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Abstract: Persons with multiple sclerosis (pwMS) experience varied symptoms, often influencing clinical decisions. Symptoms 
including cognitive deficits, pain, fatigue, and depression profoundly impact quality of life (QoL). Disease-modifying therapies 
(DMTs) primarily focus on reducing relapses and delaying progression; however, their ability to alleviate symptoms is less known. 
This narrative review consolidates the current evidence of the role of platform DMTs (Glatiramer Acetate (GA), Interferon (IFN), 
Dimethyl Fumarate (DMF), Teriflunomide (TER)) on the associated symptoms of MS and their efficacy in prevention of relapse, and 
disease progression. A literature search was conducted using the PubMed database for studies assessing the impact of GA and other 
platform DMTs on associated symptoms and effectiveness in pwMS. Studies using specific validated scales to assess each of the 
symptoms in pwMS treated with platform therapies were considered. A total of 132 publications were identified, and of which 13 were 
found appropriate for inclusion in the review. Effectiveness outcomes included annual relapse/exacerbation rates and lesion size. The 
impact of platform DMTs was evaluated in 13 studies in patients with MS having associated symptoms such as cognitive deficits 
(n=4), pain and spasticity (n=3), and fatigue, depression and overall QoL (n=6). Additionally, eight studies assessed the overall 
effectiveness of GA in the treatment and management of pwMS. Although a limited number of studies compared the impact of 
platform therapies on MS-related symptoms, treatment with GA demonstrated statistically significant improvements in cognition, pain, 
spasticity and fatigue, which was also clinically meaningful on minimum detectable change parameters. This review offers insights and 
proposes a hypothesis for conducting a large-scale study to explore the impact of platform therapies on MS symptoms that affect 
quality of life. It may also aid clinicians in making evidence-based therapeutic decisions for the effective management of PwMS. 
Keywords: disease-modifying therapies, glatiramer acetate, interferons, persons with multiple sclerosis, quality of life

Introduction
Multiple sclerosis (MS), an autoimmune disease of the central nervous system (CNS), disrupts nerve signaling due to 
damage to the myelin sheath and nerve fibers.1 The global prevalence of MS increased from 2.3 million in 2013 to 
2.9 million in 2023.2 Significant advances have been made in understanding the pathophysiology, epidemiology, and 
genes involved in MS.3,4 The MS landscape has evolved with an understanding of its two key components representing 
a continuum across the disease course―relapses due to inflammation and progression mediated by neurodegeneration.4 

Relapsing-remitting MS (RRMS) comprises nearly 85% of presenting MS diagnoses and is characterized by intermittent 
attacks or exacerbations of neurologic symptoms followed by a remission period.5

Due to the complex nature of the disease, symptoms of MS differ widely among persons with MS (pwMS)6 and the 
severity of symptoms can vary depending on the location of the nerve damage and the extent of disease progression. MS- 
related symptoms include problems with vision, fatigue, pain and spasticity, sexual dysfunction, cognitive dysfunction, 
and mental health problems such as anxiety and depression7 Clinical evidence suggests an association between the 
severity and number of symptoms and declining quality of life (QoL) in pwMS.8–11 Most pwMS demonstrate reduced 
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QoL compared to the general population.12–14 In clinical practice, the primary focus of treatment is to limit disability by 
reducing relapses and preventing disease progression. Amelioration of symptoms and improving QoL remain equally 
important.1,15

The last three decades have witnessed a rapid evolution in treatment strategies for MS, with various disease- 
modifying therapies (DMTs) having the potential to reduce relapses and delay disease progression by interfering with 
several immunological mechanisms.16–18 As of 2023, 20 DMTs have been approved by the European Medicines Agency 
(EMA) and the United States Food and Drug Administration (US FDA) for the treatment of MS.19 Of the approved 
DMTs, glatiramer acetate (GA), recombinant beta-interferons (IFNβ), dimethyl fumarate (DMF), and teriflunomide (Teri) 
have been considered platform treatments for MS.20,21 In practice, the treatment strategy involves employing the DMT 
with the most favorable benefit-risk profile considering the type of MS, the level of disease activity, prognostic factors, 
patient-related factors, and risk of adverse events associated with the DMT.22 It is not often that the symptoms associated 
with the disease are considered when selecting the DMT.

Many studies link diminished QOL with specific MS symptoms (fatigue, impaired mobility, spasticity, etc). Even in 
patients already receiving DMTs, symptoms and QoL play an important role in patient function and ability to perform 
activities of daily living (ADLs).23 One of the publication24 highlighted that certain DMTs have the potential to 
positively impact QoL of PwMS,24 and the assessment and reporting of symptoms affecting the QoL is suboptimal 
with a multitude of diverse instruments.24 Although few studies demonstrate the impact of DMTs on MS symptoms and 
QoL improvement in pwMS,23,24 a further exploration may reveal a unique action of each of the platform DMTs on 
associated individual symptoms in pwMS. This narrative review examines the current evidence for platform DMTs on 
their impact on MS-related symptoms such as cognitive deficits, pain, spasticity, fatigue, depression and QoL, sexual 
dysfunction, bowel and bladder dysfunction, visual acuity problems, and anxiety to inform clinicians of this perspective. 
This review would help the clinicians by providing an update on the impact of platform DMTs on specific MS symptoms 
and contribute to evidence-based clinical decisions in MS management.

Literature Search
Using the PICO (participants, intervention, comparisons, and outcomes) framework, an independent search was con
ducted for a combination of medical subject headings (MeSH) and keywords, including “glatiramer acetate [MeSH]”, 
“multiple sclerosis [MeSH]”, “interferon”, “dimethyl fumarate”, “teriflunomide”, “cognition”, “quality of life”, OR 
“QoL”, “muscle weakness”, “stiffness”, “spasticity”, “bowel disease”, “bladder dysfunction”, “physical disability”, 
“hobbing”, “walking”, “pain” OR “tingling” OR “numbness”, “fatigue”, “depression”, “visual acuity”, “anxiety”, “sexual 
dysfunction”, in the PubMed database. Computer-based and manual searches were performed using PubMed per the 
search strategy described in Supplementary Table 1 and articles published until December 2023 were considered. Clinical 
trials and observational studies evaluating symptom management with GA and other platform DMTs in pwMS were 
retrieved. To examine the most current effectiveness results for GA a broad search was conducted in PubMed using the 
term “glatiramer acetate” with filters for clinical trials and observational studies in humans spanning the last 15 years 
(2009 to 2023). Only full-text articles published in the English language were included.

Most real-world studies examined used the following scales for evaluating fatigue, depression, and overall QoL: 
Fatigue Impact Scale [FIS], Beck’s Depression Inventory [BDI-II] or Beck Depression Inventory-Short Form [BDI-SF], 
Short Form-36 [SF-36], and Treatment Satisfaction Questionnaire for Medication [TSQM]. Hence, for these symptoms, 
only studies using either one of these scales were included in this review. For all other symptoms considered in the 
review, there were no limitations on the scales used. For each of the symptoms, the outcomes of interest included: (1) the 
incidence of MS-related symptoms following treatment with platform DMTs; (2) the mean ± standard deviation (SD) 
scores or the change in score for each of the scales evaluated at baseline and post-treatment. The effectiveness outcomes 
considered were the annual relapse rate (ARR), annual exacerbation rate (AER), and lesion size measured using magnetic 
resonance imaging (MRI). As envisaged in the title and primary objective, the scope of the review is limited to the 
platform DMTs and does not include other DMTs or drugs approved for management of MS.
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Results
The systematic search in PubMed database for key MeSH terms yielded 132 articles on the impact of platform DMTs on 
each of key symptoms, and quality of life (Figure 1). The identified studies were reviewed for their relevance to research 
question of impact on specific symptom with a minimum of 1 of platform DMTs being assessed in pwMS. Most of 
studies (119 out of 132) did not meet the defined review criteria to answer the research question.

A total of 13 studies were included in this review. The impact of GA treatment and other platform DMTs on 
symptoms including cognitive deficits, pain and spasticity, fatigue, depression, and QoL were assessed in 13 studies, and 
on the effectiveness of GA treatment in pwMS was evaluated in 8 studies. There was a paucity of studies on the impact 
of platform DMTs for sexual dysfunction, bowel and bladder dysfunction, visual acuity problems, and anxiety; hence, 
their impact on these symptoms could not be reviewed. Though the search openly considered all the published studies of 
platform DMTs for impact on MS symptoms, most of studies had assessed either GA and/or IFN for action on MS related 
symptoms, and only 1 study assessed the impact of DMF and Teri along with GA and IFN.

Cognitive Function
Four studies assessing the impact of platform DMTs on cognitive function showed significant improvement in cognition 
post-treatment (details outlined in Table 1).25–28 These studies evaluated cognition by employing various scales, 

Figure 1 Search strategy for inclusion of studies in review.
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Table 1 Details of Studies Evaluating the Effect of GA and Other Platform DMTs on Cognition in PwMS

Author (Year); 
Study Type

Population Treatment Scale(s) Results Inference

Lanzillo (2020);26 

Observational, cross- 
sectional study

PwMS (n=280) on platform DMT 

for ≥1 year and no clinical relapse 
6 months before study initiation

● GA (inj, n=37)
● IFN (inj, n=156)
● DMF (oral, n=62)
● Teri (oral, n=25)

No doses mentioned

● SDMT ● SDMT scores: mean ± SD
● All: 40.3 ± 13.1; GA: 36.4 ± 9.5; IFN: 40.6 ± 13.3; 

DMF: 44.7 ± 14.7; Teri: 34.7 ± 9.1; p=0.001.

Compared with INF, PwMS on Teri were the oldest, with higher 

disability, worst depression at BDI, worst cognitive performances 
at SDMT, p=0.001; and authors suggested to be careful in 

evaluating these results.

Cinar (2017);25 

Controlled multi- 
center, examiner- 

blinded, prospective 

study

PwMS (n=161);healthy controls 

(n=102)

● IFNβ-1a (SC, n=53)
● IFNβ-1b (n=52)
● GA (n=56)
● for 12 months

● BICAMS battery (SDMT, CVLT- 

II, BVMT-R)

● The number of cognitively impaired patients 

decreased from 28.5% to 20.5% based on SDMT, 

p=0.009; 31.7% to 21.7% based on CVLT-II, 

p=0.024; and 26.1% to 18.6% based on BVMT-R, 
p value not provided.

In this study, a significant difference was determined in terms of 

cognitive status between MS patients using IFNβ or GA and the 
healthy control group. There is no significant difference 

between IFNβ and GA in terms of cognitive protection.

Ziemssen (2016);28 

Observational, non- 

interventional, open- 

label study, 170 sites 
from Germany

PwMS (n=754); (n=709 [95.6%] 

had RRMS) Treatment naive (de 

novo) or previously treated with 

immunomodulatory drugs or 
mitoxantrone

● GA 20 mg/mL subcutaneously 

once daily for 2 years

● MUSIC
● PASAT

MUSIC-Cognition
● Difference in scores before and after treatment
● Previously treated (n=131): 1.39 ± 4.21, p<0.001.
● De novo (n=301): 1.67 ± 4.37, p<0.001; Between 

baseline and final evaluation, scores improved in 

274 patients (60.5%), deteriorated in 125 (27.6%), 

and remained unchanged in 54 (11.9%); there were 

no data for
● 301 patients.

PASAT
● Previously treated (n=103): 41.63 points at base

line, 45.76 points at end of study, p<0.001.
● De novo (n=246): 43.11 points at baseline, 46.76 

points at end of study, p<0.001.

Findings from the PASAT (n = 370) showed 

improvements in cognition, p=0.001; which was 

observed among 103 previously treated patients (41.63 points at 

baseline, 45.76 points at end of study, p=0.001) and among the 
246 de novo patients (43.11 points at baseline, 46.76 points at end 

of study, p=0.001).

Ziemssen (2015);27 

Observational study
PwMS (n=668) on another DMT 
from Latin America, Canada/ 

Western Europe, and Eastern 

Europe

● Switched to GA 20 mg/d for 

24 months

● PASAT ● Patients from all regions showed an improvement 

in mean PASAT (cognition) scores.
● Latin America 6.3 ± 9.1, p=0.003.
● Canada/Western Europe 3.8 ± 9.6, p=0.0024.
● Eastern Europe 0.8 ± 5.3, not significant.

Paced Auditory Serial Addition Test and Multiple Sclerosis 
Inventory Cognition scale scores showed a statical improvement in 

both GA treated cohorts, p<0.05; of Latin America (n=20) and 

Canada/ Western Europe (n=47). However clinically meaningful 

improvement in cognition in GA treated MS cohorts over 2 years 
in Latin America (6.25 points change), whereas the change was not 

so clinically in cohorts from Canada and western Europe (3.83 

points change).

Notes: Bold text indicates significant p-values. 
Abbreviations: BICAMS, Brief International Cognitive Assessment for Multiple Sclerosis; BVMT-R, Brief Visuospatial Memory Test Revised; CVLT-II, California Verbal Learning Test, second edition; DMF, Dimethyl fumarate; DMT, 
Disease-modifying treatment; GA, Glatiramer acetate; IFN, Interferon; IFNβ, Interferon beta; inj, Injectable; MUSIC, Multiple Sclerosis Inventory Cognition; PASAT, Paced Auditory Serial Addition Test; PwMS, Persons with multiple 
sclerosis; SC, Subcutaneous; SDMT, Symbol Digit Modalities Test; Teri, Teriflunomide.
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including Symbol Digit Modalities Test (SDMT), the Multiple Sclerosis Inventory of Cognition (MUSIC), Paced 
Auditory Serial Addition Test (PASAT), and the Brief International Cognitive Assessment for Multiple Sclerosis 
(BICAMS) battery, which included SDMT, the Brief Visuospatial Memory Test-Revised (BVMT-R) for visual-spatial 
memory, and the California Verbal Learning Test, second edition (CVLT-II) for verbal memory.

Lanzillo et al26 assessed the effect of four platform DMTs (GA [n=37], IFNs [n=156], DMF [n=62], and Teri [n=25]) 
on cognitive function in 280 persons with RRMS (pwMS) who were on platform DMT treatment for ≥1 year and did not 
have a clinical relapse six months before study initiation. Regarding clinical and demographic characteristics, pwMS on 
INF constituted more than half of total study subjects, and were younger with long therapy duration, while those on Teri 
hardly constituted less than one-tenths of total subjects and were the older with higher disability at the start of study. 
A slowing of information processing is often seen in MS journey, and SDMT is considered as sensitive to measure this 
cognitive aspect. The two different groups of researchers in MS field suggest the reliability and validity of SDMT test 
and support a responder definition of SDMT change of 4 points or 10% in magnitude.29 Lanzillo et al26 group found no 
major change (less than 10%) in cognitive function on SDMT score in MS patients on GA and IFNs, whereas an 
improvement of more than 10% on SDMT score was seen on DMF and deterioration of 10% on Teri, respectively, in MS 
patients. On statistical analysis, there was a significant difference (p=0.001) in SDMT scores among all four treatment 
groups: GA: 36.4 ± 9.5, IFN: 40.6 ± 13.3, DMF: 44.7 ± 14.7, and Teri: 34.7 ± 9.1. A sensitivity analysis considering 
SDMT scores was performed to avoid outlier-related bias. Compared with INF, pwMS on Teri were the oldest, with 
higher disability, worst depression at BDI, worst cognitive performances at SDMT (p = 0.001). Although clinically 
meaningful change of 4 points or more was observed in IFN and Teri group with a statistical significance difference of 
impact, the authors concluded to be careful in evaluating these results considering the demographic and sample 
characteristics in the groups (Table 1).

In a multi-center, controlled study, Cinar et al25 were the first to use the BICAMS battery to monitor cognitive status 
in pwMS (n=161) treated with GA (n=56), subcutaneous IFNβ-1a (n=53), or IFNβ-1b (n=52) over 12 months. There 
were significant improvements in the SDMT, BVMT-R, and CVLT-II scores following treatment with GA or IFNβ 
(p<0.001) as compared to healthy volunteers. This corresponded with a significant decrease in the number of cognitively 
impaired patients after treatment with GA and IFNs at the end of one-year study period (SDMT: from 28.5% to 20.5%; 
p=0.009, CVLT-II: from 31.7% to 21.7%; p=0.024, and BVMT-R: from 26.1% to 18.6%; p value not provided). 
Difference between treatment groups of IFN and GA was not observed in terms of minimal detectable change in 
SDMT score, as it was less than 10% variation, and it shows that GA and IFNs appear to have similar effect on the 
cognition. The authors acknowledged the limitation of not being able to include placebo arm of untreated MS cohort in 
this one-year study.

The QualiCOP study evaluated cognition in pwMS (n=754; 95.6% pwMS) who were previously treated (n=237) or 
treatment-naive (n=481).28 Following 2-years of treatment with GA (20 mg/mL), significant improvements (p<0.001) 
were observed in MUSIC-Cognition and PASAT scores, in both, those previously treated and treatment-naive patients. 
Paced Auditory Serial Addition Test and Multiple Sclerosis Inventory Cognition scale scores showed robust improve
ment in cognitive function among previously treated MS cohorts, who switched to GA treatment. In another 2-year 
observational study consisting of 668 pwMS who switched to GA (20 mg/d) from another DMT, significant improve
ments in PASAT scores were observed following GA treatment in patients from Latin America (6.3 ± 9.1; p=0.0030), and 
Canada/Western Europe (3.8 ± 9.6; p=0.0024), but not Eastern Europe (0.8 ± 5.3; not significant).27 The relevance of 
considering a change of 4 points in PASAT and SDMT score in evaluating the impact of DMTs on cognition has been 
acknowledged by different group of researchers.30 Paced Auditory Serial Addition Test and Multiple Sclerosis Inventory 
Cognition scale scores showed a statistical improvement in both GA treated cohorts (p<0.05) of Latin America (n=20) 
and Canada/Western Europe (n=47). A clinically meaningful improvement in cognition in GA treated MS cohorts over 2 
years was seen in Latin America cohort (6.25 points change), whereas the change was not so clinically meaningful in 
cohorts from Canada and western Europe (3.83 points change).
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Pain and Spasticity
GA was assessed for pain and spasticity symptoms in three studies using various scales, including the Penn Spasm 
Frequency Scale (PSFS), Modified Ashworth Scale (MAS), Adductor Tone Rating Scale (ATRS), and Global Pain Score 
(GPS) (details outlined in Table 2).31–33

Spasticity of varying severity affects up to 80% of patients with multiple sclerosis (MS), which is often overlooked 
and undertreated.34 Meca-Lallana et al31 conducted a study to assess the effects of GA on spasticity in patients with 
relapsing-remitting MS who had been previously treated with IFNβ or were treatment naive in a small cohort (n=28). 
After 18 months of GA treatment in patients who were previously treated with IFNβ (n=13), statistically significant 
reductions were observed in PSFS (p=0.002), MAS right hemibody (p=0.002), MAS left hemibody (p=0.045), and GPS 
(p=0.002) scores. Although clinically meaningful thresholds for changes in muscle tone and muscle spasms have not 
been formally established in the MS population, a change of 20% from baseline is considered as clinically meaningful.35 

While the ATRS score decreased from 1.15 ± 0.55 to 0.64 ± 0.81, the improvement was not significant. In contrast, in 
treatment-naive patients (n=15), 12 months of GA treatment decreased PSFS, ATRS, and GPS scores; however, none 
were statistically significant. The study concluded with the results suggest that GA may reduce spasticity in patients 
previously treated with IFNβ, which supports the need to conduct large trials for a more precise understanding of the 
effects of GA on spasticity.

Meca-Lallana et al32 then assessed pain and spasticity in a larger cohort of pwMS (n=68) who switched from IFNβ 
(subcutaneous IFNβ-1a [42.6%], intramuscular IFNβ-1a [41.2%], and IFNβ-1b [32.4%]) to GA. The primary end points 
of the study were to measure the impact of GA at 3, 6 months on pain and spasticity using the scales such as PSFS, MAS, 
and ATRS. Following the switch to GA, significant reductions (p<0.01) in mean scores on all spasticity measurements 
(PSFS, MAS, and ATRS) were observed at 3- and 6-months post-treatment vs baseline. Likewise, statistically significant 
reductions from month 3 to month 6 were also observed in MAS scores. A 20% improvement in pain recognized as the 
MCID in correlation with 18% change on spasticity scales.36 Similarly, the GPS score for pain reduced from 29.4 ± 22.1 
at baseline to 24.7 ± 19.4 at 3 months (p<0.01) and 19.1 ± 14.8 at 6 months (p<0.01). The researchers of the group 
endured a study limitation of being of observational and a lack of a comparator group.

In an observational study, Pöllmann et al33 retrospectively assessed headache frequency, intensity, and duration in MS 
patients following ≥6 months of treatment with GA (n=49) or IFNβ (n=53). In patients with pre-existing headaches, 
a more significant proportion of IFNβ-treated patients reported increased headache frequency by >50% (34% vs 6% for 
GA; p=0.001), increased headache duration by >50% (21% vs 2% for GA; p=0.01). Headache intensity increased by >3 
based on the Visual Analogue Scale in 13% of IFNβ-treated patients but in none of the GA-treated patients (p=0.01). 
New headaches post-treatment was reported by 17% of IFNβ-treated patients vs 2% of GA-treated patients (p=0.001). In 
another cohort where IFNβ treatment was prospectively assessed (n=65), headache frequency and duration increased by 
>50% in 18% of patients within the first 6 months of treatment, and new headaches were reported within 24 hours of the 
first IFNβ injection in 12% of patients. The study concluded that as compared to GA, the IFN therapy could increase the 
frequency and duration of headache in pwMS to a considerable extent, and another group of researchers found a similar 
correlation of higher prevalence of headache with IFN therapy in 109 pwMS.37 The insights from these studies appear to 
be meaningful and warrant for large clinical trial to address the current limitation of fewer studies with small sample 
sizes.

Fatigue, Depression, and QoL
A UK MS Register-based study found that the fatigue impacts between 69% and 83% of people with MS (pwMS) and 
has been graded as a “severe” symptom by 74% of pwMS.38 In this review, six studies using at least one of the scales to 
assess fatigue (FIS), depression (BDI-II or BDI-SF), QoL (SF-36), and treatment satisfaction (TSQM) were considered 
(details outlined in Table 3).

Among pwMS (n=428) treated with GA for more than a year, Fricska-Nagy et al41 reported that the prevalence of 
fatigue and depression was 62.4% and 13.4%, respectively. The 62.4% prevalence of fatigue after a mean disease 
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Table 2 Details of Studies Evaluating the Effect of GA and Other Platform DMTs on Spasticity and Pain in pwMS

Author (Year); Study 
Type

Population Treatment Scale(s) Results

Meca-Lallana (2012);32 

Observational multi- 
center study

PwMS (n=68) switched from 
IFNβ to GA and received 
GA for at least 24 weeks

● GA (dose as per Summary of 
Product Characteristics) for 6 months

● PSFS
● MAS
● ATRS
● GPS

● Statistically significant (p<0.01) reductions in mean scores on all spasticity mea
surements (PSFS, MAS, highest MAS score, ATRS, GPS) were observed from base
line to Month 3 and Month 6.

● MAS, highest MAS score, and GPS improved further at 6 months vs 3 months.
● Patients who did not receive baseline spasmolytic treatment reported statistically 

significant lower mean (SD) GPS and MAS scores at baseline, Month 3, and Month 6.

Meca-Lallana (2010);31 

Prospective, 
nonrandomized, open- 
label, uncontrolled, 
observational study

PwMS (n=28) who are 
treatment-naive or switched 
from IFNβ to GA

● GA 20 mg/d - switched treatment 
(n=13): 18-month treatment- treat
ment-naive (n=15): 12-month 
treatment

● PSFS
● MAS
● ATRS
● GPS

● In patients who switched from IFNβ to GA, statistically significant reductions in 
MAS right hemibody, p=0.002; MAS left hemibody, p=0.045; PSFS, p=0.002; GPS, 
p=0.002 was seen. Improvement in ATRS not significant.

● In treatment-naive patients, statistically significant reductions were not observed in 
any of the above-mentioned parameters.

● GA may reduce spasticity in patients previously treated with IFNβ, a finding which 
was statistically significant, and clinically meaningful (with more the 20% 
improvement).

Pöllmann (2002);33 

Observational study
PwMS (n=167) on 
immunomodulatory therapy

● IFNβ prospective (n=65) for 6 
months

● IFNβ retrospective (n=53) for 1 year
● GA retrospective (n=49) for 2 years

● HA frequency and duration
● 10-step VAS - HA intensity

● Among the retrospective study groups, in patients with pre-existing HA, HA 
frequency and duration increased by >50% with IFNβ but not GA; p=0.001 and 
p=0.01, respectively. HA intensity increased by >3 VAS in IFNβ-treated patients, 
13% vs 0%, p=0.01. New HA was also significantly higher in IFNβ-treated patients, 
17% vs 2% with GA, p=0.001.

● Among the IFNβ prospective group, HA frequency and duration increased by >50% 
in 18% of patients and in 35% with pre-existing HA within first 6 months; 12% 
developed new HA within 24 hours of the first injection.

Notes: Bold text indicates significant p-values. 
Abbreviations: ATRS, Adductor Tone Rating Scale; GA, Glatiramer acetate; GPS, Global Pain Score; HA, Headache; IFNβ, Interferon beta; MAS, Modified Ashworth Scale; PSFS, Penn Spasm Frequency Scale; PwMS, Persons with 
multiple sclerosis; PwMS, Persons with multiple sclerosis; VAS, Visual Analogue Scale.
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Table 3 Details of Studies Evaluating the Effect of GA and Other Platform DMTs on Fatigue, Depression, and Quality of Life in pwMS

Author (Year); 
Study Type

Population Treatment Scale(s) Results

Naser Moghadasi 

(2023);39 

Observational study 
(Phase IV)

PwMS (n=368) ● GA 40 mg
● Naive (n=191)
● Switchers (n=177)

● BDI-II
● MusiQoL

● BDI-II score significantly improved (difference: −2.39; 95% CI: −3.74–-1.03), p<0.001.
● MusiQoL Global Index score did not show significant difference (−0.6; 95% CI: −1.34–2.54), p=0.54; however, the psychological 

well-being, p=0.02; and rejection, p=0.04; dimensions significantly improved post-treatment

Mitsikostas (2022);40 

Prospective, multi- 
center, observational 

study

PwMS (n=214) ● IFN naive with IFNβ (n=58)
● IFN naive with GA (n=114)
● IFN experienced with GA 

(n=42) for 12 months

● MFIS-5
● HAM-D
● SF-36
● MusiQoL

MFIS-5
● Mean scores indicated improvement at 6 months and 12 months vs baseline for all groups
HAM-D
● At baseline, most patients had no depression or mild depression. Scores did not deteriorate with time

SF-36
● Baseline vs 6 months: GA improved vitality by 24.6%, p<0.001; social functioning by 16.1%, p<0.001; role emotional by 14.4%, 

p<0.001; and mental health by 16.8%, p<0.001.
● Baseline vs 12 months: the improvements were sustained for vitality (18.8%), role emotional (11.4%), and mental health (16.8%), 

p<0.001 for all.
● In IFNβ experienced patients, no significant changes were observed in any SF-36 scores in patients treated with IFNß or GA at 6 and 

12 months vs baseline.
● In treatment-naive patients GA improved vitality (16.6%), social functioning (16.2%), role emotional (17.4%), and mental health 

(18.1%) scores at 6 months, and at 12 months only the mental health score (18.4%) vs baseline; p<0.001 for all.

MusiQoL
● Minor fluctuations in the mean scores during the study

Lanzillo (2020);26 

Observational study

PwMS (n=280) ● GA (inj, n=37)
● IFN (inj, n=156)
● DMF (oral, n=62)
● Teri (oral, n=25)

(No doses mentioned)

● FSS
● BDI-II
● SF-36
● TSQM

FSS
● Significant differences between groups, p=0.026; worst FSS scores from patients using Teri, p=0.001.
SF-36
● MCS was significantly lower for Teri vs IFN, p<0.001. No significant differences were observed for PCS across treatment groups, 

p = 0.313.

BDI-II
● Significant difference among treatments, p=0.011; with those treated with Teri showing worst depressive symptoms.

TSQM
● Trend observed for high TSQM (overall satisfaction) for GA, p=0.10, vs other treatments after removing cognitive compromised 

patients.
● Oral treatments, Teri and DMF, showed higher TSQM (convenience) vs IFN, p<0.001.
● DMF showed a higher TSQM (side effects) vs IFN, p=0.014; while Teri showed a lower score vs IFN, p=0.014.

Fricska-Nagy (2016);41 

Observational study
PwMS (n=428) ● GA

(No dose mentioned)

● FIS
● BDI-II
● MSQoL-54

● Prevalence of fatigue: 62.4%
● Prevalence of depression: 13.4%
● 35 of 168 patients with fatigue also had depression
● Among the 278 patients with depression, all reported having fatigue
● Depression and fatigue had a significant negative influence on all MSQoL-54 subscales
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Jongen (2014);42 

Prospective, multi- 
center, observational 

study

PwMS (n=67, of which n=38 for 

treatment naive and n=29 for pre- 
treated)

● GA for 2 years

(No dose mentioned)

● FIS
● BDI-SF
● LMSQoL

FIS
● Overall, significantly lower at 18, p=0.0007; and 24 months, p=0.0001; vs baseline. Similar changes observed in treatment-naive 

and pre-treated cohorts.

BDI-SF
● No significant change vs baseline at 18 and 24 months for all cohorts

LMSQoL
● At 18 months it was significantly higher in the total, p=0.0192; and pre-treated groups, p=0.0291; vs baseline, but not the 

treatment-naive group (p=0.2638). At 24 months, there was significant improvement in all 3 groups.
● Improvements in the first 6 or 12 months correlated significantly with the 2-year level of fatigue and HRQoL and improvements 

experienced in the first year were preserved up to the end of the 2-year period

Jongen (2010);43 

Prospective, multi- 

center, observational 
study

PwMS (n=197, of which n=106 for 

treatment naive and n=91 for pre- 

treated)

● GA for 12 months
(No dose mentioned)

● FIS
● BDI-SF
● LMSQoL

FIS:
● Decreased at 6 and 12 months in the treatment-naive group, p<0.01; not in the pre-treated group.

BDI-SF
● No change

LMSQoL
● Significant improvements, p<0.001; at 6 and 12 months in treatment-naive patients, but not in the pre-treated group.
● At 12 months, LMSQoL score change of ≥3 was observed in 43% of treatment-naive patients, p<0.001.
● In patients who discontinued GA before 12 months (28.4% of patients), the HRQoL score changes were 0 to negative.
● Increase in HRQoL was associated with decreased fatigue.

Note: Bold text indicates significant p-values. 
Abbreviations: BDI, Beck Depression Inventory; CI, Confidence interval; DMF, Dimethyl fumarate; FIS, Fatigue Impact Scale; FSS, Fatigue Severity Scale; GA, Glatiramer acetate; HAM-D, Hamilton Scale for Depression; HRQoL, Health- 
related Quality of Life; IFN, Interferon; IFNβ, Interferon beta; LMSQoL, Leeds Multiple Sclerosis Quality of Life; MCS, Mental Composite Score; MFIS-5, Five-Item Modified Fatigue Impact Scale; MSQoL-54, Multiple Sclerosis Quality of 
Life-54; MusiQoL, Multiple Sclerosis International Quality of Life; PCS, Physical Composite Score; QoL, Quality of life; PwMS, Persons with multiple sclerosis; SF, Short Form; Teri, Teriflunomide; TSQM, Treatment Satisfaction 
Questionnaire for Medication.
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duration of 11.23 years is in line with the literature data.44 The authors of the study suggested that the pwMS, who are 
susceptible to depression could be benefited from the glatiramer acetate treatment, which warrants further research.

MCID estimates indicate that a difference of at least 0.45 points on the FIS constitutes a clinically significant 
difference in fatigue. Jongen et al43 observed that GA treatment significantly reduced fatigue (p<0.01) at 6- and 12- 
months post-treatment in treatment-naive pwMS (n=106) but not in those who received treatment previously (n=91). 
Decreased fatigue correlated with an increase in QoL. In another observational study with a longer study duration of 24 
months, compared with baseline scores, FIS was significantly lower at 18 (p=0.0007) and 24 months (p=0.0001) in both 
treatment-naive pwMS (n=38) and those who received treatment previously (n=29), and QoL significantly improved 
among both groups at 24 months42 and this can be correlated with improvement of 0.52 points on FIS scale, and could be 
considered as clinically meaningful on benchmark of MCID for FIS. In both studies, there was no significant difference 
in BDI-SF scores post-treatment with GA.

Naser Moghadasi et al39 showed that GA treatment (40 mg) alleviated depressive symptoms with a significant 
improvement in BDI-II scores (−2.39; 95% confidence interval [CI]: −3.74–-1.03; p<0.001). While there was no 
significant difference in the overall Multiple Sclerosis International QoL (MusiQoL) score post-treatment (p=0.54), the 
psychological wellbeing (p=0.02) and rejection (p=0.04) dimensions improved significantly.

An observational study by Lanzillo et al26 evaluated the effect of platform DMTs on fatigue, depression, QoL, and 
treatment satisfaction in pwMS (n=280). Patients on Teri had the worst Fatigue Severity Scale (FSS) (Teri: 42.0 ± 14.0; 
DMF: 32.4 ± 18.3; GA: 32.5 ± 16.6; IFN: 30.9 ± 16.7; p<0.001), BDI-II (Teri: 12; DMF: 7; GA: 7; IFN: 6; p=0.011), and 
SF-36 Mental Composite scores (Teri: 45.2 ± 2.7; DMF: 47.6 ± 3.7; GA: 47 ± 3.3; IFN: 48 ± 3.2; p<0.001); however, 
these patients also had the best TSQM scores, especially with respect to convenience (p<0.001) and side effects 
(p<0.001).

Mitsikostas et al40 evaluated the impact of GA or IFNβ on fatigue, depression, and QoL in pwMS (n=214) who were 
either IFNβ-naive or IFNβ-experienced over 12 months. The fatigue score improved slightly over 12 months, while the 
depression scores did not deteriorate over time. Based on the SF-36 scores, following 6 months of treatment, overall, GA 
significantly improved vitality (24.6%; p<0.001), social functioning (16.1%; p<0.001), role emotional (14.4%; p<0.001), 
and mental health (16.8%; p<0.001) vs baseline. These effects were sustained for vitality (18.8%; p<0.001), role 
emotional (11.4%; p<0.001), and mental health (16.8%; p<0.001) at 12 months. In IFNβ-naive patients who were treated 
with GA, significant improvements (p<0.001) were observed in vitality, social functioning, role emotional, and mental 
health scores at 6 months vs baseline. However, no significant improvements were observed with IFNβ treatment or GA 
treatment in IFNβ-experienced patients at 6- and 12-months vs baseline.

Effectiveness
The effectiveness of GA in MS patients was assessed across eight observational studies (details outlined in 
Table 4)27,28,39,45–49 by estimating ARR, AER, and MRI outcomes. In studies where GA was assessed without any 
comparator, the ARR significantly reduced post-treatment vs baseline27 in both treatment-naive patients and those who 
switched from other DMTs.28,39,49 A long-term 27-year follow-up study comparing early- vs delayed-start in GA 
treatment in relapsing pwMS (n=251) observed that there was no significant difference in ARR between the groups 
(early-start: 0.328 vs delayed-start: 0.414; p=0.1278) and the proportion of relapse-free patients (early-start: 16.9% vs 
delayed-start: 11.7%; p=0.2421); however, the accumulated ARR over 0–3 years was significantly lower in early-start 
group (p=0.0255).46 Bovis et al45 compared the effectiveness of GA vs IFNβ-1a by implementing a previously published 
statistical method using two independent datasets, a randomized controlled trial and a cohort study. Both studies found 
that GA was slightly superior to IFNβ-1a with the overall ARR ratios of 0.72 (95% CI: 0.55–0.95; p=0.018) and 0.84 
(95% CI 0.74–0.95; p=0.005), respectively. Patients who were younger at treatment initiation, male, with higher disease 
activity, longer disease duration, and more significant disability were likely to benefit more from GA than from IFNβ-1a.

Over 5 years, Lebrun-Frenay et al47 assessed exacerbations in pwMS (n=852) who were treatment-naive or switched 
to GA from another DMT. The AER decreased from 0.64 exacerbations/year (95% CI: 0.59–0.70) in the 1st year to 0.28 
exacerbations/year (95% CI: 0.24–0.32) in the 5th year, and 316 (37.2%) patients remained exacerbation-free throughout 
the follow-up period. One-third of patients continued GA treatment throughout the 5-year study period, of which 127 
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Table 4 Studies Evaluating the Effectiveness of GA and Other Platform DMTs in pwMS

Author (Year); Study type Population Treatment Measurement(s) Results

Naser Moghadasi (2023);39 

Observational study (Phase 

IV)

Patients with RRMS (n=368) ● GA 40 mg
● Naive (n=191)
● Switchers (n=177)

● ARR
● MRI

● ARR significantly reduced (RR: 0.65; 95% CI: 0.43–0.98), p<0.04.
● The number of gadolinium-enhancing lesions significantly decreased (Difference: −0.38; 95% CI: 

−0.64–-0.12), p=0.004.
● No significant reduction in the number of T2 lesions (Difference: −0.32; 95% CI: −0.94–-0.29), p=0.3.

Ford (2022);46 

Open-label extension study
Patients with relapsing MS (n=251) ● GA early start (ES; n=125)

● GA delayed start up to 3 years (DS; n=126)
● GA at 20 mg/mL subcutaneously once-daily (QD), 

with an option to switch to 40 mg/mL subcutaneously 

three times weekly (TIW) when available

● ARR ● No difference in ARR (ES: 0.328 vs DS: 0.414), p=0.1278.
● Accumulated ARR over 0–3 years was significantly lower in the ES group, p=0.0255.
● No difference in proportion of relapse-free participants (ES: 16.9% vs DS: 11.7%), p=0.2421.

Bovis (2021);45 

Observational study
Training - CombiRx RCT (IFNβ-1a + GA 
with IFNβ-1a or GA + matched placebo 

used as monotherapy 

Validation - MSBase cohort

● GA (20 mg/d, n=255)
● IFNβ-1a (30 mg once weekly, n=248)
● Combination treatment
● For 84 months

● ARR ● In the CombiRx trial, patients with the lowest treatment response score (25% of the total cohort), 

ARR was 60% lower among those treated with GA vs IFNβ-1a (ARR ratio=0.40; 95% CI: 0.25–0.63). 
Those with the highest treatment response score (25%), ARR was 14% lower among those treated 

with IFNβ-1a vs GA (ARR ratio=1.14: 95% CI: 0.59–2.18). In the 50% of patients with intermediate 

treatment response score, ARR was 10% lower among those treated with GA vs IFNβ-1a (ARR 

ratio=0.90: 95% CI: 0.61–1.34). Overall, treatment with GA reduced the ARR compared to IFNβ-1a 
by 28% (ARR ratio=0.72; 95% CI: 0.55–0.95), p=0.018.

● In the MSBase cohort, the overall ARR ratio between GA vs IFNβ-1a was 0.84 (95% CI: 0.74–0.95), 

p=0.005; indicating a slight superiority of the effectiveness of GA over IFNβ-1a.

Lebrun-Frenay (2019);47 

Observational study

Patients with RRMS (n=852, treatment 

naive and those switching from other 

DMTs)

● GA (20 mg/d, n=269) for 5 years ● AER ● Median treatment duration: 3.4 years
● 5-year AER=0.41 (95% CI: 0.39–0.44) exacerbations/year; decreased from 1st year (0.64; 95% CI: 

0.59–0.70) to 5th year (0.28; 95% CI: 0.24–0.32) exacerbations/year.
● 316 (37.2%) patients remained exacerbation-free throughout; 80 (9.4%) presented ≥5 exacerbations.
● Of 269 treated with GA continuously for 5 years, 127 (47.5%) remained exacerbation-free 

throughout.
● Exacerbation rate was higher among on-treatment patients who discontinued GA, p<0.0001.

Zecca (2019);49 

Prospective, multi-center, 
observational study

Patients with MS (n=194, treatment naive 

and those switching from other DMTs)

● GA dose not mentioned
● Naive (n=64)
● Switchers (n=130)

● ARR ● Proportion of patients still on GA after 12 months: naive (n=89, 68.5%); switcher (n=43, 67.2%).
● ARR in the previous 24 months from baseline naive: 0.5 (0.5–1.0) vs switchers: 0.5 (0.0–0.5), 

p=0.005.
● ARR (12 months - baseline) naive: 0.0 (0.0–0.0), p=2.9e-10; switchers: 0.0 (0.0–0.0), p=0.022.
● Naive patients experiencing relapses 0: 111 (85.4%); 1: 16 (12.3%); 2: 2 (1.5%); 3: 1 (0.8%).
● Switcher patients experiencing relapses 0: 51 (79.7%); 1: 11 (17.2%); 2: 1 (1.6%); 3: 1 (1.6%).

Ziemssen (2016);28 

Observational study
Patients with MS (n=754; of which n=709 
[95.6%] had RRMS, 

treatment naive (de novo) or previously 

treated with immunomodulatory drugs or 

mitoxantrone)

● GA 20 mg/mL SB once daily for 2 years ● ARR ● ARR significantly reduced 0.87 vs 0.49, p<0.001. In previously treated patients ARR reduced 0.98 vs 

0.54, p<0.001; and de novo patients 0.81 vs 0.48, p<0.001.
● Relapse-free patients annually increased from 10.7% at baseline to 68.7% post-treatment. Patients 

with no relapses in the prior 2 years increased from 17.6% and 7.2% to 64.7% and 70.7% in previously 

treated and de novo patients, respectively.

Meca-Lallana (2016);48 

Observational study

Patients with RRMS (n=54) previously 

treated with IFNβ
● GA ≥ 6 months ● ARR

● MRI

● ARR estimated at 0.14 vs 0.7 in the year prior to switching to GA.
● 94.4% without relapse at Month 6 vs 53.7% at baseline.
● n=3 had 4 relapses; mild n=3 and moderate n=1.
● Active T2-lesions n=16 at baseline vs n=11 at 6 months; number of lesions not significantly different 

(18.0 ± 14.9 at baseline vs 12.8 ± 9.5 at 6 months), p=0.125.
● Gadolinium-enhanced lesions n=16 at baseline vs n=0 at 6 months; number of lesions not signifi

cantly different (0.5 ± 0.6 at baseline vs 0.0 at 6 months ± 0.0), p=0.059.

Ziemssen (2015);27 

Observational study
Patients with RRMS (n=668) on another 
DMT from Latin America, Canada/ 

Western Europe, and Eastern Europe

● Switched to GA 20 mg/d for 24 months ● ARR - Relapse ● ARR significantly reduced from 0.86 to 0.32, p<0.001 vs baseline; reduction was observed irre

spective of region

Notes: Bold text indicates significant p-values. 
Abbreviations: AER, Annualized exacerbation rate; ARR, Annualized relapse rate; CI, Confidence interval; CombiRx, Combination Therapy in Patients With Relapsing-Remitting Multiple Sclerosis; DMT, Disease-modifying treatment; 
GA, Glatiramer acetate; IFNβ, Interferon beta; MRI, Magnetic resonance imaging; PwMS, Patients with multiple sclerosis; RCT, Randomized clinical trial; RRMS, Relapsing-remitting multiple sclerosis; SB, subcutaneously.
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(47.5%) remained exacerbation-free. Interestingly, the on-treatment AER was higher among patients who discontinued 
GA (p<0.0001).

Lesions were measured at baseline and post-treatment with GA in two studies.39,48 Naser Moghadasi et al39 assessed 
the effectiveness of GA treatment (40 mg) in 368 pwMS through MRI-measured MS activity. After 14 months of GA 
treatment, the number of gadolinium-enhanced lesions reduced significantly (−0.38; 95% CI: −0.64–-0.12; p=0.004 vs 
baseline); however, the decrease in the mean number of T2 lesions was not significant. Meca-Lallana et al48 observed that 
in pwMS previously treated with IFNβ (n=54), following 6 months of switching to GA treatment, fewer patients had 
active T2 lesions (11 vs 16 at baseline) and gadolinium-enhancing lesions (0 vs 16 at baseline); however, the difference 
was not significant.

Discussion
This narrative review is one of the few pragmatic exercises corroborating clinical evidence to help improve our 
understanding of the impact of platform DMTs in pwMS on associated symptoms of cognitive dysfunction, pain and 
spasticity, fatigue, depression, and overall QoL. Findings from this review highlight that even after 37 years since the first 
randomized pilot Phase III trial on MS,50 the evidence on MS-related symptom management and the effectiveness of 
therapies in pwMS continues to evolve.

The four studies found a differential impact of platform DMTs on cognitive function on SDMT and PASAT scales.25–28 

Although a statistical difference of the impact on cognition was found by Lanzillo et al26 group showing superior effect by 
GA, IFN, and DMF, the MDC change of 4 points on SDMT scale was found in the pwMS cohort treated with DMF and Teri. 
The different demographic variables and sample characteristics needs to be considered in interpretation of the results. 
A multicentre study by Cinar et al25 group found a statistically significant improvement in cognition (on SDMT) with GA 
treatment as compared to IFN treatment, and similar findings were observed in Qualicop study28 on PASAT scale of 
cognition, where the MDC levels were also achieved.

The 2 studies by Meca-Lallana et.31,32 observed that switching from IFNs to GA treatment in pwMS reduced the pain 
and spasticity on measurement scales of MAS, PSFS, and ATRS. The improvement levels were statistically significant, 
and above the MDC on the scales. Considering small sample sizes in both the studies, the authors concluded the need of 
conducting large trial for generalizability of the finding. At the time of review, there were no studies comparing the 
impact of other two traditional first line therapies of DMF, and Teri on pain and spasticity. A retrospective assessment by 
Pollmann et al33 found that there is an increased frequency, intensity, and duration of headache on VAS scale in pwMS 
treated with IFNs compared to GA, and a similar observation was found by another group of researchers. Our review 
findings showed that GA treatment had a considerable effect on fatigue and overall QoL, as observed across three 
studies.40,42,43 Two studies using the FIS scale to measure fatigue showed that GA improved symptoms of fatigue within 
6 months and the beneficial effects were sustained up to 24 months, especially in treatment-naive patients.42,43 The study 
by Mitsikostas et al40 reported that in treatment-naive pwMS, GA treatment improved some QoL parameters; however, 
IFNβ treatment did not. Evidence that IFNβ treatment may exacerbate depression in pwMS is mixed.51,52 GA had a slight 
impact on depression, with a significant improvement in BDI-II score in one study.39 Nonetheless, given that fatigue and 
depression are two primary symptoms that impair QoL in pwMS,52 identification of at-risk patients and appropriate 
treatment are crucial in MS care.

The effectiveness data, though our search was limited to the last 15 years, provides an overview of the effectiveness 
of GA and other DMTs in managing RRMS across eight real-world studies. Overall, GA was effective at reducing ARR 
in both treatment-naive patients and those switching from other DMTs,27,28,45,48,49 consistent with a previously published 
study, which showed that effectiveness was maintained up to 9 years.53 This reduction in relapses is also consistent with 
the evidence that RRMS progresses within 15‒30 years with limited relapses.54–56 A long-term 27-year continuous 
follow-up study showed sustained clinical benefits with early initiation of treatment with GA vs delayed treatment, 
highlighting the importance of early treatment.46 These findings reflect the long-term clinical benefit of continued use of 
GA in reducing relapses.57–59 Furthermore, Bovis et al45 showed that GA was likely to be more effective in certain 
patient subgroups (ie, those who were younger at treatment initiation, male, with higher disease activity, longer disease 
duration, and more significant disability) than IFNβ-1a. Similar subgroup analyses on the impact of DMTs on MS-related 
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symptoms could provide a better understanding of DMTs that are effective as well as beneficial for symptom 
management.

The review has certain limitations of including studies from PubMed database with full-text English articles and 
considering selective scales for comparing the impact of DMTs on symptoms. The varied study design, methodology and 
symptom scales used in qualifying studies needs a consideration in interpretation of results. Systematic reviews or meta- 
analyses were not feasible since there were not many studies using the same scales for symptom 
assessment. Furthermore, although there are multiple scales for assessing fatigue, depression, and QoL, the review 
only considered those scales that are most used in everyday clinical practice and contemporary research. However, for 
other symptoms, there was no limitation on the scales used. While the observations from our review align with previous 
observations of symptom management in pwMS treated with platform DMTs, one needs to be cautious while making 
interpretations across studies considering different study populations, sample sizes, geographical locations, baseline 
disease characteristics, comorbidities, study design, and treatment dose and duration. Limited-to-no evidence was 
available for anxiety, visual impairment, sexual dysfunction, and bowel and bladder dysfunction, highlighting the need 
for future research to focus on these symptoms. In addition, although our review findings were consistent regarding the 
overall improvements in symptoms and effectiveness of GA in pwMS as observed across studies, limiting the effective
ness findings to the last 15 years and analyzing studies with specific scales could impact the generalizability of the 
findings. Finally, the review focused primarily on the impact of platform DMTs on MS-related symptoms; however, 
including other DMTs approved for MS could draw more evidence to enable better clinical decisions.

Nonetheless, our findings are one of the few to consolidate recent evidence on symptom management in pwMS using 
GA and other platform DMTs. To enable targeted therapeutic decisions, there is a need to understand the importance of 
the impact of DMTs on the associated symptoms of MS, and ultimately identifying the patient population with the most 
optimal clinical response to DMTs. The cumulative evidence from our review ascertains that the continued use of GAs in 
pwMS despite other effective DMTs is attributable to its acceptable safety profile with a lack of late adverse events, 
fewer immunologic complications, and lower level of comorbidities interaction,60 and that the drug is generally well 
tolerated for a prolonged period of over 25 years.46

Conclusion
A review of the current evidence to improve our understanding on the impact of platform DMTs on MS symptoms was 
conducted. Most of the studies looked at the impact of glatiramer acetate and interferons on cognition, pain, spasticity, 
fatigue, and depression, which affect the quality of life in pwMS. Treatment with GA resulted in statistically significant 
improvement in cognition on PASAT scale in two studies, which surpassed the clinically meaningful minimum detectable 
change. Changes in SDMT scale though showing statistically superior effect of GA and IFN did not meet the defined 
minimum detectable change criteria.

The pain and spasticity could reduce in pwMS after switching from IFNs to GA treatment, as observed in 2 studies on 
MAS, PSFS, and ATRS scales. Level of improvement was not only statistically significant but also had major positive 
shift on minimum detectable criteria. Although the sample size was small in these studies, the findings call for a larger 
clinical trial to unravel more insights, and generalizability. Two-thirds of pwMS experience fatigue and four studies 
assessed the impact of DMTs on FIS scale. GA treatment alleviated fatigue with a sustained beneficial effect, however, 
no other DMTs were studied in these couple of studies. A comparative study also found a beneficial effect of GA over 
IFN. Whereas one study comparing all four DMTs found significant improvement in fatigue with GA, IFN, DMF, 
whereas fatigue worsened in TERI cohort. Interpretation of findings may require careful consideration to different sample 
sizes, and design of the studies.

Together with its demonstrated real-world effectiveness in reducing ARRs and delaying disease progression, GA may 
offer better QoL to pwMS through the alleviation of cognitive impairment, pain and spasticity, headache, fatigue, and 
depression. These findings should be of interest to clinicians globally as they provide the most up-to-date cumulative 
evidence on the role of GA and other platform DMTs in personalized management in pwMS.
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Highlights
● PwMS experience a wide range of symptoms, which ultimately impact QoL.
● DMTs are primarily prescribed to reduce relapses and exacerbations in pwMS.
● The impact of platform DMTs on associated symptoms in pwMS is reviewed.
● Overall, GA improves cognition, pain, spasticity, fatigue, and QoL scores.
● Findings will help physicians make informed treatment decisions for MS management.

Abbreviations
AER, Annual exacerbation rate; ARR, Annual relapse rate; ATRS, Adductor Tone Rating Scale; BDI-II, Beck’s 
Depression Inventory; BDI-SF, Beck Depression Inventory-Short Form; BICAMS, Brief International Cognitive 
Assessment for Multiple Sclerosis; BVMT-R, Brief Visuospatial Memory Test-Revised; CI, Confidence interval; CNS, 
Central nervous system; CVLT-II, California Verbal Learning Test, second edition; DMF, Dimethyl fumarate; DMT, 
Disease-modifying therapy; EMA, European Medicines Agency; FIS, Fatigue Impact Scale; FSS, Fatigue Severity Scale; 
GA, Glatiramer acetate; GPS, Global Pain Score; HAM-D, Hamilton Depression Rating Scale; IFNβ, Interferon beta; 
MAS, Modified Ashworth Scale; MFIS-5, Modified Fatigue Impact Scale-5-Item; MRI, Magnetic resonance imaging; 
MS, Multiple sclerosis; MUSIC, Multiple Sclerosis Inventory of Cognition; MusiQoL, Multiple Sclerosis International 
QoL; PASAT, Paced Auditory Serial Addition Test; PSFS, Penn Spasm Frequency Scale; PwMS, Persons with multiple 
sclerosis; QoL, Quality of life; RRMS, Relapsing-remitting multiple sclerosis; SDMT, Symbol Digit Modalities Test; SD, 
Standard deviation; SF-36, Short Form-36; TSQM, Treatment Satisfaction Questionnaire for Medication; US FDA, 
United States Food and Drug Administration.

Acknowledgments
We would like to thank Actu-Real Inc., Dr Shalini Murali Krishnan, Mrs. Ambika S, and Dr Shefali Harankhedkar for 
their manuscript writing and editorial support. In addition, we would like to thank Dr Aswin A, Dr Shanthakumar, and 
Dr Pramod Mallikarjuna (Global Medical Services, Viatris) for the literature review and coordination support with 
various teams. We would also like to acknowledge the support of Joseph Cook and Bituparna Bayan (Global Publications 
Review, Viatris). Viatris provided funding support to conduct an independent review of published evidence.

Funding
Medical writing assistance was provided by Actu-Real Inc, and it was funded by Viatris.

Disclosure
Dr Santosh B Shirol and Dr Kannan Subramaniam are employees of Viatris. Dr Tjalf Ziemssen reports scientific advisory 
board and/or consulting for Biogen, Roche, Novartis, BMS, Sanofi, Viatris and Merck; compensation for serving on 
speakers bureaus for Roche, Neuraxpharm, Novartis, Merck, Novo Nordisk, Sanofi, Viatris, BMS, TEVA, and Biogen; 
and research support from Biogen, Novartis, Merck, TEVA, and Sanofi. The authors report no other conflicts of interest 
in this work.

References
1. NIH: Multiple Sclerosis, 2024. National Institute of Neurological Disorders and Stroke. Available from: https://www.ninds.nih.gov/health- 

information/disorders/multiple-sclerosis. Accessed 7, January 2025.
2. MSIF: MS International Federation, 2023. Atlas of MS. Available from: https://www.atlasofms.org/map/global/epidemiology/number-of-people-with 

-ms#about. Accessed 7, January 2025.
3. Bebo BF, Allegretta M, Landsman D, et al. Pathways to cures for multiple sclerosis: a research roadmap. Mult Scler J. 2022;28(3):331–345. 

doi:10.1177/13524585221075990
4. Cree BAC, Oksenberg JR, Hauser SL. Multiple sclerosis: two decades of progress. Lancet Neurol. 2022;21(3):211–214. doi:10.1016/S1474- 

4422(22)00040-0
5. National Multiple Sclerosis Society, 2024a. Relapsing-remitting multiple sclerosis. Available from: https://www.nationalmssociety.org/understand 

ing-ms/what-is-ms/types-of-ms/relapse-remitting-ms. Accessed 7, January 2025.

https://doi.org/10.2147/JMDH.S527886                                                                                                                                                                                                                                                                                                                                                                                                                                             Journal of Multidisciplinary Healthcare 2025:18 6952

Shirol et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.ninds.nih.gov/health-information/disorders/multiple-sclerosis
https://www.ninds.nih.gov/health-information/disorders/multiple-sclerosis
https://www.atlasofms.org/map/global/epidemiology/number-of-people-with-ms#about
https://www.atlasofms.org/map/global/epidemiology/number-of-people-with-ms#about
https://doi.org/10.1177/13524585221075990
https://doi.org/10.1016/S1474-4422(22)00040-0
https://doi.org/10.1016/S1474-4422(22)00040-0
https://www.nationalmssociety.org/understanding-ms/what-is-ms/types-of-ms/relapse-remitting-ms
https://www.nationalmssociety.org/understanding-ms/what-is-ms/types-of-ms/relapse-remitting-ms


6. National Multiple Sclerosis Society, 2024b. Comprehensive care. Available from: https://www.nationalmssociety.org/managing-ms/treating-ms 
/comprehensive-care. Accessed 7, January 2025.

7. National Multiple Sclerosis Society, 2024c. Multiple sclerosis symptoms. Available from: https://www.nationalmssociety.org/understanding-ms 
/what-is-ms/ms-symptoms. Accessed 7, January 2025.

8. Bishop M, Rumrill PD, Roessler RT. Quality of life among people with multiple sclerosis: replication of a three-factor prediction model. Work. 
2015;52(4):757–765. doi:10.3233/WOR-152203

9. Nickel S, von Dem Knesebeck O, Kofahl C. Self-assessments and determinants of HROoL in a German MS population. Acta Neurol Scand. 
2018;137(2):174–180. doi:10.1111/ane.12854

10. Shahrbanian S, Duquette P, Kuspinar A, Mayo NE. Contribution of symptom clusters to multiple sclerosis consequences. Qual Life Res. 2015;24 
(3):617–629. doi:10.1007/s11136-014-0804-7

11. Zhang Y, Taylor BV, Simpson S, Blizzard L, van der Mei I. Patient-reported outcomes are worse for progressive-onset multiple sclerosis than 
relapse-onset multiple sclerosis, particularly early in the disease process. Eur J Neurol. 2019;26(1):155–161. doi:10.1111/ene.13786

12. Amtmann D, Bamer AM, Kim J, Chung H, Salem R. People with multiple sclerosis report significantly worse symptoms and health related quality 
of life than the US general population as measured by PROMIS and NeuroQoL outcome measures. Disabil Health J. 2018;11(1):99–107. 
doi:10.1016/j.dhjo.2017.04.008

13. Łabuz-Roszak B, Kubicka-Baczyk K, Pierzchała K, et al. Quality of life in multiple sclerosis--association with clinical features, fatigue and 
depressive syndrome. Psychiatr Pol. 2013;47(3):433–442.

14. Pittock SJ, Mayr WT, McClelland RL, et al. Quality of life is favorable for most patients with multiple sclerosis. Arch Neurol. 2004;61(5):679. 
doi:10.1001/archneur.61.5.679

15. Visaria J, Thomas N, Gu T, Singer J, Tan H. Understanding the patient’s journey in the diagnosis and treatment of multiple sclerosis in clinical 
practice. Clin Ther. 2018;40(6):926–939. doi:10.1016/j.clinthera.2018.04.019

16. Comi G, Radaelli M, Soelberg Sørensen P. Evolving concepts in the treatment of relapsing multiple sclerosis. Lancet. 2017;389(10076):1347–1356. 
doi:10.1016/S0140-6736(16)32388-1

17. National Multiple Sclerosis Society, 2024d. Treatments and medications. Available from: https://www.nationalmssociety.org/managing-ms/treating- 
ms/treatments-and-medications. Accessed 7, January 2025.

18. Rae-Grant A, Day GS, Marrie RA, et al. Comprehensive systematic review summary: disease-modifying therapies for adults with multiple 
sclerosis. Neurology. 2018;90(17):789–800. doi:10.1212/WNL.0000000000005345

19. MSIF: MS International Federation, 2025. Essential medicines for MS. Available from: https://www.msif.org/essential-medicines/. Accessed 7, 
January 2025.

20. D’Amico E, Zanghì A, Avolio C. Injectable versus oral first-line multiple sclerosis therapies: knows and unknowns from observational studies. 
Neural Regen Res. 2022;17(3):567. doi:10.4103/1673-5374.320985

21. Gajofatto A, Benedetti MD. Treatment strategies for multiple sclerosis: when to start, when to change, when to stop? World J Clin Cases. 2015;3 
(7):545. doi:10.12998/wjcc.v3.i7.545

22. Rotstein D, Montalban X. Reaching an evidence-based prognosis for personalized treatment of multiple sclerosis. Nat Rev Neurol. 2019;15 
(5):287–300. doi:10.1038/s41582-019-0170-8

23. Berger JR. Functional improvement and symptom management in multiple sclerosis: clinical efficacy of current therapies. Am J Manag Care. 
2011;17(Suppl 5):S146–53.

24. Hirt J, Dembowska K, Woelfle T, et al. Clinical trial evidence of quality-of-life effects of disease-modifying therapies for multiple sclerosis: 
a systematic analysis. J Neurol. 2024;271(6):3131–3141. doi:10.1007/s00415-024-12366-5

25. Cinar BP, Kösehasanoğulları G, Yigit P, Ozakbas S. Cognitive dysfunction in patients with multiple sclerosis treated with first-line 
disease-modifying therapy: a multi-center, controlled study using the BICAMS battery. Neurol Sci. 2017;38(2):337–342. doi:10.1007/s10072- 
016-2775-7

26. Lanzillo R, Sparaco M, Lavorgna L, et al. A snapshot on patient-reported outcome measures of people with multiple sclerosis on first-line therapies 
in a real world setting. Neurol Sci. 2020;41(11):3235–3241. doi:10.1007/s10072-020-04367-9

27. Ziemssen T, Gilgun-Sherki Y. Sub-analysis of geographical variations in the 2-year observational COPTIMIZE trial of patients with relapsing– 
remitting multiple sclerosis converting to glatiramer acetate. BMC Neurol. 2015;15(1):189. doi:10.1186/s12883-015-0448-4

28. Ziemssen T, Calabrese P, Penner IK, Apfel R. QualiCOP: real-world effectiveness, tolerability, and quality of life in patients with relapsing- 
remitting multiple sclerosis treated with glatiramer acetate, treatment-naïve patients, and previously treated patients. J Neurol. 2016;263 
(4):784–791. doi:10.1007/s00415-016-8058-7

29. Strober L, DeLuca J, Benedict RH, et al. Symbol digit modalities test: a valid clinical trial endpoint for measuring cognition in multiple sclerosis. 
Mult Scler. 2019;25(13):1781–1790. doi:10.1177/1352458518808204

30. Ezegbe C, Zarghami A, van der Mei I, Alty J, Honan C, Taylor B. Instruments measuring change in cognitive function in multiple sclerosis: 
a systematic review. Brain Behav. 2023;13(6):e3009. doi:10.1002/brb3.3009

31. Meca-Lallana JE, de Mingo-Casado P, Amorin-Díaz M, Martínez-Navarro ML, Barreiro AF. Effects of glatiramer acetate on spasticity in 
previously interferon-β-treated and treatment-naive patients with relapsing-remitting multiple sclerosis: a prospective, nonrandomized, open- 
label, uncontrolled, observational pilot study. Clin Ther. 2010;32(6):1061–1066. doi:10.1016/j.clinthera.2010.06.005

32. Meca-Lallana JE, Balseiro JJ, Lacruz F, et al. Spasticity improvement in patients with relapsing–remitting multiple sclerosis switching from 
interferon-β to glatiramer acetate: the escala study. J Neurol Sci. 2012;315(1–2):123–128. doi:10.1016/j.jns.2011.11.010

33. Pöllmann W, Erasmus LP, Feneberg W, Bergh FT, Straube A. Interferon beta but not glatiramer acetate therapy aggravates headaches in MS. 
Neurology. 2002;59(4):636–639. doi:10.1212/WNL.59.4.636

34. Pozzilli C. Advances in the management of multiple sclerosis spasticity: experiences from recent studies and everyday clinical practice. Expert Rev 
Neurother. 2013;13(sup2):49–54. doi:10.1586/14737175.2013.865877

35. Nicholas J, Lublin F, Klineova S, et al. Efficacy of nabiximols oromucosal spray on spasticity in people with multiple sclerosis: treatment effects on 
Spasticity Numeric Rating Scale, muscle spasm count, and spastic muscle tone in two randomized clinical trials. Mult Scler Relat Disord. 
2023;75:104745. doi:10.1016/j.msard.2023.104745

Journal of Multidisciplinary Healthcare 2025:18                                                                                 https://doi.org/10.2147/JMDH.S527886                                                                                                                                                                                                                                                                                                                                                                                                   6953

Shirol et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.nationalmssociety.org/managing-ms/treating-ms/comprehensive-care
https://www.nationalmssociety.org/managing-ms/treating-ms/comprehensive-care
https://www.nationalmssociety.org/understanding-ms/what-is-ms/ms-symptoms
https://www.nationalmssociety.org/understanding-ms/what-is-ms/ms-symptoms
https://doi.org/10.3233/WOR-152203
https://doi.org/10.1111/ane.12854
https://doi.org/10.1007/s11136-014-0804-7
https://doi.org/10.1111/ene.13786
https://doi.org/10.1016/j.dhjo.2017.04.008
https://doi.org/10.1001/archneur.61.5.679
https://doi.org/10.1016/j.clinthera.2018.04.019
https://doi.org/10.1016/S0140-6736(16)32388-1
https://www.nationalmssociety.org/managing-ms/treating-ms/treatments-and-medications
https://www.nationalmssociety.org/managing-ms/treating-ms/treatments-and-medications
https://doi.org/10.1212/WNL.0000000000005345
https://www.msif.org/essential-medicines/
https://doi.org/10.4103/1673-5374.320985
https://doi.org/10.12998/wjcc.v3.i7.545
https://doi.org/10.1038/s41582-019-0170-8
https://doi.org/10.1007/s00415-024-12366-5
https://doi.org/10.1007/s10072-016-2775-7
https://doi.org/10.1007/s10072-016-2775-7
https://doi.org/10.1007/s10072-020-04367-9
https://doi.org/10.1186/s12883-015-0448-4
https://doi.org/10.1007/s00415-016-8058-7
https://doi.org/10.1177/1352458518808204
https://doi.org/10.1002/brb3.3009
https://doi.org/10.1016/j.clinthera.2010.06.005
https://doi.org/10.1016/j.jns.2011.11.010
https://doi.org/10.1212/WNL.59.4.636
https://doi.org/10.1586/14737175.2013.865877
https://doi.org/10.1016/j.msard.2023.104745


36. Hugos CL, Cameron MH. Assessment and measurement of spasticity in MS: state of the evidence. Curr Neurol Neurosci Rep. 2019;19(10):79. 
doi:10.1007/s11910-019-0991-2

37. La ML, D’Amico D, Rigamonti A, Mascoli N, Bussone G, Milanese C. Interferon treatment may trigger primary headaches in multiple sclerosis 
patients. Mult Scler J. 2006;12(4):476–480. doi:10.1191/1352458506ms1298oa

38. Moore H, Nair KPS, Baster K, Middleton R, Paling D, Sharrack B. Fatigue in multiple sclerosis: a UK MS-register based study. Mult Scler Relat 
Disord. 2022;64:103954. doi:10.1016/j.msard.2022.103954

39. Naser Moghadasi A, Ashtari F, Baghbanian SM, et al. Safety and effectiveness of cinnomer ® on disease characteristics, depression, and quality of 
life of patients with multiple sclerosis: a phase IV, post-marketing, prospective, multicenter study. Arch Iran Med. 2023;26(11):647–653. 
doi:10.34172/aim.2023.95

40. Mitsikostas D, Bakirtzis C, Nikolaidis I, et al. Quality of life in people with multiple sclerosis receiving glatiramer acetate or interferon in Greek 
clinical practice. Neurodegener Dis Manag. 2022;12(6):311–322. doi:10.2217/nmt-2022-0004

41. Fricska-Nagy Z, Füvesi J, Rózsa C, et al. The effects of fatigue, depression and the level of disability on the health-related quality of life of 
glatiramer acetate-treated relapsing-remitting patients with multiple sclerosis in Hungary. Mult Scler Relat Disord. 2016;7:26–32. doi:10.1016/j. 
msard.2016.02.006

42. Jongen PJ, Lehnick D, Koeman J, et al. Fatigue and health-related quality of life in relapsing-remitting multiple sclerosis after 2 years glatiramer 
acetate treatment are predicted by changes at 6 months: an observational multi-center study. J Neurol. 2014;261(8):1469–1476. doi:10.1007/ 
s00415-014-7363-2

43. Jongen PJ, Lehnick D, Sanders E, et al. Health-related quality of life in relapsing remitting multiple sclerosis patients during treatment with 
glatiramer acetate: a prospective, observational, international, multi-centre study. Health Qual Life Outcomes. 2010;8(1):133. doi:10.1186/1477- 
7525-8-133

44. Lerdal A, Celius EG, Moum T. Fatigue and its association with sociodemographic variables among multiple sclerosis patients. Mult Scler J. 2003;9 
(5):509–514. doi:10.1191/1352458503ms943oa

45. Bovis F, Kalincik T, Lublin F, et al. Treatment response score to glatiramer acetate or interferon beta-1a. Neurology. 2021;96(2). doi:10.1212/ 
WNL.0000000000010991

46. Ford CC, Cohen JA, Goodman AD, et al. Early versus delayed treatment with glatiramer acetate: analysis of up to 27 years of continuous follow-up 
in a US open-label extension study. Mult Scler J. 2022;28(11):1729–1743. doi:10.1177/13524585221094239

47. Lebrun-Frenay C, Moulignier A, Pierrot-Deseilligny C, et al. Five-year outcome in the copaxone observatory: a nationwide cohort of patients with 
multiple sclerosis starting treatment with glatiramer acetate in France. J Neurol. 2019;266(4):888–901. doi:10.1007/s00415-019-09211-5

48. Meca-Lallana J, Hernández L, Caminero AB, et al. Fatigue Improvement after switching multiple sclerosis treatment from interferon-β to 
glatiramer acetate in clinical practice. Eur Neurol. 2016;76(1–2):40–47. doi:10.1159/000447630

49. Zecca C, Disanto G, Sacco R, Riccitelli GC, Gobbi C. Use of glatiramer acetate between 2010–2015: effectiveness, safety and reasons to start GA 
as first or second line treatment in Swiss multiple sclerosis patients. BMC Neurol. 2019;19(1):159. doi:10.1186/s12883-019-1383-6

50. Bornstein MB, Miller A, Slagle S, et al. A pilot trial of cop 1 in exacerbating–remitting multiple sclerosis. N Engl J Med. 1987;317(7):408–414. 
doi:10.1056/NEJM198708133170703

51. Alba Palé L, León Caballero J, Samsó Buxareu B, Salgado Serrano P, Pérez Solà V. Systematic review of depression in patients with multiple 
sclerosis and its relationship to interferonβ treatment. Mult Scler Relat Disord. 2017;17:138–143. doi:10.1016/j.msard.2017.07.008

52. Ziemssen T. Multiple sclerosis beyond EDSS: depression and fatigue. J Neurol Sci. 2009;277:S37–S41. doi:10.1016/S0022-510X(09)70011-5
53. Arnal-García C, Del Campo Amigo-Jorrin M, López-Real AM, Lema-Devesa C, Llopis N, Sanchez-de la Rosa R. Long-term effectiveness of 

glatiramer acetate in clinical practice conditions. J Clin Neurosci. 2014;21(12):2212–2218. doi:10.1016/j.jocn.2014.05.045
54. Iaffaldano P, Lucisano G, Patti F, et al. Transition to secondary progression in relapsing-onset multiple sclerosis: definitions and risk factors. Mult 

Scler J. 2021;27(3):430–438. doi:10.1177/1352458520974366
55. Inojosa H, Proschmann U, Akgün K, Ziemssen T. A focus on secondary progressive multiple sclerosis (SPMS): challenges in diagnosis and 

definition. J Neurol. 2021;268(4):1210–1221. doi:10.1007/s00415-019-09489-5
56. Cree BAC, Hollenbach JA, et al. University of California, San Francisco MS-EPIC Team. Silent progression in disease activity-free relapsing 

multiple sclerosis. Ann Neurol. 2019;85(5):653–666. doi:10.1002/ana.25463
57. Comi G, Amato MP, Bertolotto A, et al. The heritage of glatiramer acetate and its use in multiple sclerosis. Mult Scler Demyelinating Disord. 

2016;1(1):6. doi:10.1186/s40893-016-0010-2
58. Copaxone 2023. Prescribing information. Teva Neuroscience. Available from: https://www.copaxone.com/globalassets/copaxone/prescribing- 

information.pdf. Accessed October 15, 2025.
59. Ziemssen T, Ashtamker N, Rubinchick S, Knappertz V, Comi G. Long-term safety and tolerability of glatiramer acetate 20 mg in the treatment of 

relapsing forms of multiple sclerosis. Expert Opin Drug Saf. 2016. doi:10.1080/14740338.2017.1274728
60. Mirabella M, Annovazzi P, Brownlee W, Cohen JA, Kleinschnitz C, Wolf C. Treatment challenges in multiple sclerosis - a continued role for 

glatiramer acetate? Front Neurol. 2022;13:844873. doi:10.3389/fneur.2022.844873

Journal of Multidisciplinary Healthcare                                                                                       

Publish your work in this journal 
The Journal of Multidisciplinary Healthcare is an international, peer-reviewed open-access journal that aims to represent and publish research in 
healthcare areas delivered by practitioners of different disciplines. This includes studies and reviews conducted by multidisciplinary teams as well 
as research which evaluates the results or conduct of such teams or healthcare processes in general. The journal covers a very wide range of areas 
and welcomes submissions from practitioners at all levels, from all over the world. The manuscript management system is completely online and 
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-multidisciplinary-healthcare-journal

https://doi.org/10.2147/JMDH.S527886                                                                                                                                                                                                                                                                                                                                                                                                                                             Journal of Multidisciplinary Healthcare 2025:18 6954

Shirol et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s11910-019-0991-2
https://doi.org/10.1191/1352458506ms1298oa
https://doi.org/10.1016/j.msard.2022.103954
https://doi.org/10.34172/aim.2023.95
https://doi.org/10.2217/nmt-2022-0004
https://doi.org/10.1016/j.msard.2016.02.006
https://doi.org/10.1016/j.msard.2016.02.006
https://doi.org/10.1007/s00415-014-7363-2
https://doi.org/10.1007/s00415-014-7363-2
https://doi.org/10.1186/1477-7525-8-133
https://doi.org/10.1186/1477-7525-8-133
https://doi.org/10.1191/1352458503ms943oa
https://doi.org/10.1212/WNL.0000000000010991
https://doi.org/10.1212/WNL.0000000000010991
https://doi.org/10.1177/13524585221094239
https://doi.org/10.1007/s00415-019-09211-5
https://doi.org/10.1159/000447630
https://doi.org/10.1186/s12883-019-1383-6
https://doi.org/10.1056/NEJM198708133170703
https://doi.org/10.1016/j.msard.2017.07.008
https://doi.org/10.1016/S0022-510X(09)70011-5
https://doi.org/10.1016/j.jocn.2014.05.045
https://doi.org/10.1177/1352458520974366
https://doi.org/10.1007/s00415-019-09489-5
https://doi.org/10.1002/ana.25463
https://doi.org/10.1186/s40893-016-0010-2
https://www.copaxone.com/globalassets/copaxone/prescribing-information.pdf
https://www.copaxone.com/globalassets/copaxone/prescribing-information.pdf
https://doi.org/10.1080/14740338.2017.1274728
https://doi.org/10.3389/fneur.2022.844873
https://www.dovepress.com
http://www.dovepress.com/testimonials.php


Journal of Multidisciplinary Healthcare 2025:18                                                                                         6955

Shirol et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Literature Search
	Results
	Cognitive Function
	Pain and Spasticity
	Fatigue, Depression, and QoL
	Effectiveness

	Discussion
	Conclusion
	Highlights
	Abbreviations
	Acknowledgments
	Funding
	Disclosure

