild
depression and 3 with a moderate depression at 30 days. Three of
them were in the placebo group and 1 in the active group. At 90
days, none had depression and at 180 days 3 had a mild depression, 2 were in the placebo group, and 1 was in the active group.
At 30 days, there was a trend toward better Major Depression
Inventory scores among modafinil patients (P=0.07).
The number of overall events and serious adverse events
are summarized in Table 5. There were no serious adverse
reactions observed. Some of the most common events that
could be related to the medication are included in Table 5.
Eight patients stopped medication before 90 days; 3 of them
because of assumed adverse effects: One patient experienced
a rash, 2 experienced dizziness, and they were all seen in the
modafinil group. The dose was reduced because of assumed
adverse effects in 5 patients. Of these, 3 were in the modafinil
group and 2 were in the placebo group.
The median blood pressure was 135/76 in the modafinil
group and 134/78 in the placebo group at 90 days. The
change in blood pressure from inclusion to 90 days did not
differ between the 2 groups for neither the systolic blood
pressure (P=0.87) nor the diastolic blood pressure (P=0.47).
The median compliance was 99.5% in the modafinil group
(98–100.8) and 99% (95.5–100.5) in the placebo group.

Discussion
This is the first placebo-controlled study of treating poststroke
fatigue with modafinil. The trial did not recruit to target and
was underpowered for the primary end point. There was no
significant difference between the 2 groups with regard to the
primary end point (the MFI-20 GF) neither when the groups
were directly compared nor when the improvement from
inclusion to 90 days was compared. After 90 days, fatigue was
significantly reduced on the full and the shortened version of
the FSS questionnaire, but this was a secondary end point.

There was a significantly better outcome for several
domains of the SS-QoL questionnaire, especially the language domain was better at both 30, 90, and 180 days in the
modafinil group. Throughout the study, all significant findings
favored the modafinil group.
One other trial has addressed modafinil treatment for
stroke but without placebo control. In that trial, investigators
included 13 patients with brain stem or diencephalic stroke
and 9 patients with cortical stroke. Investigators found a
positive effect on patients with brain stem and diencephalic
strokes, but not on patients with cortical stroke.19 Because of
different end points and the uncontrolled design, the effect
size cannot be directly compared with our trial. Because of
the few included patients in our trial, it did not make sense to
compare patients with, for example, brain stem and cortical
strokes.
Modafinil is structurally similar to methylphenidate.35 A
recent trial found methylphenidate to reduce mental fatigue in
persons with traumatic brain injury,36 whereas a similar fatigue
reduction was not found in 2 randomized trials investigating
effects of modafinil in patients after traumatic brain injury.37,38
It would be reasonable to use methylphenidate instead of
modafinil, although caution is advised for methylphenidate
treatment in patients with cardiovascular disease because of
effects on blood pressure.39
Another possibility for pharmacological fatigue treatment
is the monoaminergic stabilizer drug OSU-6162, which has
shown effect in reducing mental fatigue after traumatic brain
injury in a cross-over designed study with 6 patients with
stroke and 6 patients with traumatic brain injury.40
Modafinil is thought to enhance pattern recognition memory, digit span recall, and mental digit manipulation but it is
debated whether there is an effect on spatial memory, attention,
and other executive functions.35 Effect on reaction time has
been demonstrated in healthy sleep deprived individuals.41 We
did not observe an effect or even a trend toward improvement
on general cognition as measured by the Montreal Cognitive
Assessment test or on reaction time. A previous controlled
trial of modafinil treatment for fatigue after traumatic brain
injury also did not find effect using neuropsychological tests.37
The placebo-controlled and double-blinded design of the
trial substantially reduced the risk of bias. The trial was conducted at a single center with a detailed screening log, and
all patient contact was done by 1 person, thereby reducing
Table 5.

Adverse Events
Modafinil

Placebo

Serious adverse events

3

10

Headache

0

2

Dizziness

5

0

Restless legs

1

1

Dry eyes or mouth

5

2

Rash

2

0

Skin itching

0

2

Sleep disturbances

4

3

55

63

Overall no. of adverse events reported
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observer variability. Data from the screening process could
have been improved by recording the fatigue score of all
screened patients.
The significant difference between the 2 groups at inclusion in the timed up and go test could indicate that the
modafinil group had a higher physical performance level
before treatment and it is possible that this influences the
physical results in favor of the modafinil group. It should be
noted that at baseline only 50% of the patients in each group
were able to participate in this motor test (10 of 21 modafinil
patients and 11 of 20 control patients), thus potentially providing a strong bias to these results.
Shortly after stroke and because of deteriorated health
conditions, patients were not able to answer the depression
and quality of life questionnaires, thus the later differences
could have been present when the patients entered the trial.
The small number of included patients is a limitation, and
the trial can only be interpreted as a pilot trial. The positive
findings in the secondary end points should be interpreted
carefully.
The inclusion criterion about time since the stroke was
expanded during the trial. This allowed for inclusion of
patients with a more chronic fatigue and made the patient
population more diverse. It has been proposed that fatigue
during the acute phase after stroke is different from fatigue
at a later stage10 and it has been proposed that different
types of fatigue exist and should be addressed differently.9
Therefore, a more diverse patient group could weaken the
trial. Also, we defined fatigue by a score on the MFI-20
scale and it has been proposed that fatigue after stroke can
be either an exertion fatigue or a chronic fatigue.42 If different subtypes of fatigue were identified, it might have
strengthened the study.
Adverse events were mild but relatively common in the
trial. Fourteen percent of the patients allocated to modafinil
treatment discontinued medication because of assumed
adverse effects, whereas none of the patients in the control
group did so. The earlier modafinil trial in patients with stroke
had a dropout rate because of side effects of 25% despite a
lower dosage.19 Therefore, our use of the maximum allowed
dose of 400 mg in patients aged <65 years does not seem to
have had influenced the amount of adverse effects, but adverse
events seem to be a consistent problem.
Future trials with modafinil for fatigue after stroke should
closely monitor adverse effects. This trial does not give evidence for a clinical effect of treating fatigue after stroke with
modafinil but the trend observed in the secondary end points
are encouraging enough to merit further investigations.

Conclusions
Our trial is the first randomized, double-blinded, and placebocontrolled trial of poststroke fatigue treatment with modafinil.
The trial was relatively small and must be interpreted as a pilot
trial because it did not recruit to target. The trial was negative
but there was a significant decrease in fatigue measured by
the secondary outcome; the FSS, which should be explored in
future studies. Treatment with modafinil was safe.
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SUPPLEMENTAL MATERIAL

Supplemental Table I. Outcome compared between groups at 30 and 90 days, median (IQR). If n differs from the number given in the toprow, it is stated after the outcome.

MFI-20 General Fatigue
MFI-20-Physical Fatigue
MFI-20-Reduced Activity
MFI-20-Reduced Motivation
MFI-20-Mental Fatigue
Fatigue Severity Scale
Fatigue Severity Scale (7)
Modified Rankin Scale
Scandinavian Stroke Scale
Barthel-100 Index
Time up and go
Chair to stand
MoCA
Major Depression Inventory
Reaction time
Reaction time mistakes
Reaction time missing
SS-QoL Mobility
SS-QoL Energy
SS-QoL Upper extremity function
SS-QoL Work and productivity
SS-QoL Mood
SS-QoL Self-care
SS-QoL Social roles
SS-QoL Family roles
SS-QoL Vision
SS-QoL Language
SS-QoL Thinking
SS-QoL Personality

30 days
Modafinil (n=18)
15 (10.25 - 17.25)
11.5 (8.5 - 18.25)
12.5 (10.75 - 17.75)
8 (4.75 - 11)
6.5 (4 - 13.25)
42.5 (26.5 - 50.25)
32.5 (17 - 41)
3 (2 - 4)
52 (30.75 - 58)
100 (44.25 - 100)
7 (4 - 7.25), n=10
6 (0 - 14), n=16
25 (20 - 28), n=11
7 (4 - 13.5), n=17
363 (299 - 639), n=17
5 (0.5 - 19)
1 (0 - 4)
27.5 (26.25 - 30), n=12
10 (6.5 - 12), n=12
24 (21.5 - 25), n=12
14 (13 - 15), n=12
21.5 (17 - 25), n=12
25 (21.25 - 25), n=12
17 (11.25 - 20.75), n=12
12 (9.5 - 15), n=12
15 (14.25 - 15), n=12
25 (22.5 - 25), n=12
14 (10.25 - 15), n=12
13 (11.25 - 15), n=12

Placebo (n=18)
15.5 (11 - 18)
14 (11 - 18)
16 (12 - 18)
9 (6 - 12)
10.5 (5.75 - 13.50)
47.5 (31 - 53.75)
36 (24.25 - 41.5)
2 (2 - 3)
52 (48.25 - 55.75)
100 (94.25 - 100)
10.5 (7 - 13), n=10
9 (1 - 12), n=13
27 (23 - 28), n=11
16 (6 - 20.25)
367 (290 - 539), n=17
3 (0.5 - 11)
0 (0 - 1)
25 (22.5 - 30), n=17
6 (4 - 9.5), n=17
22 (14.5 - 24.5), n=17
12 (9 - 13.5), n=17
19 (13.5 - 23), n=17
22 (17.5 - 24.5), n=17
13 (7 - 19.5), n=17
11 (7 - 13), n=17
15 (13 - 15), n=17
21 (17 - 24), n=17
10 (6 - 14.5), n=17
12 (9 - 15), n=17

P-value
0.82
0.36
0.17
0.39
0.39
0.52
0.69
0.41
0.56
0.44
0.01
0.85
0.52
0.083
0.73
0.39
0.43
0.30
0.021
0.20
0.048
0.17
0.30
0.15
0.23
0.37
0.006
0.13
0.37

180 days
Modafinil (n=14)
13.5 (10.75 - 16.50)
12.5 (8 - 15.25)
11.5 (6.5 - 13.25)
7.5 (4.75 - 11)
4.5 (4 - 9.25)
41(28 - 53)
28 (21 - 39)
2 (1 - 3.75)
55 (47 - 58)
100 (96 - 100)
6 (4 - 6.5), n=9
14 (0 - 16.50), n=13
26 (23.5 - 29), n=12
8 (4 - 15), n=15
333.5 (291 - 408.25), n=14
2.5 (0 - 5.75)
0 (0 - 3)
29 (23 - 30), n=13
9 (6 - 11.5), n=13
24 (23 - 25), n=13
15 (11.5 - 15), n=13
23 (19 - 25), n=13
25 (22 - 25), n=13
20 (8.5 - 21.5), n=13
14 (10.5 - 15), n=13
15 (14.5 - 15), n=13
25 (23 - 25), n=13
15 (11.5 - 15), n=13
14 (8 - 15), n=13

Placebo (n=16)
14 (11 - 16)
13 (10 - 15)
13 (10 - 15)
7 (6 - 9)
11 (5 - 13)
47 (29 - 57)
35 (21 - 44)
2 (1.5 - 2)
55.5 (52.25 - 58)
100 (100 - 100)
7 (5 - 10.5), n=10
12.5(10.75 - 15.25), n=10
27 (25 - 29), n=14
9 (7 - 23), n=15
305 (291 - 337), n=15
1 (0 - 2)
0 (0 - 1)
28 (26 - 30), n=15
7 (3 - 10), n=15
22 (18 - 25), n=15
12 (11 - 14), n=15
21 (13 - 25), n=15
24 (22 - 25), n=15
16 (10 - 22), n=15
12 (7 - 15), n=15
15 (13 - 15), n=15
21 (18 - 25), n=15
10 (5 - 15), n=15
11 (9 - 15), n=15

P-value
0.85
0.75
0.25
0.81
0.041
0.54
0.43
0.85
0.74
0.46
0.16
1.00
0.63
0.74
0.45
0.20
0.72
0.86
0.20
0.10
0.16
0.32
0.41
1.00
0.41
0.39
0.037
0.041
0.59

IQR; Inter-Quartile Range, MFI-20; Multidimensional Fatige Inventory; MOCA; Montreal Cognitive Assesment, SS-QoL; Stroke Specific
Quality of Life

