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Abstract
Objective  To investigate whether lipid-related or 
body mass index (BMI)–related common genetic 
polymorphisms modulate the associations between 
serum lipid levels, BMI and disability progression in 
multiple sclerosis (MS).
Methods  The association between disability 
progression (annualised Expanded Disability Status Scale 
(EDSS) change over 5 years, ΔEDSS) and lipid-related 
or BMI-related genetic polymorphisms was evaluated 
in a longitudinal cohort (n=184), diagnosed with MS. 
We constructed a cumulative genetic risk score (CGRS) 
of associated polymorphisms (p<0.05) and examined 
the interactions between the CGRS and lipid levels 
(measured at baseline) in predicting ΔEDSS. All analyses 
were conducted using linear regression.
Results  Five lipid polymorphisms (rs2013208, 
rs9488822, rs17173637, rs10401969 and rs2277862) 
and one BMI polymorphism (rs2033529) were nominally 
associated with ΔEDSS. The constructed lipid CGRS 
showed a significant, dose-dependent association 
with ΔEDSS (ptrend=1.4×10−6), such that participants
having ≥6 risk alleles progressed 0.38 EDSS points 
per year faster compared with those having ≤3. This 
CGRS model explained 16% of the variance in ΔEDSS. 
We also found significant interactions between the 
CGRS and lipid levels in modulating ΔEDSS, including 
high-density lipoprotein (HDL; pinteraction=0.005) and 
total cholesterol:high-density lipoprotein ratio (TC:HDL; 
pinteraction=0.030). The combined model (combination of 
CGRS and the lipid parameter) explained 26% of the 
disability variance for HDL and 27% for TC:HDL.
Interpretation  In this prospective cohort study, both 
lipid levels and lipid-related polymorphisms individually 
and jointly were associated with significantly increased 
disability progression in MS. These results indicate 
that these polymorphisms and tagged genes might be 
potential points of intervention to moderate disability 
progression.

Introduction
Multiple sclerosis (MS) is a clinically and patholog-
ically heterogeneous disease of complex aetiology. 
Like many other chronic debilitating diseases, there 
is no cure for MS. Hence, a better understanding 
of the risk factors associated with clinical progres-
sion is vital. Compared with the dramatic progress 

in identifying the genetic and environmental factors 
associated with MS onset,1 2 there has been less 
success with the drivers of MS progression. 
Although a number of environmental/behavioural 
determinants of clinical course have been iden-
tified,3–5 there has been less success with genetic 
determinants of clinical progression.6

The approaches used in detecting genetic factors 
associated with MS onset—candidate-gene studies, 
linkage studies or genome-wide association studies 
(GWASs)—are often cross-sectional or case–control 
in design, allowing large sample sizes but precluding 
robust evaluation of clinical progression. There-
fore, one method by which the genetic factors that 
modulate MS clinical course could be elucidated is 
by studying the genetic loci identified in GWAS that 
modulate environmental or personal factors associ-
ated with MS progression in longitudinal MS clin-
ical cohorts where these factors have been assessed 
prospectively.

Several studies, including our own work, have 
shown that serum lipid levels and body mass index 
(BMI) have significant associations with disability 
level and disability progression among people 
with MS. Serum lipids associated both positively 
and negatively with MS progression include total 
cholesterol (TC), high-density lipoprotein (HDL), 
low-density lipoprotein (LDL) and triglycerides. 
In a study of 8983 participants, higher LDL and 
lower HDL were associated with greater ambu-
latory disability.7 In a study of 178 participants, 
higher TC:HDL ratio was associated with higher 
Expanded Disability Status Scale (EDSS) score.8 
Our own study with 178 participants showed 
that higher TC was independently associated with 
higher EDSS.3 A case–control study also demon-
strated that TC and LDL were positively correlated 
with EDSS.9 Results for BMI are mixed, however. 
In our own study, higher BMI was independently 
associated with higher EDSS,3 whereas two other 
studies failed to find any associations.10 11

For disability progression, a prospective study 
of 492 participants followed for an average of 2.2 
years found that higher TC, LDL, triglycerides and 
TC:HDL ratio were associated with worsening in 
clinical disability.5 Our own study of 279 partici-
pants showed that higher TC:HDL ratio, non-HDL 
level and BMI were associated with faster disability 
progresssion.4 In another of our studies, including 
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178 participants, higher TC:HDL ratio was associated with a 
higher annual change in disability.3

However, the mechanisms by which serum lipid level or BMI 
may influence MS disability are not yet established. A better 
understanding of the interplay by which related genetic factors 
impact on disability progression could facilitate the identifica-
tion of predictive biomarkers of disability and indicate potential 
intervention targets. In this study, we examined whether known 
lipid-related or BMI-related genetic polymorphisms were asso-
ciated with disability progression, and/or whether they exerted 
their effects, in part by affecting the association between serum 
lipid levels, BMI and disability progression.

Subjects and methods
Study design
The Ausimmune Longitudinal (AusLong) Study is a clinical 
cohort study built on the original Ausimmune case–control 
study, seeking to identify risk factors for the onset and early 
progression of MS. Since 2009, 279 of the original first clin-
ical demyelinating event case participants have been followed 
prospectively in the AusLong study with 84.6% retention at 5 
years. By the 5-year review time point, 207 participants had been 
diagnosed with relapse-onset or progressive-onset MS, with 186 
participants having both an EDSS recorded at baseline and at the 
5-year review. Among those 186 participants, 184 had genome-
wide genotyping undertaken and constituted the cohort anal-
ysed here.

Literature review of lipid-related GWAS and BMI-related 
GWAS
To include as comprehensive a list of genetic loci that predicted 
lipids and BMI, we searched for lipid-related and BMI-related 
GWAS systematically in three academic databases (PubMed, 
Embase and ScienceDirect). We only included GWASs that 
specifically identified genome-wide significant loci that impacted 
one or more aspects of the lipid profile and BMI in human 
subjects and were written in English (for more detailed methods 
for searching related GWAS, see online supplemental methods). 
Flowcharts of the review process are shown in online supple-
mentary figure 1 (for lipid-related GWAS search) and online 
supplementary figure 2 (for BMI-related GWAS search).

The systematic search for lipid-related GWAS yielded 351 
studies and for BMI, 199 studies. After removing duplicates and 
studies that did not meet the inclusion criteria, three lipid-re-
lated GWASs12–14 and one BMI-related GWAS15 were included. 
For the three lipid-related GWASs, we combined the significant 
single-nucleotide polymorphisms (SNPs) together, yielding 162 
lipid SNPs (see online supplementary table 1). Seventy-four SNPs 
were HDL related, 61 were LDL related, 74 were TC related 
and 40 were triglycerides related. Of these, 151 were geno-
typed in our study, while for the remaining 11 SNPs, a nearest 
proxy SNP was identified (online supplementary table 3). For 
the meta-analysis of BMI-related GWAS, 60 out of the 97 SNPs 
(online supplementary table 2) were directly genotyped in our 
study, while for the remaining 37 SNPs, a nearest proxy SNP was 
identified (online supplementary table 3).

Measures
Serum and BMI measurements
Non-fasting serum samples, which are representative of the 
usual metabolic state,16 were collected at baseline and stored 
at −80°C until use. TC and triglycerides were measured using 
enzymatic colourimetry (Wako Chemicals, Richmond, Virginia, 

USA). HDL was measured using precipitation and enzymatic 
assay (Wako Chemicals). LDL was measured by direct assay 
using enzymatic colourimetry (Wako Chemicals). Non-HDL 
levels were calculated by subtracting HDL cholesterol from the 
total cholesterol. Baseline serum 25-OH-D was measured with a 
commercially available radioimmunoassay (DiaSorin, Stillwater, 
Minnesota, USA). Lipid profiles were measured again at the 
5-year review using the same methods as baseline.

BMI was calculated by the ratio of weight (kg) over the square
of height (m) measured at baseline and the 5-year review.

Genotyping
DNA samples were genotyped using the Illumina Human 
Exome BeadChip (Illumina Human Exome-12 v.1.2 array). The 
BeadChip includes ~244 000 exome SNPs with an additional 
~87 000 MS-relevant variants added as a customised compo-
nent. Quality control of the data was conducted as described 
previously.17

Disability progression measurement
Disability level was assessed by a study neurologist using the 
EDSS for which they were certified by Neurostatus. For relapse-
onset MS, the baseline EDSS was assumed to be zero on the day 
before demyelinating symptom onset. For progressive-onset MS, 
the baseline EDSS measured when they entered the study was 
used. Thus, annualised disability progression was calculated as 
the 5-year EDSS change divided by the duration between the day 
prior to the episode that brought the participants into the study 
and the 5-year review for relapse-onset MS (or the duration 
between the baseline and 5-year reviews for progressive-onset 
MS). This was then expressed as an annualised change in EDSS 
(ΔEDSS).

Statistical analysis
Linear regression was used to assess associations between 
lipid-related or BMI-related SNPs and ΔEDSS. Multivariable 
models were adjusted for age, sex, study site and whether partic-
ipants were having a relapse at the 5-year EDSS assessment. 
Further adjustment of all models for BMI, 25-OH-D and immu-
notherapy use did not significantly alter outcomes (data not 
shown). Bonferroni correction was used to adjust for multiple 
comparisons.18 To assess potential type I error, 50 000 permu-
tation analyses were conducted as described previously19 by 
randomly reallocating the genotypes in the samples in propor-
tion to that of the original sample’s genotype frequencies, and 
re-running the analyses. The proportion of the 50 000 simulated 
estimates that were significantly greater than that found in the 
as-measured analyses denoted the significance.

A cumulative genetic risk score (CGRS)19 20 was constructed 
to examine the joint genetic effects by combining the nomi-
nally associated SNPs (p<0.05) from the association between 
lipid-related SNPs and ΔEDSS. For consistency, the minor allele 
of rs2013208, rs17173637 and rs10401969 was set as the refer-
ence allele so that the directional effects of the five lipid-related 
SNPs on ΔEDSS were consistent.

The interactions between baseline lipid variables (including 
HDL, LDL, TC, triglycerides, TC:HDL ratio and non-HDL) 
and the CGRS generated from the five lipid-related SNPs for 
predicting ΔEDSS were assessed using a test of the coefficient of 
a product term formed from the covariates involved. The inter-
action analyses were adjusted for the same factors and further 
adjusted for 25-OH-D. The serum 25-OH-D at baseline did not 
alter the association between the lipid CGRS and ΔEDSS nor the 
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Table 1  Demographic and clinical characteristics of the study

Characteristics n/N (%)

Female sex 149/184 (81.0%)

Progressive-onset MS 12/184 (6.5%)

Relapse within preceding 30 days at 5-year review 20/184 (10.9%)

Statin use at baseline 3/184 (1.6%)

MS-specific immunomodulatory therapy use during study 136/184 (73.9%)

Mean (SD; range)

Age (years) 38.46 (9.56; 18–58)

EDSS at 5th-year review 2.09 (1.66; 0–8)

Annualised change in EDSS 0.29 (0.24; −0.31 to 1.17)

Median (IQR)

MS duration from symptom onset at baseline (years) 0.75 (0.39–1.73)

TC (mmol/L) 5.23 (4.56–6.06)

HDL (mmol/L) 1.61 (1.40–1.86)

LDL (mmol/L) 2.85 (2.38–3.42)

Triglyceride (mmol/L) 1.39 (1.01–2.00)

TC:HDL ratio 3.24 (2.77–3.85)

Non-HDL (mmol/L) 3.52 (2.93–4.48)

Body mass index (kg/m2) 26.23 (23.11–30.35)

EDSS, Expanded Disability Status Scale; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein; MS, multiple sclerosis; TC, total cholesterol.

Table 2  Five lipid-related SNPs nominally associated with annualised change in EDSS and their cumulative effect on annualised change in EDSS

SNP Nearest gene
Related lipid profile(s) in GWAS (directional 
effect with corresponding lipid profile)* Genotype

ΔEDSS

n β (95% CI)†

rs2013208‡ RBM5 HDL (−) TT 39 0.22 (0 to 0.73)

TC 89 +0.06 (−0.03 to 0.15)

CC 56 +0.11 (0.02 to 0.21)

ptrend=0.022

rs9488822 FRK TC (+) AA 77 0.24 (−0.31 to 0.89)

LDL (+) AT 77 +0.08 (0.00 to 0.15)

TT 30 +0.13 (0.03 to 0.23)

ptrend=0.006

rs17173637‡ TMEM176A HDL (+) TC 23 0.19 (−0.31 to 0.57)

TT 161 +0.12 (0.01 to 0.22)

ptrend=0.032

rs10401969‡ CILP2 TC (+) TC 26 0.19 (−0.31 to 0.44)

Triglycerides (+) TT 158 +0.11 (0.01 to 0.21)

LDL (+) ptrend=0.032

rs2277862 ERGIC3 TC (−) CC 140 0.27 (−0.31 to 1.04)

TC 36 +0.05 (−0.04 to 0.14)

TT 8 +0.17 (−0.00 to 0.34)

ptrend=0.039

Cumulative effects of the five SNPs associated with annualised change in EDSS

≤3 risk alleles 73 0.21 (−0.32 to 0.89)

4 risk alleles 47 +0.08 (−0.00 to 0.16)

5 risk alleles 50 +0.10 (0.02 to 0.18)

≥6 risk alleles 14 +0.38 (0.25 to 0.51)

ptrend=1.4×10−6

*(−) decrease the level of corresponding lipid profile(s); (+) increase the level of corresponding lipid profile(s).
†Adjusted for age, sex, study site and relapse at the fifth-year EDSS assessment.
‡‡For consistency of the directional effect in annualised change in EDSS, the minor allele was set as reference, and the major allele is the risk allele.
§Disability was presented as mean ΔEDSS for the reference group, and the coefficients relative to reference (β (95% CI)) are presented for subsequent levels.
EDSS, Expanded Disability Status Scale; GWAS, genome-wide association study; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SNP, single-nucleotide polymorphism; TC, total 
cholesterol.

association between the lipid CGRS and lipid levels in predicting 
ΔEDSS.

We then calculated R2 values for the fraction of the variance in 
disability explained by the regression model for the lipid variable 

only (environment), the CGRS only (genes) and the combina-
tion of the lipid variable and the CGRS (gene plus environment). 
The changes in lipid variables and BMI during the 5 years were 
also tested. We then assessed the association between changes in 
lipid variables and ΔEDSS, and the interactions between changes 
in lipid variables and the CGRS in predicting ΔEDSS. Statis-
tical analyses were conducted in Stata/SE V.14.0 (StataCorp LP, 
College Station, Texas, USA).

Results
Participant characteristics
The 184 participants were 81.0% women, 6.5% progres-
sive-onset, of mean age of 38.46±9.56 years. The mean EDSS 
of the participants at 5-year review was 2.09±1.66 and mean 
annualised disability progression was +0.29±0.24 EDSS points. 
The median BMI was 26.23 kg/m2 and the median TC was 5.23 
mmol/L. Other cohort characteristics are displayed in table 1.

Association between lipid-related SNPs and ΔEDSS
Five of the 162 lipid-related SNPs were nominally (p<0.05) 
associated with ΔEDSS, though none remained significant 
after multiple testing correction (table 2). Of these five SNPs, 
three (rs2013208, rs9488822 and rs2277862) showed a 
clear dose dependency, while for the two others (rs17173637 
and rs10401969) small cell size precluded evaluation of dose 
dependency. The permutation simulation analysis for the five 
significant SNPs showed that the permutation p values were 
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Figure 1  Predicted mean values of annualised change in Expanded Disability Status Scale (EDSS) with 95% CI for different levels of high-density 
lipoprotein (HDL) (A) and total cholesterol (TC):HDL ratio (B) among participants having ≤4 risk alleles (red line) and those having >4 risk alleles (blue line).

still nominally significant after simulating 50 000 times (online 
supplementary table 4).

When we examined the combined effect on disability level of 
these five lipid-related SNPs by creating a CGRS, a strong and 
highly significant dose dependency was seen (ptrend=1.4×10−6).
The annualised disability progression in the 73 participants who 
carried ≤3 risk alleles was 0.21 EDSS points per year, while for 
those who carried ≥6 risk genotypes annual ΔEDSS was 0.38 
points higher. The CGRS model explained 16% of the variance 
in ΔEDSS, after adjustment for age, sex, study site and relapse 
at the 5-year EDSS assessment. There were some inconsisten-
cies of the ΔEDSS-associated SNPs in predicting the direction of 
effect of the corresponding lipid profiles, with only three of the 
five SNPs acting in the putative biologically expected direction. 
For example, SNP rs9488822 increased TC levels and increased 
EDSS progression which is consistent in direction, whereas SNP 
rs2277862 decreased TC and increased EDSS progression which 
is inconsistent in direction. We therefore undertook a sensitivity 
analysis where we included only the three biologically consistent 
SNPs rs2013208, rs9488822 and rs10401969 genotypes in an 
abbreviated CGRS. In the sensitivity analysis where we included 
only SNPs rs2013208, rs9488822 and rs10401969 genotypes in 
the abbreviated CGRS, this model predicted 9% of the variance 
in disability (ptrend=6.5×10−5).

Interactions between lipid CGRS and lipid variables in 
predicting ΔEDSS
We found a significant interaction between the level of HDL and 
the TC:HDL ratio and the lipid CGRS in predicting ΔEDSS that 
persisted after adjusting for age, sex, study site and relapse at the 
5-year EDSS assessment (pinteraction for HDL=0.005, pinteraction for
TC:HDL=0.030). There was no association between the level
of HDL and the TC:HDL ratio and the lipid CGRS (β=0.15,
95% CI −0.24 to 0.53, p=0.449 for HDL; β=−0.09, 95%
CI −0.47 to 0.29, p=0.641 for TC:HDL ratio). The ΔEDSS
was not significantly different among participants who had ≤4
risk alleles, regardless of the level of HDL and TC:HDL ratio
(figure 1). However, for participants having more than four risk
alleles, a significantly higher ΔEDSS was observed when they had
lower level of HDL or a higher TC:HDL ratio.

The R2 of the model for HDL and EDSS progression, adjusting 
for age, sex, study site and relapse at the 5-year review, was 0.04, 
but including the lipid CGRS variables increased this to 0.26. 
For TC:HDL ratio, the R2 of the model for TC:HDL ratio was 

0.01, increasing to 0.27 on including the lipid CGRS. These 
results demonstrate the significant gene−environment inter-
action between lipid levels and CGRS in predicting disability 
progression.

There were small but significant changes in the level of HDL, 
LDL, non-HDL and TC:HDL ratio over the 5 years with a wors-
ening trend of the lipid variables (data not shown). However, 
there was no association between the changes in these lipid 
variables and ΔEDSS, and no interaction was seen between the 
changes in these lipid variables and the lipid CGRS in predicting 
ΔEDSS.

Association between BMI-related SNPs and ΔEDSS
One of the 97 BMI-related SNPs, rs2033529, was nominally 
associated with ΔEDSS (β=−0.07; 95% CI −0.13 to −0.02; 
p=0.012). The permutation simulation analysis for rs2033529 
showed that the permutation p value was still nominally signifi-
cant (p=0.014, online supplementary table 4).

In our dataset, there was no significant change in BMI level 
over the 5 years. The minor allele of rs2033529 (G) was asso-
ciated with a lower baseline BMI, although it did not reach 
significance (p=0.073). Moreover, no significant interaction 
was found between rs2033529 and baseline BMI in predicting 
ΔEDSS (pinteraction=0.701).

Discussion
Using a large prospective study of clinical disease progression 
in early MS, we showed that five lipid-related SNPs nominally 
predicted disability progression alone and when combined into 
a CGRS. The significant interaction between the CGRS gener-
ated from the five lipid-related SNPs and HDL and TC:HDL 
ratio in predicting ΔEDSS indicated that disability progression 
in MS was significantly driven by both lipids and lipid-related 
polymorphisms, with the association between serum lipid levels 
and ΔEDSS being stronger for those having more lipid-related 
risk alleles. No such associations were seen for BMI-related poly-
morphisms, however.

To our knowledge, this is the first study demonstrating the 
effect of lipid-related genetic polymorphisms on disability change 
in MS after controlling for appropriate confounders. Due to the 
limited sample size and the minimal contribution of each indi-
vidual susceptibility variant, none of these nominally significant 
SNP individually remained significant after stringent correction 
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for multiple testing. However, we used other epidemiological 
supports such as allele dose dependency, strong magnitude of 
effect and dose dependency of the CGRS analysis to support the 
validity of the observed associations. The CGRS generated from 
the five lipid-related SNPs explained 16% of the variance in MS 
disability progression, suggesting that these common risk vari-
ants in combination significantly contribute to disability progres-
sion in early MS. Participants having more risk alleles had a 
significant positive association with higher ΔEDSS compared 
with those having less: for example, the annual change in EDSS 
for those who had ≥6 risk alleles was 0.38 EDSS points greater 
per year than those who had ≤3 alleles.

When examining the interaction between lipid levels and the 
CGRS, we found that the combination of the CGRS and the lipid 
variable explained 26% and 27% of the variance in MS disability 
progression for HDL and TC:HDL ratio, respectively. This is 
significantly more than would be expected from the individual 
effects, suggesting a strong gene−environment interaction. This, 
along with the observation that the lipid CGRS modulated the 
association between serum lipid profile and ∆EDSS, supports the 
joint role of genetic and lifestyle factors in MS progression and 
also strongly supports the validity of this methodology.

As noted in the results, among the five lipid-related SNPs, 
rs17173637 and rs2277862 had conflicting effects on ΔEDSS 
where their effects on the corresponding lipid profiles would 
predict the opposite effect on ΔEDSS. There are three possible 
explanations for this. First, no SNP reached significance based 
on the strict multiple testing criteria; therefore, it may represent 
type I error and, therefore, these conflicting associations with 
EDSS are simply spurious. Second, considering the large effect 
of the CGRS on disability change, it may reflect the complex 
interaction between SNPs in predicting outcomes,21 where the 
combination of the five lipid-related SNPs synergistically affects 
the risk of disability progression. Third, the effect of the SNPs 
may be pleiotropic and thus not just reliant on their effects on 
specific lipid parameters.22 That is, the five lipid-related SNPs 
along with environmental factors produced a synergistic effect 
on ΔEDSS, rather than a simple linear pathway. Regardless, 
when restricting to the three SNPs with a consistent direction of 
effect on lipid profiles and ΔEDSS, the CGRS was still strongly 
significant and still explained 9% of the variance in ΔEDSS.

A major strength of this study is the long follow-up time, 
allowing for clinically meaningful disability change. Stable 
disability progression and measurement has been documented 
at 4 years’ disease duration, so our 5-year longitudinal assess-
ment of EDSS should allow reliable measurement of disability 
change.23 Furthermore, potential environmental confounding 
factors were measured before disability change, and along with 
the inherited nature of genetic variation, reverse causality should 
not be an issue. The major limitation of our study is the sample 
size. Although a sample size of 184 participants is reasonable 
when considering the long follow-up and restriction to only those 
who had definite MS, it is difficult to reach stringent measures 
of statistical significance, the fairly conservative multiple testing 
approach, Bonferroni correction, may increase type II error (false 
negatives).24 Therefore, we used other methods to overcome this 
shortcoming, including allele dose response, cumulative genetic 
risk score analyses, permutation analyses and interaction anal-
yses. However, there still remains a risk of both type I and type 
II error in this analysis and replication in other similar cohorts 
would significantly strengthen these findings.

These results may have implications for the controversial results 
of randomised controlled trials investigating statin therapy—
either alone or in combination with standard disease-modifying 

treatment—on clinical outcomes in MS, where statin therapy 
reduced the rate of disability progression in some studies,25–28 
but showed no evidence of a protective effect in others.29 30 It 
may be that these therapies are efficacious only in those with a 
genetic risk profile disposing them to have negative impacts of 
dyslipidaemia on MS progression, along the lines of that seen 
for breast cancer and other conditions.31 Therefore, people 
having these risk polymorphisms may obtain benefit in reducing 
or modulating the rate of disability accumulation through inter-
ventions that modulate an adverse lipid profile, including statin 
therapy.

Many studies have shown that lipids play a crucial role in 
MS disability progression as noted in the introduction. More-
over, people with MS with vascular comorbidities (where an 
adverse lipid profile is a significant risk factor) showed more 
rapid disability progression.7 In addition to these effects of lipids 
on MS progression, lipid profile may play a crucial role in the 
development of early MS lesions; indeed, some have argued 
that MS is a disease resulting from a disorder of lipids.32–34 
Our results suggest that the nominally ΔEDSS-associated SNPs 
may be near or within genes that have significant effects on 
MS disability progression. For example, the SNP rs2013208 
showed a strong association with coronary artery disease,12 and 
a correlation between disability progression in MS and increased 
risk of coronary artery disease has been shown in a case–control 
study.35 Also, rs2013208 is located within an intron of the gene 
RBM5, which encodes a long non-coding RNA binding protein 
whose aberrant expression has been implicated as an under-
lying driver of MS causation.36 The SNP rs17173637, located 
within an intron of TMEM176A, is significantly upregulated in 
whole blood samples of people with MS.37 The SNP rs2033529 
may exert its function through its nearest gene, LRFN2, which 
is one of the most important genes involved in regeneration 
of neuronal processes in MS.38 However, whether these SNPs 
influence disability progression through lipids/BMI levels or by 
interacting with other established MS genetic risk loci similar to 
their interactions in MS onset39 need to be further investigated 
in functional studies.

In conclusion, our study supports a role for genetic vari-
ants that modulate lipid profiles in MS disability progression. 
By using the aggregation of multiple lipid-related SNPs into a 
CGRS, we found that the CGRS was significantly associated 
with increased disability progression in early MS, and the model 
of the combination of the lipid variable and the CGRS explained 
more than one quarter of the variation in disability progression 
in this cohort. The interaction between the CGRS and lipids 
in predicting disability progression provides further genetic 
evidence for a link between lipids and MS disability progression 
where both environmental and genetic factors influence the rate 
of change in disability. Validation in other cohorts and investi-
gations into the molecular mechanisms and thus potential thera-
peutic targets would be the appropriate next step.
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