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Genetics plays a significant role in Multiple Sclerosis (MS), with approximately 12.6% of cases occurring 
in familial form. While previous studies have demonstrated differences in disease progression and MRI 
findings between familial and sporadic MS, there has been no comparison of cognitive impairment 
between them. In this study, we evaluated cognitive performance among patients with sporadic 
and familial MS, along with a healthy control group. A total of 130 individuals, matched for age, sex, 
and education, were recruited for each group. The mean age of participants was 37.8 ± 9.8 years, 
and 77.6% of them were female. Cognitive performance was assessed using the Brief International 
Cognitive Assessment for MS (BICAMS) across the three groups. Both familial and sporadic MS 
patients showed poorer cognitive performance in the Symbol Digit Modalities Test (SDMT) (Familial: 
46.96 ± 12.59, Sporadic: 45.88 ± 14.13, Normal: 56.48 ± 11.89), California Verbal Learning Test (CVLT) 
(Familial: 66.90 ± 14.01, Sporadic: 68.19 ± 16.49, Normal: 75.18 ± 13.02), and the Brief Visuospatial 
Memory Test-Revised (BVMT-R) (Familial: 24 (12), Sporadic: 24 (12), Normal: 35 (4)) compared to 
healthy controls. Meanwhile, no significant differences in cognitive impairment were observed 
between the familial and sporadic MS groups in the SDMT (p = 1.000), CVLT (p = 0.775), and BVMT-R 
(p = 0.733). Furthermore, this study found significant relationships between education, depression, 
age, and sex with different aspects of cognitive performance in MS. Overall, both familial and sporadic 
MS patients demonstrated similar levels of cognitive impairment.
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Multiple Sclerosis (MS) is a chronic inflammatory autoimmune disorder that affects the central nervous system 
and is estimated to impact around 2.8 million individuals globally1. Genetics plays a crucial role in MS, serving 
as a major predisposing factor for the development and prognosis of the disease2.Studies suggest that around 
12.6% of individuals with MS fall under the category of familial MS, where the disease is present in their first, 
second, or third-degree relatives3. While research has explored the impact of genetics on various aspects of the 
disease such as age at disease onset4, onset phenotypes2, and disease progression5, there is a gap in the literature 
regarding the comparison of cognitive impairment (CI) between familial and sporadic MS cases.

Interest in studying familial MS has grown, aiming to evaluate the genetic contributions to disease presentation 
and progression6. Recent studies suggest that the age at disease onset is lower in patients with familial MS, and 
there are differences in symptom patterns compared to non-familial cases4,7,8, with the familial group exhibiting 
a higher frequency of multifocal presentations5. Additionally, patients with familial MS experience more 
frequent exacerbations and greater disability scores7. Differences in imaging data are also noted, with T1 brain 
MRI revealing larger lesion volumes in those with familial MS9. Furthermore, lesions are observed to occur more 
frequently in the brainstem, cerebellum, and cervical regions in the familial group, while fewer lesions are found 
in the subcortical area in these patients7,8.

While the primary symptoms of MS mainly involve motor and sensory deficits, recent findings highlight 
the marked presence of CI and psychiatric disturbances in MS patients10. Key cognitive domains including 
memory, attention, executive function, and visuospatial performance could be affected by MS11. A significant 
percentage of MS patients, ranging from 43 to 70%, struggle with CI12,13, which can substantially impact their 
daily functioning and overall quality of life14,15. CI in MS is closely linked to the disease’s inflammatory and 
neurodegenerative aspects and could be used as a valuable indicator of disease progression over time16,17.
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Given the differences observed in the profiles of patients with familial MS, we aim to investigate potential 
differences in CI between these two groups. Comparison of CI across these two groups could provide valuable 
insights into the influence of genetic factors on the development of CI in MS. Ultimately, these findings could 
enhance patient care and lead to more targeted interventions for individuals affected by MS.

Materials and methods
Patient recruitment
Familial MS patients were identified from 1929 MS referral cases to Imam Reza Clinic, affiliated with Shiraz 
University of Medical Sciences. Data collection was conducted between January and October 2022. The diagnosis 
of MS was confirmed by an expert neurologist using the McDonald criteria for all patients. The familial group 
consisted of individuals with relapsing-remitting MS (RRMS) who had 1st/2nd/3rd degree relatives diagnosed 
with MS. Following evaluation, patients with an Expanded Disability Status Scale (EDSS)18 score greater than 4.5 
were excluded to ensure that participants were sufficiently capable of completing the required tests. Ultimately, 
130 patients were included in the familial MS group. The sporadic MS group was subsequently selected on a 
rolling basis from the same pool of patients, pair matched for age, sex, and education with the familial group. 
We pair matched the sporadic MS group using 10-year brackets for age and categorizing education as up to 
high school graduation, up to a bachelor’s degree, and above a bachelor’s degree. To assemble a diverse and 
representative control group we publicly called for volunteers without any neurological or psychiatric disorders 
who did not have a family history of MS in 1st/2nd/3rd- degree relatives. This control group underwent the 
same matching process as the sporadic MS group. 130 patients were eventually included in the sporadic MS and 
control groups. The patient recruitment procedure is illustrated in Fig. 1.

Demographic and disease-related data
Comprehensive demographic data, encompassing age, sex, and education level were collected via participant-
completed questionnaires across all three groups. The participants were also evaluated for the presence of 
underlying diseases including malignancies, other auto-immune disorders, diabetes, migraine, hyperthyroidism, 
and hypothyroidism. Moreover, additional information pertinent to MS, including the disease duration, age at 
disease onset, and EDSS score, was obtained through an interview with a neurologist from the two MS groups.

Neuropsychological assessments
Brief International Cognitive Assessment for MS (BICAMS) was used for assessing CI in the participants. This 
test battery comprises three subtests: the oral version of Symbol Digit Modalities Test (SDMT) for assessing 
information processing speed, the California Verbal Learning Test-II (CVLT-II) for evaluating verbal memory 
function, and the Brief Visuospatial Memory Test-Revised (BVMT-R) for measuring visuospatial memory 
function19. This test is specially designed for MS patients and can effectively assess cognitive status even 
during MS relapses. We utilized the Persian version of BICAMS which is validated and standardized for the 
Iranian population20. All participants underwent the BICAMS test under similar and standardized conditions. 
Moreover, the Persian version of the Beck Depression Index (BDI) was used to assess depression in the three 
groups21. Patients with a BDI score equal to or above 14, indicating a range from mild to severe depression, were 
classified as experiencing depression.

Statistical analysis
Summary data were computed for both demographic and disease-related factors. Normally distributed data 
were presented as Mean ± Standard Deviation (SD), while non-normally distributed data were represented 
by the median and interquartile range (IQR). The chi-square test was used to compare the distribution of 
categorical data across groups. Assessment of normality and homogeneity of variance for quantitative data was 
conducted using the Shapiro- Wilk test and Levene’s test, respectively. For variables conforming to a normal 
distribution, analysis of variance (ANOVA) was employed to compare the three groups (familial MS, sporadic 
MS, and control group), followed by Bonferroni post-hoc tests to determine pairwise differences. In cases where 
the assumption of homogeneity of variance was violated, Welch’s ANOVA was utilized, with Games-Howell as 
the post-hoc test. For non-normally distributed data, the Kruskal- Wallis test was employed to compare groups, 
with Dunn’s test used for pairwise comparisons. Additionally, disease-related factors between the familial and 
sporadic MS groups were compared using the Mann-Whitney U test. Multiple linear regression was conducted 
to evaluate the relationship between demographic and disease-related variables and cognitive performance in 
MS. In this analysis, the BICAMS subtests served as the dependent variables, and sex, age, education, BDI, EDSS, 
disease duration, and familial MS were used as independent variables. All statistical analyses were conducted 
using the Statistical Package for the Social Sciences (SPSS) version 27.

Results
A total of 390 participants were included in this study, comprising 130 patients with familial RRMS, 130 
patients with sporadic RRMS, and 130 healthy controls. The mean age of the participants was 37.8 ± 9.8, and 
the majority of them were female (77.6%). In the familial group, 40 (30.8%), 32 (24.6%), and 58 (44.6%) patients 
had first-degree, second-degree, or third-degree relatives affected by MS, respectively. There were no significant 
differences between the three groups (familial MS, sporadic MS, and controls) in terms of education, age, BDI 
score or gender. Additionally, there were no significant differences in the prevalence of underlying diseases or 
depression among the groups. The median disease duration (time since symptom onset) was 4 years for both the 
familial MS group and the sporadic MS group. The mean age at disease onset was 30.3 and 31.8 for the familial 
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and sporadic groups respectively, with no significant difference between the two groups. The EDSS scores were 
also similar between the two MS groups (Table 1).

In terms of the BICAMS subtests, there were significant differences observed among the groups in all three 
tests (Fig. 2). In post-hoc comparisons, the test scores were significantly higher in the healthy control group 
compared to both the familial MS group and the sporadic MS group.

However, no significant difference was observed between the familial and sporadic MS groups (Table 2).

Fig. 1.  Patient recruitment procedure.
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In the multiple linear regression analysis, a significant positive relationship was observed between education 
and cognitive performance across all BICAMS subtests. BDI scores showed a negative correlation with both the 
CVLT and BVMT scores. Additionally, age and male sex were found to be negatively associated with the SDMT 
and CVLT scores, respectively. Other variables did not significantly contribute to the prediction of cognitive 
performance (Table 3).

Variable

Groups Group Analysis Post-hoc result

Normal Familial Sporadic P-Value Normal vs. Familial Normal vs. Sporadic Familial vs. Sporadic

CVLT 
(Mean ± SD)a 75.18 ± 13.02 66.90 ± 14.01 68.19 ± 16.49 < 0.001 < 0.001 0.001 0.775

SDMT (Mean ± SD) 56.48 ± 11.89 46.96 ± 12.59 45.88 ± 14.13 < 0.001 < 0.001 < 0.001 1.000

BVMT-R (median 
(IQR))b 35 (4) 24 (12) 24 (12) < 0.001 < 0.001 < 0.001 0.733

Table 2.  BICAMS subtests across groups. aCVLT was compared between groups by Welch’s test followed by 
games-Howell post-hoc comparisons. bBVMT-R was compared between groups by Kruskal-Wallis non-
parametric test followed by Dunn’s as post-hoc.

 

Fig. 2.  Distribution of BICAMS subtests’ scores and their comparison across groups. * P-value ≤ 0.001.

 

Variable

Group

P-ValueFamilial MS Sporadic MS Control

Sex

 Male 29 29 29 1.000

 Female 101 101 101

Age (Mean ± SD) 38.2 ± 10.4 37.6 ± 9.7 37.6 ± 9.4 0.861

Education (Years, Median (IQR)) 16 (4) 16 (4) 16 (4) 0.608

Underlying disease 64 60 65 0.881

Depression 50 62 47 0.134

BDI (Median (IQR)) 10 (15) 12 (12) 13 (16) 0.331

EDSS (Median (IQR)) 1 (0.5) 1 (0.5) – 0.770

Disease Duration (Median (IQR)) 4 (9) 4 (7) – 0.222

Age at disease onset (Mean ± SD) 30.3 ± 8.7 31.8 ± 8.3 – 0.170

Table 1.  Demographic and disease-related factors across groups.
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Discussion
We compared CI between patients with familial and sporadic MS for the first time. The results illustrated that 
MS patients exhibited poorer performance in cognitive tests including CVLT, SDMT, and BVMT-R compared 
to healthy controls. This outcome pointed towards deficits in information processing speed, verbal memory, and 
visuospatial memory in MS patients. Meanwhile, the comparison of cognitive performance between familial and 
sporadic MS showed similar outcomes in the test battery.

CI in MS is a well-researched area, with numerous studies exploring factors influencing cognitive function 
in MS patients11. Variations between sexes have been noted, with male MS patients displaying poorer cognitive 
performance22, potentially due to increased white matter damage compared to females23. We found a negative 
relationship between male sex and verbal memory, consistent with prior research on sex differences in cognitive 
performance among MS patients24. Aging is another factor impacting cognitive function, particularly by 
reducing processing speed in both healthy individuals and those with MS25. Our findings confirm the negative 
relationship between age and processing speed in MS patients, as measured by the SDMT test. Additionally, a 
negative correlation has been reported between education and CI in MS patients in previous studies26. Higher 
levels of education were associated with better cognitive performance across all domains in the patients included 
in our study.

Our study collected a significant sample matched for age, sex, and education—factors known to influence 
cognitive performance in MS patients. We also compared other factors such as depression, physical disability, 
age at disease onset, and disease duration between the groups. While depression is more prevalent27 and can 
negatively affect cognitive performance in MS patients28, our study found similar depression rates among the 
MS groups and healthy individuals studied. However, the multiple linear regression analysis revealed a negative 
relationship between depression and both visuospatial memory and information processing speed in MS 
patients.

Moreover, a positive correlation has been observed between physical disability and cognitive performance in 
MS patients in previous studies26,29. We included patients with an EDSS below.

4.5 in our study to ensure that the tests were suitable for this patient population and because of the limited 
accessibility to patients with higher EDSS scores considering our data-gathering method. The EDSS score was 
comparable between the two MS groups included in the study.

The duration of the disease has been also identified as a factor influencing CI in MS30, yet the study by 
Ruano et al. indicates that its impact may be attributed to increased disability and older age among patients29. 
Additionally, younger age at disease onset has been proposed as a potential influencer of cognitive performance, 
particularly in pediatric MS patients, as it may hinder the development of cognitive abilities31. Notably, our study 
detected no significant difference in disease duration or age at disease onset between the two MS groups.

The key innovation in our study was considering the genetic aspect of MS by comparing familial and sporadic 
MS patients. To the best of our knowledge, no study has yet explored attributes of CI in familial MS patients. 
Significantly, our study was conducted on two patient groups that were comparable in various disease-related 
aspects. While we found no significant differences in CI between the two groups, comprehensive genetic studies 
are needed to further evaluate the influence of genetic risk factors on CI in MS.

It is important to recognize some limitations within our study. We only included RRMS patients with an 
EDSS score below 4.5, which could limit the generalizability of our findings. The impact of the MS subtype on 
CI is a subject of ongoing debate29,30, therefore we decided to focus on patients with RRMS for this research 
study. The treatment regimen of patients and the severity of fatigue are two other important factors that were 
not assessed in the current study. Additionally, we were unable to compare CI between familial multiple sclerosis 
patients with different degrees of affected relatives due to our limited sample size. Including a wider variety of 
participants and addressing these additional features in future studies can lead to more comprehensive outcomes 
on this topic.

Independent variables

Dependent variables

CVLT SDMT BVMT-R

Sex −6.625 (1.661)* −1.057 (1.661) −0.428 (1.109)

Age −0.168 (0.081) −0.390 (0.081)* −0.081 (0.054)

Education 0.964 (0.204)* 1.688 (0.204)* 0.347 (0.136)*

BDI −0.177 (0.066)* −0.087 (0.066) −0.095 (0.044)*

EDSS −1.211 (0.719) −0.612 (0.719) 0.202 (0.48)

Disease duration 0.078 (0.138) −0.137 (0.138) −0.122 (0.092)

Familial MS 1.990 (1.374) −0.545 (1.374) −0.363 (0.918)

Constant 64.363(5.960) 40.989(4.487) 25.437(2.997)

R-squared 0.121 0.349 0.083

Table 3.  Results of multiple Linear regression analysis for BICAMS subtests. Unstandardized coefficients are 
reported with standard errors in parentheses.  *P-value < 0.05.
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Conclusion
CI was evident in both familial and sporadic MS patients across all assessments, indicating impairment in 
information processing speed, verbal memory, and visuospatial memory. Meanwhile, there were no significant 
differences between the two groups in any of the cognitive tests, suggesting that familial MS is not associated 
with worse cognitive performance compared to sporadic MS. Demographic factors, disease-related variables, 
and prevalence of depression were similar between the two MS groups, which reduces the possible effect of 
confounding factors on the study findings. However, for a better understanding of the impact of genetics on CI 
in MS, genetic studies should be conducted to investigate the relationship between the presence of specific genes 
and cognitive performance in MS.

Data availability
The data supporting this study’s findings are available from the corresponding author upon reasonable request.
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