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Introduction
Multiple sclerosis (MS) is a complex, neurode-
generative disease with a heterogeneous disease 
course. It is associated with an array of symptoms 
that vary both over time and among individuals. 
For patients with relapsing−remitting MS, the 
reduction of the frequency of relapses is a key 
therapeutic goal. As such, research attention in 
recent years has focused on the development of 
pharmacological strategies to reduce this relapse 

risk. However, it must also be recognized that 
individuals are often diagnosed in early adulthood 
and therefore encounter a variety of common 
experiences that must be managed within the 
context of their chronic illness.

Recognition of factors that might impact on the 
MS disease course is an important component of 
the ongoing care plan for patients with MS. 
Implementing effective strategies to mitigate health 
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risks for patients with MS will empower individu-
als with this debilitating disease to pursue their life 
goals, with adequate knowledge and minimized 
disruption. Although these factors are essential 
considerations with respect to intended or contin-
ued treatment with disease-modifying therapies 
(DMTs), healthcare professionals are also ideally 
placed to offer broader lifestyle support in addition 
to symptomatic management of the disease.

The majority of individuals diagnosed with MS 
are women of childbearing age and hence family 
planning and pregnancy-related questions are a 
common concern [Orton et al. 2006]. In this arti-
cle we review the genetic risk factors for MS as 
well as pregnancy-related issues. We also consider 
a number of other factors that require careful 
consideration and planning for patients with MS, 
including the management of infections, vaccina-
tions, surgery and the emergence of osteoporosis.

Methods
We conducted an extensive MEDLINE search 
covering publications on all topics that are dealt 
with in this article combined with the term ‘mul-
tiple sclerosis’, during the period 1985–2012.

Genetic risk factors
The concept of genetic inheritance and family risk 
is of considerable importance to patients with MS, 
particularly if they are planning a family, to help 
them make the necessary informed medical and 
personal decisions. Both a predisposing set of 
genes and certain, yet unidentified, environmental 
triggers are required for a person to develop MS 
[Ascherio and Munger, 2007a, 2007b; Baranzini, 
2009]. The disease is most common among people 
of northern European origin, and a female:male 
ratio of approximately 2.5:1 has been noted 
[Pugliatti et  al. 2002]. Approximately 15% of 
patients with MS have a positive family history of 
the disease, and the overall age-adjusted risk in the 
general population is approximately 0.3% [Dwosh 
et al. 2003]. Recurrence among monozygotic twins 
is approximately 35%, which reflects the degree of 
genetic contribution. The estimated risk to the sib-
lings of a proband is 3–5%, increasing to 29.5% if 
one or both parents have MS. Risk to the offspring 
of a patient with MS is 2–3% and higher if both 
parents have MS (20%) [Dwosh et al. 2003].

A complex multifactorial aetiology, including 
interactions of genetic and environmental factors 

is likely. Similar aetiology to several other com-
mon diseases is typical, for example, rheumatoid 
arthritis or diabetes mellitus type I [Baranzini, 
2009]. Large-scale genome-wide association 
studies have helped to identify several genes asso-
ciated with disease susceptibility, the most impor-
tant of which include HLA-DRB1, IL7R 
(CD127), IL2R and SOCS1 [Gregory et al. 2007; 
Hafler et  al. 2007; Oksenberg et  al. 2004; 
Vandenbroeck et  al. 2012; Zhang et  al. 2011; 
Sawcer et  al. 2011]. These polymorphic genes 
may work independently and/or interact with 
each other, and will exert a minor or moderate 
effect on the development of MS [Burrell et  al. 
2011; Mkhikian et al. 2011].

Pregnancy and multiple sclerosis
Pregnancy is typically a stabilizing period in the 
clinical course of MS. During the third trimester, 
the MS relapse rate can be up to 70% lower com-
pared with prepregnancy, but aggravation of the 
disease is commonly seen during the first 3 
months after delivery [Confavreux et al. 1998]. A 
high frequency of attacks before pregnancy, 
relapses during pregnancy and a high level of 
physical disability at pregnancy onset have been 
identified as predictors of postpartum attacks 
[Vukusic et al. 2004].

Currently, there is no evidence that patients with 
MS are more susceptible to pregnancy or deliv-
ery-related complications, such as ectopic preg-
nancy, pre-eclampsia, gestational diabetes 
mellitus, prolonged labour or miscarriage, than 
women in general, nor are their infants more 
likely to be delivered preterm, to be of low birth 
weight, have malformations or experience an 
early death [Dahl et al. 2005; Mueller et al. 2002; 
Sadovnick et  al. 1994; Worthington et  al. 1994; 
Jalkanen et al. 2010]. Fertility problems are also 
uncommon in women with MS. However, com-
pared with healthy pregnant women, there is a 
higher frequency of operative deliveries among 
pregnant women with MS. This may be due to 
MS-related symptoms, such as neuromuscular 
perineal weakness and spasticity, in addition to 
fatigue and exhaustion [Dahl et  al. 2005; Kelly 
et al. 2009]. Delivery anaesthesia should be cho-
sen based on normal obstetric indications. 
Epidural analgesia during delivery is not known 
to be associated with an increased risk of post-
partum flares or disability in women with MS 
[Confavreux et al. 1998]. Although the number 
of studies addressing the potential impact of 
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immune-modulating agents on pregnancy and 
neonatal outcomes is increasing, there is not yet 
sufficient information to draw any reasonable 
conclusions. A significant proportion of women 
with MS may be exposed to DMTs during preg-
nancy [De Las Heras et al. 2007]. In one small 
prospective study, interferon β was associated 
with an increased risk of spontaneous abortion 
and lower birth weight of the newborn [Boskovic 
et  al. 2005], but other investigators considered 
the drug to have an acceptable safety profile in 
terms of pregnancy outcome [Sandberg-
Wollheim et  al. 2005; Patti et  al. 2008; Amato 
et al. 2010; De Las Heras et al. 2007]. A retro-
spective study among 311 women with uninten-
tional DMT exposure during early pregnancy 
identified a trend towards a greater risk of assisted 
vaginal delivery but failed to identify any remark-
able perinatal outcomes [Lu et al. 2012]. As the 
study samples are small, the safety of these medi-
cations has not been fully established and thus 
discontinuation of DMTs prior to pregnancy 
must still be recommended. Due to adverse 
events in animal studies (increased abortion 
rate), interferon β and glatiramer acetate have 
been given a US Food and Drug Administration 
(FDA) pregnancy category B or C rating. It is 
generally considered sensible to discontinue 
interferon β and glatiramer acetate treatment 1–2 
months (in line with label recommendations) 
before the discontinuation of contraception in 
order to allow the woman’s immune system to 
recover from the effects of DMT before concep-
tion. In the case of an unplanned pregnancy, the 
drug should be discontinued when the pregnancy 
is confirmed, and there is no need for termina-
tion of the pregnancy. Natalizumab treatment 
should be discontinued 3 months before cessa-
tion of contraception (type U recommendation), 
and fingolimod treatment should be discontin-
ued at least 2 months before cessation of contra-
ception, as experience from exposure to these 
drugs during pregnancy is still limited and they 
may well be harmful to the fetus [Cree, 2013; 
Cristiano et  al. 2012; Novartis Pharma GmbH, 
2012]. A disabling relapse during pregnancy may 
be safely treated with a course of intravenous 
immunoglobulin or, after the first trimester, with 
high-dose methylprednisolone, or with plasma-
pheresis in a more severe clinical situation.

The prevalence of breastfeeding was very high 
(90%) in a cohort of German mothers with MS 
[Hellwig et al. 2008]. This observation is in stark 
contrast to a southern European MS population, 

where only 28.6% of mothers with MS chose to 
breastfeed their babies [De Las Heras et al. 2007]. 
Breastfeeding is considered beneficial for the 
mother−baby relationship and it reduces the inci-
dence of infections and allergies experienced by 
the baby [Oddy, 2004]. Moreover, women with 
MS who breastfeed their babies tend to have a 
lower relapse rate than women who do not breast-
feed [Confavreux et al. 1998; Langer-Gould et al. 
2009]. However, this does not necessarily mean 
that breastfeeding mothers experience fewer 
relapses due to a biological impact of breastfeed-
ing on MS disease activity. It might rather imply a 
selection bias: mothers with nonactive prepreg-
nancy disease choose to breastfeed, and the pat-
tern of low disease activity continues after the 
delivery [Airas et al. 2010; Amato et al. 2010]

The postpartum period is a more challenging 
time regarding controlling the disease activity, as 
treatment with azathioprine, fingolimod, glati-
ramer acetate, interferon β, mitoxantrone or 
natalizumab is not recommended during breast-
feeding (type U recommendation). One thera-
peutic option is intravenous immunoglobulin, 
which is not contraindicated to use during breast-
feeding and which has been suggested to reduce 
disease activity in patients with relapsing−remitting 
MS [Fazekas et al. 1997], although in a later study 
no benefit could be demonstrated [Fazekas et al. 
2008]. A retrospective study suggested that intra-
venous immunoglobulin may be efficient in pre-
venting postpartum relapses [Achiron et al. 2004], 
a finding subsequently confirmed in a more recent 
observational study [Hellwig et  al. 2009]. 
However, randomized, placebo-controlled study 
data are still lacking.

Vaccinations
A small number of case reports have suggested a 
relationship between vaccination and MS relapses 
or early disease onset [Gout et al. 1997; Tartaglino 
et  al. 1995; Stewart et  al. 1999]. A large case–
crossover study in France conducted to assess 
whether vaccination increased the risk of relapse 
in MS failed to demonstrate any increase in the 
short-term risk of relapse in MS following vacci-
nation [Confavreux et  al. 2001]. A number of 
additional studies have also failed to demonstrate 
vaccination as a causative agent for MS [DeStefano 
et al. 2003; Sievers and Heyneman, 2002].

Many patients with MS receive immunosuppres-
sive or immunomodulatory therapy, which could 
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render them more susceptible to infections and 
may affect their ability to respond to immuniza-
tion [Löbermann et al. 2012]. Inactivated vaccines 
are generally considered safe for patients with MS, 
including those who are taking interferon, glati-
ramer acetate, mitoxantrone or natalizumab. 
However, readministration of the vaccines is rec-
ommended, once immune competence has been 
restored [Cahill et al. 2010]. The use of live atten-
uated vaccines may carry a risk of infections and 
complications in patients receiving immunosup-
pressants, including steroids, and should therefore 
be avoided [Cahill et al. 2010]. While live attenu-
ated vaccines are considered safe for patients 
receiving an immunomodulator such as glatiramer 
acetate or interferon [Goldman et al. 2006], physi-
cians should refer to specific guidelines before 
administering vaccines in patients with MS. For 
the more recently approved agents (natalizumab, 
fingolimod and teriflunomide), there are relatively 
few data on the concomitant use of live attenuated 
vaccines and current guidance is summarized 
here. The administration of live attenuated vac-
cines in patients receiving fingolimod should be 
avoided due to a possible risk of severe infections 
[Novartis Pharma GmbH, 2012] and is also not 
recommended for patients receiving teriflunomide 
[Genzyme, 2012]. The long half life of terifluno-
mide should be considered when contemplating 
the use of a live attenuated vaccine after discon-
tinuation of this compound [Genzyme, 2012]. 
Live attenuated vaccines should be avoided for 
patients currently taking immunosuppressant 
medications and for a period of 3 months after 
discontinuation of treatment [Cahill et al. 2010].

The consensus of the Immunization Panel of the 
Multiple Sclerosis Council for Clinical Practice 
Guidelines, based on available research data, is 
that ‘patients with multiple sclerosis should not 
be denied access to health-preserving and poten-
tially life-saving vaccines’ [Multiple Sclerosis 
Council for Clinical Practice Guidelines; 
Paralyzed Veterans of America, 2001]. The panel 
noted that ‘vaccination for patients experiencing a 
relapse of multiple sclerosis should be delayed 
until the patient has stabilized clinically, generally 
4 to 6 weeks after onset of relapse’ [Multiple 
Sclerosis Council for Clinical Practice Guidelines; 
Paralyzed Veterans of America, 2001].

Hepatitis B vaccination
Concerns have been raised regarding a potential 
relationship between hepatitis B vaccination and 

MS relapses [Faure, 2005; Herroelen et al. 1991; 
Monteyne and André, 2000; Ozakbas et al. 2006; 
Salleras et al. 2006]. The concerns relate, in part, 
to a report from France in the mid 1990s of a 
possible increase in autoimmune diseases, includ-
ing MS, after hepatitis B vaccination. However, 
efforts to confirm this report have been unsuc-
cessful, and two separate studies have concluded 
that there is no evidence of an association 
between hepatitis B vaccination and the risk of 
either developing MS or MS relapse [Ascherio 
et al. 2001; Sadovnick and Scheifele, 2000; Zipp 
et al. 1999].

Influenza vaccination
An increase in the rate of MS relapses is known to 
be associated with influenza [De Keyser et  al. 
1998]. However, a study published by DeStefano 
and colleagues indicated that vaccinations for 
influenza, hepatitis B, tetanus, measles and rubella 
are safe for patients with MS and are not associ-
ated with an increased risk of the development of 
MS or optic neuritis [DeStefano et al. 2003]. A 
study by Cahill and colleagues recommends that 
patients with MS, and their physicians, should 
consider, unless there are specific contraindica-
tions, the influenza vaccine as a safe and effective 
prophylactic option in advance of the influenza 
season [Cahill et  al. 2010]. The live attenuated 
influenza virus vaccine (nasal), however, is not 
recommended for people with MS [National 
Multiple Sclerosis Society, 2013a].

Tetanus vaccination
Vaccination against tetanus is associated with a 
lower risk of relapse [Confavreux et al. 2001]. A 
study that utilized data from the European data-
base for MS (EDMUS) showed that the risk of 
MS was not increased after tetanus vaccination 
[Confavreux et al. 2001]. Hernán and colleagues 
also found that the risk of MS relapse was lower 
among people following tetanus vaccination than 
in people who had not received the vaccination 
[Hernán et al. 2006].

Human papillomavirus vaccination
Human papillomavirus (HPV) vaccination was 
approved in 2007 for the prevention of cervical 
cancer and vulvar and vaginal dysplasia in female 
patients aged 9–26 years. In 2009, six cases of 
demyelination syndrome were described following 
immunization with this vaccine [Sutton et  al. 
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2009]. The aetiology of these observations is 
unclear. The immune modulators approved by the 
FDA for use in MS are not believed to contraindi-
cate HPV vaccination; mitoxantrone, like other 
immunosuppressive agents, would likely interfere 
with effective immunization. The Centers for 
Disease Control and Prevention (CDC) stated 
that there is no contraindication for the use of this 
vaccine in patients with MS [CDC, 2002].

Measles, mumps and rubella
A recent cohort study in Sweden revealed no 
change in MS incidence associated with the intro-
duction of the measles, mumps and rubella 
(MMR) vaccination [Ahlgren et al. 2009]. Other 
studies also showed no increased risk of MS with 
this vaccine [Confavreux et al. 2001; DeStefano 
et  al. 2003]. However, it is possible that MMR 
vaccination could provoke severe adverse events 
among patients who are immunosuppressed.

Other vaccinations
There are no studies regarding the risk of diphthe-
ria and MS. However, a European database study 
reported in 2001 suggested that the risk of an MS 
relapse was not increased following diphtheria 
vaccination [Confavreux et al. 2001]. The yellow 
fever vaccine (live vaccination) is not recom-
mended for patients who are immunosuppressed, 
including those receiving immunosuppressive 
therapy, because of side effects and the risk of 
relapses [Farez and Correale, 2011]. For example, 
there have been reports of encephalitis after this 
vaccination [Löbermann et al. 2010; CDC, 2002]. 
Smallpox vaccination should be given only to 
patients with MS who have been directly exposed 
to the smallpox virus [Goldman et al. 2006].

Before initiating treatment with fingolimod, 
patients without a history of chickenpox or with-
out vaccination against varicella zoster virus 
(VZV) should be tested for antibodies to VZV. 
VZV vaccination of antibody-negative patients is 
recommended prior to commencing treatment 
with fingolimod, following which initiation of 
treatment with fingolimod should be postponed 
for 1 month to allow the full effect of vaccination 
to occur [Novartis Pharma GmbH, 2012].

Environmental considerations
The imbalanced distribution of MS across the 
world can be attributed to differences in genes 

and environment and their interaction. Ethnic 
origin plays a part in the development of MS: 
studies have shown a lower prevalence of MS in 
African American, Japanese and Chinese popula-
tions, and a higher prevalence in European and 
American populations [Ramagopalan et al. 2010]. 
An identical twin has approximately a 30% chance 
of developing MS if their twin already has the dis-
ease. Therefore, genes are needed for developing 
MS, but the environmental factors play an impor-
tant role in determining MS risk.

The identification of environmental risk factors is 
difficult because no single factor in isolation 
appears to be responsible for the development of 
the disease [Koch et al. 2013].

The most involved environmental factors in the 
development of MS are vitamin D deficiency and 
low exposure to sunlight, cigarette smoking and 
Epstein−Barr virus (EBV) infection. Some of 
these factors not only increase the risk of MS, but 
also impact on the MS disease course.

Vitamin D
For many years,  the existence of a latitude gradi-
ent has been described, with a lower MS inci-
dence for populations closer to the equator 
[Kurtzke, 1995], and a higher MS incidence 
linked to populations nearer to the North or 
South Poles. Exposure to sunlight may explain 
the strong latitudinal gradient in Australia and 
New Zealand, mediated by skin production of 
vitamin D3. Later studies have confirmed, how-
ever, that the previously reported latitudinal gra-
dient of incidence of MS in Europe and North 
America does not seem to be preserved [Wallin 
et al. 2004; Koch-Henriksen and Sorensen, 2011]. 
A contributory explanation for the missing latitu-
dinal gradient for incidence may be changes in 
environmental factors (smoking, viruses, nutri-
tion), and changes to lifestyle across Europe and 
North America.

The ultraviolet B radiation of sunlight converts 
cutaneous 7-dehydrocholesterol to vitamin D3, 
via two hydroxilation steps to the active form of 
vitamin D (1,25–dihydroxyvitamin D3) 
[Ramagopalan et al. 2011]. The consumption of 
fatty seafood and cod liver oil, both rich sources 
of vitamin D, has been noted to provide protec-
tion against the risk of MS [Ramagopalan et al. 
2010]. Vitamin D has multiple immune-regulat-
ing functions, such as decrease or inhibition of 
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the production of proinflammatory cytokines, 
stimulation of regulatory T-cell activity and 
blocking of the production of nitric oxide by 
microglia [Döring et  al. 2013]. The HLA-
DRB1*1501 allele associated with MS is upregu-
lated by 1,25 (OH)2D via vitamin D responsive 
elements [Ramagopalan et al. 2009].

Epidemiological data support a potential rela-
tionship between vitamin D deficiency and an 
increased risk of developing MS. Some retrospec-
tive and prospective studies have shown that vita-
min D has a protective effect against MS. In a 
large case–control study of US military personnel 
it was observed that vitamin D levels were related 
to the risk of developing MS [Munger et al. 2006].

There is also a lot of evidence towards the notion 
that vitamin D influences the disease course of 
MS. Evidence for an association between vitamin 
D and relapses and disability comes from some 
studies that found a decrease of relapses and less 
disability in patients with MS with higher serum 
vitamin D levels [Smolders et al. 2008; Simpson 
et  al. 2010]. A prospective study found that the 
intake of more than 400 IU/day of vitamin D 
reduces the risk of developing MS by 40% 
[Munger et al. 2004].

Nonetheless, although clinical transversal studies 
also support a beneficial role of vitamin D in pre-
venting relapse and disease progression, prospec-
tive randomized controlled studies are necessary 
to confirm these results and to determine the 
adequate dose. Assessing the level of vitamin D in 
patients with MS in order to maintain normal 
accepted values (75–200 nmol/litre) should be 
recommended [Mehta et  al. 2011; Pierrot-
Deseilligny and Souberbielle, 2013].

Epstein−Barr virus
Some viruses (herpes simplex virus types 1 and 2, 
human herpes virus 6, EBV, measles) have been 
described as MS risk factors; evidence is greatest 
for EBV infection. It is not clear whether the EBV 
infection could be the cause or consequence of 
MS or whether these observations are merely a 
coincidence, as more than 90% of the healthy 
adult population are infected by EBV and it is a 
leading candidate trigger for several other auto-
immune diseases [Giovannoni et al. 2006]. People 
with high titres of anti-EBV have a higher risk of 
developing MS compared with those with low 
titres [Sundström et al. 2004]. Seronegativity for 

EBV is associated with a very low risk of MS. A 
retrospective study including 1779 patients with 
MS and 2526 non-MS controls showed an odds 
ratio (OR) of 0.06 [95% confidence interval (CI): 
0.03–0.13] for developing MS in seronegative 
individuals compared with seropositive ones 
[Ascherio and Munger, 2007a]. Some recent 
studies indicate that adults with a history of an 
infectious mononucleosis carry a moderately 
higher risk of developing MS compared with the 
general population [Thacker et al. 2006].

Studies on the association of EBV infection with 
the disease course of MS have shown conflicting 
results. Two studies showed an association 
between an increase in gadolinium-enhancing 
lesions [observed using magnetic resonance imag-
ing (MRI)] and serum antibody EBV titres in 
patients with MS, but no relation with disability 
or relapses was reported [Koch et  al. 2013]. 
Theoretically, a role for EBV in MS pathogenesis 
is plausible, since the EBV affects the immune 
function; it remains latent within the memory B 
lymphocytes and it can have an epigenetic effect 
on the DNA and the transcription of the genes 
involved [Fernández-Fernández et al. 2011].

Higher anti-EBV nuclear antigen (EBNA) levels 
and HLA-DRB1*15 positivity appear to be inde-
pendent risk factors for MS, although their cooc-
currence results in a marked increase in MS risk 
(e.g. 10 fold) compared with just having one [De 
Jager et al. 2008]. Infectious mononucleosis and 
ultraviolet B radiation exposure can explain an 
important proportion of the heterogeneity of MS 
[Ramagopalan et al. 2011].

Smoking
Smoking has been suggested to increase the risk 
of MS. One study showed that the cumulative 
exposure to smoking was associated with an 
increased incidence of MS [Hernán et al. 2001], 
and a meta-analysis gave a pooled OR for devel-
oping MS of 1.51 for smokers compared with 
nonsmokers [Hawkes, 2007]. Active smokers are 
at a higher risk than passive smokers, and the pas-
sive smokers have a higher risk than nonsmokers 
[Ascherio and Munger, 2007b]. Nevertheless, the 
strength of association is moderate. The explana-
tion of the implication of smoking in MS could be 
due to a direct toxic effect of the nicotine on 
immunity or an increase in the level of toxicity 
through nitric oxide production caused by the 
free radicals in tobacco smoke [Fusby et al. 2010].
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Other environmental factors
There is an association of month of birth and the 
risk of developing MS in some countries (e.g. 
Scotland) but not in others (e.g. Sardinia). 
People born in spring seem to have a higher risk 
of developing MS than those born in autumn 
because of the ultraviolet radiation effect [Willer 
et al. 2005].

A transient worsening of neurological symptoms 
caused by an increase in body temperature is 
known as Uhthoff ’s phenomenon; factors include 
exposure to high ambient temperatures, exercise, 
fever, infection, perimenstrual period or psycho-
logical stress [Frohman et  al. 2013; Sá, 2012]. 
The physiopathological basis for Uhthoff ’s phe-
nomenon has been attributed to changes in the 
electrical properties of demyelinated axons upon 
raised body temperature [Sá, 2012]. Patients are 
therefore usually advised to avoid situations that 
might increase the body temperature [Sá, 2012].

There is sufficient evidence that parasite infec-
tions are correlated with reduced disease activity 
in MS, including a reduction of relapses, less 
accumulation of disability and fewer new 
enhancing lesions in MRI associated with infec-
tion. The parasitic infection produces an immu-
nological response with increases in the levels of 
T helper 2 anti-inflammatory and regulatory T 
and B cells, which could benefit the course of 
MS [Correale and Farez, 2007, 2011]. For these 
reasons, two pilot trials focusing on the ingestion 
of helminth eggs have already begun. A new 
hypothesis proposes that alterations in certain 
populations of bacteria in the gut can trigger a 
proinflammatory response or protect against 
inflammation in experimental autoimmune 
encephalomyelitis [Ochoa-Repáraz et  al. 2011] 
and these responses could be modified by antibi-
otics or diet.

Improving our understanding of the environmen-
tal factors involved in the development and pro-
gression of MS will lead to new and more effective 
approaches for the prevention of this disease 
[Ascherio et  al. 2012]. Some of these environ-
mental risk factors are modifiable and changing 
them could improve the course of the disease or 
avoid it.

Vitamin D supplementation in people with vita-
min D deficiency or insufficiency due to reduced 
sun exposure or inadequate vitamin D intake 
could have a great effect on the prevention of 

MS. Not smoking or smoking cessation may 
influence the risk of MS and disease progression. 
Inhibiting EBV infection would seem to be a 
potential option for preventing MS. The possibil-
ity of an EBV vaccination should be carefully 
investigated.

Surgery
The majority of patients with MS are young 
adults with no other concomitant diseases, 
whose risks during elective surgical procedures 
are about the same as in the general population. 
MS is generally not a reason to avoid having 
surgery. There is no evidence to suggest that the 
stress of surgery will bring on a relapse of MS 
[National Multiple Sclerosis Society, 2013b]. 
As a precaution, surgery should be performed 
during stable disease phases or after the initia-
tion of an appropriate therapy [Kompetenznetz: 
Multiple Sklerose, 2013].

Generally, in the absence of complications, 
patients with MS who undergo surgery do not 
find that it impacts their neurological status. 
Infection or fever, however, may tend to aggravate 
symptoms of MS. Patients who have severe mus-
cle weakness and who have been confined to bed 
for more than several days may find it harder to 
recover from surgery; physical therapy could be 
useful in these instances [National Multiple 
Sclerosis Society, 2013b].

The risks of anaesthesia are generally not greater 
in patients with MS; standard anaesthesia can be 
tolerated without undue risk [NCC-CC and 
NICE, 2003]. All forms of anaesthesia are con-
sidered safe for pregnant women with MS dur-
ing labour and delivery. There are very few 
studies on the effects of anaesthesia and surgery; 
however, the few completed showed that there is 
no association between anaesthesia and the dete-
rioration of MS [Bader et  al. 1988; Kyttä and 
Rosenberg, 1984; Bamford et  al. 1978]. There 
are no specific interactions between the drugs 
used for anaesthesia and MS [Schneider, 2005]. 
Patients should be informed that there is no 
increase in the risk of relapse [NCC-CC and 
NICE, 2003].

Overall, patients with severe, advanced MS who 
are seriously weakened by the disease could 
experience anaesthetic complications. Patients 
with bulbar and respiratory involvement are at 
risk of airway compromise, hypoventilation and 
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atelectasis [Dorotta and Schubert, 2002]. 
Perioperative infections and fever can exacerbate 
symptoms, so the anaesthetic plan should 
include body temperature and respiratory moni-
toring and other measures to prevent hyperther-
mia and infections [Dorotta and Schubert, 
2002]. Patients with MS should be carefully 
monitored postoperatively. Elevated body tem-
perature should be anticipated and treated 
aggressively [Dorotta and Schubert, 2002].

Osteoporosis
Patients with MS have a higher risk of fractures, 
lower bone mineral density (BMD) and osteopo-
rosis than their age-matched and gender-matched 
peers. Osteoporosis is a major cause of morbidity 
and mortality, and is more common in patients 
with MS than the general population [Dobson 
et  al. 2012]. The causes could be the limited 
mobility, low vitamin D levels and smoking 
[Goldman et  al. 2006]. Mutations in the gene 
CYP27B1, when loss of function causes vitamin 
D dependent rickets, have been associated with 
the risk of MS. High-dose pulse steroids seem not 
to increase the loss of bone mass in patients with 
MS [Zorzon et al. 2005].

In summary, patients with MS should have BMD 
measurements taken within a couple of years of 
diagnosis, which would mean that those with 
reduced BMD are identified early to allow appro-
priate management. Smoking cessation and cor-
rection of low serum levels of vitamin D should be 
recommended in all patients with MS, irrespec-
tive of BMD.

Conclusion
This review aims to increase awareness of the spe-
cific aspects of MS relating to lifestyle choices, 
challenges and changes that might be faced in the 
context of managing this chronic, degenerative 
disease. Diagnosis is often confirmed during early 
adulthood and individuals need ways to meet the 
requirements of modern daily living without 
exacerbating their illness.

Family planning and pregnancy-related issues are 
of considerable relevance. While the beneficial 
effect of pregnancy on MS relapses is well known, 
the long-term impact of pregnancy on MS is less 
clear. Overall, the outcome of pregnancies of 
patients with MS is good. However, the impact of 
DMTs on outcomes is not well understood, and 

discontinuation of treatment prior to pregnancy 
or during breastfeeding is recommended.

The need to protect from communicable disease, 
without increasing the risk of relapse or gaining 
inadequate protection due to immunosuppressive 
medication, is also an issue that needs to be man-
aged with care. Vaccinations in general are not a 
risk factor for the onset or relapse of MS. For 
individuals receiving DMTs, the measurement of 
antibody titres may be relevant to ensure full pro-
tection is gained following vaccination.

The environmental risk factors of MS are vitamin 
D deficiency and low exposure to sunlight, ciga-
rette smoking and EBV infection. More prospec-
tive studies are necessary to determine whether 
vitamin D supplementation is beneficial. Smoking 
cessation should be considered to avoid the risk of 
MS. The levels of vitamin D in patients with MS 
should be assessed in order to aid the mainte-
nance of normal accepted values.

The risks of surgery are generally not greater in 
patients with MS than the general population. 
Patients with MS should be carefully moni-
tored postoperatively. Patients with MS have a 
high risk of low BMD and osteoporosis, and 
should have their BMD analyzed shortly after 
diagnosis to identify those with reduced BMD 
early.

Awareness and careful planning, with the support 
of a dedicated medical team, can minimize the 
risks faced by patients with MS and enable them 
to live their lives as fully as possible.

Acknowledgements
The authors kindly acknowledge the contribution 
of Health Interactions for medical writing assis-
tance. The authors would like to thank the mem-
bers of the NeuroNet group for their contributions 
to the development of this manuscript. NeuroNet 
is supported by Novartis Pharma AG.

Funding
Medical writing assistance was funded by Novartis 
Pharma AG.

Conflict of interest statement
Dr Celia Oreja-Guevara has no relevant financial 
interest in this manuscript. She has received hon-
oraria as consultant in scientific advisory boards 
by Bayer-Schering, Merck-Serono, Biogen Idec, 
TEVA and Novartis and has also participated  



 C Oreja-Guevara, H Wiendl et al.

http://tan.sagepub.com 145

in clinical trials and other research projects  
promoted by Biogen Idec, GSK, TEVA and 
Novartis.

Dr Heinz Wiendl has received honoraria for lec-
turing, travel expenses for attending meetings 
from Bayer Health Care, Biogen Idec/Elan 
Corporation, Lilly, Lundbeck Merck Serono, 
Novartis, Sanofi Aventis and TEVA Neuroscience. 
He has served/serves as a consultant for Biogen 
Idec, Merck Serono, Novartis Pharma, Sanofi-
Aventis and receives research support from Bayer 
Schering Pharma, Biogen Idec/Elan Corporation, 
Merck Serono, Novartis, Novo Nordisk and 
Sanofi-Aventis.

Dr Bernd Kieseier has received honoraria for lec-
turing, travel expenses for attending meetings and 
financial support for research from Bayer Health 
Care, Biogen Idec, Genzyme/Sanofi Aventis, 
Grifols, Merck Serono, Mitsubishi Europe, 
Novartis, Roche, Talecris and TEVA.

Dr Laura Airas has been involved in contract 
research through agreements between the institu-
tion and the sponsor with Novartis, Roche, GE 
Healthcare and Biogen Idec. She has received 
research support from the Academy of Finland, 
Biogen Idec and Merck Serono.

References
Achiron, A., Kishner, I., Dolev, M., Stern, Y., 
Dulitzky, M., Schiff, E. et al. (2004) Effect of 
intravenous immunoglobulin treatment on pregnancy 
and postpartum-related relapses in multiple sclerosis. 
J Neurol 251: 1133–1137.

Ahlgren, C., Odén, A., Torén, K. and Andersen, 
O. (2009) Multiple sclerosis incidence in the era 
of measles-mumps-rubella mass vaccinations. Acta 
Neurol Scand 119: 313–320.

Airas, L., Jalkanen, A., Alanen, A., Pirttila, T. and 
Marttila, R. (2010) Breast-feeding, postpartum and 
prepregnancy disease activity in multiple sclerosis. 
Neurology 75: 474–476.

Amato, M., Portaccio, E., Ghezzi, A., Hakiki, B., 
Zipoli, V., Martinelli, V. et al. (2010) Pregnancy and 
fetal outcomes after interferon-β exposure in multiple 
sclerosis. Neurology 75: 1794–1802.

Ascherio, A. and Munger, K. (2007a) Environmental 
risk factors for multiple sclerosis. Part I: The role of 
infection. Ann Neurol 61: 288–299.

Ascherio, A. and Munger, K. (2007b) Environmental 
risk factors for multiple sclerosis. Part II: 
Noninfectious factors. Ann Neurol 61: 504–513.

Ascherio, A., Munger, K. and Lünemann, J. (2012) 
The initiation and prevention of multiple sclerosis. 
Nat Rev Neurol 8: 602–612.

Ascherio, A., Zhang, S., Hernán, M., Olek, M., 
Coplan, P., Brodovicz, K. et al. (2001) Hepatitis B 
vaccination and the risk of multiple sclerosis. N Eng J 
Med 344: 327–332.

Bader, A., Hunt, C., Datta, S., Naulty, J. and 
Ostheimer, G. (1988) Anesthesia for the obstetric 
patient with multiple sclerosis. J Clin Anesth 1: 21–24.

Bamford, C., Sibley, W. and Laguna, J. (1978) 
Anesthesia in multiple sclerosis. Can J Neurol Sci 5: 
41–44.

Baranzini, S. (2009) The genetics of autoimmune 
diseases: a networked perspective. Curr Opin Immunol 
21: 596–605.

Boskovic, R., Wide, R., Wolpin, J., Bauer, D. and 
Koren, G. (2005) The reproductive effects of beta 
interferon therapy in pregnancy: a longitudinal cohort. 
Neurology 65: 807–811.

Burrell, A., Handel, A., Ramagopalan, S., Ebers, G. 
and Morahan, J. (2011) Epigenetic mechanisms in 
multiple sclerosis and the major histocompatibility 
complex (MHC). Discov Med 11: 187–196.

Cahill, J., Izzo, A. and Garg, N. (2010) Immunization 
in patients with multiple sclerosis. Neurol Bull 2: 
17–21.

Centers for Disease Control and Prevention (CDC) 
(2002) Adverse events associated with 17D-derived 
yellow fever vaccination – United States, 2001–2002. 
MMWR Morb Mortal Wkly Rep 51: 989–993.

Confavreux, C., Hutchinson, M., Hours, M., 
Cortinovis-Tourniaire, P. and Moreau, T. (1998) 
Rate of pregnancy-related relapse in multiple sclerosis. 
Pregnancy in Multiple Sclerosis Group. N Eng J Med 
339: 285–291.

Confavreux, C., Suissa, S., Saddier, P., Bourdes, V., 
Vukusic, S. and Vaccines in Multiple Sclerosis Study 
Group (2001) Vaccinations and the risk of relapse 
in multiple sclerosis. Vaccines in Multiple Sclerosis 
Study Group. N Eng J Med 344: 319–326.

Correale, J. and Farez, M. (2007) Association 
between parasite infection and immune responses in 
multiple sclerosis. Ann Neurol 61: 97–108.

Correale, J. and Farez, M. (2011) The impact of 
parasite infections on the course of multiple sclerosis. 
J Neuroimmunol 233: 6–11.

Cree, B. (2013) Update on reproductive safety of 
current and emerging disease-modifying therapies for 
multiple sclerosis. Mult Scler 19: 835–843.

Cristiano, L., Bozic, C., Bloomgren, G. and Liu, Y. 
(2012) Preliminary evaluation of pregnancy outcomes 



Therapeutic Advances in Neurological Disorders 7(2)

146 http://tan.sagepub.com

from the TYSABRI (natalizumab) pregnancy 
exposure registry. 28th Congress of the European 
Committee for Treatment and Research in Multiple 
Sclerosis (ECTRIMS), 10–13 October 2012, Lyon, 
France, abstract P 275.

Dahl, J., Myhr, K., Daltveit, A., Hoff, J. and Gilhus, 
N. (2005) Pregnancy, delivery, and birth outcome in 
women with multiple sclerosis. Neurology 65:  
1961–1963.

De Jager, P., Simon, K., Munger, K., Rioux, J., 
Hafler, D. and Ascherio, A. (2008) Integrating risk 
factors: HLA-DRB1*1501 and Epstein-Barr virus in 
multiple sclerosis. Neurology 70: 1113–1118.

De Keyser, J., Zwanikken, C. and Boon, M. (1998) 
Effects of influenza vaccination and influenza illness 
on exacerbations in multiple sclerosis. J Neurol Sci 
159: 51–53.

De Las Heras, V., De Andrés, C., Tellez, N., 
Tintoré, M. and EMPATIE Study Group (2007) 
Pregnancy in multiple sclerosis patients treated 
with immunomodulators prior to or during part of 
the pregnancy: a descriptive study in the Spanish 
population. Mult Scler 13: 981–984.

DeStefano, F., Verstraeten, T., Jackson, L., Okoro, 
C., Benson, P., Black, S. et al. (2003) Vaccinations 
and risk of central nervous system demyelinating 
diseases in adults. Arch Neurol 60: 504–509.

Dobson, R., Ramagopalan, S. and Giovannoni, G. 
(2012) Bone health and multiple sclerosis. Mult Scler 
18: 1522–1528.

Döring, A., Paul, F. and Dörr, J. (2013) Vitamin D 
and multiple sclerosis : the role for risk of disease and 
treatment [in German]. Nervenarzt 84: 173–189.

Dorotta, I. and Schubert, A. (2002) Multiple sclerosis 
and anesthetic implications. Curr Opin Anaesthesiol 15: 
365–370.

Dwosh, E., Guimond, C. and Sadovnick, A. 
(2003) Reproductive counselling in MS: a guide for 
healthcare professionals. Int MS J 10: 67.

Farez, M. and Correale, J. (2011) Yellow fever 
vaccination and increased relapse rate in travelers with 
multiple sclerosis. Arch Neurol 68: 1267–1271.

Faure, E. (2005) Multiple sclerosis and hepatitis 
B vaccination: could minute contamination of the 
vaccine by partial hepatitis B virus polymerase play a 
role through molecular mimicry? Med Hypotheses 65: 
509–520.

Fazekas, F., Deisenhammer, F., Strasser-Fuchs, 
S., Nahler, G. and Mamoli, B. (1997) Randomised 
placebo-controlled trial of monthly intravenous 
immunoglobulin therapy in relapsing-remitting 
multiple sclerosis. Austrian Immunoglobulin in 
Multiple Sclerosis Study Group. Lancet 349: 589–593.

Fazekas, F., Lublin, F., Li, D., Freedman, M., 
Hartung, H., Rieckmann, P. et al. (2008) Intravenous 
immunoglobulin in relapsing-remitting multiple 
sclerosis: a dose-finding trial. Neurology 71: 265–271.

Fernández-Fernández, O., Alvarez-Cermeño, J., 
Arbizu-Urdiain, T., Arroyo-González, R., Arnal-
García, C., Casanova-Estruch, B. et al. (2011) Review 
of the novelties presented at the 26th Congress of the 
European Committee for Treatment and Research in 
Multiple Sclerosis (ECTRIMS) (I) [in Spanish]. Rev 
Neurol 52: 227–238.

Frohman, T., Davis, S., Beh, S., Greenberg, 
B., Remington, G. and Frohman, E. (2013) 
Uhthoff’s phenomena in MS-clinical features and 
pathophysiology. Nat Rev Neurol 4 June (Epub ahead 
of print).

Fusby, J., Kassmeier, M., Palmer, V., Perry, G., 
Anderson, D., Hackfort, B. et al. (2010) Cigarette 
smoke-induced effects on bone marrow B-cell subsets 
and CD4+:CD8+ T-cell ratios are reversed by 
smoking cessation: influence of bone mass on immune 
cell response to and recovery from smoke exposure. 
Inhal Toxicol 22: 785–796.

Genzyme (2012) Aubagio Package Insert. Cambridge, 
MA: Genzyme.

Giovannoni, G., Cutter, G., Lunemann, J., Martin, 
R., Münz, C., Sriram, S. et al. (2006) Infectious 
causes of multiple sclerosis. Lancet Neurol 5: 887–894.

Goldman, M., Cohen, J., Fox, R. and Bethoux, F. 
(2006) Multiple sclerosis: treating symptoms, and 
other general medical issues. Cleve Clin J Med 73: 
177–186.

Gout, O., Theodorou, I., Liblau, R. and Lyon-Caen, 
O. (1997) Central nervous system demyelination after 
recombinant hepatitis B vaccination: report of 25 
cases [abstract]. Neurology 48: A424.

Gregory, S., Schmidt, S., Seth, P., Oksenberg, 
J., Hart, J., Prokop, A. et al. (2007) Interleukin 
7 receptor alpha chain (IL7R) shows allelic and 
functional association with multiple sclerosis. Nat 
Genet 39: 1083–1091.

Hafler, D., Compston, A., Sawcer, S., Lander, E., 
Daly, M., De Jager, P. et al. for the International 
Multiple Sclerosis Genetics Consortium (2007) 
Risk alleles for multiple sclerosis identified by a 
genomewide study. N Eng J Med 357: 851–862.

Hawkes, C. (2007) Smoking is a risk factor for 
multiple sclerosis: a metanalysis. Mult Scler 13: 
610–615.

Hellwig, K., Beste, C., Schimrigk, S. and Chan, A. 
(2009) Immunomodulation and postpartum relapses 
in patients with multiple sclerosis. Ther Adv Neurol 
Disord 2: 7–11.



 C Oreja-Guevara, H Wiendl et al.

http://tan.sagepub.com 147

Hellwig, K., Brune, N., Haghikia, A., Müller, 
T., Schimrigk, S., Schwödiauer, V. et al. (2008) 
Reproductive counselling, treatment and course of 
pregnancy in 73 German MS patients. Acta Neurol 
Scand 118: 24–28.

Hernán, M., Alonso, A. and Hernández-Díaz, S. 
(2006) Tetanus vaccination and risk of multiple 
sclerosis: a systematic review. Neurology 67: 212–215.

Hernán, M., Olek, M. and Ascherio, A. (2001) 
Cigarette smoking and incidence of multiple sclerosis. 
Am J Epidemiol 154: 69–74.

Herroelen, L., de Keyser, J. and Ebinger, G. 
(1991) Central-nervous-system demyelination after 
immunisation with recombinant hepatitis B vaccine. 
Lancet 338: 1174–1175.

Jalkanen, A., Alanen, A., Airas, L. and Finnish 
Multiple Sclerosis and Pregnancy Study Group 
(2010). Pregnancy outcome in women with multiple 
sclerosis: results from a prospective nationwide study 
in Finland. Mult Scler 16: 950–955.

Kelly, V., Nelson, L. and Chakravarty, E. (2009) 
Obstetric outcomes in women with multiple sclerosis 
and epilepsy. Neurology 73: 1831–1836.

Koch, M., Metz, L. and Kovalchuk, O. (2013) 
Epigenetic changes in patients with multiple sclerosis. 
Nat Rev Neurol 9: 35–43.

Koch-Henriksen, N. and Sorensen, P. (2011) Why 
does the north-south gradient of incidence of multiple 
sclerosis seem to have disappeared on the northern 
hemisphere? J Neurol Sci 311: 58–63.

Kompetenznetz: Multiple Sklerose (2013) Anaesthesia 
without influence on the disease course. Available 
at: http://www.kompetenznetz-multiplesklerose.de/
en/therapy-in-special-situations/surgical-procedures 
(accessed 11 April 2013).

Kurtzke, J. (1995) MS epidemiology world wide. One 
view of current status. Acta Neurol Scand Suppl 161: 
23–33.

Kyttä, J. and Rosenberg, P. (1984) Anaesthesia for 
patients with multiple sclerosis. Ann Chir Gynaecol 73: 
299–303.

Langer-Gould, A., Huang, S., Gupta, R., Leimpeter, 
A., Greenwood, E., Albers, K. et al. (2009) Exclusive 
breastfeeding and the risk of postpartum relapses 
in women with multiple sclerosis. Arch Neurol 66: 
958–963.

Löbermann, M., Winkelmann, A., Hartung, H., 
Hengel, H., Reisinger, E. and Zettl, U. (2012) 
Vaccination against infection in patients with multiple 
sclerosis. Nat Rev Neurol 8: 143–151.

Löbermann, M., Winkelmann, A., Reisinger, E. and 
Zettl, U. (2010) Vaccination and multiple sclerosis [in 
German]. Nervenarzt 81: 181–193.

Lu, E., Dahlgren, L., Sadovnick, A., Sayao, A., 
Synnes, A. and Tremlett, H. (2012) Perinatal 
outcomes in women with multiple sclerosis exposed to 
disease-modifying drugs. Mult Scler 18: 460–467.

Mehta, B., Ramanathan, M. and Weinstock-
Guttman, B. (2011) Vitamin D and multiple sclerosis: 
can vitamin D prevent disease progression? Expert Rev 
Neurother 11: 469–471.

Mkhikian, H., Grigorian, A., Li, C., Chen, H., 
Newton, B., Zhou, R. et al. (2011) Genetics and the 
environment converge to dysregulate N-glycosylation 
in multiple sclerosis. Nat Commun 2: 334.

Monteyne, P. and André, F. (2000) Is there a causal 
link between hepatitis B vaccination and multiple 
sclerosis? Vaccine 18: 1994–2001.

Mueller, B., Zhang, J. and Critchlow, C. (2002) Birth 
outcomes and need for hospitalization after delivery 
among women with multiple sclerosis. Am J Obst 
Gynecol 186: 446–452.

Multiple Sclerosis Council for Clinical Practice 
Guidelines; Paralyzed Veterans of America (2001) 
Immunizations and Multiple Sclerosis. Evidence-
based Management Strategies for Immunizations in 
Multiple Sclerosis. Available at: http://mypva.org/
images/ms_immuniz.pdf (accessed 13 August 2013).

Munger, K., Levin, L., Hollis, B., Howard, N. and 
Ascherio, A. (2006) Serum 25-hydroxyvitamin D 
levels and risk of multiple sclerosis JAMA 296: 
2832–2838.

Munger, K., Zhang, S., O’Reilly, E., Hernán, M., 
Olek, M., Willett, W. et al. (2004) Vitamin D intake 
and incidence of multiple sclerosis Neurology 62: 
60–65.

NCC-CC and NICE (2003) Multiple sclerosis. 
National clinical guideline for diagnosis and 
management in primary and secondary care. National 
Collaborating Centre for Chronic Conditions and 
National Institute for Health and Clinical Excellence. 
Available at: http://www.nice.org.uk/nicemedia/
live/10930/46699/46699.pdf (accessed 11 April 2013).

National Multiple Sclerosis Society (2013a) 
Vaccinations. Available at: http://www.
nationalmssociety.org/living-with-multiple-sclerosis/
healthy-living/vaccinations/index.aspx (accessed 10 
June 2013).

National Multiple Sclerosis Society (2013b) 
Anesthesia and surgery. Available at: http://www.
nationalmssociety.org/living-with-multiple-sclerosis/
getting-the-care-you-need/doctors-visit/anesthesia-
and-surgery/index.aspx (accessed 11 April 2013).

NCC-CC and NICE (2003) Multiple sclerosis. 
National clinical guideline for diagnosis and 
management in primary and secondary care. National 
Collaborating Centre for Chronic Conditions and 

http://www.kompetenznetz-multiplesklerose.de/en/therapy-in-special-situations/surgical-procedures
http://www.nice.org.uk/nicemedia/live/10930/46699/46699.pdf
http://www.nationalmssociety.org/living-with-multiple-sclerosis/healthy-living/vaccinations/index.aspx
http://www.nationalmssociety.org/living-with-multiple-sclerosis/getting-the-care-you-need/doctors-visit/anesthesiaand-surgery/index.aspx
http://mypva.org/images/ms_immuniz.pdf


Therapeutic Advances in Neurological Disorders 7(2)

148 http://tan.sagepub.com

National Institute for Health and Clinical Excellence. 
Available at: http://www.nice.org.uk/nicemedia/
live/10930/46699/46699.pdf (accessed 11 April 2013).

Novartis Pharma GmbH (2012) Gilenya Summary of 
Product Characteristics. Novartis Pharma GmbH.

Ochoa-Repáraz, J., Mielcarz, D., Begum-Haque, S. 
and Kasper, L. (2011) Gut, bugs, and brain: role of 
commensal bacteria in the control of central nervous 
system disease Ann Neurol 69: 240–247.

Oddy, W. (2004) A review of the effects of 
breastfeeding on respiratory infections, atopy, and 
childhood asthma. J Asthma 41: 605–621.

Oksenberg, J., Barcellos, L., Cree, B., Baranzini, 
S., Bugawan, T., Khan, O. et al. (2004) Mapping 
multiple sclerosis susceptibility to the HLA-DR locus 
in African Americans. Am J Hum Genet 74: 160–167.

Orton, S., Herrera, B., Yee, I., Valdar, W., 
Ramagopalan, S., Sadovnick, A. et al. (2006) Sex ratio 
of multiple sclerosis in Canada: a longitudinal study. 
Lancet Neurol 5: 932–936.

Ozakbas, S., Idiman, E., Yulug, B., Pakoz, B., Bahar, 
H. and Gulay, Z. (2006) Development of multiple 
sclerosis after vaccination against hepatitis B: a study 
based on human leucocyte antigen haplotypes. Tissue 
Antigens 68: 235–238.

Patti, F., Cavallaro, T., Lo Fermo, S., Nicoletti, A., 
Cimino, V., Vecchio, R. et al. (2008) Is in utero early-
exposure to interferon beta a risk factor for pregnancy 
outcomes in multiple sclerosis? J Neurol 255: 1250–1253.

Pierrot-Deseilligny, C. and Souberbielle, J. (2013) 
Contribution of vitamin D insufficiency to the 
pathogenesis of multiple sclerosis. Ther Adv Neurol 
Disord 6: 81–116.

Pugliatti, M., Sotgiu, S. and Rosati, G. (2002) The 
worldwide prevalence of multiple sclerosis. Clin Neurol 
Neurosurg 104: 182–191.

Ramagopalan, S., Dobson, R., Meier, U. and 
Giovannoni, G. (2010) Multiple sclerosis: risk factors, 
prodromes, and potential causal pathways. Lancet 
Neurol 9: 727–739.

Ramagopalan, S., Handel, A., Giovannoni, G., 
Rutherford Siegel, S., Ebers, G. and Chaplin, G. (2011) 
Relationship of UV exposure to prevalence of multiple 
sclerosis in England. Neurology 76: 1410–1414.

Ramagopalan, S., Maugeri, N., Handunnetthi, L., 
Lincoln, M., Orton, S., Dyment, D. et al. (2009) 
Expression of the multiple sclerosis-associated MHC 
class II Allele HLA-DRB1*1501 is regulated by 
vitamin D. PLoS Genet 5: e1000369.

Sá, M. (2012) Physiopathology of symptoms and 
signs in multiple sclerosis. Arq Neuropsiquiatr 70: 
733−740.

Sadovnick, A., Eisen, K., Hashimoto, S., Farquhar, 
R., Yee, I., Hooge, J. et al. (1994) Pregnancy and 
multiple sclerosis. A prospective study. Arch Neurol 
51: 1120–1124.

Sadovnick, A. and Scheifele, D. (2000) School-based 
hepatitis B vaccination programme and adolescent 
multiple sclerosis. Lancet 355: 549–550.

Salleras, L., Bruguera, M. and Prat, A. (2006) 
Hepatitis B vaccine and multiple sclerosis: an 
unproved association [in Spanish]. Med Clin (Barc) 
126: 581–588.

Sandberg-Wollheim, M., Frank, D., Goodwin, T., 
Giesser, B., Lopez-Bresnahan, M., Stam-Moraga, M. 
et al. (2005) Pregnancy outcomes during treatment 
with interferon beta-1a in patients with multiple 
sclerosis. Neurology 65: 802–806.

Sawcer, S., Hellenthal, G., Pirinen, M., Spencer, 
C., Patsopoulos, S., Moutsianas, L. et al. for the 
International Multiple Sclerosis Genetics Consortium 
and Wellcome Trust Case Control Consortium 
2 (2011) Genetic risk and a primary role for cell-
mediated immune mechanisms in multiple sclerosis. 
Nature 476: 214–219.

Schneider, K. (2005) AANA Journal course: update 
for nurse anesthetists – an overview of multiple 
sclerosis and implications for anesthesia. AANA J 73: 
217–224.

Sievers, E. and Heyneman, C. (2002) Relationship 
between vaccinations and multiple sclerosis. Ann 
Pharmacother 36: 160–162.

Simpson, S. Jr, Taylor, B., Blizzard, L., Ponsonby, 
A., Pittas, F., Tremlett, H. et al. (2010) Higher 
25-hydroxyvitamin D is associated with lower relapse 
risk in multiple sclerosis. Ann Neurol 68: 193–203.

Smolders, J., Menheere, P., Kessels, A., Damoiseaux, 
J. and Hupperts, R. (2008) Association of vitamin D 
metabolite levels with relapse rate and disability in 
multiple sclerosis. Mult Scler 14: 1220–1224.

Stewart, O., Chang, B. and Bradbury, J. (1999) 
Simultaneous administration of hepatitis B and polio 
vaccines associated with bilateral optic neuritis [letter 
to the editor]. Br J Ophthalmol 83: 1200–1201.

Sundström, P., Juto, P., Wadell, G., Hallmans, G., 
Svenningsson, A., Nyström, L. et al. (2004) An 
altered immune response to Epstein-Barr virus in 
multiple sclerosis: a prospective study. Neurology 62: 
2277–2282.

Sutton, I., Lahoria, R., Tan, I., Clouston, P. 
and Barnett, M. (2009) CNS demyelination and 
quadrivalent HPV vaccination. Mult Scler 15:  
116–119.

Tartaglino, L., Heiman-Patterson, T., Friedman, 
D. and Flanders, A. (1995) MR imaging in a case of 

http://www.nice.org.uk/nicemedia/live/10930/46699/46699.pdf


 C Oreja-Guevara, H Wiendl et al.

http://tan.sagepub.com 149

postvaccination myelitis. AJNR Am J Neuroradiol 16: 
581–582.

Thacker, E., Mirzaei, F. and Ascherio, A. (2006) 
Infectious mononucleosis and risk for multiple 
sclerosis: a meta-analysis. Ann Neurol 59: 499–503.

Vandenbroeck, K., Alvarez, J., Swaminathan, B., 
Alloza, I., Matesanz, F., Urcelay, E. et al. (2012) A 
cytokine gene screen uncovers SOCS1 as genetic risk 
factor for multiple sclerosis. Genes Immun 13: 21–28.

Vukusic, S., Hutchinson, M., Hours, M., Moreau, T., 
Cortinovis-Tourniaire, P., Adeleine, P. et al. (2004) 
Pregnancy and multiple sclerosis (the PRIMS study): 
clinical predictors of post-partum relapse. Brain 127: 
1353–1360.

Wallin, M., Page, W. and Kurtzke, J. (2004) Multiple 
sclerosis in US veterans of the Vietnam era and later 
military service: race, sex, and geography. Ann Neurol 
55: 65–71.

Willer, C., Dyment, D., Sadovnick, A., Rothwell, P., 
Murray, T., Ebers, G. et al. (2005) Timing of birth 

and risk of multiple sclerosis: population based study. 
BMJ 330: 120.

Worthington, J., Jones, R., Crawford, M. and Forti, 
A. (1994) Pregnancy and multiple sclerosis – a 3-year 
prospective study. J Neurol 241: 228–233.

Zhang, Q., Lin, C., Dong, Q., Wang, J. and Wang, 
W. (2011) Relationship between HLA-DRB1 
polymorphism and susceptibility or resistance to 
multiple sclerosis in Caucasians: a meta-analysis 
of non-family-based studies. Autoimmun Rev 10: 
474–481.

Zipp, F., Weil, J. and Einhäupl, K. (1999) No 
increase in demyelinating diseases after hepatitis B 
vaccination. Nat Med 5: 964–965.

Zorzon, M., Zivadinov, R., Locatelli, L.,  
Giuntini, D., Toncic, M., Bosco, A. et al. (2005) 
Long-term effects of intravenous high dose 
methylprednisolone pulses on bone mineral density 
in patients with multiple sclerosis. Eur J Neurol 12: 
550–556.

Visit SAGE journals online 
http://tan.sagepub.com

SAGE journals


