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Alcohol as a Modifiable Lifestyle Factor Affecting
Multiple Sclerosis Risk
Anna Karin Hedström, MD; Jan Hillert, MD, PhD; Tomas Olsson, MD, PhD; Lars Alfredsson, PhD

IMPORTANCE Alcohol consumption may be a modifiable lifestyle factor that affects the risk of
developing multiple sclerosis (MS). Results of previous studies have been inconsistent.

OBJECTIVE To investigate the possible association of alcohol consumption with the risk of
developing MS and to relate the influence of alcohol to the effect of smoking.

DESIGN, SETTING, AND PARTICIPANTS This report is based on 2 case-control studies:
Epidemiological Investigation of Multiple Sclerosis (EIMS) included 745 cases and 1761
controls recruited from April 2005 to June 2011, and Genes and Environment in Multiple
Sclerosis (GEMS) recruited 5874 cases and 5246 controls between November 2009 and
November 2011. All cases fulfilled the McDonald criteria. Both EIMS and GEMS are
population-based studies of the Swedish population aged 16 to 70 years. In EIMS, incident
cases of MS were recruited via 40 study centers, including all university hospitals in Sweden.
In GEMS, prevalent cases were identified from the Swedish national MS registry. In both
studies, controls were randomly selected from the national population register, matched by
age, sex, and residential area at the time of disease onset.

MAIN OUTCOME AND MEASURE Multiple sclerosis status.

RESULTS There was a dose-dependent inverse association between alcohol consumption and
risk of developing MS that was statistically significant in both sexes. In EIMS, women who
reported high alcohol consumption had an odds ratio (OR) of 0.6 (95% CI, 0.4-1.0) of
developing MS compared with nondrinking women, whereas men with high alcohol
consumption had an OR of 0.5 (95% CI, 0.2-1.0) compared with nondrinking men. The OR for
the comparison in GEMS was 0.7 (95% CI, 0.6-0.9) for women and 0.7 (95% CI, 0.2-0.9) for
men. In both studies, the detrimental effect of smoking was more pronounced among
nondrinkers.

CONCLUSIONS AND RELEVANCE Alcohol consumption exhibits a dose-dependent inverse
association with MS. Furthermore, alcohol consumption is associated with attenuation of the
effect of smoking. Our findings may have relevance for clinical practice because they give no
support for advising patients with MS to completely refrain from alcohol.
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M ultiple sclerosis (MS) is a chronic neurological dis-
ease that develops as a result of the interplay be-
tween inducing and protective environmental and

genetic factors. The impact of alcohol, which may directly sup-
press various immune responses,1 on the risk of developing MS
has been investigated in 2 case-control studies2,3 and 1 pro-
spective study.4 The results were inconsistent. However, case
numbers have been small and some of the studies were sub-
ject to methodological limitations.2,3 A prospective study found
no association between alcohol intake and risk of MS. How-
ever, the risk of other autoimmune diseases such as autoim-
mune hypothyroidism,5 systemic lupus erythematosus,6 and
rheumatoid arthritis7,8 has been found to be lower in alcohol
drinkers as compared with nondrinkers. Extensive evidence
indicates that alcohol has significant dose-dependent immu-
nomodulatory properties.9 Using 2 large population-based
case-control studies in Sweden, we investigated the possible
association of alcohol consumption with the risk of MS and re-
lated the association of alcohol consumption to the effects of
smoking, which is one of the most established risk factors in
the etiology of the disease.

Methods
Design and Study Population
The Karolinska Institutet institutional review board approved
our study. This report is based on data from 2 independent popu-
lation-based case-control studies on environmental and
genetic risk factors for MS. The first study is Epidemiological
Investigation of Multiple Sclerosis (EIMS) with a study group
comprising the population aged 16 to 70 years in Sweden.
Incident cases were recruited via 40 study centers, including
all university hospitals in Sweden. All cases were examined
and diagnosed by a neurologist located at the unit where the
case was entered. For each case, 2 controls were randomly
selected from the national population register, matched by
age (predetermined 5-year age groups), sex, and residential
area. The study period was April 2005 to June 2011.

The second study is Genes and Environment in Multiple
Sclerosis (GEMS) in which prevalent cases fulfilling the
McDonald criteria were identified from the Swedish national
MS registry. For each case, a control was randomly selected from
the national population register matched by age, sex, and resi-
dential area at the time of the disease onset. The study partici-
pants were recruited between November 2009 and November
2011. All participants in GEMS were distinct from those in EIMS.
Ethical approval for both EIMS and GEMS was obtained from
the Regional Ethical Review Board in Stockholm (at Karolinska
Institutet) and participants provided written informed consent.

Data Collection
In both studies, extensive questionnaires were used to collect
information about demographic and reproductive factors, he-
redity, previous health, body weight and height, lifestyle fac-
tors, occupational exposures, and socioeconomic circum-
stances. The questionnaires were similar but not identical. All
questionnaires were supposed to be answered at home.

In EIMS, participants were asked to provide information re-
garding current alcohol consumption and whether their cur-
rent alcohol consumption differed from their alcohol consump-
tion 5 years ago (eAppendix in Supplement). Incompletely
answered questionnaires were completed by mail or tele-
phone. In total, completed questionnaires were obtained from
1301 potential cases and 2826 controls, the response propor-
tion being 91% for the case group and 69% for the controls. How-
ever, only participants with an estimated disease onset within
the previous 5 years who reported no change in alcohol habits
were included in the analysis (745 cases, 1761 controls). In GEMS,
detailed information was obtained regarding alcohol consump-
tion during different age periods up to the participants' cur-
rent age (eAppendix in Supplement). With a response rate of 82%
for the cases and 66% for the controls, the study comprised 5874
cases with MS and 5246 matched controls.

Definition of Alcohol Consumption
For each case, the time of the initial appearance of MS symptoms
was used as an estimate of the disease onset, and the year in
which this occurred was defined as the index year. The corre-
sponding controls were given the same index year. In both stud-
ies, alcohol habits during the period comprising the index year
(10-year period in GEMS and 5-year period in EIMS) were consid-
ered among cases and controls. Participants who had drunk al-
coholduringthisperiodweredefinedasdrinkersandparticipants
who had not drunk alcohol were defined as nondrinkers. To ana-
lyze a possible dose-response association between alcohol intake
and the risk of developing MS, we further categorized the drink-
ers into the following subgroups based on the amount of alco-
hol intake per week: low consumption (<50 g/wk for women and
<100 g/wk for men), moderate consumption (50-112 g/wk for
women and 100-168 g/wk for men), and high consumption (>112
g/wk for women and >168 g/wk for men). The cutoffs were the
same as those used by Statistics Sweden.

Statistical Analysis
Using logistic regression, the incidence of MS in participants
with different alcohol habits was compared with that in non-
drinkers by calculating odds ratios (ORs) with 95% CIs. The
analyses were performed separately for men and women. In-
teraction, defined by departure from additivity of effects, was
evaluated between alcohol and smoking by means of calcu-
lating the attributable proportion due to interaction together
with its P value and 95% CI. The attributable proportion be-
tween 2 interacting factors reflects the joint effect beyond the
sum of the independent effects.10

All analyses were adjusted for age, sex, and residential area
(according to study design), ancestry, smoking, and body mass
index at age 20 years. Age was categorized into the following
8 strata: 16 to 19, 20 to 24, 25 to 29, 30 to 34, 35 to 39, 40 to 44,
45 to 49, and 50 to 70 years of age. Assessment of ancestry was
based on whether the participant was born in Sweden and
whether either of the participant’s parents had immigrated to
Sweden. A participant who was born in Sweden, whose par-
ents had not immigrated, was classified as Swedish. Adjust-
ments were also made for educational level (university de-
gree or not), socioeconomic status (white collar, blue collar,
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other), parity (yes/no), sun exposure habits (low/high), and a
history of infectious mononucleosis (yes/no). However, these
factors had minor influence on the results and were not re-
tained in the final analyses. All analyses were conducted using
SAS version 9 (SAS Institute Inc).

Results
The analyses of alcohol consumption and risk for MS based on
EIMS included 745 cases and 1761 controls. The mean age at on-
set was 36.9 years and the median for the duration from the dis-
ease onset to the diagnosis was 2.0 years. Almost all cases were
recruited within 1 year after the diagnosis and the question-
naires were completed after a median of 3.0 years following the
onset of the disease. The corresponding analyses based on GEMS
included 5874 cases and 5246 controls. The mean age at onset
was 33.6 years, and the mean duration from the disease onset
to inclusion in the study was 17.0 years. Characteristics of cases
and controls in EIMS and GEMS are presented in Table 1.

In both studies, there was a dose-dependent inverse asso-
ciation between alcohol consumption and MS risk that was sta-
tistically significant in both sexes. In EIMS, women who re-
ported high alcohol consumption had an OR of 0.6 (95% CI, 0.4-
1.0) of developing MS compared with nondrinking women,
whereas men with high alcohol consumption had an OR of 0.5
(95% CI, 0.2-1.0) compared with nondrinking men (Table 2). The
OR for the corresponding comparison in GEMS was 0.7 (95% CI,
0.6-0.9) for women and 0.7 (95% CI, 0.5-0.9) for men (Table 3).

Based on GEMS data, a subanalysis was performed where
participants whose alcohol consumption comprised exclu-
sively wine or spirits were compared with nondrinkers. Par-
ticipants who drank more than 3 glasses of wine per week had
an OR of 0.7 (95% CI, 0.5-0.8), which was also the case for par-
ticipants who drank more than 5 glasses of sprits per week (OR,
0.7; 95% CI, 0.5-0.9) (Table 4).

The risk reduction associated with alcohol consumption
was more pronounced among smokers than among never
smokers. A statistically significant interaction between smok-
ing and nondrinking was observed in GEMS (attributable pro-
portion, 0.2; P = .01 in GEMS), but not in EIMS (attributable pro-
portion, 0.2; P = .28) (Table 5).

Discussion
According to our observations in 2 large population-based case-
control studies, alcohol consumption exhibits a dose-
dependent inverse association with MS. Furthermore, alcohol
consumption is associated with attenuation of the effect of
smoking. Although the effect of alcohol on already established
MS has not been studied herein, the data may have relevance
for clinical practice since they give no support for advising per-
sons with MS to completely refrain from alcohol.

Our findings differ from those based on the Nurses' Health
Study, which is the only prospective cohort study that we know
of that has investigated the association between alcohol con-
sumption and MS risk. For consumption more than 15 g/d

Table 1. Characteristics of Cases and Controls in EIMS and GEMS

No. (%)

Alcohol Consumers Never Drinkers

Cases Controls Cases Controls
EIMS

Women

Scandinavians 311 (91) 686 (87) 188 (81) 341 (67)

Smokers 178 (53) 383 (49) 87 (38) 160 (31)

BMI, mean 21.4 21.3 22.0 21.5

Total 341 (100) 790 (100) 232 (100) 512 (100)

Men

Scandinavian 110 (89) 291 (88) 39 (80) 91 (72)

Smokers 74 (61) 135 (41) 24 (49) 34 (27)

BMI, mean 23.3 22.8 23.4 23.0

Total 123 (100) 332 (100) 49 (100) 127 (100)

GEMS

Women

Scandinavians 2920 (93) 2735 (92) 952 (87) 182 (86)

Smokers 1915 (61) 1612 (54) 460 (42) 278 (30)

BMI, mean 21.4 21.4 21.7 21.6

Total 3163 (100) 3086 (100) 1097 (100) 938 (100)

Men

Scandinavians 1203 (90) 1047 (92) 218 (84) 172 (90)

Smokers 855 (63) 572 (50) 107 (41) 60 (31)

BMI, mean 23.3 22.8 23.4 23.0

Total 1353 (100) 1175 (100) 261 (100) 197 (100)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
EIMS, Epidemiological Investigation
of Multiple Sclerosis; GEMS, Genes
and Environment in Multiple
Sclerosis.
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(which is the amount associated with a decreased risk in our
study), the number of cases in the Nurses' Health Study is es-
timated to be fairly small, according to the information given
in the article.4 This means that the power to identify an OR on
the order of 0.8 (as observed by us) is low. It is thus possible
that a protective effect of alcohol on MS risk went unnoticed
in the Nurses' Health Study because of limited case numbers.

Both studies were population-based case-control studies
where controls were randomly selected from the national popu-
lation register and were frequency matched for age, sex, and
residential area at the time of the disease onset for the cases.
Information regarding lifestyle factors and personal informa-
tion were gathered retrospectively. In EIMS, we predomi-
nantly included cases who had received their diagnosis within
the past year to minimize recall bias whereas GEMS is based
on prevalent cases of MS with a mean duration of 17.0 years
from onset of disease to inclusion in the study. Recall bias may

thus be a concern. However, in both studies, the question-
naires contained a wide range of questions regarding many po-
tential environmental risk factors and no sections in the ques-
tionnaires were given preeminent focus. Most often recall bias
relates to the tendency to overreport previous exposure among
cases relative to the controls. If our results should be ex-
plained by recall bias, cases should have systematically un-
derstated their previous alcohol consumption in relation to the
statements among controls.

Another potential concern is that the recruitment of cases
and controls may have introduced selection bias. Some cases
may have been unidentified in our studies. However, the Swed-
ish health care system provides equal free-of-charge access to
medical services for all Swedish citizens, and we believe al-
most all cases of MS are referred to neurological units. It seems
unlikely that the few unidentified cases would cause a sub-
stantial bias in our calculations.

Table 2. Odds of Developing MS for Participants With Different Alcohol Habits Compared With Never Drinkers,
by the Quantity of Alcohol Intake, Based on EIMS Data

Alcohol Consumption No. of Cases No. of Controls OR (95% CI)a P Value
Women

Never drinkers 232 512 1 [Reference]

Low intake 203 440 1.0 (0.8-1.2) .68

Moderate intake 97 232 0.8 (0.6-1.1) .18

High intake 41 118 0.6 (0.4-1.0) .04; P for trend .02

Men

Never drinkers 49 127 1 [Reference]

Low intake 85 218 0.9 (0.6-1.4) .70

Moderate intake 25 70 0.7 (0.4-1.3) .33

High intake 13 44 0.5 (0.2-1.0) .05; P for trend .01

Abbreviations: EIMS, Epidemiological
Investigation of Multiple Sclerosis;
MS, multiple sclerosis; OR, odds ratio.
a Adjusted for design variables (age

and residential area), ancestry,
smoking, and body mass index at
age 20 years.

Table 3. Odds of Developing MS for Participants With Different Alcohol Habits Compared With Never Drinkers,
by the Quantity of Alcohol Intake, Based on GEMS Data

Alcohol Consumption No. of Cases No. of Controls OR (95% CI)a P Value
Women

Never drinkers 1097 919 1 [Reference]

Low intake 2010 1886 0.8 (0.7-0.9) <.001

Moderate intake 783 727 0.8 (0.7-0.9) <.001

High intake 370 379 0.7 (0.6-0.9) <.001; P for trend <.001

Men

Never drinkers 261 194 1 [Reference]

Low intake 858 724 0.8 (0.6-1.0) .04

Moderate intake 328 281 0.7 (0.6-1.0) .02

High intake 167 136 0.7 (0.5-0.9) .02; P for trend .04

Abbreviations: GEMS, Genes and
Environment in Multiple Sclerosis;
MS, multiple sclerosis; OR, odds ratio.
a Adjusted for design variables (age

and residential area), ancestry,
smoking, and body mass index at
age 20 years.

Table 4. Odds of Developing MS for Participants With Different Alcohol Habits Compared With Never Drinkers,
by the Quantity of Alcohol Intake

No. of Cases No. of Controls OR (95% CI)a P Values
Never drinkers 1358 1113 1 [Reference]

1-5 drinks/wkb 284 227 1.0 (0.8-1.2) .98

>5 drinks/wkb 181 171 0.7 (0.5-0.9) .002; P for trend .01

Never drinkers 1358 1113 1 [Reference]

1-3 glasses wine/wkc 1732 1691 0.8 (0.8-0.9)

>3 glasses wine/wkc 135 153 0.7 (0.5-0.8) .001; P for trend .007

Abbreviations: MS, multiple sclerosis;
OR, odds ratio.
a Adjusted for design variables (age,

sex, and residential area), ancestry,
smoking, and body mass index at
age 20 years.

b Only participants who exclusively
drank spirits were included in the
analysis.

c Only participants who exclusively
drank wine were included in the
analysis.
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The proportion of responders with regard to participa-
tion in the study was 91% for cases and 69% for controls in EIMS
and 82% for cases and 66% for controls in GEMS. A potential
selection bias may result from the relatively high proportion
of nonresponders among the controls. However, this bias is
probably modest since both the prevalence of drinkers among
the controls and their drinking patterns were in line with that
of the general population.11 Moreover, the prevalence of smok-
ing among the controls, seen as an indicator of lifestyle, was
in line with that of the general population at equivalent ages.11

If selection bias had occurred among controls, it would prob-
ably be positively correlated with alcohol consumption, ie, the
response rate would probably be lower among those who drink
large amounts of alcohol, and consequently, our observed ORs
would be biased toward the null value (OR = 1).

An alternative bias is the possibility of reverse causation,
ie, that the disease has influenced the alcohol consumption
among MS cases, also before the diagnosis. Potentially, less
drinking among patients with MS could be a consequence of
a decreased alcohol tolerance among patients with MS due to
preexisting negative influences on the central nervous sys-
tem by the MS process. Cases and controls were classified ac-
cording to the alcohol habits as prevailing at the index year (ie,
for cases, the year in which the first symptom of MS oc-
curred; controls were assigned the same index year as the case
they were matched to). In EIMS, we asked about the alcohol
consumption during the week before answering the question-
naire and whether the consumption had increased, de-
creased, or was the same compared with the consumption 5
years ago. To mirror the alcohol consumption before the in-
dex year, we restricted the analysis to participants with an es-
timated disease onset within the previous 5 years in relation
to study inclusion and who reported no change in alcohol hab-
its during the last 5 years. The results from EIMS may thus not
be affected by reverse causation, at least not during the stud-
ied time window. It may be argued that decreased alcohol tol-
erance among patients with MS due to preexisting negative in-
fluences on the central nervous system may take place even
before the studied time span. To shed light on this, we used
information from GEMS where information was obtained re-

garding alcohol consumption during different age periods up
to the participants' current age. We analyzed the association
between alcohol consumption at ages 15 to 19 years and the
risk of MS with different time lags. With a 5-year time lag, the
OR was 0.9 (95% CI, 0.82-0.98); with a 10-year lag, the OR was
0.9 (95% CI, 0.80-0.98); and with a 15-year time lag, the OR was
0.9 (95% CI, 0.79-1.00) (the number of cases now becomes
lower). Thus, there were no signs of reverse causality.

Further, we studied the pattern of changed alcohol con-
sumption between different age periods based on the GEMS
study. No differences between cases and controls were ob-
served. Based on these observations, we conclude that re-
verse causality is less likely to explain our findings, even though
we cannot completely rule out this possibility. In addition, a
similar negative association has been observed for other au-
toimmune disorders not directly affecting the central ner-
vous system.5-7

While the exact mechanisms by which alcohol affects the
risk of autoimmunity remain to be discovered, experimental
and clinical data suggest that alcohol has significant dose-
dependent immunomodulatory properties.9 Alcohol rapidly
crosses the blood-brain barrier and is capable of exerting ef-
fects on the immune and nervous systems. Moderate alcohol
consumption exerts anti-inflammatory effects by increasing
interleukin 10 levels and decreasing monocyte inflammatory
responses.12 Furthermore, alcohol stimulates the hypothala-
mus-pituitary-adrenal and hypothalamus-pituitary-gonadal
axes, which increases glucocorticoid hormone levels and de-
creases estrogen levels in females. These hormonal changes
may also mediate immune suppressive effects of alcohol.13 In
mice, persistent ethanol consumption delays the onset and
halts the progression of collagen-induced arthritis by down-
regulation of leukocyte migration and upregulation of testos-
terone secretion.14

Animal studies have shown that the consumption of al-
cohol itself, even in moderate amounts, leads to lower levels
of leucocytes, and it has been suggested that ethanol itself
might be largely responsible for the anti-inflammatory ef-
fects of moderate alcohol consumption. In the MONICA study,
moderate alcohol consumption of either wine or beer ap-

Table 5. Odds of Developing MS for Participants With Different Alcohol and Smoking Habits, Compared With Never Smokers Who Drink Alcohol

Smoking Drinking No. of Cases No. of Controls OR (95% CI)a P Value AP
EIMS

− + 266 716 1 [Reference]

+ + 198 406 1.4 (1.2-1.8) .001

− − 189 489 1.1 (0.8-1.4) .52

+ − 92 150 1.8 (1.3-2.4) <.001 0.2; P = .28

GEMS

− + 1746 1949 1 [Reference]

+ + 2770 2184 1.4 (1.3-1.6) <.001

− − 791 775 1.2 (1.0-1.3) .02

+ − 567 338 1.9 (1.7-2.2) <.001 0.2; P = .01

Abbreviations: AP, attributable proportion; EIMS, Epidemiological Investigation
of Multiple Sclerosis; GEMS, Genes and Environment in Multiple Sclerosis;
MS, multiple sclerosis; OR, odds ratio; +, present; −, absent.

a Adjusted for age, sex, residential area, ancestry, and body mass index at age
20 years.
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peared to be associated with lower levels of systemic inflam-
matory markers in 3 different European areas.15

Animal experiments have shown that acute alcohol expo-
sure increases noradrenaline synthesis and release, leading to
increased noradrenaline concentrations in the brain.16,17 Fur-
thermore, noradrenaline concentrations were significantly
higher in alcohol-dependent participants who were active
drinkers compared with those in alcohol-dependent partici-
pants in remission and controls.18 The neurotransmitter is
known to provide neuroprotection against various inflamma-
tory stimuli, and increasing levels of noradrenaline in the cen-
tral nervous system reduce experimental autoimmune en-
cephalomyelitis severity.19

An inverse association between alcohol and risk of devel-
oping cardiovascular disease has long been known.20 The risk
of other autoimmune diseases such as autoimmune
hypothyroidism,5 systemic lupus erythematosus,6 and rheu-

matoid arthritis7,8 has been found to be lower in alcohol drink-
ers as compared with nondrinkers. A dose-dependent reduc-
tion in risk of developing rheumatoid arthritis with moderate
alcohol consumption has been reported, as well as an inter-
action between smoking and nondrinking.7 Alcohol thus seems
to have a similar impact on MS and rheumatoid arthritis, which
are both complex, helper T cell subtype 1–driven inflamma-
tory diseases.

Conclusions
In conclusion, alcohol consumption exhibits a dose-
dependent inverse association with MS. Furthermore, alco-
hol consumption is associated with attenuation of the effect
of smoking. Alcohol may thus be another modifiable lifestyle
factor that may affect the risk of developing MS.
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