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Lifestyle and environmental factors potently influence the risk of multiple sclerosis (MS),
because genetic predisposition only explains a fraction of the risk increase. There is strong
evidence for associations of Epstein–Barr virus (EBV) infection, smoking, sun exposure/
vitamin D, and adolescent obesity to risk of MS. There is also circumstantial evidence on
organic solvents and shift work, all associate with greater risk, although certain factors like
nicotine, alcohol, and a high coffee consumption associate with a reduced risk. Certain
factors, smoking, EBV infection, and obesity interact with human leukocyte antigen (HLA)
risk genes, arguing for a pathogenic pathway involving adaptive immunity. There is a poten-
tial for prevention, in particular for people at greater risk such as relatives of individuals with
MS. All of the described factors forMSmay influence adaptive and/or innate immunity, as has
been argued for MS risk gene variants.

Lifestyle/environmental factors may act many
years before clinical onset, which compli-

cates epidemiologic studies aiming to identify
risk factors. Thus, a subclinical phase of many
years is supported by the fact that many individ-
uals at clinical onset have several lesions that are
seen detected through magnetic resonance im-
aging (MRI), and they seek health care (Marrie
et al. 2013) and report chronic fatigue (Hughes
et al. 2013) more often than controls in the years
before diagnosis and also reproduce less often
than controls in the years before diagnosis (Niel-
sen et al. 2011; Hedstrom et al. 2014c). The field
of multiple sclerosis (MS) epidemiology has
widened during the last few years since the

time of previous extensive reviews on associa-
tions of Epstein–Barr virus (EBV) infection,
vitamin D/sun exposure, and smoking with
MS (Ascherio et al. 2012; Lucas et al. 2015). It
is therefore timely to review the field, incorpo-
rating further developments such as interactions
with MS risk genes, and some other factors,
whichmore recently have been identified as can-
didates for influence on MS risk.

MS is a complex disease for which risk gene
variants and lifestyle/environmental factors are
both important. Previous studies of the herita-
bility of MS have yielded a familial recurrence
relative risk for siblings (λ) of 16.8 (O’Gorman
et al. 2013). Recent population-based studies
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have estimated a λ of 7, indicating a much lower
importance of genetic predisposition, highlight-
ing further the role of lifestyle and environmen-
tal influences (Westerlind et al. 2014, 2015).
Furthermore, there is a latitude gradient (Simp-
son et al. 2011), and migration studies show risk
of MS depends on the age of migration. Those
migrating from a low-risk country to a high-risk
country before adolescence showaMS riskmore
similar to that of the high-risk country (Gale
and Martyn 1995; Ahlgren et al. 2010, 2012;
Berg-Hansen et al. 2015). In the last few decades,
there has been a noticeable increase in MS in
most countries. Although genes do not change
over time, lifestyle and environmental factors
do. The immune repertoire, likely to be impor-
tant for MS, is largely driven by nonheritable
factors (Brodin et al. 2015). In addition, we
have used the Swedish multigeneration registry
and investigated the diagnoses of parents of
MS patients. Although there is a great deal of
comorbid conditions among MS patients with
regard to other inflammatory diseases, the pres-
ence of these conditions within the parent gen-
eration is much lower, apart from MS, with the
expected transmission risk of ∼5% (Roshanise-
fat et al. 2012), consistent with the idea that
inflammatory comorbidities are not entirely
caused by sharing of genes, but rather lifestyle
and environmental factors, or provoked by MS
itself. Indeed, only a minority of the non–hu-
man leukocyte antigen (HLA) genes in MS are
shared with other inflammatory diseases, and
effects of single variants may regulate different
diseases in opposite directions (Sawcer et al.
2011).

Still, MS risk genes are important. In partic-
ular, the class II and I genes are relevant. These
encode for molecules that present antigens to
CD4+ and CD8+ T lymphocytes. In MS, there
is a striking association with the class II variant
HLA-DRB1�15:01 (odds ratio [OR] =∼3).HLA-
A�02, a class I variant, is noted for providing
protection (OR = ∼0.6). Combined, minus
HLA-A�02 and plus DRB1�15:01 equals an OR
of ∼5 (Brynedal et al. 2007; Sawcer et al. 2011;
Beecham et al. 2013; Moutsianas et al. 2015).
Traditionally, the genetic and epidemiological
fields have worked separately. In this review, we

have aimed to elucidate the complicated picture
of disease initiation as it relates to lifestyle/envi-
ronmental factors, in particular in the context of
the HLA class I and II genes, which are the most
strongly associated loci toMS. In assessing inter-
action between various causal factors, we used
“departure from additivity of effects” as a crite-
rion (often referred to as additive interaction)
(Rothman 2008), which if present indicates the
action of the two factors in the same biological
pathway. Basically, interaction presents when
risk of disease development among people ex-
posed to both causal factors is greater than
what one would expect based on the sum of the
absolute effects attributed to each factor.

The lifestyle/environmental MS-associated
factors include EBV infection, exposure to to-
bacco smoke and organic solvents, obesity in
adolescence, limited sun exposure/low vitamin
D, night shift work, all associated with increased
risk. Risks that may be associated with lower risk
are oral tobacco, high coffee consumption, and
alcohol consumption (Table 1). One note of
caution: results from observational epidemio-
logic studies need to be evaluated taking differ-
ent possible sources of systematic errors into
consideration, because observed estimates of
association may be affected by biases that can
influence results such as (1) reverse causation
meaning that the disease is causing the associa-
tion; (2) confounding factors not considered
or confounding factors improperly addressed
(e.g., residual confounding) in analytic models;
(3) differential misclassification of lifestyle/
environmental factors (e.g., because of recall
bias); and (4) selection bias. In the following,
we discuss distinct lifestyle and environmental
factors.

EPSTEIN–BARR VIRUS

Multiple infectious agents have been suggested
to play a role in MS, with a single factor that has
persisted to be highly interesting and for which
there is an extensive literature, which is EBV.
Because it has been difficult to establish a causal
relationship, the casual role of EBV is still de-
bated. However, the collective circumstantial ev-
idence is compelling. Individuals who have had
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clinically overt infectious mononucleosis (IM)
have more than a twofold risk to develop MS
according to a recent meta-analysis (Handel
et al. 2010). Those with MS have much greater
levels of antibodies against EBNA1 and a partic-
ular fragment (amino acids 385–420) (Sund-
strom et al. 2009; Sundqvist et al. 2012). A
most striking note was found in a nested case-
control study showing primarily all negative
EBNA1 individuals had serologically converted
before MS onset (Levin et al. 2010). It should be
noted that there seems to be a specific window of
time for when EBV infection implies a higher
MS risk. Infection during adolescence or later
implies an increased risk to developMS,whereas
this is not the case for infection during child-
hood (Ascherio andMunger 2015). Genetic risk
for elevated antiEBNA1 titers has been found to
be positively correlated with the development of
MS (Zhou 2016), which may be interpreted as
further evidence for causality of EBV in MS.

HLA risk genes and IM have been observed
to interact synergistically to increase the risk of
MS (Sundqvist et al. 2012). An interaction be-
tween these genes and anti-EBV titers has also
been observed. In the biggest study on this topic,
persons who tested positive for HLA-DRB1 15,
negative for HLA-A 02, and with high EBNA
385–420 IgG titers had a 16-fold higher risk
forMS than thosewho did not carry any of these

factors (Sundqvist et al. 2012). Likewise, a pat-
tern of interaction in relation these HLA-risk
genes has been observed for smoking and ado-
lescent obesity, respectively (discussed below).
As HLA risk alleles encode molecules regulating
T-cell adaptive immunity, interaction withmea-
sures of EBV infection might show common
pathogenetic pathways triggering MS. This is
also applicable for recently observed interac-
tions between a history of IM during adoles-
cence and obesity, in which a combination of
the two risk factors results in an OR of ∼14
(Hedstrom et al. 2015b).

Of interest, EBV-related RNA has been
identified in central nervous system (CNS) lym-
phoid infiltrates (Serafini et al. 2007), although
this is only partially replicated in independent
studies (Lassmann et al. 2011). Furthermore,
EBV resides latent in B cells and anti-CD20
treatments have shown success in depleting
these cells in MS (Hauser et al. 2008), which
for proponents of the EBV hypothesis has pro-
vided some support. Numerous different mech-
anisms could be considered, such as “molecular
mimicry,” for which parts of the virus elicit an
autoimmune response reactive with CNS com-
ponents or even a direct immune attack on the
virus collaterally damaging the CNS. However,
uncertainties on the role for EBV in the trigger-
ing of MS remain. Also, few suitable experimen-

Table 1. Summary of established and tentative lifestyle/environmental factors and their potential interactionwith
multiple sclerosis (MS) human leukocyte antigen (HLA) risk genes

Factor OR
HLA gene
interaction

Combined
OR

Effect mainly during
adolescence

Immune system
implied

Smoking ∼1.6 + 14 No +
EBV serology ∼3.6 + ∼15 Yes +
Vitamin D <50 nM ∼1.4 No - Probably +
Adolescent obesity/

BMI >27
∼2 + ∼15 Yes +

Night work ∼1.7 No - Yes +
Low sun exposure ∼2 No - Probably +
Infectious

mononucleosis
∼2 + 7 Yes +

Passive smoking ∼1.3 + 6 No +
Oral tobacco/nicotine 0.5 nd - Unknown +
Alcohol ∼0.6 nd - Unknown +
Coffee ∼0.7 nd - Unknown +

OR, Odds ration; EBV, Epstein–Barr virus; BMI, body mass index; nd, not determined.
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tal models have impeded research. EBV is very
common also in normal subjects, and increased
antibody titers could be the consequence of a
poor elimination through cell-mediated immu-
nity of the pathogen. Analogous to observations
in the John Cunningham (JC) virus carriage,
wherein high antibody titers showa poor control
over viral replication, which is, in turn, regulated
by the sets of immune genes, particularly class II
genes (Sundqvist et al. 2014), the increase hu-
moral antibody reactivity may be a parallel phe-
nomenon to MS predisposing genes or the dis-
ease itself. There have been proponents of mass
vaccination against EBV, with the end result of
possibly preventingMS in the future. But, even if
EBV is involved critically, a modestly effective
vaccination may drive infection into higher age
groups during adolescence, which appears to be
anMS-sensitive period for lifestyle and environ-
mental factors, and therefore could have a neg-
ative influence on MS prevention. Additional
research is needed to clarify the role of EBV in
MS before basic issues pertaining to MS care or
prevention can be pursued and dealt with.

SMOKING AND ORAL TOBACCO

Smoking as a risk factor for MS was suggested
from a pooled analysis of several small studies
that showed an OR of ∼1.5 (Hawkes 2007; Han-
del et al. 2011); this finding was later confirmed
in a large case-control study (Hedstrom et al.
2009, 2013b). There is a clear dose–response re-
lationship, in which the cumulative dose of
smoking is related to a risk increase (Ghadirian
et al. 2001; Hedstrom et al. 2009). Cotinine levels
in sera/plasma (≥10 ng/mL), reflecting smoking
in “pre-MS” samples displayed a similar pattern
of risk increase (Salzer et al. 2013). Second-hand
exposure to smoke has also been associated with
increased risk for MS, which suggests that even
minor “lung-irritation”maybe important (Hed-
strom et al. 2011b). If the association is because
of nonspecific irritation, onemight even consid-
er a factor such as air pollution as a trigger of
CNS neuroinflammation, which in fact has
received some support recently (Heydarpour
et al. 2014), although requiring larger replication
studies to be definitive.

One interesting note, in addition to an in-
creased risk ofMS, is that smoking also increases
the risk of developing neutralizing antibodies
againstbiologicsused in treatmentofMS, includ-
ing natalizumab (Hedstrom et al. 2013a) and in-
terferon β (Hedstrom et al. 2014e). In addition,
smoking is associated to an increased risk of oth-
er inflammatory diseases, like rheumatoid ar-
thritis (RA) (Klareskog et al. 2009) and Jo-anti-
body positive inflammatory myositis (Chinoy
et al. 2012). Therefore, lung irritation may acti-
vate both immune response to biologics and a
numberoforgan-specific inflammatorydiseases.

Todistinguishbetweenrolesofnicotine from
other tobacco constituents that are inhaled in the
lung, the Swedish population is suitable because
the use of oral tobacco in the form ofmoist snuff
is very common. Oral tobacco (snuff ) shows a
dose-dependent association with a lessened risk
of MS (Hedstrom et al. 2009, 2013c). Nicotine is
the primary candidate for such possible protec-
tion in view of its action on the α7 subunit of
the acetylcholine receptor present on immune
cells, dampening receptor activity (Nizri et al.
2009). This observation underscores the idea
that lung inflammation in and of itself drives
increased risk.

Smoking provokes lung inflammationwith a
proinflammatory profile (Shan et al. 2009). If
CNS autoantigenic cells are present, it can be
hypothesized that these cells may be activated
to attack the CNS. There exists experimental
evidence for such a scenario. In animal models
for MS, experimental autoimmune encephalo-
myelitis (EAE), encephalitogenic cells become
licensed in the lung to acquire a migratory phe-
notype, allowing immune attack against the
CNS. Furthermore, myelin basic protein-specif-
ic T cells resident in the lung can be provoked to
cause EAE after antigenic challenge through the
airways (Odoardi et al. 2012).

Smoking shows a remarkable interaction
with MS-associated HLA risk genes. Carriage
of the HLA- DRB1�15:01 confers an OR of ∼3,
and lack of HLA-A�02 confers an OR of ∼1.8 in
the Scandinavian population, resulting in a
combined OR of ∼5 among nonsmokers,
whereas smokers displayed an OR of ∼14 (Hed-
strom et al. 2011c). A similar gene–environment
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interaction has been observed between environ-
mental tobacco exposure (i.e., passive smoking)
and the same MS risk HLA genes with regard
to MS risk, which can be seen as a replication of
the HLA-smoking interaction (Hedstrom et al.
2014a). Additionally, a marked interaction with
a variant of non-HLA gene, NAT1 (encodes an
enzyme involved in the metabolism of products
associated to smoking) has been shown (Briggs
et al. 2014). Thus, the effect of smoking is highly
dependent on the genetic context and vice versa.
Smokers carrying HLA MS risk genes display a
considerably higher risk of MS than those with-
out these risk genes (and the risk increase is
higher than that from sum of the risk genes
alone). It may be argued that this provides an
argument for a casual role of these factors be-
cause it would be unlikely that HLA genes reg-
ulate smoking behavior.

The specific interactionsmay shine a light on
potential disease mechanisms for MS. As dis-
cussed above, smoking is also associated with
RA although in context with another HLA class
II gene (HLA-DRB1�04) (Klareskog et al. 2009),
as is polymyositis (DRB1�03) (Chinoy et al.
2012). These genes code for antigen-presenting
molecules, which have different peptide binding
preferences. Theoretically, this may be the basis
for triggering autoimmune CD4+ T cells direct-
ed against different organs leading toMS, RA, or
myositis, depending on the particular HLA class
II molecules carried. Furthermore, it is known
that smoking can cause posttranslational modi-
fications of peptides, such as citrullination
(Klareskog et al. 2009). Such an event may cause
a bypass of central thymic tolerance as a further
step in inducing autoimmunity. Interpreting the
protective association of HLA-A�02 in MS is
more challenging. The role for CD8+ T cells
supports histochemical studies of MS brain le-
sions, where, in fact, CD8+ dominates overCD4+

cells. Class I molecules present antigen to CD8+

T cells and they can be cytotoxic, but also convey
suppressor functions through production of
molecules like transforming growth factor
(TGF)-β (for a review on CD8+ T cells in MS,
see Friese and Fugger 2005; Friese et al. 2008;
Dendrou et al. 2015). In fact, a class I allele-spe-
cific suppression mediated by CD8+ cells and

TGF-β has been shown in EAE (Mustafa et al.
1993, 1994; Issazadeh et al. 1997).

The smoking data also have practical impli-
cations. Based on data in Sweden, 20.4% of all
MS cases were estimated to be attributed to ac-
tive or passive smoke exposure. For those carry-
ing the genetic HLA-DRB1�15 risk factor, but
lacking HLA-A�02, 41% of the MS cases were
attributable to smoking (Hedstrom et al. 2016c).
From a public health perspective, smoking and
passive smoking impacts onMS risk is therefore
considerable. Therefore, it is essential that pre-
ventive measures be put in place to reduce to-
bacco smoke exposure. In particular, those with
a family history of MS should be informed re-
garding the impact of smoking on the risk of
MS, and the importance of not only preventing
their children from being exposed to passive
smoke but also not to become smokers. In ad-
dition, smoking aggravates disease course inMS
(Hernan et al. 2005; Di Pauli et al. 2008; Healy
et al. 2009; Pittas et al. 2009; Zivadinov et al.
2009; Manouchehrinia et al. 2013, 2014; Cor-
reale and Farez 2015).

Past smoking is also associated with a wors-
ened prognosis in MS (Sundstrom and Nystrom
2008). Because the disease course is aggravated
up on continued smoking after diagnosis (Ram-
anujam et al. 2015) and risk to develop neutral-
izing antibodies to biologics used for the treat-
ment of MS, there are strong reasons to advise
individuals with MS to quit smoking.

SUN EXPOSURE/VITAMIN D

There are large numbers of studies on sun ex-
posure/vitamin D, provoked by epidemiologic
observations of a latitude-dependent difference
in MS incidence and prevalence (Koch-Henrik-
sen and Sorensen 2010; Simpson et al. 2011),
despite being confounded by the distribution
of theHLADRB1�15:01 risk predisposing geno-
type in gradients. We recommend the reader to
additional comprehensive reviews on the topic
(Munger et al. 2014; Lucas et al. 2015).

Wedependonultraviolet radiation (UVR) to
convert vitaminD to an activemetabolite; thus it
is difficult to distinguish the effect from UVR
fromthat of vitaminD, andvice versa. Both these
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exposures have been related to a decreased riskof
MS, as recently and extensively reviewed (Lucas
et al. 2015). A higher degree of UVR exposure is
related to adecreased riskofMS (Kampmanet al.
2007; Simpson et al. 2011; Baarnhielm et al.
2012). Correcting for vitamin D levels, there
was still an association of UVR exposure habits
on the risk of MS (Baarnhielm et al. 2012), al-
though this finding should be viewed cautiously
because vitamin D levels were not measured
before the preclinical phase. The physiological
basis of a potential protective effect of UVR is
not yet completely understood. UVR exposure
protects against MS independently of vitamin
D. When studied in the animal model EAE
(Becklund et al. 2010), UVR exposure reduces pe-
ripheral inflammation in mice (Rana et al. 2011)
with a T regulatory (Treg) cell activation, and
dampening effects on antigen-presenting den-
dritic cells (Navid et al. 2013; Breuer et al. 2014).
Production of cis-uronic acid may be involved in
these scenarios (Correale and Farez 2013).

A decreased risk of MS with increasing vita-
min D levels, especially before age 20, has been
observed (Munger et al. 2006), consistent with
later data on supplementation and sun exposure
(Bjornevik et al. 2014; Cortese et al. 2015). In
addition, adiet rich in vitaminDcontaining fatty
fish also reduces MS risk in the context of low
sunlight exposure (Baarnhielm et al. 2014). We
have studied vitamin D levels during pregnancy
in humans using samples obtained at birth, with
no observed difference between MS cases and
controls, although with quite large confidence
intervals (Ueda et al. 2014), in line with studies
on EAE in which only adolescent rats (not preg-
nancyoradult rats) displayed aneffect of vitamin
D (Adzemovic et al. 2013).However, thisfinding
is not undisputed becausemothers sampled dur-
ing the first trimester who had low vitamin D
levels resulted in a twofold increased risk for
MS in the offspring (Munger et al. 2016). Of
numerous explanations for the different results,
variations in the timing of sampling, storing is-
sues, or possible “inherited”behavior differences
regarding sun exposure are possible reasons. Of
note, epidemiologic studies in Australia of expo-
sure to the sun gave evidence for association be-
tween low sun exposure in mothers during the

first trimester and risk of MS in their children
(Staples et al. 2010). Regardless, it appears that
vitamin D and/or sun exposure is important
during a time window within the adolescence
period in which the vitamin supplementation
might mitigate MS risk to some extent. Vitamin
D’s role is also supported by genetic information,
in which polymorphisms close to a central vita-
min D metabolism enzyme CYP27B1 gene are
associated with MS (Sundqvist et al. 2010; Bee-
cham et al. 2013). Recent genetic data on a series
of genes regulating Vitamin D levels displayed
significant effects in two case-control studies.
Because the distribution of such gene variants
is random, it represents to some extent a form
of blinded clinical trial, or Mendelian randomi-
zation (Mokry et al. 2015; Gianfrancesco et al.
2017). Interestingly, vitamin D was suggested as
a first example of a gene–environment interac-
tion with the greatest MS risk gene, HLA
DRB1�15:01, based on in vitro studies (Handun-
netthi et al. 2010), but this finding has not been
reproduced in humans (Baarnhielm et al. 2012).

It is still unknownwhether vitamin D and or
exposure to sun may also have a strong thera-
peutic effect once MS is established. Although
vitamin D has been added to conventional ther-
apy as part of numerous studies, its importance
is not yet resolved. Importantly, high vitamin D
levels are associated with lessening of axonal
injury as measured by cerebrospinal fluid
(CSF) neurofilament light (Sandberg et al.
2015), and during a β interferon trial higher
levels of vitamin D were associated with lower
MRI activity and slower disease progression
(Ascherio et al. 2014; Fitzgerald et al. 2015).

VitaminD supplementation is believed to be
nontoxic even at very high doses, and at the
moment it seems reasonable to conduct large
clinical trials in individuals, for example, close
relatives, at risk forMS or even recommend sup-
plementation at relatively high doses for all ad-
olescents; vitamin D seems to play a part in a
number of diseases, not only MS. Sun exposure
recommendations are more difficult because of
the risk of developing skin cancer. However,
moderate exposure is a fair recommendation.

It is still not settled whether vitamin D sup-
plementation is of benefit in individuals with
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established MS. However, manyMS patients are
aware of the relationship between vitaminD and
MS risk, and use it, especially during winter-
time.

ADOLESCENT OBESITY

In large cohorts, adolescent obesity in females
has been associated with MS (Munger et al.
2009, 2013).We replicated thisfinding regarding
adolescent obesity in both males and females,
with an OR of ∼2, although adult body mass
index (BMI) at diagnosis had no influence (Hed-
strom et al. 2014d). The association is strongest
for a BMI of >27, although increased ORs are
apparent also at more modest BMI levels. Obe-
sity shows association with risk of pediatric-on-
set MS (Langer-Gould et al. 2013; Munger et al.
2013). We have also observed that for adult MS,
the critical period seems to be during adoles-
cence and not at 10 years of age (Hedstrom
et al. 2016b). Largely similar resultswere recently
presented in a Norwegian/Italian study (Wesnes
et al. 2015). Additionally, Mendelian randomi-
zation studies show that genetic determinants
for high BMI are associated with an increased
risk ofMS, bypassingmany potential confound-
ers and bias attributed to reverse causality, pro-
viding good support for a causal role for this
lifestyle factor (Mokry et al. 2016; Gianfrancesco
et al. 2017).

Also, in this case, there is an interaction with
MS HLA risk genes; specifically, DRB1�15:01
positive and HLA A�02 negative individuals
with a high BMI display an OR of ∼14 (Hed-
strom et al. 2014d), showing further support for
the sharing of biological pathways, as well as
support for a causal role of obesity. Still, the
mechanistic pathways involved in pathogenesis
are still unclear. We consider at minimum three
non-mutually exclusive and partly overlapping
pathways: (1) Obesity is characterized by a “low
grade” inflammation in which increased levels
of proinflammatory mediators are produced in
the fat tissue (Lumeng et al. 2007; Procaccini
et al. 2015). Promotion of T helper (Th)1-biased
immune responses and decreased function of
Treg cells have been described (Matarese et al.
2005). (2) In the presence of obesity, increased

levels of leptin, a mediator connected to proin-
flammation, are observed (Matarese et al. 2005,
2010). (3) Obesity also leads to decreased bio-
availability of vitamin D, in turn with options
for a proinflammatory bias (Wortsman et al.
2000). Any of the potential mechanisms may
enhance the activation and functional proin-
flammatory bias of adaptive autoreactive im-
mune cells, which may cause the neuroinflam-
matory bouts, a sequence of events that is
supported by the HLA gene interaction; HLA
genes encode the antigen-presenting molecules
necessary for activation of T cells.

The relevance of obesity with regard to a
putative immune attack on the CNS is also
strongly supported by the observed interaction
between EBV/IM and BMI, acting independent-
ly of the HLA DRB1�15:01 class II risk allele,
where each of the two lifestyle/environmental
factors results in ORs of ∼2, but approaches 14
when combined (Hedstrom et al. 2015b). The
reasons for the interaction remain speculative.
Obesity may provide a less good fit immune
response against EBV, as obesity is associated
with a less apt immune defense against infec-
tions in general (Karlsson and Beck 2010; Paich
et al. 2013). Onemight also consider a combined
proinflammatory milieu during obesity and the
so far undefined actions of EBV connected to
MS, exaggerating the risk for neuroinflamma-
tion. Our argument is based on the fact that
interaction between EBV and obesity, two MS
risk factors, takes place with regard to the devel-
opment ofMS, supporting the notion of a causal
role for both of them in triggering onset.

In this case, obesity data and MSmay have a
direct connection with prevention for thosewho
are at high risk for MS, such as children of or
other relatives of individuals with MS. It is also
of interest with respect to the global obesity ep-
idemic and could be one of the factors of impor-
tance for the increased incidence of MS among
women worldwide.

OTHER LIFESTYLE/ENVIRONMENTAL
FACTORS

Shift work has been observed to be associated
with increased risk and development of autoim-
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mune thyroid disorders (Magrini et al. 2006).
We observed the association between shift
work and MS in two different studies. We ob-
served that exposure to shift work during ado-
lescence, (i.e., before the age of 20), was associ-
atedwithMS risk with anORof∼1.7 (Hedstrom
et al. 2011a). In a recent replication study, the
investigators also found significant associations
beyond age 20, although not as strong (Hed-
strom et al. 2015a).

Studies on the role of alcohol and coffee
consumption and MS have been inconsistent.
In one such study, there was no impact of caf-
feine or alcohol on MS risk found (Massa et al.
2013). In two large case-control studies, there
was evidence supporting a dose-dependent in-
verse association between MS and alcohol with
ORs in the range of 0.7–0.8 (Hedstrom et al.
2014b). A dose-dependent inverse association
has also been described in RA (Kallberg et al.
2009). The current data provide no directives for
at-risk individuals to refrain from alcohol.

The association between coffee consump-
tion and MS risk was recently investigated in
two independent population-based case-control
studies. The MS risk was reduced substantially
among those who reported a high coffee con-
sumption exceeding 900 mL of coffee daily (OR
∼0.70). Lower odds ofMSwith increasing coffee
consumption were observed, regardless of
whether coffee consumption was at disease on-
set or 5 or 10 years before disease onset was
considered (Hedstrom et al. 2016a). Still, the
available data are currently not strong enough
to support any recommendations regarding
coffee in relation to risk.

CONCLUDING REMARKS

Lifestyle/environmental factors affecting MS are
increasingly defined. Combining genetics and
environmental factors have contributed to un-
derstandingMS; factors interactingwithMS risk
genes, primarily HLA risk genes, can be argued
to share etiologic pathways underlying the dis-
ease, additionally arguing for their action on the
immune system. This is applicable to smoking,
EBV infection, and adolescent obesity. The
mechanism for understanding is in its early

stages, although, thus far, the vast majority of
defined factors can be traced to effects on the
immune system, similar to the genetic predis-
posing elements, and strongly arguing for a pri-
mary role of the peripheral immune system
driving MS. Factors that trigger disease can in-
creasingly be incorporated into practical health
care and even prevention, in particular for indi-
viduals at increased risk for MS, especially if
there is a familial aggregation.
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