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A B S T R A C T

Background: Multiple sclerosis (MS) susceptibility and severity are mediated by different genetic and environ
mental risk factors. Familial aggregation in MS is partially explained by susceptibility determinants, yet impact 
on early disease course after clinically isolated syndrome (CIS) is uncertain. We investigated associations of 
reported familial MS with genetic and environmental risk factors, and with clinical presentation and disease 
course after CIS.
Methods: CIS participants were included in a prospective cohort within six months after symptom onset. Family 
history was assessed at baseline. We evaluated weighted genetic risk scores (wGRS) for MS susceptibility, 25- 
hydroxyvitamin D (25(OH)D) and body mass index (BMI), and determined HLA-DRB1*15:01 and MS severity 
SNP rs10191329 carriership. Anti-Epstein Barr virus Nuclear Antigen-1 (anti-EBNA1) IgG antibodies and 25(OH) 
D levels were measured. Disease course associations were estimated with Cox regression.
Results: Family members with MS were reported by 81/415 (19.5%) CIS participants. Familial MS was associated 
with higher MS susceptibility wGRS (7.54 (SD1.17) vs. 7.19 (SD1.22), p=0.04) and more frequent HLA- 
DRB1*15:01 carriership (first-degree 66.7%, other-degree 30.2%, no 38.4%, p=0.02). Anti-EBNA1 IgG and 25 
(OH)D levels did not differ, yet wGRS for lower 25(OH)D and higher adult BMI characterised MS participants 
with first-degree MS relatives. Baseline characteristics and disease severity measures were similar between 
participants with and without familial MS.
Conclusion: Our results confirm that familial MS is associated with enrichment of genetic risk for MS suscepti
bility, low 25(OH)D and high BMI, but not with early disease course after CIS. These data support that MS 
susceptibility and disease course are driven by different pathophysiological processes.

1. Introduction

The onset of multiple sclerosis (MS) is mediated by an interplay of 
genetic and environmental factors (Thompson et al., 2018). 
Genome-wide association studies (GWAS) have identified 233 single 
nucleotide polymorphisms (SNPs) associated with MS susceptibility, 

with the largest effect coming from the human leukocyte antigen 
(HLA)-DRB1*15:01 locus (IMSGC, 2019; IMSGC and MultipleMS, 2023). 
Several environmental risk factors have consistently been associated 
with the development of MS, such as smoking, obesity, vitamin D defi
ciency, and most prominently infection with Epstein-Barr virus (EBV) 
(Hedström et al., 2013; Gianfrancesco et al., 2014; Ascherio et al., 2014; 

Abbreviations: ARMSS, Age Related Multiple Sclerosis Severity; BMI, body mass index; CIS, clinically isolated syndrome; CNS, central nervous system; CSF, ce
rebrospinal fluid; DMTs, disease-modifying therapies; EA, early antigen; EBV, Epstein-Barr virus; EBNA1, Epstein-Barr Nuclear Antigen-1; EDSS, Expanded Disability 
Status Scale; GELs, gadolinium-enhancing lesions; GWAS, genome-wide association studies; HLA, human leukocyte antigen; IgG, immunoglobulin G; IMSGC, In
ternational Multiple Sclerosis Genetics Consortium; IQR, interquartile range; LP, lumbar puncture; MS, multiple sclerosis; MRI, magnetic resonance imaging; OCBs, 
oligoclonal bands; SD, standard deviation; SNP, single nucleotide polymorphism; VCA, viral capsid antigen; wGRS, weighted genetic risk score; 25(OH)D, 25- 
hydroxyvitamin D.
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Bjornevik et al., 2022). Some of these modifiable risk factors interact 
with the HLA risk locus, resulting in an increased risk of developing MS 
in those who are genetically predisposed (Olsson et al., 2016). Herita
bility is increased within families and the degree of relatedness corre
lates with the risk of developing MS (IMSGC, 2019; Compston and Coles, 
2008). Although common MS genetic risk variants are enriched in 
people with MS relatives (Mescheriakova et al., 2016), the burden of 
identified risk variants only explains up to 48% of MS susceptibility. 
Shared environmental influences in early childhood explain another 
part of additional MS susceptibility within families (Fagnani et al., 
2015). Therefore, familial aggregation of MS can be suggested as a 
composite endpoint of known and unknown genetic and environmental 
MS risk factors acting during the lifespan.

The relevance of known MS susceptibility mediators to the disease 
course and severity remains open to debate. The genetic architecture of 
MS susceptibility did not contribute to a younger age of reaching MS 
disability milestones (IMSGC and MultipleMS, 2023) and the association 
of EBV infection with MS disease course and severity remains contro
versial (Munger et al., 2015). These were not studied in the context of 
familial MS. Previous studies on familial MS, age of MS onset and MS 
severity provided contradictive results (Weinshenker et al., 1990; 
Brassat et al., 1999; Ebers et al., 2000; Wellek et al., 2011; Hensiek et al., 
2007; Andrijauskis et al., 2019), but did not investigate the early disease 
course after a clinically isolated syndrome (CIS). Studying the earliest 
disease presentation and evolution could provide the highest sensitivity 
of detecting an impact of shared risk factors for disease onset and early 
course, since the disease processes of MS change from more inflamma
tory to neurodegenerative over time (Kuhlmann et al., 2023; Blok et al., 
2025).

To understand the variability in disease course after CIS and early 
MS, identification of early disease course predictors is essential. 

Analysing an association of familial MS with early disease course after 
CIS could reveal influence of known and unknown mediators. The aim of 
this study is to examine whether a reported affected family member with 
MS is associated with genetic and environmental risk factors for MS, and 
a distinct clinical presentation and disease course after CIS.

2. Materials and methods

2.1. Study design and participants

Patients with CIS, aged 18-65 years, were included within six months 
after symptom onset in a prospective observational cohort study 
(PROUD) at the Erasmus MC, Rotterdam, the Netherlands. The cohort 
includes participants with monophasic CIS and with subsequent MS 
diagnosis during follow-up. To rule out other diagnoses, routine labo
ratory tests and MRIs were performed at baseline. Participants were 
excluded from analysis if an alternative diagnosis than CNS demyelin
ation suggestive for MS was made. For this study, the inclusion period 
lasted from November 2006 until June 2024. The Medical Ethical 
Committee of the Erasmus MC Rotterdam approved the study protocol 
and written informed consent was obtained from all participants.

2.2. Data collection

The study paralleled routine clinical practice with annual assess
ments at the outpatient clinic, and more frequently on indication. 
Clinical and demographical data included sex, age at onset, CIS topog
raphy, relapses and use of methylprednisolone or disease-modifying 
therapies (DMTs). Family history was reported by participants at base
line. Smoking status at CIS was assessed by questionnaire. Serum 25- 
hydroxyvitamin D (25(OH)D) levels were measured <6 months of CIS 

Fig. 1. Flowchart of participant selection for analyses. A total of 415 participants were included, with 81 participants having a least one relative with MS. For one 
participant no specific information on degree of relatedness was available.
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onset. Lumbar puncture was performed in diagnostic analysis. IgG index 
and presence of oligoclonal bands (OCBs), determined using isoelectric 
focusing, were collected. MRI brain was performed at baseline and MRI 
spinal cord if required necessary in diagnostic workup. MRIs were 
scored for high lesion load (≥9 T2-weighted lesions), the presence of 
gadolinium-enhancing lesions (GELs) and localisation of lesions (i.e. 
infratentorial or spinal cord).

2.3. Disease course

To investigate disease course, we used time from CIS to McDonald 
MS 2024 diagnosis, first relapse, reaching disability milestones and DMT 
initiation. Relapses during follow-up were reported to analyse relapse 
rate. In participants diagnosed with McDonald 2024 MS during follow- 
up, disability was scored using Expanded Disability Status Scale (EDSS) 
(Kurtzke, 1983). Age Related Multiple Sclerosis Severity (ARMSS) scores 
were calculated based on EDSS at last follow-up visit and age at mea
surement (Manouchehrinia et al., 2017).

2.4. Serology

Baseline serum samples were obtained. Measurement of anti- 
Epstein-Barr virus nuclear antigen-1 (EBNA1), anti-early antigen (EA) 
and anti-viral capsid antigen (VCA) IgG antibodies was conducted using 
LIAISON® IgG chemiluminescent immunoassays (CLIA) on the 
LIAISON® XL analyser (DiaSorin, Italy). Serum samples were diluted 
(1:20) to avoid exceeding the detection limit. Analyses were performed 
in line with the manufacturer's instructions.

2.5. Genotyping

DNA was isolated from baseline blood samples (Miller et al., 1988). 

Samples were genotyped using Illumina Infinium High-Throughput 
Screening (HTS) iSelect custom-730K SNP BeadChip array. Genotypes 
were imputed to the Haplotype Reference Consortium. Samples and 
variants with extremely low quality with genotyping call rate below 
90% were excluded. Afterwards, another filtering was applied excluding 
samples with low quality with call rate below 97.5%. Hardy-Weinberg 
Equilibrium filter of 1 × 10-5 was applied and checked of excess of 
heterozygosity or homozygosity. Alleles with minor allele frequency 
<0.05 and samples with familial relations were excluded.

2.6. Genetic variations and weighted genetic risk scores

Weighted genetic risk scores (wGRS) were calculated using the R 
script PRSice-2 (Euesden et al., 2015; Choi and O'Reilly, 2019). The MS 
susceptibility GWAS was used as base file with the allelic odds ratio and 
number of present alleles to calculate the wGRS of SNPs that reached 
genome-wide significance (PT <5 × 10− 8, n=173 SNPs) (IMSGC, 2019; 
De Jager et al., 2009). The genetic risk for MS severity was assessed by 
the presence of rs10191329 (IMSGC and MultipleMS, 2023). Addition
ally, high-resolution (4-digit) HLA typing was performed using impu
tation with the HLA-TAPAS algorithm, to determine presence of 
HLA-DRB1*15:01 (Luo et al., 2021).

A proportion of varying levels of body mass index (BMI) and 25(OH) 
D can be attributed to common genetic variation associated with as 
identified by GWAS. We calculated the environmental risk factors BMI 
and 25(OH)D wGRS similarly to the MS wGRS, based on the proportion 
and odds ratio of the genetic variation for BMI and 25(OH)D, with a 
higher score meaning a higher genetic predisposition for high BMI or 
high 25(OH)D. By using wGRS, i.e. genetics variants strongly associated 
with an exposure as a proxy instead of the direct measure itself, con
founding factors and reverse causality were minimised. The wGRS were 
calculated using the GWAS meta-analysis from the Early Growth Ge
netics (ECG) consortium for childhood BMI, (Felix et al., 2016), the 
large-scale GWAS of the GIANT consortium for adult BMI (Locke et al., 
2015) and the GWAS from the UK Biobank for the genetic variants 
associated with 25(OH)D (Manousaki et al., 2020).

2.7. Definitions

CIS and MS were diagnosed according to the revised McDonald 2024 
criteria (Montalban et al., 2025). A relapse was specified as the 
appearance of new neurological complaints or the exacerbation of 
known symptoms for at least 24 hours, after at least 30 days of 
improvement or stable disease and in absence of fever or alternative 
diagnosis (Schumacher et al., 1965).

2.8. Statistical analysis

We compared CIS participants with or without a family member with 
MS and regarding degree of relatedness (first- [First]/ second- or third- 
degree [Other]). Descriptive statistics were used to present the data. 
Based on data distribution, we used the Mann-Whitney U test, T-test or 
ANOVA for continuous data and Chi-squared test or Fisher’s exact test 
for categorical data. To assess the time from CIS to McDonald 2024 MS, 
to first relapse, to reaching EDSS≥4 and to DMT initiation, survival 
analyses were performed. Associations between familial MS and out
comes of interest were analysed using Cox proportional hazards models, 
adjusted for sex, age at onset (continuous), multiple OCBs, and high 
lesion load at baseline MRI. Only complete cases were used and patients 
who did not reach the endpoint by the end of follow-up were censored. 
Hazard ratios (HR) along with their 95% confidence intervals (95% CI) 
were used to express the results. Proportional hazards assumption was 
assessed using Schoenfeld residuals. Sensitivity analyses for time to first 
relapse and EDSS4 were performed using the Cox proportional hazard 
models including DMT use as time-varying covariate. The effect of 
family members with MS, age, sex and possible interactions between 

Table 1 
Clinical and demographic characteristics of participants in total CIS population.

Famneg Fampos p- 
value

N (%) 334 (80.5) 81 (19.5) ​
Sex (female, %) 233 (69.8) 57 (70.4) 1.00
Age at CIS (median [IQR]) 33.8 [27.3, 40.1] 32.9 [27.2, 39.6] 0.50
FU time (median [IQR]) 6.1 [2.5, 9.5] 5.4 [2.2, 11.0] 0.63
CIS topography (Yes, %) ​ ​ ​

Optic nerve 152 (45.5) 36 (44.4) 0.90
Brainstem 60 (18.0) 10 (12.3) 0.31
Cerebellar 17 (5.1) 4 (4.9) 1.00
Cerebral 44 (13.2) 14 (17.3) 0.37
Spinal cord 105 (31.4) 28 (34.6) 0.50

Disease course after CIS ​ ​ 0.40
Improved 210 (62.9) 46 (56.8) ​
Progressive 29 (8.7) 9 (11.1) ​
Recovered to normal 36 (10.8) 14 (17.3) ​
Unchanged 48 (14.4) 12 (14.8) ​

Comorbidity other AID (Yes, %) 25 (7.5) 2 (2.5) 0.03*
CSF at baseline (no.) 230 52 ​
CSF IgG index (median [IQR]) 0.75 [0.57, 1.17] 0.68 [0.60, 1.07] 0.85
CSF OCB (Yes, %) 160 (69.6) 41 (78.8) 0.23
MP at CIS (Yes, %) 124 (37.1) 28 (34.6) 0.90
MRI baseline (Yes, %) ​ ​ ​

9 or more T2 lesions 119 (35.6) 25 (30.9) 0.51
At least 1 GEL 109 (32.6) 23 (28.4) 0.68
Infratentorial 129 (38.6) 26 (32.1) 0.31
Spinal cord 115 (34.4) 31 (38.3) 0.25

Diagnosis at last FU (Yes, %) ​ ​ ​
McDonald 2024 MS 248 (74.3) 54 (66.7) 0.21
SPMS 8 (2.4) 2 (2.5) 1.00

Abbreviations: AID: autoimmune disease. CIS: clinically isolated syndrome. CSF: 
cerebrospinal fluid. GEL: gadolinium-enhancing lesion. IQR: interquartile range. 
MP: methylprednisolone. OCB: oligoclonal bands. SD: standard deviation. SPMS: 
secondary progressive MS.

* Statistically significant with p-value <0.05
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predictors on relapse rate were evaluated using a negative binomial 
model with log10-transformed follow-up duration as offset. Deseason
alised 25(OH)D levels (using a sinusoidal model, Supplementary Figure 
S1) were used for analyses. Correlations between 25(OH)D levels and 
wGRS of 25(OH)D were analysed by Spearman’s rho. Sensitivity 

analyses were conducted in a subgroup of participants with a confirmed 
diagnosis of McDonald 2024 MS, to account for the heterogeneous CIS 
population. Primary analyses were corrected for multiple testing using 
false discovery rate (FDR). P-values <0.05 were considered statistically 
significant. Statistical analyses were performed using R software v4.4.2.

Fig. 2. HLA-DRB1*15:01 and weighted Genetic Risk Scores (wGRS) for MS susceptibility in the total CIS population. Panel A and B show the distribution of HLA- 
DRB1*15:01 carriership, with similar distribution of HLA-DRB1*15:01 risk carriers in A, with significantly larger proportion carriers in CIS participants with first- 
degree relatives (B). In panel C and D, the wGRS including HLA SNPs for MS susceptibility is shown with the dot representing the mean. MS susceptibility wGRS is 
higher in participants with familial MS (C), with higher values regarding degree of relatedness (D). A: Fisher’s exact test. B: Chi-squared test. C: t-test. D: ANOVA with 
post hoc Tukey’s HSD test.
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3. Results

3.1. Family history and baseline characteristics

We included 415 CIS participants (Fig. 1). The median age at CIS was 
32.8 years (IQR 26.7, 39.5) and follow-up 5.8 years (IQR 2.4, 9.6). A 
family member with MS (Fampos) was reported at baseline by 81/415 
(19.5%) participants. Sex and age at CIS were similarly distributed be
tween groups. Fampos participants less often had autoimmune diseases, 
yet similar clinical presentations, presence of OCBs and baseline MRI 
characteristics, compared to participants without MS relatives (Famneg) 
(Table 1). First-degree Fampos participants presented more often with 

cerebral symptoms, without other differences (Supplementary Table 
S1). The subgroup of participants with a confirmed McDonald 2024 MS 
diagnosis during follow-up was separately analysed (n=302/415), with 
Fampos reported by 54/302 (17.9%). Multiple OCBs were more often 
present in Fampos participants, without differences in other character
istics (Supplementary Table S2).

3.2. Family history and MS susceptibility genetic risk

Genetic ancestry was similar, with European ancestry in 90.1% 
Fampos and 84.5% Famneg participants (p=0.31). In the total CIS pop
ulation, carriership of HLA-DRB1*15:01 was evenly distributed (Fampos 

Fig. 3. Environmental risk factors and family history. Panel A show the similar distribution of anti-EBNA1 IgG titres between groups, with no differences regarding 
degree of relatedness (B). In panel C and D the wGRS of adult BMI is shown, with similar levels in the total population, but higher wGRS in MS participants with first- 
degree MS relatives. In panel E and F, adjusted 25(OH)D levels are shown in total CIS population, with no differences between participant with and without familial 
MS. Panel G and F show the wGRS for vitamin D, with similar distribution in overall CIS (G), but lower wGRS in participants with first-degree relatives in MS 
population (H). The wGRS of vitamin D trends to a correlation with 25(OH)D levels in the CIS population (I) and correlates significantly in MS participants with 
familial MS (J). A, E: Kruskal-Wallis test, B, F: Mann–Whitney U test. C, G: t-test. D, H: ANOVA with post hoc Tukey’s HSD test. I, J: Spearman’s rho.
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43.7%, Famneg 38.4%, FDR-adjusted p=0.41, Fig. 2A), but first-degree 
Fampos participants were approximately two-times more often risk car
riers (First 66.7% vs. Other 30.2% vs. Famneg 38.4%, FDR-adjusted 
p=0.02, Fig. 2B). Analyses in the MS diagnosis subgroup similarly 
revealed no statistically different results (Supplementary Table S3). MS 
susceptibility wGRS were higher in Fampos CIS participants (mean 7.54 
(SD1.17) vs. 7.19 (SD1.22), FDR-adjusted p=0.04, Fig. 2C) and associ
ated with a higher degree of relatedness (mean First 7.97 (SD1.12) vs. 
Other 7.28 (SD1.15) vs. Famneg 7.19 (SD1.22), FDR-adjusted p=0.02, 
Fig. 2D). Similar associations were observed in the MS subgroup (Sup
plementary Table S4). When omitting all SNPs located in the HLA re
gion, including HLA-DRB1*15:01 as largest contributor, no significant 
association of wGRS with MS family status was found, in the CIS cohort 
or MS subgroup (data not shown). A sensitivity analysis was performed 
in the subgroup of participants of European ancestry to analyse popu
lation structures by ancestry differences, with wGRS for MS suscepti
bility higher in participants with familial MS, although the trend by 
degree of relatedness attenuated (Supplementary Table S4). Addition
ally, wGRS was stratified by diagnosis (CIS vs. MS) and showed similar 
patterns with higher wGRS for MS susceptibility in both CIS and MS 
participants with familial MS (Supplementary Table S4).

3.3. Family history and environmental risk factors

Anti-EBNA1 IgG levels were comparable between 73 Fampos and 280 
Famneg CIS participants (Fig. 3A, median 775.00 [335.00, 1870.00] vs. 
635.00 U/ml [IQR 281.50, 1820.00], FDR-adjusted p=0.74) without 
dose-effects regarding degree of relatedness (Fig. 3B). Likewise, the 
subgroup with subsequent MS diagnosis showed similar anti-EBNA1 IgG 
levels in all comparisons (Supplementary Table S5). Stratification for 
HLA-DRB1*15:01 did associate with anti-EBNA1 IgG levels measured, 

but did not reveal an association of family status (Supplementary Figure 
S2).

25(OH)D levels were comparable between Fampos and Famneg par
ticipants in the total CIS population (Fig. 3E-F) and MS subgroups 
(Supplementary Table S6). Although the 25(OH)D wGRS were similar 
between Fampos and Famneg participants in the total CIS and MS popu
lation, a higher degree of relatedness was associated with lower 25(OH) 
D wGRS in Fampos participants in the MS subgroup (First 0.94 (SD0.10) 
vs. Other 1.03 (SD0.11). vs. Famneg 1.00 (SD0.11), p=0.03; Fig. 3G-H). 
Accordingly, in the MS subgroup, 25(OH)D levels correlated with 25 
(OH)D wGRS in familial MS (R=0.57, p<0.01) with a trend in the CIS 
population (R=0.31, p=0.06; Fig. 3I-J). The wGRS for childhood and 
adult BMI was similar in Fampos and Famneg participants, in the total CIS 
and MS group, but showed higher scores for MS participants with first- 
degree MS relatives (Fig. 3C-D, Supplementary Table S7/S8).

In the total cohort, 62.5% of Fampos participants were former or 
current smokers, compared to 59.5% Famneg participants (FDR-adjusted 
p=0.84, Supplementary Figure S3). No associations were found in sub
group analyses, or when stratifying for HLA status (Supplementary 
Table S9/S10).

3.4. Family history and early MS disease course

During follow-up, 54/81 (66.7%) Fampos and 248/334 (67.1%) 
Famneg participants were diagnosed with McDonald 2024 MS. Median 
time to diagnosis did not differ between these groups (Fig. 4A, 0.54 vs. 
0.32 years, log-rank p=0.20), and family status was not associated with 
time to MS (Table 2). In first-degree Fampos 23/33 (69.7%) and other- 
degree Fampos participants 30/47 (63.8%) received an MS diagnosis. 
In univariate and multivariate Cox analysis, degree of relatedness was 
not associated with time to McDonald 2024 MS (Table 2). In the MS 

Fig. 4. Kaplan-Meier curves for time to McDonald 2024 MS diagnosis and first relapse. Famneg is shown in blue and Fampos in green. Panel A demonstrates time to 
McDonald 2024 MS in the total population and panel B for the MS subgroup. No differences in time to McDonald MS diagnosis were found. In panel C time to first 
relapse is shown for the total CIS population and in D for the MS subgroup. In both analyses with log-rank, no statistical difference was found.
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subgroup, similar median time to MS diagnosis was found (Fampos 0.25 
vs. Famneg 0.16 years, log-rank p=0.31, Fig. 4B) with no effects 
regarding degree of relatedness (Supplementary Table S11).

Familial MS was not associated with an earlier first relapse in the CIS 
population and MS subgroup (Table 2, Fig. 4C/D), without any signals 
regarding relatedness (Supplementary Table S11). As start of DMTs in 
known to decrease disease activity, we performed a sensitivity analysis 
with DMT as time-varying covariate, providing no new insights in both 
the total population and MS subgroup (Table 2, Supplementary Table 
S11 and Supplementary Figure S4).

3.5. Family history and MS disease course and severity

The MS severity-associated SNP rs10191329 was similarly distrib
uted among our MS cohort (Homozygous risk Fampos 2.0% vs. Famneg 

2.1%, FDR-adjusted p=0.88, Fig. 5A). In the MS subgroup, the crude 
annualised relapse rate was 0.13 Fampos and 0.16 in Famneg MS partic
ipants. We found no association between relapse rate and familial MS, 
nor regarding degree of relatedness, with no effects from age and sex 
(Fig. 5B, Supplementary Table S12). During follow-up, 42/54 (77.8%) 

Fampos and 173/248 (69.8%) Famneg MS participants started with 
DMTs, with similar median time to DMT initiation (0.68 vs. 1.63 years, 
log-rank p=0.23, Supplementary Figure S5). Familial MS was not 
associated with earlier start of DMT in all comparisons (Supplementary 
Table S13).

ARMSS score was similarly distributed between Fampos and Famneg 

MS participants (2.84 [IQR 1.82, 4.76] 95% CI 2.40 – 3.87 vs. 3.22 [IQR 
1.96, 5.37] with 95% CI 3.21 – 4.00, FDR-adjusted p=0.43) and strati
fying for relatedness revealed no other differences (Fig. 5C-D). In 
addition to ARMSS, we also analysed time to EDSS ≥4, with no associ
ations of familial MS with earlier reaching EDSS≥4 in initial and 
sensitivity analysis with DMT use as time-varying covariate (Figure S6, 
Supplementary Table S13).

4. Discussion

Our study demonstrates that reported familial MS is associated with 
a higher load of known genetic and environmental risk for MS suscep
tibility, but not with a different early disease course of MS. Familial MS, 
most prominently first-degree, associates with higher wGRS for MS 
susceptibility, HLA-DRB1*15:01 carriership, lower wGRS of 25(OH)D 
and high wGRS of BMI. CIS patients with familial MS did not present 
with a specific clinical phenotype and did not associate with a subse
quent MS diagnosis and distinct early disease course. Accordingly, the 
rs10191329 genetic predictor of MS severity was evenly distributed. 
These findings support that MS susceptibility and MS disease course are 
mediated by different pathophysiological processes.

Previous studies have shown contradictory results regarding disease 
course and severity within familial MS. Since earlier studies associated 
HLA-types with presence of OCB at diagnosis (Wu et al., 2010; Niino 
et al., 2015), the enrichment of OCBs in familial MS likely reflects 
skewing of HLA-types. In our work, we found a lower abundance of 
other autoimmune diseases in CIS participants with MS relatives. This 
could indicate enrichment of non-MS associated immune perturbances 
leading to CIS in people without a family history of MS, especially since 
this difference was not detected in CIS participants with an ultimate MS 
diagnosis. Earlier reported increased prevalence of other autoimmune 
diseases in families with MS remains controversial (Ramagopolan et al., 
2007). Some studies have found an earlier disease onset and more 
progressive disease course in familial MS (Wellek et al., 2011; Andri
jauskis et al., 2019; Oturai et al., 2004). However, although including a 
different population, the majority of studies did not find differences in 
the disease course between familial MS and sporadic cases (Weinshenker 
et al., 1990; Ebers et al., 2000; Hensiek et al., 2007). This aligns with our 
findings. Additionally, none of the previous studies have investigated 
the early course after CIS or explored the influence of shared environ
mental and genetic risk factors. The CIS and early MS population offers 
the opportunity to explore the effects of these mediators in the early 
disease course as recent studies showed a major impact of MS common 
genetic risk variants on the chance of developing MS after optic neuritis 
as CIS (Loginovic et al., 2024).

In line with previous studies, higher wGRS for MS susceptibility were 
found in participants with familial MS (Mescheriakova et al., 2016; 
Gourraud et al., 2011; Isobe et al., 2013). We observed a dose-effect 
relationship including higher wGRS in first-degree relative CIS and MS 
participants. This indicates that a higher share of genetic background 
results in a higher genetic disease risk. As the higher wGRS in partici
pants with familial MS persists irrespective of CIS or MS diagnosis, it 
likely reflects true familial aggregation rather than bias from disease 
status.

As these differences did not hold when omitting all HLA SNPs 
including HLA-DRB1*15:01 as largest contributor in the non-HLA 
wGRS, the familial genetic burden seems primarily driven by HLA ge
netic variation. The enriched risk profile for MS susceptibility is sup
ported by the almost two-times larger proportion of HLA-DRB1*15:01 
carriers in CIS participants with first-degree relatives (Patsopoulos et al., 

Table 2 
Cox proportional hazard analyses for time to McDonald 2024 MS and first 
relapse in CIS population.

Time to McDonald 2024 MS

Variable HR (95% 
CI)

p- 
value

Variable HR (95% 
CI)

p- 
value

Univariate analysis

Family Negative 1 (ref) ​ Negative 1 (ref) ​
​ Positive 0.77 (0.54 

– 1.12)
0.51 Other 0.89 (0.56 

– 1.40)
0.80

​ ​ ​ ​ First 0.60 (0.34 
– 1.10)

0.36

Multivariate analysis

Family Negative 1 (ref) ​ Negative 1 (ref) ​
​ Positive 0.72 (0.50 – 

1.04)
0.36 Other 1.09 (0.69 – 

1.74)
0.85

​ ​ ​ ​ First 0.43 (0.24 – 
0.78)

0.12

Time to first relapse

Univariate analysis

Family Negative 1 (ref) ​ Negative 1 (ref) ​
​ Positive 0.85 (0.51 – 

1.44)
0.80 Other 0.81 (0.42 – 

1.60)
0.80

​ ​ ​ ​ First 1.00 (0.46 – 
2.2)

1.00

Multivariate analysis

Family Negative 1 (ref) ​ Negative 1 (ref) ​
​ Positive 0.83 (0.49 – 

1.40)
0.80 Other 0.80 (0.41 – 

1.55)
0.80

​ ​ ​ ​ First 0.92 (0.43 – 
2.00)

0.92

Sensitivity analysisǂ

Family Negative 1 (ref) ​ Negative 1 (ref) ​
​ Positive 0.81 (0.48 – 

1.38)
0.45 Other 0.77 (0.40 – 

1.50)
0.45

​ ​ ​ ​ First 0.95 (0.44 – 
2.01)

0.90

Results of Cox proportional hazard models, with multivariate analyses adjusted 
for sex, age at CIS, presence of oligoclonal bands and ≥9 T2 lesions on baseline 
MRI. P-values of primary analyses are corrected for multiple testing using false 
discovery rate (FDR). Proportional-hazards assumption was assessed with 
Schoenfeld residuals and met for all models. Abbreviations. CI: confidence in
terval. CIS: clinically isolated syndrome. DMT: disease-modifying therapies. HR: 
hazard ratio. MS: multiple sclerosis. Ref: reference.
ǂ Sensitivity analysis for time to first relapse includes DMT as time-varying 

covariate.
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2013). These data affirm the large role of HLA risk loci in familial MS 
risk (Mescheriakova et al., 2016). Humans tend to select mating partners 
with a dissimilar HLA-type, increasing the chance of heterozygous 
offspring and benefitting from HLA diversity in adaptive immune re
sponses when being confronted with pathogens (Havlicek and Roberts, 
2009). Acknowledging that perturbances in adaptive immune responses 
associate with risk of MS, it is conceivable that HLA plays a major role in 
a familial enrichment of MS as a feature resulting from these 
perturbances.

The higher genetic burden for MS susceptibility of patients with fa
milial MS underlines the strong genetic contribution in familial clus
tering. However, the genetic predispositions for development of MS 
have not been found to be associated with disease severity or disabilty 
(IMSGC and MultipleMS, 2023; Baranzini and Oksenberg, 2017). Ana
lysing the genetic predisposition for MS severity within MS families, no 

association with homozygous risk carriers of the MS Severity SNP was 
found in our cohort (IMSGC and MultipleMS, 2023). Yet, the small 
number of homozygous risk carriers may have limited our statistical 
power to detect an effect and larger populations are needed to assess the 
familial genetic burden of MS severity. Nevertheless, our data add to the 
body of evidence suggesting a disconnection between genetic factors 
mediating MS onset and MS course and severity.

In our cohort, anti-EBNA1 IgG levels within 6 months of CIS onset 
associated with HLA-DRB1*15:01 status, but did not with familial MS. 
Earlier studies reported increased anti-EBNA1 IgG levels in association 
with genetic MS risk within families (Hedström et al., 2020; Kreft et al., 
2017; Mescheriakova et al., 2020). Interactions between anti-EBNA1 
IgG and HLA-DRB1*15:01 have been shown to increase MS suscepti
bility (Sundström et al., 2009), while associations of anti-EBNA1 IgG 
levels with MS severity and disease course are being disputed (Munger 

Fig. 5. MS disease course and family history in population with confirmed McDonald 2024 MS diagnosis. Homozygous risk carriership of MS severity SNP 
rs10191329 was similarly distributed (A). In panel B, the distribution of total crude relapse rate is shown, divided by sex (dots and triangles) and age in groups. The 
ARMSS score was similarly distributed as shown in panel C and D, with the grey error bars representing the 95% confidence intervals of the mean estimates. A: Chi- 
squared test. C: Mann–Whitney U test. D: Kruskal-Wallis test.
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et al., 2015). No associations with smoking or 25(OH)D levels and fa
milial MS were found. However, as factors such as BMI and 25(OH)D 
levels are variable, we also investigated wGRS as proxy of BMI and 
vitamin D status. In the MS population, people with first-degree MS 
relatives displayed higher BMI wGRS, indicating a greater inherited 
predisposition to higher BMI (Locke et al., 2015). Similarly, lower 25 
(OH)D wGRS associated with degree of relatedness in people with MS, 
with additionally a modest correlation with lower 25(OH)D levels in 
accordance with earlier work (Vasileiou et al., 2023). wGRS reflect a 
genetic predisposition to 25(OH)D status, which is not affected con
founders, while a single 25(OH)D measurement is a snapshot prone for 
short-term variability, which may explain why associations with wGRS 
but not measured levels appear. Having first degree family members 
with MS may prime individuals for different lifetime choices, such as 
increased sun-exposure and increase vitamin D intake (Hedstrom et al., 
2020; Munger et al., 2004). BMI, level of disability, presence of acute 
inflammation, and several other factors influence measured 25(OH)D 
levels (Smolders et al., 2019; Smolders et al., 2021). Moreover, the 
critical timeframe of vitamin D exposure to modify the risk of devel
oping MS is not known. The wGRS may provide a more accurate picture 
of vitamin D exposure during childhood than a single measurement. 
These points highlight the added value of assessing wGRS. Since low 
circulating 25(OH)D levels are associated with increased MS risk 
(Munger et al., 2006), these data support a role of low vitamin D 
exposure in familial aggregation in MS. Exposure to shared environ
mental factors during early stages of life is likely to influence MS sus
ceptibility within MS families (Fagnani et al., 2015). Whether use of 
vitamin D supplements could be used as a preventive strategy among 
first-degree relatives of people with MS remains to be evaluated 
(Smolders et al., 2019).

There are some limitations of our study. Firstly, familial MS status 
was assessed at baseline through structured interviews. Although inde
pendent verification was not performed, and some misclassification or 
under-reporting is possible, this limitation is unlikely to have substan
tially altered the observed associations. Secondly, we analysed associ
ations of familial MS across various clinical, biological, and genetic 
parameters, including several sensitivity analyses. Given the hypothesis- 
driven questions and analyses, we only applied corrections for multiple 
testing in primary analyses. We acknowledge that conducting multiple 
statistical tests increases the risk of false-positive findings. However, 
applying strict correction methods could obscure potentially meaningful 
associations, especially in the context of a moderate sample size. As we 
focused on inflammatory disease activity early in the disease course and 
less on disability, we cannot determine the effects on long-term disease 
progression. However, as argued above, other studies showed genetic 
susceptibility-factors to have no impact on this endpoint (IMSGC and 
MultipleMS, 2023). The small sample sizes for each subgroup limited 
our statistical power and possibilities for within group comparisons. 
Therefore, we used cox proportional hazards and generalised linear 
models with higher statistical power to be able to analyse associations. 
The family history of participants was assessed at baseline and new cases 
of familial MS that could have occurred during follow-up were not 
considered. Yet, standardised assessment at baseline assured similar 
time points for all participants, minimising the effect of follow-up 
duration on presence of affected family members.

In conclusion, familial MS is associated with common genetic and 
environmental risk factors and reflects a higher risk for the susceptibility 
to but not disease course of MS. These findings support the influence of 
different pathophysiological processes mediating risk for and disease 
course of MS.

CRediT authorship contribution statement

Cato E.A. Corsten: Writing – review & editing, Writing – original 
draft, Visualization, Project administration, Methodology, Investigation, 
Formal analysis, Data curation, Conceptualization. Ana M. Marques: 

Writing – review & editing, Investigation, Formal analysis, Data cura
tion, Conceptualization. Yifan van Hasselt: Writing – review & editing, 
Methodology, Formal analysis. Jeroen van Rooij: Writing – review & 
editing, Investigation. Ide Smets: Writing – review & editing, Concep
tualization. Marvin M. van Luijn: Writing – review & editing, Funding 
acquisition, Conceptualization. Rinze F. Neuteboom: Writing – review 
& editing, Conceptualization. Beatrijs Wokke: Writing – review & 
editing, Supervision, Project administration, Methodology, Conceptu
alization. Joost Smolders: Writing – review & editing, Supervision, 
Project administration, Methodology, Funding acquisition, 
Conceptualization.

Declaration of competing interest

C. Corsten, A. Marques, Y. van Hasselt, J. van Rooij and B. Wokke 
report no competing interests.

I. Smets has received lecture fees from Merck, Biogen Idec, and 
Sanofi. M. van Luijn received research support from EMD Serono, 
Merck, Novartis, GSK, and Idorsia Pharmaceutical Ltd. R. Neuteboom 
participated in studies from Novartis, Biogen, Sanofi, Livanova, Teva 
and Amgen (Horizon). J. Smolders received grants for scientific research 
from Biogen, Roche and Siemens Healthineers, and lecture and/or 
consultancy fee from Biogen, Merck, Novartis, Roche, and Sanofi 
Genzyme.

Acknowledgements

The International MS Genetics Consortium (IMSGC) is acknowledged 
for providing the summary statistics for wGRS analysis. We thank J.P.A. 
Samijn, N. Jafari, B. van den Berg and J.W.K. de Beukelaar for their 
contributions to the PROUD study and the PROUD participants for their 
participation.

This work is funded by the Nationaal MS fonds (Educational grant 
P2021-001 and Research grant OZ2021-016), Stichting MOVES ‘Klim
men tegen MS’ (Inspiratiebeurs) and EU Horizon program ‘BEHIND-MS’ 
(101137235).

Supplementary materials

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.msard.2026.107101.

References

Andrijauskis, D., Balnyte, R., Keturkaite, I., Vaitkus, A., 2019. Clinical and diagnostic 
features of patients with familial multiple sclerosis. Med. Hypotheses. 131, 109310.

Ascherio, A., Munger, K.L., White, R., et al., 2014. Vitamin D as an early predictor of 
multiple sclerosis activity and progression. JAMA Neurol. 71, 306–314.

Baranzini, S.E., Oksenberg, JR., 2017. The Genetics of Multiple Sclerosis: From 0 to 200 
in 50 Years. Trends. Genet. 33, 960–970.

Bjornevik, K., Cortese, M., Healy, B.C., et al., 2022. Longitudinal analysis reveals high 
prevalence of Epstein-Barr virus associated with multiple sclerosis. Science (1979) 
375, 296-+. 

Blok, K.M., Kranenbarg, RAMK, Ananth, K., et al., 2025. Multifaceted Biomarkers 
Suggest a Similar Profile of CNS Pathology in Relapsing and Progressive MS. Eur. J. 
Neurol. 32.

Brassat, D., Azais-Vuillemin, C., Yaouanq, J., et al., 1999. Familial factors influence 
disability in MS multiplex families. Neurology. 52, 1632–1633.

Choi, S.W., O'Reilly, P.F., 2019. PRSice-2: Polygenic Risk Score software for biobank- 
scale data. Gigascience 8.

Compston, A., Coles, A., 2008. Multiple sclerosis. Lancet 372, 1502–1517.
De Jager, P.L., Chibnik, L.B., Cui, J., et al., 2009. Integration of genetic risk factors into a 

clinical algorithm for multiple sclerosis susceptibility: a weighted genetic risk score. 
Lancet Neurol. 8, 1111–1119.

Ebers, G.C., Koopman, W.J., Hader, W., et al., 2000. The natural history of multiple 
sclerosis: a geographically based study: 8: familial multiple sclerosis. Brain 123 (3), 
641–649. Pt. 

Euesden, J., Lewis, C.M., O'Reilly, P.F., 2015. PRSice: Polygenic Risk Score software. 
Bioinformatics. 31, 1466–1468.

Fagnani, C., Neale, M.C., Nistico, L., et al., 2015. Twin studies in multiple sclerosis: A 
meta-estimation of heritability and environmentality. Mult. Scler. 21, 1404–1413.

C.E.A. Corsten et al.                                                                                                                                                                                                                            Multiple Sclerosis and Related Disorders 109 (2026) 107101 

9 

https://doi.org/10.1016/j.msard.2026.107101
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0018
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0018
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0006
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0006
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0042
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0042
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0007
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0007
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0007
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0020
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0020
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0020
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0014
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0014
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0025
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0025
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0009
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0026
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0026
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0026
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0015
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0015
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0015
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0024
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0024
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0011
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0011


Felix, J.F., Bradfield, J.P., Monnereau, C., et al., 2016. Genome-wide association analysis 
identifies three new susceptibility loci for childhood body mass index. Hum. Mol. 
Genet. 25, 389–403.

Gianfrancesco, M.A., Acuna, B., Shen, L., et al., 2014. Obesity during childhood and 
adolescence increases susceptibility to multiple sclerosis after accounting for 
established genetic and environmental risk factors. Obes. Res. Clin. Pract. 8, 
E435–E447.

Gourraud, P.A., McElroy, J.P., Caillier, S.J., et al., 2011. Aggregation of Multiple 
Sclerosis Genetic Risk Variants in Multiple and Single Case Families. Ann. Neurol. 
69, 65–74.

Havlicek, J., Roberts, SC., 2009. MHC-correlated mate choice in humans: A review. 
Psychoneuroendocrino 34, 497–512.

Hedström, A.K., Hillert, J., Olsson, T., Alfredsson, L., 2013. Smoking and multiple 
sclerosis susceptibility. Eur. J. Epidemiol. 28, 867–874.

Hedström, A.K., Huang, J., Michel, A., et al., 2020. High Levels of Epstein-Barr Virus 
Nuclear Antigen-1-Specific Antibodies and Infectious Mononucleosis Act Both 
Independently and Synergistically to Increase Multiple Sclerosis Risk. Front. Neurol. 
10.

Hedstrom, A.K., Olsson, T., Kockum, I., et al., 2020. Low sun exposure increases multiple 
sclerosis risk both directly and indirectly. J. Neurol. 267, 1045–1052.

Hensiek, A.E., Seaman, S.R., Barcellos, L.F., et al., 2007. Familial effects on the clinical 
course of multiple sclerosis. Neurology. 68, 376–383.

International Multiple Sclerosis Genetics Consortium and Multiple MS Consortium. Locus 
for severity implicates CNS resilience in progression of multiple sclerosis. Nature 
619, 2023, 323–331.

International Multiple Sclerosis Genetics Consortium, 2019. Multiple sclerosis genomic 
map implicates peripheral immune cells and microglia in susceptibility. Science 365, 
eaav7188.

Isobe, N., Damotte, V., Lo Re, V., et al., 2013. Genetic burden in multiple sclerosis 
families. Genes. Immun. 14, 434–440.

Kreft, K.L., Van Nierop, G.P., Scherbeijn, S.M.J., et al., 2017. Elevated EBNA-1 IgG in MS 
is associated with genetic MS risk variants. Neurol. Neuroimmunol. Neuroinflamm. 
4.

Kuhlmann, T., Moccia, M., Coetzee, T., et al., 2023. Multiple sclerosis progression: time 
for a new mechanism-driven framework. Lancet Neurol. 22, 78–88.

Kurtzke, JF., 1983. Rating neurologic impairment in multiple sclerosis: an expanded 
disability status scale (EDSS). Neurology. 33, 1444–1452.

Locke, A.E., Kahali, B., Berndt, S.I., et al., 2015. Genetic studies of body mass index yield 
new insights for obesity biology. Nature 518, 197-+. 

Loginovic, P., Wang, F., Li, J., et al., 2024. Applying a genetic risk score model to 
enhance prediction of future multiple sclerosis diagnosis at first presentation with 
optic neuritis. Nat. Commun. 15, 1415.

Luo, Y., Kanai, M., Choi, W., et al., 2021. A high-resolution HLA reference panel 
capturing global population diversity enables multi-ancestry fine-mapping in HIV 
host response. Nat. Genet. 53, 1722–1723.

Manouchehrinia, A., Westerlind, H., Kingwell, E., et al., 2017. Age Related Multiple 
Sclerosis Severity Score: Disability ranked by age. Mult Scler J 23, 1938–1946.

Manousaki, D., Mitchell, R., Dudding, T., et al., 2020. Genome-wide Association Study 
for Vitamin D Levels Reveals 69 Independent Loci. Am. J. Hum. Genet. 106, 
327–337.

Mescheriakova, J.Y., Broer, L., Wahedi, S., et al., 2016. Burden of genetic risk variants in 
multiple sclerosis families in the Netherlands. Mult. Scler. J. Exp. Transl. Clin. 2, 
2055217316648721.

Mescheriakova, J.Y., van Nierop, G.P., van der Eijk, A.A., et al., 2020. EBNA-1 titer 
gradient in families with multiple sclerosis indicates a genetic contribution. Neurol. 
Neuroimmunol. Neuroinflamm. 7.

Miller, S.A., Dykes, D.D., Polesky, HF., 1988. A simple salting out procedure for 
extracting DNA from human nucleated cells. Nucleic. Acids. Res. 16, 1215.

Montalban, X., Lebrun-Frenay, C., Oh, J., et al., 2025. Diagnosis of multiple sclerosis: 
2024 revisions of the McDonald criteria. Lancet Neurol. 24, 850–865.

Munger, K.L., Zhang, S.M., O'Reilly, E., et al., 2004. Vitamin D intake and incidence of 
multiple sclerosis. Neurology. 62, 60–65.

Munger, K.L., Levin, L.I., Hollis, B.W., et al., 2006. Serum 25-hydroxyvitamin D levels 
and risk of multiple sclerosis. JAMA 296, 2832–2838.

Munger, K.L., Fitzgerald, K.C., Freedman, M.S., et al., 2015. No association of multiple 
sclerosis activity and progression with EBV or tobacco use in BENEFIT. Neurology. 
85, 1694–1701.

Niino, M., Sato, S., Fukazawa, T., et al., 2015. Latitude and HLA-DRB1 alleles 
independently affect the emergence of cerebrospinal fluid IgG abnormality in 
multiple sclerosis. Mult Scler J 21, 1112–1120.

Olsson, T., LF, Barcellos, Alfredsson, L., 2016. Interactions between genetic, lifestyle and 
environmental risk factors for multiple sclerosis. Nat. Rev. Neurol. 13, 25–36.

Oturai, A.B., Ryder, L.P., Fredrikson, S., et al., 2004. Concordance for disease course and 
age of onset in Scandinavian multiple sclerosis coaffected sib pairs. Mult Scler J 10, 
5–8.

Patsopoulos, N.A., Barcellos, L.F., Hintzen, R.Q., et al., 2013. Fine-Mapping the Genetic 
Association of the Major Histocompatibility Complex in Multiple Sclerosis: HLA and 
Non-HLA Effects. PLoS. Genet. 9.

Ramagopolan, S.V., Dyment, D.A., Valdar, W., et al., 2007. Autoimmune disease in 
families with multiple sclerosis: a population-based study. Lancet Neurol. 6, 
604–610.

Schumacher, G., Beebe, G., Kibler, R., et al., 1965. Problems of experimental trials of 
therapy in multiple sclerosis. Ann. N. Y. Acad. Sci. 122, 552–568.

Smolders, J., Torkildsen, O., Camu, W., Holmoy, T., 2019. An Update on Vitamin D and 
Disease Activity in Multiple Sclerosis. CNS. Drugs 33, 1187–1199.

Smolders, J., van den Ouwel, J., Geven, C., et al., 2021. Letter to the Editor: Vitamin D 
deficiency in COVID-19: Mixing up cause and consequence. Metabolism. 115.

Sundström, P., Nyström, M., Ruuth, K., Lundgren, E., 2009. Antibodies to specific EBNA- 
1 domains and HLA DRB1*1501 interact as risk factors for multiple sclerosis. 
J. Neuroimmunol. 215, 102–107.

Thompson, A.J., Baranzini, S.E., Geurts, J., et al., 2018. Multiple sclerosis. Lancet 391, 
1622–1636.

Vasileiou, E.S., Hu, C., Bernstein, C.N., et al., 2023. Association of Vitamin D Polygenic 
Risk Scores and Disease Outcome in People With Multiple Sclerosis. Neurol. 
Neuroimmunol. Neuroinflamm. 10.

Weinshenker, B.G., Bulman, D., Carriere, W., et al., 1990. A comparison of sporadic and 
familial multiple sclerosis. Neurology. 40, 1354–1358.

Wellek, A., Korsukewitz, C., Bach, J.P., et al., 2011. Sibling disability risk at onset and 
during disease progression in familial multiple sclerosis. Mult. Scler. 17, 1060–1066.

Wu, J.S., Qiu, W., Castley, A., et al., 2010. Presence of CSF oligoclonal bands (OCB) is 
associated with the HLA-DRB1 genotype in a West Australian multiple sclerosis 
cohort. J. Neurol. Sci. 288, 63–67.

C.E.A. Corsten et al.                                                                                                                                                                                                                            Multiple Sclerosis and Related Disorders 109 (2026) 107101 

10 

http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0028
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0028
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0028
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0005
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0005
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0005
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0005
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0038
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0038
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0038
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0041
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0041
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0004
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0004
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0043
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0043
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0043
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0043
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0048
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0048
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0017
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0017
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0003
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0003
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0003
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0002
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0002
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0002
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0039
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0039
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0044
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0044
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0044
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0019
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0019
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0021
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0021
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0029
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0029
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0037
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0037
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0037
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0027
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0027
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0027
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0022
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0022
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0030
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0030
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0030
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0010
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0010
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0010
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0045
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0045
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0045
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0023
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0023
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0031
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0031
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0049
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0049
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0052
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0052
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0012
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0012
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0012
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0034
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0034
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0034
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0008
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0008
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0036
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0036
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0036
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0040
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0040
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0040
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0035
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0035
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0035
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0032
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0032
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0050
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0050
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0051
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0051
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0046
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0046
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0046
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0001
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0001
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0047
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0047
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0047
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0013
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0013
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0016
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0016
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0033
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0033
http://refhub.elsevier.com/S2211-0348(26)00137-9/sbref0033

	Genetic and environmental mediators of multiple sclerosis susceptibility but not early severity run in families
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Data collection
	2.3 Disease course
	2.4 Serology
	2.5 Genotyping
	2.6 Genetic variations and weighted genetic risk scores
	2.7 Definitions
	2.8 Statistical analysis

	3 Results
	3.1 Family history and baseline characteristics
	3.2 Family history and MS susceptibility genetic risk
	3.3 Family history and environmental risk factors
	3.4 Family history and early MS disease course
	3.5 Family history and MS disease course and severity

	4 Discussion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	References


