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Summary 
 
Diseases that have a inherited genetic basis are often found to “run in families” due to 
the transmission of disease genes from one generation to the next.  The existence of 
families with multiple members affected by MS suggests that inherited genes influence 
the risk of developing MS, at least in some people.  Further proof that MS is at least 
partially heritable comes from studies showing that relatives of people with MS are 
themselves at increased risk of developing the disease; that this increased risk is 
greatest for first-degree relatives; and that this risk is not solely due to shared 
environmental factors.  Definitive proof that MS is at least partially heritable will come 
with the pinpointing of the specific genes that predispose a person to MS.   
 
Hypothesis 
 
Stably inherited genetic factors (as distinguished from spontaneous genetic mutations) 
either cause MS or influence susceptibility to MS. 
 
Experimental tests of the hypothesis 
 
The types of studies that have been performed to investigate whether susceptibility to 
MS is influenced by inherited genetic factors include: 
 
1.  Documentation of high-risk populations and extended families containing 
multiple members affected by MS 
Initial evidence that a disease has an inherited component may come from observations 
of extended families containing multiple affected members or populations with elevated 
prevalence of disease.  Various reports of this type can be found in the MS literature1-5.  
Two of these studies even traced the lineage of extended MS families back to the 
original common ancestors3, 5. 
 
2.   Studies of the families of individuals with MS to calculate the percentage of 
people with MS who have affected family members 
Several studies have characterized the familial nature of MS by computing the 
percentage of MS subjects who have one or more affected family members; this 
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percentage ranges from less than 10% to 33%, depending on the study and the 
population characterized6-10.   
 
3.   Calculations of the incremental MS risk borne by blood relatives of people with 
MS above the risk seen in the general population 
Another way to demonstrate that genes play a role in a given disease is to show that 
family members of an affected individual are at higher risk than normal of developing the 
disease themselves.   
 
A special case of this type of study is the twin study.  Studies performed of twins in 
Canada, Finland, France, Denmark, Italy and the British Isles consistently demonstrate 
that monozygotic twins with a nearly-identical genetic makeup have a higher 
concordance rate than dizygotic twins who have roughly half of their genes in common11-

20.  Concordance rates varied among the studies, with higher rates reported in 
geographical regions with relatively high MS prevalence overall and lower rates 
elsewhere.  For example, one study of a high-prevalence region (Canada) found 
concordance rates of 25.3% in monozygotic (MZ) twins and 5.4% in dizygotic (DZ) 
twins17 while in continental Italy the respective rates were 14.5% and 4.0%19.  One study 
found concordance in approximately 40% of MZ and 10% of DZ twin pairs when 
subclinical disease activity as indicated by MRI abnormalities typical of MS was 
included16. 
 
Other studies have examined the prevalence of MS among parents, children, siblings, 
aunts, uncles, etc. of people with MS in various populations21-28.  Each of these showed 
an increased recurrence rate in first-degree relatives, estimated to be as high as 5% for 
first-degree relatives and even higher in the case of children whose parents both had 
MS.   (General population risk depends on the geographic area studied but is 
approximately 0.1% in high-risk areas such as northern Europe, the northern U.S. and 
Canada.)  Increased risk to second- and third-degree relatives has also been 
investigated; for example, one study found the risk for aunts and uncles of people with 
MS to be 0.66% (the risk to parents, siblings and children was 1.6 to 2.1%)24.  An 
investigation of a Sardinian population found that the recurrence risk was greater in 
siblings of MS subjects having an onset age less than 30 years and in those having a 
relative with MS other than a sibling or parent5.   
 
In addition to being at higher risk for developing MS, siblings of people with MS were 
shown by one study to carry an increased risk over population controls of having 
subclinical characteristics such as CSF-enriched oligoclonal bands, increased CSF IgG 
antibody titers and elevated serum titers for measles IgG antibody29.  An imaging study 
also found focal white matter lesions in up to 10% of asymptomatic first-degree relatives 
of people with familial or sporadic MS; however, no evidence of widespread tissue 
damage was seen in these individuals30.  
 
4.   Studies of conjugal, adoptive, and half-sibling relationships to distinguish the 
effect of inherited genetic factors from environmental factors  
Because it is possible that the increased risk to family members could simply be due to 
common environmental exposures, several studies have sought to separate the genetic 
and environmental components of MS susceptibility.  One study of adoptive families 
showed that non-biological relatives living with someone with MS were at no higher risk 
of developing MS than the general population31.  Another study of half-siblings found no 
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greater risk for those siblings raised with an affected individual vs. those who were 
raised apart23.  Finally, studies of spouses and stepsiblings of MS subjects have found 
their risk to be similar to that of the general population26, 32, 33.   
 
Conclusions 
 
Susceptibility to MS appears to be influenced by inherited genetic factors, at least in the 
approximately one-fifth of people with MS belonging to families in which multiple cases 
are found.  The existence of multiply affected families and higher prevalence in certain 
populations/lineages than in others suggests the involvement of either inherited genetic 
factor(s) and/or common environmental factor(s) affecting people within a close family 
group.   
 
Support for the involvement of stably inherited genetic susceptibility factors is provided 
by several observations:  (1) an increased risk to relatives which drops off with genetic 
distance; (2) significantly higher concordance for monozygotic twins (20-30%) than for 
dizygotic twins or other siblings (approximately 3%); (3) the results of adoption, half-
sibling and conjugal studies that rule out environmental factors as the only cause of 
increased risk in familial MS.   
 
However, inherited genetic factors do not by themselves cause MS.  The lack of 
complete concordance in monozygotic twins indicates that other factors must be 
involved (such as spontaneous or somatic mutations and/or environmental factors).  In 
addition, 80% of people with MS do not report having an additional affected relative.   
While there are various ways of explaining this phenomenon, such as a multifactorial 
disease model requiring certain combinations of inherited and non-inherited factors, it is 
also possible that some of these “sporadic” cases develop without the involvement of 
any inherited susceptibility genes.   
 
Family-based linkage and association studies have sought to identify the inherited 
genetic factors that influence MS risk by searching for genetic loci that segregate with 
the affected members of families (for example, see Bertrams and Kuwert, 197634).  
These studies provide preliminary confirmation that certain genetic susceptibility 
factor(s) can be transmitted from one generation to the next (see the analyses on 
susceptibility gene location for more information).  Finding a specific gene or genes that 
can be shown to influence susceptibility to MS and whose MS-associated alleles are 
stably inherited (versus mutating spontaneously into a pathogenic form) will greatly 
elucidate the role played by inherited factors in the development of MS.  Other research 
into environmental factors and spontaneous genetic changes will explain why inherited 
factors do not completely determine MS susceptibility in general. 
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