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Abstract. – OBJECTIVE: The primary objec-
tive was to study the association between fin-
golimod and the frequency of depression, anxi-
ety, and insomnia symptoms among a cohort of 
Multiple Sclerosis (MS) patients with stress. The 
secondary objective was to examine the associ-
ation between patient characteristics and these 
psychiatric symptoms. 

PATIENTS AND METHODS: Patients with MS 
and stress were recruited according to the Ara-
bic version of the Perceived Stress Scale (PSS). 
Psychiatric outcomes were measured by vali-
dated scales. Logistic regression was used to 
estimate adjusted odds ratios (aORs) with 95% 
confidence intervals (CIs). Data from 324 partic-
ipants were analyzed.

RESULTS: Fingolimod was associated with a 
significantly lower adjusted odds ratio for de-
pression (aOR 0.58, 95% CI 0.35-0.97, p<0.05) 
but less associated with anxiety (aOR 0.63, 95% 
CI 0.35-1.01, p=0.05) and insomnia (aOR 0.88, 
95% CI 0.52-1.51, p=0.64).

CONCLUSIONS: Close monitoring of mental 
health is required for patients with MS using dis-
ease-modifying therapies.
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Introduction

Multiple sclerosis (MS) is a chronic progressive 
autoimmune demyelinating disease resulting in 
plaques in different brain locations leading to a wi-

de range of signs, symptoms, and complications1. 
MS affects around 2.5 million people worldwide2, 
and the relapsing-remitting MS (RRMS) type 
accounts for most cases. 

MS itself is a stressor. Around 70% of MS pa-
tients reported an unusual amount of stress before 
the onset of the disease and during the disease’s 
course compared to healthy subjects3-5. Chronic 
and uncontrolled psychological stress could lead 
to depression, anxiety, and insomnia, all playing 
a role in the deterioration of the quality of life of 
individuals and MS patients6-9. 

According to the literature, about 50% of MS 
patients suffer from depressive symptoms that 
deteriorate their quality of life10,11. Depression 
is accompanied by anxiety and insomnia. For 
example, anxiety prevails in 22% to 54% of pa-
tients12. Also, insomnia rates in MS patients could 
reach up to four folds the general population13. 
Reportedly, 42% of MS patients had difficulty 
initiating sleep, 53% reported frequent awakenin-
gs, and 58% reported waking after sleep onset14. 

Disease-modifying therapies (DMTs) are the 
mainstay for MS, they include fingolimod, inter-
ferons, dimethyl fumarate, and others15,16.

Fingolimod is an oral medication that is used 
for the treatment of MS patients by modulating 
SPHIN-gosine-1-phosphate-receptor17. Studies17,18 
showed that fingolimod prevents lymphocytes 
from egressing from lymph nodes, which leads to 
decreased infiltration of these lymphocytes to the 
central nervous system.
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Fingolimod therapy is very common in RRMS 
patients due to its efficacy and convenience of 
use compared to injectable DMTs such as interfe-
rons15,16,18. Therefore, it can be suggested that using 
an effective therapy can reduce MS relapses and 
subsequently improve mental health outcomes.

The studies on the impact of DMTs on psycho-
logical well-being are still emerging, controver-
sial, and inconclusive19-21. While fingolimod de-
monstrated improvement in depressive symptoms 
in MS patients in some studies15,22, these results 
were not replicated in another study23. Similarly, 
data from other DMTS studies24,25 did not show 
consistency in mood improvement.

Stressed patients with RRMS are highly predi-
sposed to other psychiatric disturbances such as 
depression, anxiety, and insomnia. In addition, 
evaluating the mental health status of these pa-
tients is quite important.

Therefore, the current research’s primary 
objective was to study the association betwe-
en fingolimod and the severity of depression, 
anxiety, and insomnia symptoms among a cohort 
of MS patients without the known psychiatric 
disease, but at risk for these conditions due to 
stress symptoms. The secondary objective was to 
examine the association between demographical 
factors and the severity of psychiatric symptoms.

Patients and Methods

Study Design and Settings
Patients were recruited for a longitudinal study; 

however, the current work represents the analysis of 
their baseline status using a cross-sectional design. 
MS patients who attended the MS clinic at Al-Bashir 
Hospital, Amman during the period of May-June 
2022 were included in this study. Al-Bashir Hospital 
is the largest hospital (more than 1,000 bed facility), 
to which MS patients with the Ministry of Health 
government insurance are referred. The government 
covers all the direct costs of MS treatment, including 
the cost of DMTs for Jordanian patients. 

Patients waiting in the MS pharmacy were ap-
proached and then assessed for their eligibility to 
participate in the study according to the inclusion 
criteria (Figure 1).

Inclusion Criteria
RRMS patients diagnosed according to the 2017 

McDonald criteria26, receiving a DMT for at least 6 
months and exceeding the threshold for clinically 
significant stress (a score above 14) according to 

the Perceived Stress Scale (PSS) Arabic version. 
The Arabic version of the Perceived Stress Scale 
was used to screen the patients for stress before en-
rollment. The PSS was developed by Cohen et al27 
and includes 14 items that are designed to measure 
individual stress for the last 30 days with a cut-off 
score of 14 reflecting clinically significant stress.

Covariates 
A self-administered structured online question-

naire was employed to cover the participants’ demo-
graphical and clinical data, including marital status, 
sex, age, education [undergraduate or graduate (ear-
ned a university degree)], employment, duration of 
MS, smoking, presence of chronic somatic diseases 
(diabetes, hypertension, etc.), presence or absence 
of relapses for the past year and the duration of 
DMT treatment. The DMT used were fingolimod 
(Pharma International Company, Amman, Jordan), 
dimethyl fumarate (Hikma, Amman, Jordan), and 
different interferons, including interferon beta-1a 
(Biogen) and interferon beta-1b (Bayer).

Outcome Variables 

Depression
The Patient Health Questionnaire-9 (PHQ-9) Ara-

bic-validated version was used. The PHQ-9 is a short, 
self-administered scale based on the nine Diagnostic 
and Statistical Manual of Mental Disorders-IV cri-
teria for diagnosing depression28. The PHQ-9 has a 
sensitivity of 88% and specificity of 88% for severe 
depression and was previously used in Arab-spea-
king MS patients, with a cut-off score of 1529.

Anxiety
The General Anxiety Disorder-7 (GAD-7) is a 

short, self-administered scale with a cut-off point 
of 10 that has a sensitivity of 89% and a specificity 
of 82% for diagnosing generalized anxiety disor-
der30. The GAD-7 has previously been used in 
Arab-speaking patients with a cut-off score of 1530. 

Insomnia
The insomnia severity index – Arabic version 

ISI-A was used to evaluate sleep quality. The ISI 
consists of 7 questions with Likert-type answers and 
a score range between 0-28, where a score above 15 
indicates clinically significant insomnia. The ISI is 
validated to be used in the Arabic language31,32. 

Statistical Analysis
Data were analyzed through SPSS software 

version 21 (IBM Corp., Armonk, NY, USA). The 
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distribution of the covariates between the study 
groups was analyzed using descriptive and fre-
quency analysis and the Chi-Square test. To study 
the primary objective, we analyzed the distribu-
tion of potential confounding factors in the two 
exposure groups by frequency analyses and the 
Chi-Square test (Table I). We also assessed the 
potential association between the covariates and 
the outcome variables with univariate linear re-
gression using a cut-off value of p<0.10 to include 
covariates in the multivariate model. Afterward, 
a multivariable logistic regression model was 
carried out, including sex, age, body mass index, 
presence of other chronic diseases, education, 

DMT treatment duration, MS duration, and the 
number of relapses during the last year as adjust-
ment variables. Smoking was not adjusted as it 
could be inversely associated with the outcome 
variables. For the secondary objective analysis, 
an initial univariate analysis was performed to 
screen for confounding variables having a cut-off 
value of p<0.10. Then, these variables were used 
to build a backward stepwise multiple regression 
model to determine what covariates are indepen-
dently associated with the outcome variables, 
only covariates with p<0.05 were kept in the final 
model. The confidence intervals were set at 95% 
and significance at p-value of 0.05.

Figure 1. Study flow chart.
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Results 

Sample Characteristics
From the total approached patients (n=453), 324 

patients consented to participation and fulfilled all 
inclusion criteria (Figure 1). Of these, 175 received 
fingolimod (54.0%), 81 interferons, and 68 dimethyl 
fumarates. Most of the study sample were females 
(n=235, 72.4%), and about half of the patients were 
35 years or less (n=164, 50.7%). In addition, the 
majority had marital status other than single (n=207, 
63.9%), had graduate education level (n=189, 58.4%), 
unemployed (n=211, 65.1%), non-smokers (n=215, 
66.3). Among the whole study sample, 148 patients 
(45%) reported PHQ-9 scores above the cut-off 
value, 119 (36%) reported GAD-7 scores above the 
cut-off value, and 83 (25%) reported ISI-A scores 

above the cut-off value. Table I summarizes the va-
riables stratified per the two study groups.

Primary Outcome: Fingolimod Association 
with Depression, Anxiety, and Insomnia

There was a significant association between 
the DMT used and psychiatric symptoms in the 
multivariate logistic regression model adjusted 
for sex, age, body mass index, presence of other 
chronic diseases, education, DMT treatment du-
ration, MS duration, and the number of relapses 
during the last year. The patients using fingoli-
mod had significantly lower aOR for depression 
(aOR 0.58, 95% CI 0.35-0.97, p=0.03) and a lower 
OR for anxiety (aOR 0.63, 95% CI 0.35-1.01, 
p=0.05). The odds for insomnia were 0.88, (95% 
CI 0.52-1.51, p=0.64, Table II). 

Table I. Variables according to the type of Disease Modifying Treatment (DMT).

Factors Categories Fingolimod n (%) Other DMTs n (%) Chi-square p-value

Gender female 119 (50.6) 116 (49.4)  0.061
 male 56 (62.9) 33 (37.1) 
Age 35 years old or less 97 (60.6) 63 (39.4)  0.020*
 more than 35 years old 78 (47.6) 86 (52.4) 
Marital status single 68 (58.1) 49 (41.9)  0.297
 others 107 (51.7) 100 (48.3) 
Education level undergraduate 63 (46.7) 72 (53.3)  0.032*
 graduate 112 (59.3) 77 (40.7) 
Employment no 100 (47.4) 111 (52.6)  0.002*
 yes 75 (66.4) 38 (33.6) 
Chronic diseases no 43 (43.9) 55 (56.1)  0.021*
 yes 132 (58.4) 94 (41.6) 
MS diagnosis and 2 years or less 67 (42.9) 89 (57.1)  0.001*
DMT initiation more than 2 years 108 (64.3) 60 (35.7) 
Relapse necessitating, none 66 (49.3) 68 (50.7)  0.174
I.V methylprednisolone more than once 109 (57.4) 81 (42.6)
use during the last year 
Body Mass Index below 25 95 (55.5) 76 (45.5)  0.35
              25 and above 75 (52.8) 67 (47.2) 

Undergraduate: did not complete a university degree, graduate: completed a university degree . Chronic diseases: hypertension, 
diabetes, thyroid, etc. *p<0.05.

Table II. The association between DMT with outcome variables.

  Proportion above the cut-off n (%) 

 Fingolimod Other DMT 
Outcome n=175 n=149 Crude OR (95% CI) Adjusted OR (95% CI)

Depression  70 (40) 78 (52) 0.60 (0.38- 0.90)* 0.58 (0.35-0.97)* 
Anxiety  56 (32) 63 (42.3) 0.70 (0.43-1.14) 0.60 (0.35-1.01) 
Insomnia  43 (24.6) 40 (26.8) 0.88 (0.53-1.46) 0.88 (0.52-1.51)

Multivariate logistic regression adjusted for sex, age, body mass index, presence of other chronic diseases, education, DMT 
treatment duration, MS duration and the number of relapses during the last year. Depression was measured by the Patient Health 
Questionnaire (PHQ-9) scale with a cut-off value for clinically significant depression of 15. Anxiety was measured using the 
Generalized Anxiety Disorder 7-item (GAD-7) scale with a cut-off score of 15 for significant anxiety. Insomnia severity was 
measured by the Insomnia Severity Index (ISI) with a cut off value of 15 indicating significant insomnia. *p<0.05.
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Table III. Multiple regression to examine the association between the covariates with the outcome variables.

    Depression             Anxiety               Insomnia

  Above p-value aOR (CI) p-value Above p-value aOR (CI) p-value  Above p-value aOR (CI) p-value
Factors Categories cut-off (%) univariate  multivariate cut-off (%) univariate  multivariate univariate   multivariate
 
Gender Females (n=235) (44.7) 0.56   (38.8) 0.34   (24.3) 0.36  
 Males (n=89) (48.3)    (32.6)    (29.2)   
Age Below 35 years (36.3) 0.001 0.49  0.003 (35.6) 0.68   (23.8) 0.45 
 (n=160)   (0.31-0.78)
 35 years and above (54.9)    (37.8)    (27.4) 
 (n=164)  
Chronic No (n=98) (35.7) 0.018   (27.6) .024    (15) 0.093   
diseases Yes (n=226) (50.0)    (40.7)    (28)   
MS Less than 5 Years (39.4) 0.025   (34.1) 0.28   (25.8) 0.96
Diagnosed (n= 132)  
since 5 years and more (50.0)    (38.5)    (25.5) 
 (n=192)  
Did you suffer No (n=131) (39.6) 0.031   (33.6) 0.23   (22.4) 0.25  
last year from Yes (n=190)  (50.0)    (38.9)    (27.9)   
an acute relapse? 
DMT use 2 years or less (44.7) 0.61   (36.5) 0.96   (27.6) 0.44
duration (n=156)  
 More than 2 years (47)    (36.9)    (23.8)   
 (n=168)
Smoker No (n=215) (41.4) 0.03 0.61  0.04 (32.6) 0.029 0.53  0.02 (22) 0.058 0.59  0.02
    (0.38-0.98)    (0.32-0.89)    (0.32-0.92)
 Yes (n=109) (54.1)    (45)    (32)   
Education Undergraduate (58.5)  0.001 2.22  0.001 (50.4) 0.001 2.18  0.002 (29.6) 0.16
 (n=135)   (1.39-3.52)    (1.33-3.57)
 Graduate  (36.5)    (27)    (22.8)
 (n= 189)    
Marital status Single (n=117) (39.3) 0.085   (30.8) 0.095   (20.5) 0.11  
 Married & other (49.3)    (40.1)    (28.5)   
 (n=207)
Employment No (n=211) (50.7) 0.013   (43.1) 0.001 2.10  0.009 (28.9) 0.065 1.90  0.03
        (1.20-3.67)    (1.07-3.36)
 Yes (n=113) (36.3)    (24.8)    (19.5)   

The backward stepwise multiple regression performed to examine which covariates are independently associated with the outcome variables, the choice of covariates was informed by the p-value<0.1 from the univariate 
analysis. Depression was measured by the Patient Health Questionnaire (PHQ-9) scale with a cut-off value for clinically significant depression of 15. Anxiety was measured using the Generalized Anxiety Disorder 7-item 
(GAD-7) scale with a cut-off score of 15 for significant anxiety. Insomnia severity was measured by the Insomnia Severity Index (ISI) with a cut-off value of 15 indicating significant insomnia. Undergraduate: did not 
complete a university degree, graduate: completed a university degree, chronic diseases (hypertension, diabetes, thyroid).
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Secondary Outcomes
The backward stepwise multiple regression 

was performed to examine which covariates are 
independently associated with the outcome va-
riables. The results showed that age below 35 
years was associated with lower depression fre-
quency (aOR 0.49, 95% CI 0.31-0.78, p=0.003). 
Undergraduate educated patients had higher odds 
for depression and anxiety (aOR 2.22, 95% CI 
1.39-3.52, p=0.001) and (aOR 2.18, 95% CI 1.33-
3.57, p=0.002), respectively. Unemployment was 
associated with higher odds for anxiety and in-
somnia (aOR 2.1, 95% CI 1.20-3.67, p=0.02) and 
(aOR 1.90, 95% CI 1.07-3.36, p=0.03), respectively. 
Non-smokers reported lower odds for depression, 
anxiety, and insomnia (aOR 0.61, 95% CI 0.38-
0.98, p=0.04, aOR 0.53, 95% CI 0.32-0.89, p=0.02 
and aOR 0.54, 95% CI 0.32-0.92, p=0.02, respecti-
vely) (Table III).

Discussion

The current study aimed to study the associa-
tion of fingolimod to symptoms of depression, 
anxiety, and insomnia among otherwise psychia-
tric healthy MS patients suffering from stress 
adjusted for a range of relevant covariates. We 
report that fingolimod use was associated with a 
lower risk of depression and anxiety. Additional-
ly, we report that in stressed patients with MS, 
older age, unemployment status, and lower edu-
cation were independently associated with mental 
health outcomes. 

The findings of this study are consistent with 
the findings of Hunter et al33, which showed that 
depression was lower in patients treated with fin-
golimod compared to injectable disease-modifying 
therapy. Moreover, a previous post hoc analysis22 
from Evaluate Patient Outcomes (EPOC) study de-
monstrated an improvement in depressive symp-
toms following a switch to fingolimod compared 
to glatiramer acetate, Interferon-β-1a, or Interfe-
ron-β-1b. This consistency in the findings suggests 
that fingolimod treatment could reduce depression 
symptoms in MS patients. On the other hand, 
some studies34 reported no significant impact of 
fingolimod on depression and anxiety. 

Anxiety is a frequent condition encountered 
by MS patients due to several factors, such as the 
announcement of the diagnosis, the start or chan-
ge of long-term disease-modifying treatment and 
reaching a functionally important threshold of di-
sability35. Therefore, the treatment strategies have 

long-term implications for the patient’s well-being. 
Injectable therapies such as Interferon-β1 increa-
sed anxiety levels due to concerns about side ef-
fects, initiation and self-administration injectables, 
and the need for day hospitalization12. However, 
initiating oral therapies such as fingolimod could 
present different psychological challenges for the 
patients. Moreau et al36 studied the anxiety levels 
in Multiple Sclerosis patients who started using 
fingolimod as a treatment strategy. In this study, 
the Hospital Anxiety and Depression Scale score 
was markedly reduced four months after the initia-
tion of fingolimod therapy compared to the begin-
ning of the therapy. Another study23 compared the 
anxiety scores between MS patients who are using 
intravenous therapy (natalizumab) and fingolimod. 
Anxiety scores were lower in patients using fingo-
limod compared to natalizumab. 

Our findings could be explained by reduced 
inflammatory activity as fingolimod is a mo-
re effective therapy than injectable DMTs19. In 
addition, the patient’s convenience, low side ef-
fects, and satisfaction with fingolimod over other 
injectable DMTs22 could enhance the patient’s 
adherence and improve the therapeutic outcome. 

Evidence suggests that inflammation is the 
common ground between MS and psychiatric 
symptoms37. Higher levels of pro-inflammatory 
cytokines such as Interleukin-1, Interleukin-6, 
Interferon-γ, and Tumor Necrosis Factor-α 
(TNF- α ) were found to be associated with the 
development of depression and anxiety38,39. Fin-
golimod was able to alleviate neuronal damage 
and oxidative stress in addition to improvement 
of depression-like behaviors and cognitive fun-
ction in rats exposed to daily chronic unpre-
dictable mild stress. This was associated with 
the anti-inflammatory effects of fingolimod 
that can be related to its efficacy in lowering 
the number of MS attacks and, therefore, better 
mental health outcomes40. 

In this study, low levels of education and 
unemployment were associated with a higher 
risk for depression and anxiety. Our findings are 
consistent with previous works2, for example, 
unemployment and low education levels were 
risk factors for anxiety in MS patients41. We 
hypothesize that education and employment help 
provide better perception, adaptation, and coping 
strategies that are reflected in well-being. 

This is the first study that tried to study the 
impact of fingolimod on depression, anxiety, and 
insomnia in a stressed cohort of MS patients with 
reliable sample size. Depression, anxiety, insomnia, 
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and choice of medication are topics of great impor-
tance for both patients and health personnel. There 
are also few studies16,23 of psychological distress in 
MS patients from Arabic-speaking countries. 

Limitations
This study has some limitations. The cross-sectio-

nal design makes it difficult to study the direction of 
association or causality, and we relied on screening 
tools and not formal psychiatric diagnoses. Un-
measured confounding could also impact our 
results. The results may not be representative for 
patients that have a manifest psychiatric illness 
or who are not stressed. Future studies will carry 
out a follow-up trial to monitor the changes in the 
patient’s psychological outcomes. 

Conclusions

In conclusion, DMT, including fingolimod, 
may impact mental health outcomes in stressed 
RRMS patients, follow-up studies are required to 
fully understand the direction and mechanisms 
behind this association.

Funding
This work was funded by Yarmouk University.

Conflict of Interest
Marte-Helene Bjørk: Honoraria for lecturing from Teva, 
Lilly, Eisai, and Novartis, consultancy honoraria from Jazz 
Pharmaceuticals, Angelini Pharma, Lundbeck, and Novar-
tis, and institutional contract research fees from Sanofi. The 
other authors have no conflicts of interest.

Acknowledgments
The corresponding author would like to thank Yasmina, 
Suzi, and Nour.

Ethics Approval
This study was approved by the Ethical Committee of the 
Yarmouk University Institutional Review Board (IRB, No. 
16/2022).

Informed Consent
All participants signed consent forms before the study began.

Authors’ Contributions
Conceptualization: Omar Gammoh, Suha Al-Habahbeh, Fe-
ras Weshah, Wail Ennab. Methodology and design: Omar 

Gammoh, Abdelrahim Alqudah, Suha Al-Habahbeh, Feras 
Weshah, Abdel-Ellah Al-Shudifat. Investigations: Ahmed 
Al-Smadi, Abdelrahim Alqudah, Suha Al-Habahbeh, Fe-
ras Weshah, Wail Ennab, Abdel-Ellah Al-Shudifat. Data ac-
quisition and analysis: Omar Gammoh, Ahmed Al-Sma-
di, Wail Ennab, Abdel-Ellah Al-Shudifat. Data analysis: Ah-
med Al-Smadi, Abdelrahim Alqudah Feras Weshah. Da-
ta interpretation: Ahmed Al-Smadi, Abdelrahim Alqudah 
Suha Al-Habahbeh, Marte-Helene Bjørk. Manuscript writing: 
Omar Gammoh, Ahmed Al-Smadi, Marte-Helene Bjørk. Ma-
nuscript editing: Omar Gammoh, Marte-Helene Bjørk.

ORCID ID
Ahmed Al-smadi: 0000-0001-5523-7417
Abdelrahim Alqudah: 0000-0003-3721-8225
Suha Habahbeh: 0000-0002-4109-2373
Feras Weshah: 0000-0001-5495-9864
Wail Ennab: 0009-0000-0115-4421
Abdel-Ellah Al-Shudifat: 0000-0003-4829-0978
Marte Bjørk: 0000-0002-5745-1094

References

  1)  Aljishi  RH,  Almatrafi  RJ,  Alzayer  ZA,  Alkhamis 
BA,  Yaseen  EE,  Alkhotani  AM.  Prevalence  of 
Anxiety  and  Depression  in  Patients  With  Multi-
ple Sclerosis in Saudi Arabia: A Cross-Sectional 
Study. Cureus 2021; 13: 1-12. 

  2)  Karimi S, Andayeshgar B, Khatony A. Prevalence of 
anxiety, depression, and stress in patients with mul-
tiple sclerosis in Kermanshah-Iran: a cross-section-
al study. BMC Psychiatry 2020; 20: 1-8.

  3)  Grant  I,  Brown  GW,  Harris  T,  McDonald  WI, 
Patterson  T,  Trimble  MR.  Severely  threatening 
events and marked  life difficulties preceding on-
set or exacerbation of multiple sclerosis. J Neurol 
Neurosurg Psychiatry 1989; 52: 8-13. 

  4)  Buljevac D, Hop WCJ, Reedeker W, Janssens A, der 
Meche FGA, Van Doorn PA. Self reported stressful 
life  events  and  exacerbations  in multiple  sclerosis: 
prospective study. BMJ 2003; 327: 646-651.

  5)  Mohr DC, Likosky W, Bertagnolli A, Goodkin DE, 
Van Der Wende J, Dwyer P. Telephone-adminis-
tered cognitive--behavioral  therapy  for  the  treat-
ment of depressive symptoms in multiple sclero-
sis. J Consult Clin Psychol 2000; 68: 356-361.

  6)  Pakenham  KI.  Adjustment  to  multiple  sclerosis: 
application  of  a  stress  and  coping  model.  Heal 
Psychol 1999; 18: 383-392. 

  7)  Sadeghi  Z,  Ghoreishi  ZS,  Flowers  H,  Moham-
madkhani  P,  Ashtari  F,  Noroozi  M.  Depression, 
Anxiety,  and  Stress  Relative  to  Swallowing  Im-
pairment in Persons with Multiple Sclerosis. Dys-
phagia 2021; 36: 902-909.

  8)  Rossi S, Studer V, Motta C, Polidoro S, Perugini 
J, Macchiarulo G. Neuroinflammation drives anxi-
ety and depression in relapsing-remitting multiple 
sclerosis. Neurology 2017; 89: 1338-1347. 



Mental health and fingolimod

6025

  9)  El Khouly RM, Elsabagh HM, Moawad AAR, Afi-
fi S, El Hawa MAA. Functional and mental health 
affection  (depression,  anxiety,  stress)  among 
Egyptian  rheumatic  diseases  patients  during 
COVID-19  pandemic.  Eur  Rev  Med  Pharmacol 
Sci 2022; 26: 4477-4485.

10)  Feinstein  A.  Multiple  sclerosis  and  depression. 
Mult Scler J 2011; 17: 1276-1281.

11)  Patten SB. Accumulation of major  depressive ep-
isodes  over  time  in  a  prospective  study  indicates 
that  retrospectively  assessed  lifetime  prevalence 
estimates are too low. BMC Psychiatry 2009; 9: 1-4. 

12)  Moreau  T,  Schmidt  N,  Joyeux  O,  Bungener  C, 
Souvignet V. Coping strategy and anxiety evolu-
tion  in multiple  sclerosis  patients  initiating  inter-
feron-beta treatment. Eur Neurol 2009; 62: 79-85.

13)  Bamer  AM,  Johnson  KL,  Amtmann  D,  Kraft  GH. 
Prevalence  of  sleep  problems  in  individuals  with 
multiple sclerosis. Mult Scler J 2008; 14: 1127-1130. 

14)  Alhazzani AA, Alshahrani A, Alqahtani M, Alam-
ri R, Alqahtani R, Alqahtani M.  Insomnia among 
non-depressed  multiple  sclerosis  patients:  a 
cross-sectional  study.  Egypt  J  Neurol  Psychiatr 
Neurosurg 2018; 54: 1-5. 

15)  Hunter SF, Agius M, Miller DM, Cutter G, Barba-
to L, McCague K. Impact of a switch to fingolimod 
on depressive symptoms in patients with relaps-
ing multiple  sclerosis:  An  analysis  from  the EP-
OC  (Evaluate  Patient OutComes)  trial.  J  Neurol 
Sci 2016; 365: 190-198. 

16)  Kalincik  T, Kubala Havrdova E, Horakova D,  Iz-
quierdo G, Prat A, Girard M. Comparison of fin-
golimod, dimethyl fumarate and teriflunomide for 
multiple sclerosis. J Neurol Neurosurg Psychiatry 
2019; 90: 458-468. 

17)  Chun J, Hartung HP. Mechanism of Action of Oral 
Fingolimod  (FTY720)  in  Multiple  Sclerosis.  Clin 
Neuropharmacol 2010; 33: 91-101.

18)  Kappos  L,  Radue  EW,  O’Connor  P,  Polman  C, 
Hohlfeld R, Calabresi P. A Placebo-Controlled Tri-
al of Oral Fingolimod in Relapsing Multiple Scle-
rosis. N Engl J Med 2010; 362: 387-401. 

19)  Montalban X, Comi G, O’connor P, Gold SM, De 
Vera A, Eckert B. Oral fingolimod (FTY720) in re-
lapsing multiple sclerosis: impact on health-relat-
ed quality of life in a phase II study. Mult Scler J 
2011; 17: 1341-1350.

20)  Chwastiak  LA,  Ehde  DM.  Psychiatric  issues  in 
multiple sclerosis. Psychiatr Clin North Am 2007; 
30: 803-817. 

21)  Longinetti  E,  Frisell  T,  Englund  S,  Reutfors  J, 
Fang  F,  Piehl  F.  Risk  of  depression  in  multi-
ple sclerosis across disease-modifying therapies. 
Mult Scler J 2022; 28: 632-641. 

22)  Fox E, Edwards K, Wynn DR, Laganke C, Cray-
ton H, Hunter SF. Outcomes of switching direct-
ly  to  oral  fingolimod  from  injectable  therapies: 
Results  of  the  randomized,  open-label,  mul-
ticenter,  Evaluate  Patient  OutComes  (EPOC) 
study  in  relapsing  multiple  sclerosis.  MSARD 
2014; 3: 607-619. 

23)  Al-Hussain F, Al-Salloum N, Alazwary N, Saee-
di J, Howaidi S, Daif A. Depression, anxiety and 
stress severities in multiple sclerosis patients us-
ing injectable versus oral treatments. J Comp Eff 
Res 2017; 6: 405-412. 

24)  Lana-Peixoto MA, Teixeira Jr AL, Haase VG. In-
terferon beta-1a-induced depression and suicidal 
ideation in multiple sclerosis. Arq Neuropsiquiatr 
2002; 60: 721-724. 

25)  Svenningsson  A,  Falk  E,  Celius  EG,  Fuchs  S, 
Schreiber K, Berkö S. Natalizumab treatment re-
duces  fatigue  in multiple sclerosis. Results  from 
the TYNERGY trial; a study in the real life setting. 
PLoS One 2013; 8: 1-7. 

26)  Thompson  AJ,  Banwell  BL,  Barkhof  F,  Carroll 
WM,  Coetzee  T,  Comi  G.  Diagnosis  of  multiple 
sclerosis:  2017  revisions  of  the McDonald  crite-
ria. Lancet Neurol 2018; 17: 162-173. 

27)  Cohen S, Kamarck T, Mermelstein R, others. Per-
ceived  stress  scale.  Meas  Stress  A  Guid  Heal 
Soc Sci 1994; 10: 1-2. 

28)  Kroenke K, Spitzer RL, Williams JBW. The PHQ-
9: validity of a brief depression severity measure. 
J Gen Intern Med 2001; 16: 606-613. 

29)  Gammoh O, Bjørk MH, Al Rob OA, AlQudah AR, 
Hani  AB, Al-Smadi A.  The  association  between 
antihypertensive medications  and mental  health 
outcomes among Syrian war refugees with stress 
and hypertension. J Psychosom Res 2023; 168: 
111200-111206. 

30)  Spitzer RL, Kroenke K, Williams JBW, Löwe B. 
A brief measure for assessing generalized anx-
iety disorder: the GAD-7. Arch Intern Med 2006; 
166: 1092-1097. 

31)  Lacks P, Morin CM. Recent advances  in  the as-
sessment  and  treatment  of  insomnia.  J Consult 
Clin Psychol 1992; 60: 586-594 

32)  Suleiman KH, Yates BC. Translating the  insom-
nia severity index into Arabic. J Nurs Scholarsh 
2011; 43: 49-53. 

33)  Hunter SF, Agius M, Miller DM, Cutter G, Barba-
to L, McCague K. Impact of a switch to fingolimod 
on depressive symptoms  in patients with  relaps-
ing multiple sclerosis: An analysis from the EPOC 
(Evaluate  Patient  OutComes)  trial.  J  Neurol  Sci 
2016; 365: 190-198.

34)  Tauil CB, da Rocha Lima AD, Ferrari BB, da Silva 
VAG, Moraes AS, da Silva FM. Depression and 
anxiety  in  patients  with  multiple  sclerosis  treat-
ed with  interferon-beta or fingolimod: Role of  in-
doleamine 2, 3-dioxygenase and pro-inflammato-
ry cytokines. Brain Behav Immun Health 2020; 9: 
100162-100169. 

35)  Jones KH, Ford D V., Jones PA, John A, Middle-
ton RM, Lockhart-Jones H. A Large-Scale Study 
of Anxiety and Depression in People with Multiple 
Sclerosis: A Survey via the Web Portal of the UK 
MS Register. PLoS One 2012 ; 7: 41910-41929.

36)  Moreau  T,  Bungener  C,  Heinzlef  O,  Suchet  L, 
Borgel F, Bourdeix I. Anxiety and Coping Strate-
gy Changes in Multiple Sclerosis Patients Initiat-



O.S. Gammoh, A. Al-Smadi, A. Alqudah, S. Al-Habahbeh, et al

6026

ing Fingolimod: The GRACE Prospective Study. 
Eur Neurol 2017; 77: 47-55. 

37)  Hestad  KA,  Engedal  K,  Whist  JE,  Farup  PG. 
The relationships among tryptophan, kynurenine, 
indoleamine  2,3-dioxygenase,  depression,  and 
neuropsychological  performance.  Front  Psychol 
2017; 8: 1561-1569. 

38)  Kwidzinski E, Bechmann I. IDO expression in the 
brain:  A  double-edged  sword.  J Mol Med  2007; 
85: 1351-1359. 

39)  Maes M, Bosmans E, De Jongh R, Kenis G, Van-
doolaeghe E, Neels H. Increased serum il-6 and 

il-1 receptor antagonist concentrations in major 
depression  and  treatment  resistant  depression. 
Cytokine 1997; 9: 853-858. 

40)  Guo Y, Gan X, Zhou H, Zhou H, Pu S, Long X. 
Fingolimod  suppressed  the  chronic  unpredict-
able  mild  stress-induced  depressive-like  be-
haviors  via affecting microglial  and NLRP3  in-
flammasome  activation.  Life  Sci  2020;  263: 
118582-118594.

41)  Hartoonian N, Terrill AL, Beier ML, Turner AP, Day 
MA, Alschuler KN. Predictors of anxiety in multiple 
sclerosis. Rehabil Psychol 2015; 60: 91-98. 


