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Abstract 

Background Multiple sclerosis (MS) is an immune-mediated, neurodegenerative disease with devastating, disabling, 
and negative impacts on the patients’ quality of life (QoL). Although MS was not known in Sudan, it seems to be ris-
ing in recent years. This is a cross-sectional, hospital-based study aimed at assessing the impact of MS medications 
on patients’ QoL in neurology clinics in Khartoum City. Sixty-four patients diagnosed with MS were recruited. SF-36 
questionnaire was used to assess the patients’ QoL. Data were collected from patients’ records in addition to the hand-
delivered questionnaire. Data were analyzed using ANOVA test and logistic regression; p ≤ 0.05 was considered statisti-
cally significant.

Results The majority of patients were females from north Sudan (92.2%). The mean age was 28.2 ± 6.5. Relaps-
ing–remitting was the most diagnosed MS type (65.6%). Fatigue and urinary incontinence were the most observed 
symptoms. All patients had vitamin D deficiency (5–20 ng/ml). Disease-modifying therapies (DMTs) were prescribed 
to 37.5% of patients.

The overall mean QoL was 53.9 ± 14.7 with fair physical and mental health (51.8 ± 19.2 and 57.0 ± 10.9, respectively). 
Patients on DMTs showed a significantly good QoL compared to azathioprine (p ≤ 0.01), corticosteroids (p ≤ 0.01.), 
and no medications (p ≤ 001). Azathioprine (OR = 0.12; p ≤ 0.05), corticosteroids (OR = 0.14; p ≤ 0.05) and no treatment 
(OR = 0.01; p ≤ 0.001) negatively affected MS patients’ QoL when compared to DMTs. Vitamin D supplementation 
was significantly (p ≤ 0.01) associated with good QoL.

Conclusions MS was prominent in young females’ descendants of Sudanese northern tribes. DMTs improve the dev-
astating effect of MS on patients’ QoL, and vitamin D supplementation was significantly associated with good QoL 
of MS patients.

Keywords Multiple sclerosis, Quality of life, Mental and physical health, MS medications, Disease-modifying therapies, 
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Background
Multiple sclerosis (MS) is an immune-mediated neu-
rodegenerative disease which precipitates devastating, 
disabling, and negative impact on the patients’ overall 
quality of life (QoL). The disease was prevalent in the 
northern hemisphere of the globe which was thought 
to be associated with the amount of sun exposure and 
consequently the amount of vitamin D as the gradient 
moves away from the equator [1]. The sub-Sahara coun-
tries, including Sudan, have extremely low incidence 
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of MS [2, 3]. MS was observed to be more prominent 
in female than males. The peak onset of the disease 
remains mainly between 20 and 40 years of age, but it 
can be detected in individuals over 60 years or younger 
than 20 [4, 5].

The disease was characterized by several clinical mani-
festations including motor impairment, autonomic dys-
function and psycho-behavioral deficits [6]. Cognitive 
impairment is widely recognized as a core feature of MS 
that negatively affects the patient’s daily activities [7]. 
The majority of MS patients suffer from episodic neuro-
logical symptoms with relapsing–remitting MS (RRMS). 
Other forms of MS include the primary progressive MS 
(PPMS) and secondary-progressive MS (SPMS) [8]. Mul-
tiple sclerosis may initially present as a clinically isolated 
syndrome (CIS) [9].

The relapsing–remitting episodes of the neurological 
symptoms were the characteristic signs underpinning 
the pathology of the condition, which can be clinically 
detected within the early stages of the disease course [6].

The etiology and pathogenesis of MS remain debat-
able; nevertheless, genetic susceptibilities, infections, 
nutritional and environmental factors, may play key 
roles in the development of MS [10–12]. The disease is 
underlined by demyelination, plaque buildup, and the 
recruitment of microglial cells that induces oxidative 
stress, inflammatory cascades and consequently disturb 
the redox homeostasis within the central nervous system 
(CNS) [13, 14]. The inflammatory state precipitates loss 
of the myelin-sheath surrounding the nerve axons result-
ing in MS relapses. Reactive radicals and degraded prod-
ucts of biological molecules had been detected within 
the CNS of MS patients. Accordingly, redox biomarkers 
were identified as promising tools for the diagnosis and 
evaluation of MS disease course [13, 14]. A link between 
tryptophan–kynurenine (TRP–KYN) metabolic pathway 
and the pathology of psychiatric and neurodegenerative 
disorders was reported [15, 16]. The TRP-KYN pathway 
synthesizes paradoxical products including oxidants, 
antioxidants, neurotoxins, neuroprotectants, anti-inflam-
matory and immunomodulators in certain pathological 
conditions [15, 16]. Tryptophan–kynurenine metabolites 
were observed to be significantly raised in the serum of 
MS patient [17]. Kynurenines downregulate the effec-
tor T cells and induce regulatory T cells (Tregs), which 
cause immune tolerance. The cytotoxic T-lymphocyte 
antigen 4 (CTLA-4) acts as a negative regulator of T 
cell-dependent immune responses and suppresses the 
immune system [16]; hence, low levels of CTLA-4 may 
be disadvantageous in MS. Cytotoxic T-lymphocyte anti-
gen 4, kynurenines and its metabolites may be considered 
potential biomarkers for the diagnosis and prognosis of 

MS. In addition, they may serve as promising drug tar-
gets for MS treatment in the future [18].

Multiple sclerosis association with genetics was well 
reported. The identification of the responsible alleles that 
act as a pre-disposing factor for MS, were behind the 
development of the successful Disease-modifying thera-
pies (DMTs) (glatiramer acetate and interferon beta) [19]. 
Generally, genetic polymorphisms may influence the 
effectiveness of the DMTs, causing inter-individual vari-
ation in response to medications. It was observed that 
30% of patients respond well to glatiramer acetate while 
30–50% of patients do not respond optimally to IFN-β. 
Hence, extensive research focusing on the pharmaco-
genetic markers was ongoing to predict the individual 
variations in the response of DMTs in MS patients [20, 
21]. Other recent advances in MS therapies include the 
stem cell-based therapy which is still under extensive 
research. On the other hand, stem cell-transplant—which 
is expected to reverse MS disabilities—reached clinical 
trials for patients with aggressive MS [22, 23]. The pro-
motion of remyelination is a crucial therapeutic goal. 
Fibronectin (extracellular matrix protein) impairs remy-
elination via fibronectin-mediated microglia and mac-
rophage dysfunction. Therefore, fibronectin-directed 
therapies, using nanocarrier systems, are promising in 
overcoming fibronectin-mediated remyelination failure 
and minimizing disease progression [24, 25].

The diagnosis of MS should be based on a combina-
tion of clinical symptoms, radiographic and laboratory 
findings. Magnetic resonance imaging (MRI) of the brain 
and spinal cord is often a confirmatory test when coupled 
with supportive clinical lesions. Further laboratory tests, 
such as spinal fluid analysis, are needed to rule out other 
neurodegenerative diseases [26].

In clinical practice, more than 18 DMTs options are 
currently approved by the US Food and Drug Adminis-
tration (FDA) to reduce the MS severity, relapse and pro-
gression [8, 22, 27–29]. Ocrelizumab was approved by 
the FDA as the first-line for the treatment of RRMS and 
PPMS [30]. Siponimod, another FDA-approved DMT, 
is effective in decreasing the MRI lesions, relapse activ-
ity and disability progression in patients with relapsing 
forms of MS [31]. Newer oral versions of DMTs, such as 
fingolimod, natalizumab, alemtuzumab and ocrelizumab, 
showed reliable effects in improving the clinical and 
radiological features of the disease, as well as alleviating 
disability compared with the injectable forms of interfer-
ons and glatiramer acetate [32–34]. For newly diagnosed 
patients with RRMS, early treatment with high-efficacy 
DMTs (ofatumumab, ocrelizumab, natalizumab, alem-
tuzumab, and cladribine) may improve the long-term 
clinical outcomes by diminishing the early neurological 
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damage [29]. In Sudan, the only available DMT is inter-
feron beta-1a; the newer DMTs are unavailable and unaf-
fordable for most MS patients in Sudan [35]. In practice, 
short courses of corticosteroids were used to alleviate the 
relapsing symptoms [36, 37].

Although the impact of vitamin D supplementation 
on the disease course was still debatable, and in need of 
more research, yet a line of evidence had linked MS pro-
gression with vitamin D deficiency. It was reported that 
vitamin D supplementation reduces clinically active MS 
symptoms and decreases the relapses rate [38]. Com-
bined therapy of vitamin D3-tolerogenic dendritic cells 
plus IFN-β ameliorates the disease course [39].

Quality of life of MS patients has considerable impor-
tance in clinical practice as MS was frequently associated 
with mental and physical impairments [40]. Multidisci-
plinary approach was considered fundamental for better 
QoL; several neuropsychological screening tests facilitate 
better treatment interventions and more focused man-
agement decisions. In routine clinical practice, cognitive 
assessment helps in early detection of cognitive impair-
ment and implementation of preventive measures and 
therapeutic interventions [7, 41]. Implementation of 
psychological support programs that address the nega-
tive impact of the COVID-19 pandemic on MS patients 
was considered important to strengthen the therapeutic 
alliance and improve the QoL [42, 43]. This study was 
designed to assess the impact of the available MS thera-
pies on the QoL of Sudanese patients with MS at Khar-
toum City.

Methods
A descriptive, cross-sectional, hospital-based study was 
conducted in six referral neurology clinics (five private 
hospitals and one State Teaching Hospital). Data were 
collected from April 2019 to August 2019, and a total 
coverage sample was used. A total of 69 patients who 
attended these six neurology clinics in Khartoum City 
were registered and then sorted out into 64 patients, 
including men and women. Five patients were excluded 
because they were critically ill, unable to communicate, 
or unwilling to give informed consent, in addition to one 
child.

A self-constructed data collection sheet was used to 
collect data from paper-based medical records plus a 
questionnaire delivered by hand to patients at the refer-
ral clinics. Informed consent was obtained from all 
patients prior to handing the questionnaire. The data 
collection sheet was composed of three major parts. 
Part one and two contain patients’ demographic and 
clinical information (3 and 5 items, respectively). Clini-
cal data included the type of disease, diagnostic test, 

number of attacks/years, and symptoms of the disease. 
Part three covered the prescribed medications for the 
management of the disease. Multiple sclerosis diagno-
sis was based on clinical, radiological, and biochemical 
laboratory investigations for all participants. McDon-
ald’s diagnostic criteria were applied for all patients, 
including patients experiencing clinically isolated syn-
drome (CIS) and patients with progressive disease. 
Magnetic resonance imaging (MRI) is the test of choice 
for MS diagnosis in Sudan. Laboratory tests, including 
cerebrospinal fluid analysis, were also performed if it is 
affordable to the patients [44].

The questionnaire was based on the 36-item Short-
Form Health Survey (SF-36) to assess the patients’ 
QoL. The original questionnaire has good reliability 
and validity as evidenced by McHorney and colleagues 
[45]. The SF-36 questionnaire consists of various scales 
which were summarized into two: physical health com-
posite and mental health composite. Physical health 
composite includes physical functioning, role limita-
tions due to physical problems, bodily pain, fatigue/
energy, and general health. Mental health composite 
contains emotional well-being, role limitations due to 
emotional problems, and social function. The scoring 
method is based on rating the QoL of patients from 0 
(weak health) to 100 (optimal health). Quality of life 
was categorized into poor (mean score ≤ 33.3), inter-
mediate (mean score 33.4–66.7) and good QoL (mean 
score > 66.7). To study the influence of medications 
on QoL of patients, the data were stratified according 
to the patients’ medications (patients taking DMTs, 
azathioprine, corticosteroids or no treatment). Qual-
ity of life was evaluated in each group for comparison 
analysis.

The data were coded, entered in an Excel sheet and 
analyzed with Statistical Package for the Social Sciences 
(SPSS) (version 21-2012, IBM Corporation, USA). The 
continuous variables (physical health domain, mental 
health domain and total QoL score) were summarized 
as mean and standard deviation. Categorical data (age, 
gender, tribe, attacks/year, vitamin D levels, prescribed 
MS medications, and categories of QoL) were calcu-
lated as frequency and percentage. The association 
between dependent (quality of life) and independent 
variables (age, numbers of attacks/year and medica-
tions) was measured with logistic regression analy-
sis that determined the adjusted odds ratio (OR) and 
confidence intervals (CI). Comparatively, analysis of 
variance (ANOVA) test (one-way ANOVA, followed 
by post hoc test) was used to compare between quan-
titative variables (overall score of QoL, physical health 
and mental health states of patients taking different 
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treatment modalities). Chi-square test was used to 
determine the association between categorical variables 
(vitamin D therapy and poor/good QoL). p-value < 0.05 
was considered statistically significant.

Results
Out of 69 patients, 64 adult patients completed the 
questionnaire with a response rate of 92.7%. The major-
ity of the patients were from North Sudan, and their 
mean age was 28.2 ± 6.5. The patients’ demographic 
characteristics are shown in Table  1. In addition to 
the medical history and neurologic examination, all 
patients performed brain MRI, and only 7 (10.9%) 
patients were diagnosed with CSF examination. Two-
thirds of the patients had relapsing remitting MS, 

with 3–5 attacks per year. At the first presentation 
to the clinics, all patients were deficient in vitamin D 
(mean = 13.1 ± 4.6), and 6 (9.4%) patients had clinically 
isolated symptom (CIS) such as blurred vision (7.8%) 
and motor deficient (1.6%). More details about symp-
tomatology and vitamin D status are mentioned in 
Table 2.

Disease-modifying therapies (DMTs) were the main 
line of treatment (37.5%) (Table 3). For relapse treatment, 
14 (21.9%) patients received a short course of corticos-
teroids, either intravenous methylprednisolone (1000 mg 
per day for 5 days), or oral prednisolone (1 mg/kg per day, 
with a tapering dose, for 2 weeks). Most patients received 
supplementary therapy such as vitamin D (Initial dose: 
1000–10000  IU per day; maintenance dose: 1000  IU/
day or 50,000 IU/week), and multivitamins/omega 3. All 
patients received symptomatic treatments, such as anal-
gesic, antispasmodic, or laxative drug (Table 3).

The overall score of patients’ QoL was 53.9 ± 14.7, 
with intermediate level of physical health (51.8 ± 19.2) 
and mental health (57.0 ± 10.9). The overall patients’ 
QoL showed that 67.2% had intermediate level of QoL 
(Table 4).

The influence of medications on QoL of patients was 
evaluated by stratifying the QoL according to their medi-
cations (DMTs, azathioprine, corticosteroids or no treat-
ment). The overall QoL of patients taking DMTs was 
observed to be better than those taking azathioprine 
(p ≤ 0.01), short courses of corticosteroids (p ≤ 0.01) 
and patients taking no medications (p ≤ 0.001). Physical 
health of patients taking DMTs were significantly better 

Table 1 Demographic characteristics of MS patients attending 
the neurology clinics in Khartoum City (n = 64)

MS multiple sclerosis

Variables Description n %

Gender Male 5 7.8

Female 59 92.2

Age (years) 18–30 38 59.4

31–40 20 31.3

˃ 40 6 9.4

Sudanese tribes Northern tribes 62 96.9

Western tribes 0 0.0

Southern tribes 2 3.1

Eastern tribes 0 0.0

Table 2 Types and symptoms of MS in patients attending the neurology clinics in Khartoum City (n = 64)

MS multiple sclerosis

Variables n (%) Variables n (%)

Type of MS Symptoms at presentation

 Relapsing remitting 42 (65.6%)  Multiple symptoms 58 (90.6%)

 Secondary progressive 14 (21.9%)  Clinically isolated symptom 6 (9.4%)

 Primary progressive 8 (12.5%) On-going symptoms

Diagnostic tests  Fatigability 64 (100.0%)

 Brain MRI 64 (100%)  Urinary incontinence 64 (100.0%)

 CSF examination 7 (10.9%)  Sensory deficit 60 (93.8%)

Attacks/year  Hemifacial spasm 59 (92.2%)

 ≤ 2 17 (26.6%)  Optic pain 60 (93.8%)

3–5 43 (67.2%)  Constipation 57 (89.1%)

˃ 5 4 (6.3%)  Trigeminal neuralgia 42 (65.6%)

Vitamin D levels (ng/ml)  Motor impairment 24 (37.5%)

 5–10 23 (35.9%)  Dysarthria 21 (32.8%)

 11–15 18 (28.1%)  Cerebellar ataxia 18 (28.1%)

 16–20 23 (35.9%)  Tremor 16 (25.0%)

 Mean vitamin D level (M ± SD) 13.1 ± 4.6  Reversible visual loss 5 (7.8%)
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Table 3 Prescribed medications for the treatment of MS patients attending the neurology clinics in Khartoum City (n = 64)

MS multiple sclerosis, DMTs disease-modifying therapies

Medications n (%) Dosage/route Frequencies

DMTs

 Interferon beta 1a 17 (26.6%) 30 μg/0.5 ml IM (Avonex)
44 or 22 μg/0.5 ml SC (Rebif )

Once weekly
3 times/week

 Dimethyl fumarate 4 (6.2%) Starting dose: 120 mg oral (capsule)
Maintenance dose: 240 mg oral (capsule)

Twice a day for a week
Twice a day

 Fingolimod 3 (4.7%) 0.5 mg oral capsule Once daily

Total 24 (37.5%)

Azathioprine 19 (29.7%) 25–50 mg 2 or 3 times/ day

Relapse treatment

 Corticosteroids 14 (21.9%) 1 mg/kg, with a tapering dose (oral prednisolone)
1000 mg (IV methylprednisolone)

Once/day for 2 weeks
Once daily for 5 days

Supplementary treatments

 Vitamin D 38 (59.4%) As recommended Once daily or weekly

 Multivitamins/omega 3 40 (62.5%) As recommended Once daily

No treatment 7 (10.9%) – –

Table 4 Quality of life of MS patients attending the neurology clinics in Khartoum City using (SF-36) questionnaire

MS multiple sclerosis, QoL quality of life, SF-36 36-item Short-Form Health Survey, SD standard deviation

QoL domains QoL score (mean ± SD) QoL [n (%)]

Good QoL Intermediate QoL Poor QoL

Physical health scale 51.8 ± 19.2 12 (18.7%) 36 (56.3%) 16 (25.0%)

Mental health scale 57.0 ± 10.9 13 (20.3%) 49 (76.6%) 2 (3.1%)

Total QoL score 53.9 ± 14.7 11 (17.2%) 43 (67.2%) 10 (15.6%)

Fig. 1 Stratification of QOL of patients with multiple sclerosis (MS) based on their MS medications. ***p ≤ 0.001, **p ≤ 0.01and *p ≤ 0.05 (different 
medications compared with no treatment); †††p ≤ 0.001 and ††p ≤ 0.01 (different medications compared with corticosteroids); ‡‡p ≤ 0.01 
and ‡p ≤ 0.05 (different medications compared with azathioprine), DMTs disease-modifying therapies, QoL quality of life
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than those on azathioprine (p ≤ 0.01), short courses of 
oral or intravenous corticosteroids (p ≤ 0.01) and patients 
who were not under any medication (p ≤ 0.001). Men-
tal health state of patients on DMTs was significantly 
higher than those taking short courses of corticosteroids 
(p ≤ 0.05) and patients taking no medications (p ≤ 0.001). 
On the other hand, patients on azathioprine had signifi-
cantly high levels of overall QoL, physical activity and 
mental health (p ≤ 0.001, p ≤ 0.001 and p ≤ 0.05, respec-
tively) than patients without medications (Fig. 1). A sig-
nificant association had been observed between vitamin 
D and QoL of patients with MS (p ≤ 0.01) (Supplemen-
tary file 1).

Predictors of good QoL among MS patients were eval-
uated using logistic regression analysis. Patients on aza-
thioprine (OR = 0.12, 95% CI = 0.02–0.70, p ≤ 0.05) were 
less likely to have good QoL than those receiving DMTs. 
Moreover, there was less likelihood of having good QoL 
among patients receiving short courses of corticoster-
oids (either oral or IV) for the treatment of relapses 
(OR = 0.14, 95% CI = 0.02–0.86, p ≤ 0.05) or patients with 
no treatments (OR = 0.01, 95% CI = 0.001–0.14, p ≤ 0.001) 
when compared to patients taking DMTs (Table 5).

Discussion
This study was designed to evaluate the impact of MS 
medications on the QoL of Sudanese patients in Khar-
toum City. Our results showed that the majority of the 
assessed patients were young females from Sudanese 
northern tribes, with a mean age of 28.2 ± 6.5 years. This 
result is in line with literature that reported MS as more 
prevalent in women than men and usually occurs in the 
ages of 20–40, but it can also develop in older adults 
and rarely in children [46, 47]. Tribes from the northern 

region (a hybrid African-Arab race) were the most 
affected, while no incidence of the disease was observed 
in the south or west regions. The reason behind this eth-
nic variation was not known yet, but it could be due to 
genetic traits or environmental factors [48]. The associa-
tion between MS and genetic factors was well reported 
[19].

Magnetic resonance imaging was adopted as the main 
diagnostic tool for the MS patients in Sudan. The updated 
McDonald diagnostic criteria have been applied for the 
diagnosis of clinically isolated syndrome as well as the 
progressive stage [44]. Cerebrospinal fluid was done for a 
limited number of patients as the test was quite unafford-
able for most patients. Two-thirds of the patients were 
diagnosed with relapsing remitting MS phenotype, with 
3–5 attacks per year. This result is in line with that has 
been reported by Idris et al.; relapsing remitting MS was 
the most common course affecting MS patients in Sudan 
[48]. Vitamin D was observed to be low (less than 15 ng/
ml) in two-thirds of the assessed patients. Low levels of 
vitamin D were reported in MS patients especially at the 
northern hemisphere. In contrast, people in countries 
that lie around the equator, including Sudan, had been 
thought to have extremely low risk of MS and adequate 
levels of vitamin D [2].

Most patients attended the neurology clinics with 
multiple symptoms in the first episode, yet a limited 
number attended the clinics with some isolated symp-
toms, including blurred vision and paralysis. According 
to Langer-Gould and his colleagues, the CIS incidence 
among MS patients was rare (about 3.4 per 100,000 per-
son/year) at the beginning of the disease course [49]. 
The most observed ongoing symptoms include fatigue, 
urinary incontinence, sensory deficit, hemifacial spasm, 
painful ocular motility, constipation, and trigeminal 
neuralgia. However, few patients experienced reversible 
visual loss. The clinical manifestations of the disease in 
this study were in line with earlier studies that reported 
bladder dysfunction, sensory disturbances, painful ocular 
motility, constipation, and walking difficulties as the most 
common complications of MS patients [48, 50, 51].

Disease-modifying therapies were observed to be the 
most prescribed drugs in combination with vitamin D 
and multivitamins. About one-third of patients received 
injectable interferon beta1a, and a limited number of 
patients were on oral DMTs (fingolimod or dimethyl 
fumarate). Generally, the unavailability of MS medica-
tions (especially DMTs) in Sudan was an ongoing dif-
ficulty for MS patients. To the best of our knowledge, 
patients on MS medications hardly try to attain their 
medications, in particular oral DMTs, from outside 
Sudan on private bases. About one-third of patients were 
treated with azathioprine. Acute relapses were managed 

Table 5 Factors associated with quality of life of patients with 
multiple sclerosis (logistic regression analysis)

SE standard error, OR odds ratio, CI confidence intervals, DMTs disease-modifying 
therapies, Ref reference
*** p ≤ 0.001, *p ≤ 0.05

Variables Quality of life

SE p-value OR 95% CI

Age (Ref. > 30 years)

 ≤ 30 0.66 0.33 1.91 0.53–6.9

Numbers of attacks/year 
(Ref. > 2 attacks)

 ≤ 2 attacks 0.90 0.26 2.75 0.47–15.95

Medications (Ref. DMTs)

 Azathioprine 0.89 0.018* 0.12 0.02–0.70

 Corticosteroids 0.94 0.034* 0.14 0.02–0.86

 None 1.44 0.001*** 0.01 0.001–0.14
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with a 5-day course of intravenous methylprednisolone 
followed by oral prednisolone that was tapered off over 
2 weeks. Steroids are the cornerstone therapies for treat-
ing acute MS relapses by reducing MS-related morbidity 
[37]. Vitamin D deficiency was observed in all patients 
in this study; a significant positive association had been 
observed between patients taking vitamin D supplemen-
tation and good QoL of patients. This finding concurs 
well with a previous survey. Vitamin D deficiency may 
play a key role in the pathogenesis of MS, and hypovi-
taminosis in MS patients is commonly associated with 
fatigue and seizure that negatively affect the QoL. On 
the other hand, the use of vitamin D supplements for MS 
patients remains debatable [38, 52, 53].

The QoL assessment showed that more than two-thirds 
of the recruited MS patients have fair levels of physical 
activity (51.8 ± 19.2) and mental health (57.0 ± 10.9). This 
result is consistent with a previous study in MS patients 
showing a mental health score of 53.1 ± 22.5 [54]. In con-
trast, earlier studies in Sudan and Mexico had shown 
higher scores of QoL in MS patients (66.4 ± 21.9 and 
64.6 ± 17.5, respectively) [46, 55]. Such discrepancies 
could be attributed to differences in the QoL assessment 
tool or symptoms, signs, duration, severity of the disease 
or individual variations between MS patients [54]. More-
over, the study results showed that DMTs significantly 
improved QoL of the MS patients when compared to 
azathioprine, short courses of corticosteroids or no med-
ication. This finding is in accordance with the reported 
data [56]. Disease-modifying therapies positively impact 
the MS patients’ QoL, as shown in patients treated with 
glatiramer acetate [56]. Through the aggressive treatment 
approach with high-efficacy disease-modifying thera-
pies, a positive long-term impact on MS patients’ well-
being could be achieved [57]. However, Simone et  al., 
had shown IFN-β may induce a negative impact on MS 
patients QoL over time [58]. On the other hand, patients 
on azathioprine had significantly high levels of physical 
activity and mental health compared to those on no med-
ications which was reflected on the overall good QoL. 
Patients on steroids or no treatment showed poor QoL. 
High-dose steroids are reserved for severe flare ups or 
periodic episodes of disease activity. Corticosteroids’ side 
effects, such as depression, psychosis, cognitive impair-
ment, hyperglycemia, and stomach irritation, reduce the 
patients’ QoL with disease progression over time [59].

In clinical practice, physical and mental health of 
MS patients are emerging as important parameters to 
assess the effects of medications on QoL. Evaluation of 
the QoL may be beneficial in guiding the physicians to 
develop stratified interventions and specific plans for 
effective treatments tailored according to each patient’s 
needs [56].

Conclusions
This study showed that the incidence of MS among Suda-
nese patients was high in young females from Sudanese 
northern tribes. Within the assessed patients, the relaps-
ing remitting MS was the most observed type. The major-
ity of patients had fair QoL, yet a limited number showed 
poor levels of physical and mental functioning.

The most frequently prescribed medications were DMTs 
which significantly improve QoL of MS patients when com-
pared to other therapies. One-third of the patients were 
using injectable IFN-β. Unfortunately, oral DMTs have not 
yet been available or affordable for MS patients in Sudan.

Azathioprine showed significant improvement on 
physical activity and mental health compared to those on 
no medications. Although azathioprine was not approved 
by the FDA for MS treatment, yet, it has been used as an 
alternative for patients who could not tolerate DMTs or 
afford the high cost of DMTs [60]. On the other hand, it 
has been reported by Luca et  al., that azathioprine effi-
cacy was comparable to β interferons in patients with 
relapsing–remitting MS [61].

Limitations
The main limitations of this study include difficulty to 
achieve a large sample size of MS patients as the study 
was conducted at specific neurology referral clinics in 
Khartoum City. The study was bounded by a specific time 
window. The patients’ responses to the questionnaire 
may be susceptible to recall bias and/or social stigmas.

Recommendations
Educational programs about adherence to medica-
tions and medical care follow-up may improve the QoL 
of MS patients. Integration of palliative and supportive 
care, such as psychological, social, spiritual support and 
physiotherapy, into the patient treatment plan are recom-
mended to reduce the devastating impact of the disease 
on the patient’s general health and QoL. Individual evalu-
ation of the patient’s needs in clinical practice may help in 
establishing better management strategies, and tailored 
stratified interventions to implement personalized treat-
ment plans according to the patient’s needs. The study 
has shed light on the high incidence of MS in the north-
ern region of Sudan, with almost 97% of cases, compared 
to no cases in the South and East regions; more studies 
focusing on genetic and environmental factors that could 
be behind such high incidence are recommended. A tai-
lored study to investigate MS among children in Sudan 
is recommended. The availability of medical care for 
this category of patients was available only in Khartoum 
State, which enforced these patients to endure long hours 
of travel to receive medical care. Establishing special-
ized clinics in areas of high incidence is urgently needed. 
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Potentially this study would encourage the authorities to 
prioritize the MS health services and medications avail-
ability for this important category of patients at areas of 
high incidence.
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