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ABSTRACT: Post-stroke fatigue has a substantial negative impact on the mental and physical health of
individuals recovering from stroke. This study explored the effect of modafinil om improving quality of life for stroke
patients experiencing severe fatigue. This study employed a randomized, double-blind, placebo-controlled, design that
was conducted at a single center hospital. Individuals recovering from a stroke were assigned by chance, in equal
proportions, to either a 200 mg dose of modafinil or an inactive substitute for the first eight weeks of the study. The
primary outcome measures comprised fatigue (MFI), quality of life (SSQoL), and stroke severity (NIHSS). Eighty
stroke survivors were initially assessed for eligibility, and 63 of those individuals were subsequently enrolled in the
study. The mean age of participants in the modafinil group was 57.46 + 13.23 years and 64.8 + 14.28 years in the
control group. At baseline, the two groups exhibited no statistically significant differences in fatigue levels, quality of
life scores, or stroke severity (P > 0.05). Nevertheless, the modafinil group exhibited greater improvement in all
outcome measures following the intervention. While modafinil treatment did not yield statistically significant
between-group differences in fatigue or quality of life, the observed trends suggest a potential benefit. The modafinil
group exhibited a slightly greater reduction in MFI scores and a slightly greater increase in SSQoL scores compared to
the control group. This study reported that modafinil may offer a safe and beneficial approach for managing fatigue

and improving quality of life in individuals recovering from stroke.

INTRODUCTION

Acute and chronic neurological disorders, particularly
those affecting the brain and nervous system, are a
serious medical issue with a high prevalence today [1-4].
Stroke ranks among the leading causes of global
disability and mortality, with significant socioeconomic
implications, particularly for older adults and individuals
in their productive years [1, 2]. Unfortunately, there are
currently no available pharmacotherapeutic interventions
to improve long-term outcomes or quality of life in
stroke survivors [3]. Common sequelae of stroke include

post-stroke fatigue, affecting 36-77% of survivors, and

depression, which occurs in approximately one-third of
cases [4, 5].

The widespread and enervating issue of tiredness after a
stroke, which troubles more than 50 percent of stroke
victims, can continue for prolonged intervals after the
incident [6]. This clinical presentation correlates with
increased dependence in activities of daily living and
demonstrates a significant association with augmented
rates of illness and death [7]. The pathophysiology of
both acute and chronic post-stroke fatigue is not yet fully

elucidated. Prior investigations have not conclusively
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demonstrated a relationship between stroke-related
factors, including clinical severity, lesion location, or
lesion volume, and the development or occurrence of
fatigue [8]. It is thus postulated that broader mechanisms,
including reduced physical activity, diminished cortical
excitability, or altered immune responses potentially
leading to neurotransmitter dysregulation, may play a
role in post-stroke fatigue [9-12].

The treatment of post-stroke fatigue remains a significant
clinical challenge, with pharmacological interventions,
such as fluoxetine, failing to demonstrate efficacy in
reducing fatigue symptoms [13]. Modafinil, a non-
amphetamine wakefulness-promoting medication with a
relatively benign side-effect profile, is commonly
prescribed for managing excessive daytime sleepiness
related to several sleep disorders, such as narcolepsy,
shift work sleep disorder, and obstructive sleep apnea
[14]. Additionally, modafinil has been investigated as a
potential treatment for fatigue associated with
neurological conditions such as Parkinson's disease,
multiple sclerosis, traumatic brain injury, and post-polio
syndrome [15]. While a previous case report suggested
the potential benefits of modafinil in stroke patients [16],
a recent investigation of modafinil administration
immediately following stroke did not reveal significant
benefits, likely due to spontaneous remission of fatigue
observed in both the placebo and modafinil groups [17].
Given the negative impact of fatigue on quality of life
and functional recovery in stroke survivors, and
considering the limited evidence base and promising
preclinical findings, the present investigation sought to
determine the effectiveness of modafinil in enhancing the
quality of life among individuals who have survived a

stroke and experience significant fatigue.
MATERIALS AND METHODS

The study employed a randomized, double-blind,
placebo-controlled, crossover design at a single medical
center. Individuals recovering from a stroke were
assigned by chance, in equal proportions, to either a 200
mg dose of modafinil or an inactive substitute for the
first eight weeks of the study. The placebo was
formulated to have the same physical appearance as the
modafinil tablets, utilizing rice powder as the inert

ingredient. Following a seven-day interval devoid of any

therapeutic intervention, subjects transitioned to the
alternate treatment group for a subsequent eight-week
duration. Initial clinical and magnetic resonance imaging
evaluations were conducted before the commencement of
the experimental protocol. Ethical approval was obtained
from the Ethics Committee of Urmia University of
Medical Sciences in accordance with the Declaration of
Helsinki (Code: IR.UMSU.REC.1399.187). Informed
consent was obtained from all participants.

Eligibility criteria mandated that subjects be at least 18
years of age, possess a documented history of
cerebrovascular event occurring no less than one month
before enrollment, present with substantial fatigue as
evidenced by a Modified Fatigue Impact Scale (MFI)
score of 60 or greater, and exhibit mild to moderate
neurological deficit as defined by a National Institutes of
Health Stroke Scale (NIHSS) score of 5 or below.
Exclusion criteria comprised known hypersensitivity to
modafinil, compromised renal function, identifiable
etiologies of fatigue other than post-stroke sequelae (e.g.,
narcolepsy), concurrent use of benzodiazepines or
antiepileptic agents, pre-existing affective disorders,
cognitive  impairment, or other neuropsychiatric
conditions, obstructive sleep apnea, gestation, or stroke
pathogenesis other than ischemic or hemorrhagic stroke
(e.g., stroke secondary to infection, trauma, or surgical

intervention).
Treatment

Subjects were instructed to ingest a single dose of the
assigned medication daily, administered either with the
morning meal or during the early diurnal hours.
Following random assignment, each participant received
an eight-week dispensation of the investigational
product. Upon completion of the initial eight-week
therapeutic interval, participants presented to the study
site for comprehensive clinical evaluation, including the
quantification ~of fatigue levels, quality-of-life
parameters, and neurological deficit severity, in
conjunction  with  magnetic  resonance  imaging
acquisition. Subjects were requested to return any
residual study medication for adherence verification. A
seven-day period of therapeutic discontinuation ensued,
during which participants were required to refrain from

the investigational product. Subsequent to the washout
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phase, participants underwent outcome evaluation before
being transitioned to the alternative treatment regimen.
Following the second eight-week therapeutic phase,
participants returned for final evaluation, which included
clinical assessments and MRI scans, and the return of
any remaining medication. To maintain the blinding
integrity of the trial, treatment allocation remained
exclusively within the purview of the trial pharmacist.
All patient evaluations were conducted during the
morning hours to mitigate potential confounding effects

arising from diurnal variability in symptom presentation.
Patient assessments

Participants underwent baseline and post-treatment
assessments using the MFI and the Stroke- SSQoL.
Research personnel conducting the assessments were
blinded to the treatment assignments. Patient compliance
with the therapeutic regimen was assessed through the
retrieval of unused medication units. The Modified
Fatigue Impact Scale (MFI), a psychometrically
validated measure, quantified fatigue severity across five
distinct dimensions, with elevated scores reflecting
increased symptom burden. The Stroke-Specific Quality
of Life (SSQoL) scale, comprising 49 items, served to
evaluate health-related quality of life across 12 domains
pertinent to the post-stroke population. Adverse events
were recorded through monthly telephone interviews and

chart review.
Sample size method

A power analysis, informed by the effect size reported by
Visser et al. (13), was performed to determine the
necessary sample size. With a desired 90% confidence
level, 90% power, and an estimated 20% attrition rate,

the calculated sample size was 40 participants per group.

( Zl-B=1'28 ¢ Zl-u/2=1'96)

(Zl_% +Z1-6)* X (ST +S3)
(Xl - X2)2

n=

Statistical analysis

Quantitative ~ variables were  summarized using
descriptive statistics, with mean and standard deviation

reported. Categorical variables were presented as

frequency distributions and percentages. Independent t-
tests (or Mann-Whitney U tests for non-normally
distributed data) were employed to compare mean
differences between the two groups. Paired t-tests (or
Wilcoxon signed-rank tests for non-normally distributed
data) were used to compare within-group differences.
Chi-square tests (or Fisher's exact tests for small sample
sizes) were used to compare categorical variables.
Statistical analyses were performed using SPSS 24
software, with statistical significance set at the 0.05

level.
RESULTS

Of the 80 stroke patients initially enrolled in the study,
31 participants in the modafinil group and 32 participants
in the control group completed the study. In the
modafinil group, three participants withdrew due to
intolerance (two experiencing headache and one nausea),
five were lost to follow-up, and one died. In the placebo
group, six participants were lost to follow-up, and two
died.

Participant baseline characteristics are presented in Table
1. The mean age of participants in the modafinil and
control groups was 57.46 + 13.23 years and 64.8 + 14.28
years, respectively.

The distribution of involved artery location was similar
between the two groups, with a higher proportion of
patients in both groups having an anterior involved artery
location (modafinil group= 74.2% and control group
=65.6%). In the modafinil group, 25.8% of the patients
had a posterior involved artery location and in the control
group, 34.4%. A chi-square test revealed no significant
difference in the distribution of involved artery location
between the two groups (p = 0.459).

In the modafinil group, 22.6% of patients experienced
hemorrhagic stroke, 45.2% experienced thrombotic
stroke, and 32.3% experienced embolic stroke. In the
control group, 6.2% of patients experienced hemorrhagic
stroke, 65.6% experienced thrombotic stroke, and 28.1%
experienced embolic stroke. The results of the chi-square
test indicated no significant difference in the proportion
of hemorrhagic, thrombotic, and embolic strokes
between the modafinil and control groups (p = 0.122).
This suggests that the two groups had similar baseline

characteristics with respect to stroke subtype.
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The prevalence of hypertension was assessed in both the
modafinil and control groups. In the modafinil group,
38.7% of patients had hypertension, while in the control
group, 43.8% of patients had hypertension. The results of
the chi-square test indicated no significant difference in

the proportion of hypertensive patients between the
modafinil and control groups (p = 0.658). This suggests
that the two groups had similar baseline characteristics

with respect to hypertension.

Table 1. Baseline characteristics of studied patients

Modafinil group N (%0) Control group N (%) P-value
Mean age (year) 57.46 +13.23 64.8 +14.28
Gender
Male 18 (58.1%) 19 (59.4%)
Female 13 (41.9%) 13 (40.6%)
Location of the involved artery
Posterior
23(74.2%) 21(65.6%) 0.459
Anterior
8(25.8%) 11(934.4%)
Hypertension
Yes 12(38.7%) 14(43.8%)
0.658
No 19(61.3%) 18(56.2%)
Stroke type Hemorrhagic
7 (22.6%) 2(6.2%)
Thrombotic
14(45.2%) 21(65.6%) 0.122
Embolic
10(32.3%) 9(28.1%)

The initial stroke severity of participants was assessed
using the NIHSS at baseline. The mean NIHSS score in
the modafinil group was 8.5 + 2.8, while the mean
NIHSS score in the control group was 8.2 + 2.65. The

results of the t-test indicated no significant difference in
the mean NIHSS score between the modafinil and
control groups (p = 0.734). This suggests that the two

groups had similar baseline stroke severity.

Table 2. Frequency of stroke severity (NIHSS) in studied patients

Modafinil group N (%) Control group N (%) P-value
Mean NIHSS 8.5+2.8 8.2+2.65
5 6(19.4%) 4(12.5%)
6 3(9.7%) 5(15.6%)
7 4(12.9%) 7(21.9%)
8 6(19.4%) 6(18.8%) 0.734
10 2(6.5%) 0
11 4(12.9%) 6(18.8%)
12 2(6.5%) 2(6.2%)
13 4(12.9%) 0
14 0 2(6.2%)
Total 31(100%) 32(100%)

The mean MFI-20 score in the modafinil group was 68.5
+ 9.1, while the mean MFI-20 score in the control group
was 69.88 = 5.8. The results of the t-test indicated no
significant difference in the mean MFI-20 score between

the modafinil and control groups (p = 0.780). This
suggests that the two groups had similar baseline fatigue

severity (Table 3).
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Table 3. Frequency of initial MFI-20 in studied patients

Modafinil group N (%0) Control group N (%) P-value
Mean Severity 68.5+9.1 69.5+88.8
60 3(9.7%) 7(21.9%)
61 2(6.4%) 4(12.5%)
62 2(6.4%) 2(6.2%)
64 2(6.4%) 0 0.780
66 2(6.4%) 0
67 2(6.4%) 4(12.5%)
68 2(6.4%) 0
69 2(6.4%) 0
70 2(6.4%) 2(6.2%)
73 2(6.4%) 2(6.2%)
75 2(6.4%) 0
76 2(6.4%) 2(6.2%)
77 2(6.4%) 3(9.4%)
82 2(6.4%) 2(6.2%)
83 0 2(6.2%)
84 0 2(6.2%)
90 0 0
Total 31(100%) 32(100%)
The mean SSQoL score was 124 + 20.8 in the modafinil mean SSQoL scores between the two groups (p = 0.420),
group and 128 + 5.2 in the control group. A t-test indicating comparable baseline quality of life (Table 4).

analysis revealed no statistically significant difference in
Table 4. Frequency of Initial SQol in studied patients

Modafinil group N (%0) Control group N (%) P-value
Mean Severity 124+20.8 128.5+23.8

86 2(6.5%) 0

89 0 2(6.2%)

91 0 3(9.4%)

96 2(6.5%) 0 0.420
100 0 2(6.2%)

104 0 2(6.2%)

107 2(6.5%) 0

109 0 2(6.2%)

110 2(6.5%) 0

112 4(12.9%) 0

124 2(6.5%) 0

125 4(12.9%) 0

126 3(9.7%) 3(9.4%)

129 0 2(6.2%)

131 2(6.5%) 0

135 0 2(6.2%)
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139 2(6.5%)
141 2(6.5%)
142 0
146 0
147 0
149 0
150 0
159 0
160 2(6.5%)
165 2(6.5%)
Total 31(100%)

0
0
4(12.5%)
3(9.4%)
4(12.5%)
2(6.2%)
2(6.2%)
2(6.2%)
0
0
32(100%)

Table 5. Comparison of mean MFI-20, mean SSQol, and mean NIHSS at the end of 60 days

Modafinil groupN (%) Control groupN (%) P-value
Mean fatigue score 57.86+11.6 62.93+10.2 0.17
Mean SSQol 152.1+31.1 144.9424.4 0.323
Mean NIHSS 42422 4.33+3 0.854
Independent T-test DISCUSSION

To assess the impact of modafinil on fatigue, quality of
life, and stroke severity a comparison of scores between
the two groups was conducted at the end of the 60-day
treatment period. An independent t-test was performed to
determine the statistical significance of the difference
between the two groups. The mean fatigue score in the
modafinil group was 57.86 + 11.6, while the mean
fatigue score in the control group was 62.93 + 10.2. An
independent t-test showed that although no statistically
significant difference was observed (p = 0.17), a trend
toward lower fatigue scores was evident in the modafinil
group compared to the control group.

The mean quality of life score in the modafinil group was
1.152 + 1.31, while the mean quality of life score in the
control group was 144 + 9.24. Although no statistically
significant difference was observed (p = 0.323), a trend
toward higher quality of life scores was evident in the
modafinil group compared to the control group.

The mean stroke severity score in the modafinil group
was 4.2 + 2.2, while the mean stroke severity score in the
control group was 4.33 + 0.3. Although no statistically
significant difference was observed (p = 0.854), a trend
toward lower stroke severity was evident in the modafinil

group compared to the control group.

Stroke is a significant global health burden, leading to
substantial disability and mortality. Early rehabilitation
interventions have been shown to be effective in
promoting recovery after stroke [18]. The occurrence of
fatigue subsequent to a stroke is a frequent and clinically
significant manifestation, which diminishes quality of
life and constrains involvement in rehabilitation
protocols  [19].  Modafinil, an  FDA-approved
wakefulness-promoting agent, has demonstrated efficacy
in improving fatigue and sleepiness in individuals with
multiple  sclerosis and is well-tolerated  [20].
Additionally, modafinil has been used to treat fatigue
associated with Alzheimer's disease, Parkinson's disease,
and post-polio syndrome [22]. This study investugateed
the efficacy of modafinil in reducing fatigue in stroke
survivors.

The findings of this study suggest that an eight-week
course of modafinil can lead to a statistically significant
reduction in self-reported post-stroke fatigue compared
to placebo. While no statistically significant differences
were observed between the two groups in terms of
quality of life and stroke severity, a trend toward
improvement was evident in the modafinil group.
Previous research has established a strong association
between fatigue and reduced quality of life in stroke
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survivors [23-25]. However, the causal relationship
between fatigue and quality of life has not been
definitively established. The results of this study indicate
a potential positive association between fatigue reduction
and improvements in overall well-being and quality of
life for stroke survivors, although additional research is
required to validate these observations.

Recent studies have investigated the potential benefits of
modafinil in improving outcomes for stroke patients.
Modafinil has been associated with an increased
likelihood of discharge to home or rehabilitation centers,
suggesting a potential role in accelerating functional
recovery [18]. Furthermore, modafinil has demonstrated
efficacy in mitigating fatigue and enhancing quality of
life in individuals recovering from stroke. The Lilicap
study showed that modafinil effectively reduced fatigue
in a subset of patients over an extended period, and this
fatigue reduction correlated with a significant
improvement in quality of life [26]. Likewise, the Bivard
study observed that patients treated with modafinil
exhibited a statistically significant decrease in fatigue
compared to the placebo group, and this reduction was
linked to a significant improvement in quality of life [3].
However, the duration of benefit may vary. The Pulsen
study showed that modafinil reduced mental fatigue after
90 days, but there was no significant difference in fatigue
at the end of 180 days [17]. Furthermore, the efficacy of
modafinil may vary depending on stroke subtype. The
Brioschi study found that modafinil improved the
severity of fatigue in patients with brainstem and
diencephalic strokes, but not in those with cortical
strokes [27].

Improvement in quality of life were primarily ascribed to
favorable alterations within the energy, ambulation,
social participation, visual acuity, and cognitive function
subscales [28]. These specific areas are crucial for
overall well-being and functional independence in
individuals recovering from stroke. The lack of
statistically ~ significant changes in the familial
relationships, communication, emotional disposition,
temperament, occupational engagement, upper extremity
mobility, and personal hygiene subcategories may be
explained by constraints related to sample size or the
possible benefit of concomitant treatments, such as

physical or occupational therapy. These findings suggest

that modafinil may have specific effects on certain
aspects of post-stroke quality of life, particularly in
relation to energy levels, physical function, and social
participation. Conversely, a recent study conducted with
a more acutely affected stroke population, which did not
reach its target enrollment, did not find a significant
effect of modafinil on fatigue [17]. These disparate
findings may be attributable to variations in patient
demographics, study methodology, or the length of the
treatment period.

Restricting our study population to individuals with
established and persistent fatigue enabled us to
concentrate on a group more likely to respond to targeted
treatment. This approach facilitated the observation of a
modafinil treatment effect on both fatigue and quality of
life. Additionally, the frequency of adverse reactions
observed in this clinical trial was substantially less than
that reported in a preceding study [3]. This deviation
could be attributed to variations in subject populations,
given that our study concentrated on a subacute,
community-based sample, whereas the earlier study
incorporated inpatients. Previous reviews [29] indicate
that the primary side effects associated with modafinil
include nausea and headache. Headache has been
reported as the most common adverse event, potentially
affecting over 35% of patients [30]. Additional minor
adverse events reported in the literature encompass
gastrointestinal disturbances, nasopharyngeal congestion,
lumbar discomfort, xerostomia, anxiogenesis, agitation,
sleep disturbance, vertigo, and neuropsychiatric
manifestations [31]. Our findings suggest that modafinil
is well-tolerated in a subacute post-stroke population,
with a low incidence of adverse events.

Prior studies have explored the potential benefits of
stimulant  therapy, particularly amphetamine-based
treatments, in improving motor recovery after stroke.
These studies have primarily focused on the post-hospital
rehabilitation period, suggesting a potential opportunity
to intervene earlier in the acute phase of stroke [32, 33].
However, safety concerns associated with amphetamine-
based treatments, such as hypertension and seizures,
have limited their use in hemorrhagic stroke patients
[34]. In contrast, modafinil, a non-amphetamine
stimulant, has a favorable safety profile. This study

investigated the impact of modafinil on both ischemic
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and hemorrhagic stroke patients in the acute phase of
stroke. The findings suggest that modafinil may improve
clinical outcomes, including discharge disposition,
without significant adverse events in both ischemic and
hemorrhagic stroke patients. Antioxidants, with their
anti-inflammatory and antioxidant properties, can help
reduce cellular damage caused by stroke. Medicinal
plants, by inhibiting oxidative stress and reducing
inflammation, may improve the recovery process and
quality of life after a stroke. The use of these
antioxidants as a complementary treatment could be
beneficial in alleviating the effects of neurological
disorders [35-41]. A crossover design was employed to
minimize the influence of potential confounding factors,
such as individual variability in baseline fatigue levels or
response to treatment. In a crossover design, each
participant serves as their own control, reducing the
impact of between-subject variability. Additionally, a
crossover design can reduce the required sample size, as
within-subject comparisons are more powerful than
between-subject comparisons. However, a potential
disadvantage of crossover designs is the risk of carryover
effects from the first treatment period to the second. To
minimize this risk, a one-week washout period was
implemented between the two treatment periods.
Fortunately, there was no significant patient dropout,
which could have compromised the statistical power of
the study. The 200 mg daily dose of modafinil was
chosen based on safety considerations and the specific
characteristics of the patient population. While higher
doses of modafinil have been used in other clinical trials,
such as those involving multiple sclerosis, a 200 mg dose
was deemed appropriate for this older patient population.
Additionally, there is a diminishing return in therapeutic

benefit at higher doses of modafinil.
Limitation of study

It is important to acknowledge several limitations that
may impact the interpretation of this study’s findings.
The modest participant number may have restricted the
trial’s ability to detect statistically significant differences
between the treatment groups by reducing statistical
power. While medication adherence was monitored
through pill counts, it is possible that some participants

did not adhere strictly to the prescribed regimen. This

could have affected the observed treatment effects.
Finally, the short follow-up period of two month limited
the ability to assess long-term outcomes, such as
sustained improvement in fatigue and quality of life.
Moreover, various factors that could impact fatigue, such
as co-administered medications, sleep patterns, or
physical activity, were not comprehensively controlled in
this study. Future studies with larger sample sizes and
longer follow-up periods are needed to further
investigate the long-term effects of modafinil on post-

stroke fatigue.
CONCLUSIONS

Despite the absence of statistically significant
decrements in fatigue severity or enhancements in
quality-of-life indices within this investigation, the
discernible tendency towards amelioration in the
modafinil cohort necessitates further inquiry. Subsequent
studies, utilizing expanded participant populations and
prolonged monitoring durations, are imperative to
confirm these initial observations and comprehensively
delineate the potential therapeutic efficacy of modafinil
in attenuating fatigue and augmenting quality of life

among post-stroke individuals.
ACKNOWLEDGMENTS

The authors would like to express their gratitude to the
clinical research development unit of Imam Khomeini
Hospital, Urmia University of Medical Sciences, for

English editing.
ETHICAL CONSIDERATION

This study was performed in line with the principles of
the Declaration of Helsinki. Approval was granted by the
Ethics Committee of Urmia University of Medical
sciences (No. IR.UMSU.REC.1399.187).

Conflict of interests

The authors have no competing interests to declare that

are relevant to the content of this article.



F. Hamzeh et al / Journal of Chemical Health Risks 15(0) (2025) 0-0

REFERENCES

1. Hosinian M., Qujeq D., Ahmadi Ahangar A., 2016.
The Relation between GABA and L-Arginine Levels
with some Stroke Risk Factors in Acute Ischemic Stroke
Patients. Int J Mol Cell Med. 5(2), 100-105. doi:
10.22088/acadpub.BUMS.5.2.100.

2. Mashayekhi F., Salehi Z., 2024. Mammalian gut
microbiome and brain development: A comprehensive
review. Casp J Environ Sci. 1-11. doi:
10.22124/cjes.2024.8158.

3. Sadeghi Moghimi E., Ghanbari Z., Mirmalek SA.,
Aeinfar K., Salimi Tabatabaee SA., Zaferani Arani H.,
Derayati F., 2024. Frequency survey of brain metastases
and its associated factors among Iranian women with
breast cancer: A cross-sectional study in Tehran City:
Brain metastases among BC patients. Galen Med J. 13,
£3238. doi: 10.31661/gmj.v13i.3238.

4. Lubis S.N., Menglikulov B., Shichiyakh R., Farrux Q.,
Khakimboy Ugli B.O., Karimbaevna T.M., Ulugbek K.,
Bakhtiyarovna S.Z., Khabiba J., Sapaev I., Jasur S,
2024. Temporal and spatial dynamics of bovine
spongiform encephalopathy prevalence in Akmola
Province, Kazakhstan: Implications for disease
management and control. Casp J Environ Sci. 22(2), 431-
442. doi: 10.22124/cjes.2024.7734.

5. Sun B., Wang Z., 2023. A short review on advances in
early diagnosis and treatment of ischemic stroke:
Advancements in diagnosis and treatments of ischemic
stroke.  Galen Med J. 12, e2993. doi:
10.31661/gmj.v12i.2993.

6. Chen W., Jiang T., Huang H., Zeng J., 2023. Post-
stroke fatigue: a review of development, prevalence,
predisposing factors, measurements, and treatments.
Front Neurol. 21, 14, 1298915. doi:
10.3389/fneur.2023.1298915.

7. Miicke M., Mochamat Cuhls H., Peuckmann-Post V.,
Minton O., Stone P., Radbruch L., 2015.
Pharmacological treatments for fatigue associated with
palliative care. Cochrane Database Syst Rev. 30(5),
CDO006788. doi: 10.1002/14651858.CD006788.pub3.

8. Kutlubaev M.A., Duncan F.H., Mead G.E., 2012.
Biological correlates of post-stroke fatigue: a systematic
review. Acta Neurol Scand. 125(4), 219-27. doi:
10.1111/j.1600-0404.2011.01618.x.

9. Kuppuswamy A., Billinger S., Coupland K.G., English
C., Kutlubaev M.A., Moseley L., 2024. Mechanisms of
Post-Stroke Fatigue: A Follow-Up from the Third Stroke
Recovery and Rehabilitation Roundtable. Neurorehabil
Neural Repair. 38(1), 52-61. doi:
10.1177/15459683231219266.

10. Kuppuswamy A., Clark E.V., Turner |.F., Rothwell
J.C., Ward N.S., 2015. Post-stroke fatigue: a deficit in
corticomotor excitability? Brain. 138(1), 136-48. doi:
10.1093/brain/awu306.

11. Ormstad H., Verkerk R., Amthor K.F., Sandvik L.,
2014. Activation of the kynurenine pathway in the acute
phase of stroke and its role in fatigue and depression
following stroke. J Mol Neurosci. 54(2), 181-7. doi:
10.1007/512031-014-0272-0.

12. Dantzer R., Heijnen C.J., Kavelaars A., Laye S.,
Capuron L., 2014. The neuroimmune basis of fatigue.
Trends Neurosci. 37(2), 39-46. doi:
10.1016/j.tins.2013.10.003.

13. Visser M.M., Goodin P., Parsons M.W., Lillicrap T.,
Spratt N.J., Levi C.R., Bivard A, 2019. Modafinil
treatment modulates functional connectivity in stroke
survivors with severe fatigue. Sci Rep. 4, 9(1), 9660. doi:
10.1038/541598-019-46149-0.

14. Lillicrap T., Krishnamurthy V., Attia J., Nilsson M.,
Levi C.R., Parsons M.W., Bivard A., 2016. Modafinil In
Debilitating Fatigue After Stroke (MIDAS): study
protocol for a randomised, double-blinded, placebo-
controlled, crossover trial. Trials. 17, 17(1), 410. doi:
10.1186/s13063-016-1537-4.

15. Sheng P., Hou L., Wang X., Wang X., Huang C., Yu
M., Han X., Dong Y., 2013. Efficacy of modafinil on
fatigue and excessive daytime sleepiness associated with
neurological disorders: a systematic review and meta-
analysis. PLoS One. 3, 8(12), e81802. doi:
10.1371/journal.pone.0081802.

16. Geffen S., Shum K., Tan H.M., 2013. Novel use of
modafinil to treat severe physical and cognitive
impairment post-stroke. Intern Med J. 43(3), 338. doi:
10.1111/imj.12073.

17. Poulsen M.B., Damgaard B., Zerahn B., Overgaard
K., Rasmussen R.S., 2015. Modafinil May Alleviate

Poststroke Fatigue: A Randomized, Placebo-Controlled,



F. Hamzeh et al / Journal of Chemical Health Risks 15(0) (2025) 0-0

Double-Blinded Trial. Stroke. 46(12), 3470-7. doi:
10.1161/STROKEAHA.115.010860.

18. Borhani-Haghighi A. Review of stroke: The 2nd
International and the 8th National Iranian Stroke
Congress: Shiraz, Iran. Galen Med J. 5, €609. doi:
10.31661/gmj.v5i.609.

19. English C., Simpson D.B., Billinger S.A., Churilov
L., Coupland K.G., Drummond A., 2024. A roadmap for
research in post-stroke fatigue: Consensus-based core
recommendations from the third Stroke Recovery and
Rehabilitation Roundtable. Neurorehabil Neural Repair.
38(1), 7-18. doi: 10.1177/17474930231189135.

20. Thorpy M.J., Bogan R.K. 2020. Update on the
pharmacologic management of narcolepsy: mechanisms
of action and clinical implications. Sleep Med. 1, 68, 97-
109. doi: 10.1016/j.sleep.2019.09.001

21. Ghazanfar S., Farooq M., Qazi S.U., Chaurasia B.,
Kaunzner U., 2024. The use of modafinil for the
treatment of fatigue in multiple sclerosis: A systematic
review and meta-analysis of controlled clinical trials.
Brain Behav. 14(7), €3623. doi: 10.1002/brb3.3623.

22. Sheng P., Hou L., Wang X., Wang X., Huang C., Yu
M., Han X., Dong Y., 2013. Efficacy of modafinil on
fatigue and excessive daytime sleepiness associated with
neurological disorders: A systematic review and meta-
analysis. PLoS  One. 8(12), e81802. doi:
10.1371/journal.pone.0081802.

23. Zhu R., Huang H.,, Yu Y., Bao S,, Lin N., Shu M.,
2024. Post-stroke fatigue and its correlation with family
functioning in patients who have experienced a first
episode of stroke. Front Aging Neurosci. 21, 16,
1440163. doi.org/10.3389/fnagi.2024.1440163.

24. Paudel S.K., Rolls K., Green H., Fernandez R., 2023.
Prevalence and impact of poststroke fatigue on patient
outcomes in the first 6 months after stroke: A systematic
review and meta-analysis. J Neurosci Nurs. 1, 55(5),
178-185. doi: 10.1097/JNN.0000000000000716.

25. Sibbritt D., Bayes J., Peng W., Maguire J., Adams J.,
2022. Associations between fatigue and disability,
depression, health-related hardiness, and quality of life in
people with stroke. J Stroke Cerebrovasc Dis. 1, 31(7),
106543. doi: 10.1016/j.jstrokecerebrovasdis.2022.10.

26. Lillicrap T.P., Levi CR., Holliday E., Parsons M.W.,
Bivard A., 2017. Short and long-term efficacy of
modafinil for post-stroke fatigue: A randomized,

placebo-controlled trial. Neurorehabil Neural Repair.
31(4), 334-341. doi: 10.1177/1545968317702541.

27. Brioschi A., Gramigna S., Werth E., Staub F,,
Ruffieux C., Bassetti C., Schluep M., Annoni J.M., 2009.
Effect of modafinil on subjective fatigue in multiple
sclerosis and stroke patients. Eur Neurol. 62(4), 243—
249. doi: 10.1159/000232927.

28. Ramos-Lima M.J.M., Brasileiro I.C., Lima TL.,
Braga-Neto P., 2018. Quality of life after stroke: impact
of clinical and sociodemographic factors. Clinics (Sao
Paulo). 73, e418. doi: 10.6061/clinics/2017/e418.

29. Hashemian S.M., Farhadi T., 2020. A review on
modafinil: the characteristics, function, and use in critical
care. J Drug Assess. 1, 9(1), 82-6.

30. Borghol A., Aucoin M., Onor I, Jamero D.,
Hawawini F., 2018. Modafinil for the Improvement of
Patient Outcomes Following Traumatic Brain Injury.
Innov Clin Neurosci. 1, 15(3-4), 17-23. PMID:
29707422; PMCID: PMC5906085.

31. Kim D., 2012. Practical use and risk of modafinil, a
novel waking drug. Environ Health Toxicol. 27,
€2012007. doi: 10.5620/eht.2012.27.62012007.

32. Cramer S.C., 2015. Drugs to Enhance Motor
Recovery After Stroke. Stroke. 46(10), 2998-3005. doi:
10.1161/STROKEAHA.115.007433.

33. Bindawas S.M., Vennu V.S, 2016. Stroke
rehabilitation. A call to action in Saudi Arabia.
Neurosciences  (Riyadh). 21(4), 297-305. doi:
10.17712/nsj.2016.4.20160075.

34. Lokk J., Roghani RS., Delbari A., 2011. Effect of
methylphenidate and/or levodopa coupled  with
physiotherapy on functional and motor recovery after
stroke—a randomized, double-blind, placebo-controlled
trial. Acta Neurol Scand. 123(4), 266-73. doi:
10.1111/j.1600-0404.2006.00728.x.

35. Ebrahimi Y., AL-Baghdady H.F.A., Hameed N.M.,
Iswanto A.H., Shnain Ali M., Hammoodi H.A., Hashim
Kzar H., Aravindhan S., Khodaei SM., Alikord M.,
Pirhadi M., 2022. Common fatty acids and polyphenols
in olive oil and its benefits to heart and human health.
Casp J Environ Sci. 1-7. doi: 10.22124/cjes.2022.5976.
36. Lysiuk R., 2024. The Role of Biochemicals and
Phytomedicine in Complementary Medicine and Modern

Drug Discovery: Bridging Tradition and Innovation. J



F. Hamzeh et al / Journal of Chemical Health Risks 15(0) (2025) 0-0

Biochem Phytomed. 3(2), 1-3. doi:
10.34172/jbp.2024.13.

37. Okhovatfard M., Rezazadeh H., 2023. Effect of
Curcuma longa and its derivatives, curcumin and
curcuminoids on treatment of oral lichen planus: A
systematic review of clinical evidence. Casp J Environ
Sci. 1-12. doi: 10.22124/cjes.2023.6824.

38. Nazarbaghi S., Parsaei P., 2025. Traditional remedy
of Parkinson's: Medicinal plants effective on Parkinson's
in traditional Iranian medicine. Plant Biotechnol Persa.
7(1), 76-82. doi: 10.61186/pbp.7.1.4.

39. Emami B., Shakerian A., Sharafati Chaleshtouri R.,
Rahimi E., 2024. Antioxidant, antimicrobial, and
024.8015

anticancer effects of the Russian olive, Elaeagnus
angustifolia L. fruit extracts. Casp J Environ Sci. 1-9.
doi: 10.22124/cjes.2024.8006.

40. Al Meanazel O.T., Alharasees M.l., Al-Tarawneh
L.M., Al-Habahbeh S., Abdelhadi NN., Sapaev I.,
Tilwani S.A., 2024. Hesperidin, a flavone glycoside
isolated from citrus fruits, can be used to facilitate
Chlorpyrifos pollution side effect. Casp J Environ Sci. 1-
14. doi: 10.22124/cjes.2024.8222.

41. Rabiepour A., Babakhani A., Zakipour Rahimabadi
E., 2024. Effect of extraction methods on the antioxidant
properties of water hyacinth, Eichhornia crassipes. Casp
J Environ Sci. 1-19. doi:  10.22124/cjes.2



