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Objective: To examine the associations of alcohol consumption patterns with disability and brain injury in
multiple sclerosis (MS) patients.
Design: This study included 423 subjects (272 MS patients, 151 healthy controls) participating in a study of
clinical, environmental and genetic risk factors in MS. Disability was assessed with the Expanded Disability
Status Scale (EDSS) and the MS Severity Scale (MSSS). Brain injury was assessed using the quantitative
MRI measures of T2-lesion volume (T2-LV), T1-LV, normalized volumes of brain parenchyma (NBV), gray
matter (NGMV) and lateral ventricle (NLVV). Information related to alcohol-consumption patterns was
obtained with standardized questionnaire during an in-person interview. The associations of alcohol con-
sumption variables with disability and MRI measures were assessed in regression analyses.
Results: The frequency of MS patients who did not consume alcohol after MS (19.4%) was higher than the fre-
quency before MS (pb0.001). The EDSS, NGMV and NLVV exhibited a non-linear dependence on duration of
alcohol consumption after MS onset: non-linear regression analyses indicated that EDSS and NLVV were

lower and the NGMV was greater in MS patients who had consumed for a period of 15 years or less after
MS onset compared those who did not consume alcohol or consumed it for more than 15 years.
Conclusion: The duration of alcohol consumption is associated with disability and MRI measures in MS. Pro-
spective, longitudinal studies of the role of alcohol in MS disease progression are warranted.
© 2011 Elsevier B.V. All rights reserved.
1. Introduction and background

Central nervous system damage (CNS) in multiple sclerosis (MS)
is believed to be predominantly the result of abnormal immune re-
sponses against the patient's nervous tissue (Sospedra and Martin,
2005; Frohman et al., 2006). However, MS is also associated with neu-
rodegeneration and axonal loss (Trapp et al., 1998).

The alcohol (ethanol, ethyl alcohol) ingested from alcoholic bever-
ages rapidly crosses the blood–brain barrier and is capable of exerting
effects on the immune and nervous systems. Alcohol has direct phar-
macological effects on many different parts of brain including the ce-
rebral cortex, cerebellum, the limbic system and the hypothalamus–
pituitary axis (Clapp et al., 2008). The short-term behavioral and
physiological impairments caused by alcohol affect mood, speech,
walking, vision, memory, judgment and reaction times. Alcohol is
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addictive and can cause longer-term functional and structural injury
to the brain (Neiman, 1998) and other organs including the liver
(Testino, 2008).

Alcohol generally suppresses innate immune responses at low and
moderate doses and increases immune responses at high doses (Goral
et al., 2008). Acute alcohol treatment reduces monocyte production of
cytokines such as tumor necrosis factor-α and interleukin-1β whereas
interleukin-10, transforming growth factor-β and interleukin-12 are
enhanced (Mandrekar et al., 1996; Szabo et al., 1996). Acetaldehyde,
which is produced as a result of alcohol metabolism, can react rapidly
with proteins and the covalent modification can potentially render en-
dogenous proteins immunogenic. This may explain why chronic alco-
holics produce higher levels of immunoglobulins and autoantibodies
(Cook, 1998). Excessive alcohol increases the risk of infections such as
bacterial pneumonia and tuberculosis (MacGregor and Louria, 1997).
Alcohol increases the activity of nuclear factor-kappa B and Fas in helper
T cells (Barve et al., 2002). Alcohol is a disease-promoting co-factor in
HIV and alcoholicswith HIV expressmarkers of chronic T-cell activation
(MacGregor and Louria, 1997). Chronic alcohol intake also alters the
production of sex hormones such as testosterone in men and estrogen
in women (Kovacs and Messingham, 2002).

http://dx.doi.org/10.1016/j.jneuroim.2011.12.007
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At low doses of alcohol, allosteric binding and activation of gamma
aminobutyric acid-A receptors mediates its effects on anxiety, disin-
hibition and sedation (Mihic, 1999; Davies, 2003; Paul, 2006). How-
ever, alcohol can also have antagonistic effects on glutamate binding
to the N-methyl D-aspartate receptor, which may mediate the
alcohol-associated blackouts. Neuropsychological impairments and
brain abnormalities including atrophy of nerve cells and loss of
brain volume are frequent in alcoholics (Oscar-Berman et al., 1997).
A study of 140 Canadian MS patients found that approximately 1 in
6 patients consumed alcohol to excess in their lifetime and drinking
problems were associated with psychiatric diagnoses (Quesnel and
Feinstein, 2004).

Smoking, exposure to Epstein-Barr virus and vitamin D are the
most widely investigated environmental factors in MS; however, no
single environmental factor has been identified as causal (Marrie,
2004). Notwithstanding, alcohol is a common environmental expo-
sure whose effects on MS disease progression have not been widely
investigated. Because the available data support the possibility that
alcohol may be associated with immune-modulation and neurode-
generation, our working hypothesis was that clinical and MRI mea-
sures in MS patients could be adversely affected by alcohol use.
Given the paucity of prior clinical data on effects of alcohol in MS,
the goal of this study was to assess the associations of alcohol con-
sumption patterns with brain injury and disability in MS.

2. Methods

2.1. Study population

2.1.1. Ethics statement
The study was approved by the University at Buffalo Human Sub-

jects Institutional Review Board and all participants provided written
informed consent.

2.1.2. Study design
This project utilized data from an ongoing study of genetic and

environment risk factors in MS progression. A large cohort of pa-
tients with MS, clinically isolated syndrome (CIS), healthy controls
(HC) and controls with other neurological diseases (OND) were
enrolled.

All subjects provided responses to a structured questionnaire ad-
ministered during an in-person interview at the time of the clinical
visit. The responses to the questionnaire were transcribed to a com-
puter by the interviewer.

The subjects received a neurological examination and an MRI scan
of the brain. The evaluators were blinded to the subjects' responses to
the questionnaire.

The study enrolled a total of 499 subjects, including 289 MS, 21
CIS, 163 HC and 26 OND. MRI examinations, using a standardized pro-
tocol described below, were available for 20 (95.2%) CIS, 243 (84.1%)
MS, 73 (45.6%) HC, and 15 (42.3%) OND subjects.

Patients with OND, CIS and neuromyelitis optica were also exclud-
ed to avoid the effects of small samples and confusion stemming from
three more groups. Subjects under 21 years of age were excluded
based on the legal drinking age (1 RR-MS case ≥18 years, 10 RR-MS
children b18 years and 10 HC ≥18 years, 2 HC ≤18 years were ex-
cluded on age) yielding 423 subjects: 151 HC and 272 CDMS in the
statistical analysis.

2.1.3. Alcohol consumption
The alcohol consumption questionnaire was comprised of selected

questions obtained from a review of several validated questionnaire
sources including those from the National Institute of Alcohol Abuse
and Alcoholism (www.niaaa.nih.gov) and the National Health and
Nutrition Examination Survey (NHANES) from the Centers for Disease
Control (http://www.cdc.gov/nchs/about/major/nhanes/questexam.
htm).

One drink was defined as a 12-ounce can (or bottle) of beer, a four-
ounce glass of wine, one shot (1.5 oz) of liquor or a 12-ounce bottle
of wine cooler (http://pubs.niaaa.nih.gov/publications/Practitioner/
PocketGuide/pocket_guide2.htm). Never Drinkerswere defined as indi-
viduals who had consumed ≤12 drinks in their life. The alcohol con-
sumption information in MS subjects was obtained for the period
before MS onset, the period after MS onset, and for the preceding
3 months.

The questionnaire obtained information on age of first alcohol
consumption, years of drinking, frequency of alcoholic drinks and
the type of preferred drink.

The total duration of alcohol consumption in MS patients was cal-
culated as the sum of the midpoints of the scales for durations of alco-
hol consumption before and after MS onset. The calculated total
duration of alcohol consumption for both MS patients and controls
was categorized into four groups: None, >0 but ≤10 years, >10 but
≤20 years, and >20 years.

The duration of drinking before and after MS onset categories was
reduced to four groups: None, ≤5 years, >5 but ≤15 years, and
>15 years. The thresholds for the groups were based on having ap-
proximately equal numbers of MS patients after MS onset in each of
the groups.

The preferred drinks were reduced to five groups: None, Beer (com-
prised of beer and wine coolers), Wines (comprised of red wine, white
wine, sparkling wines and champagne), Spirits (comprised of whisky,
gin, vodka etc.) and Other. The drinks were grouped based on alcohol
content. Alcohol contentwas obtained from theNational Institute for al-
cohol abuse web site: http://www.rethinkingdrinking.niaaa.nih.gov/
ToolsResources.

The frequency of drinking categories was reduced to four groups:
None, ≤1 drink a week, ≤1 drink a day and >1 drink a day. Subjects
who indicated that they had never consumed alcohol (Never
Drinkers) were assigned 0 for duration of drinking and frequency of
drinking variables and “None” for the preferred drink category.

2.2. MRI acquisition and analysis

2.2.1. Image acquisition
Patients underwent brain MRI on a 3-T General Electric Signa 4x/

Lx, scanner. Axial dual fast spin-echo (FSE) T2/PD-weighted image
(WI), 3D-spoiled-gradient recalled (SPGR) T1-WI, spin echo (SE)
T1-WI with and without gadolinium (Gd) contrast, fast attenuated in-
version recovery (FLAIR) scans were acquired.

2.3. Image analysis

The MRI analysts were blinded to patients' clinical characteristics
and clinical status. The following MRI measures were computed: T1-,
T2- and gadolinium (Gd) contrast-enhancing (CE) lesion volumes
(LV), measures of central, global and tissue specific brain atrophy.

2.3.1. Lesion measures
T2- and T1-LVswere obtainedwith a semi-automated edge detection

contouring-thresholding technique previously described (Zivadinov
et al., 2001).

2.3.2. Global and central atrophy measures
The SIENAX cross-sectional software tool was used, with correc-

tion for T1-hypointensity misclassification, for brain extraction and
tissue segmentation (Smith et al., 2002). We acquired and used nor-
malized volume measures of the whole brain (NBV), GM (NGMV),
white matter (NWMV), and lateral ventricles (NLVV), as described
previously (Zivadinov et al., 2007).
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Table 1
Demographic and clinical characteristics of the cohort. The continuous variables are
expressed as mean±SD and the categorical variables as frequency (%).

Demographics MS Controls p-value

Females:malesa (% female) 207:65 (76%) 78:73 (52%) b0.001b

Disease course
Relapsing–remitting 180 (66.2%)
Secondary progressive 61 (22.4%)
Relapsing SP 19 (7.0%)
Primary progressive
or primary relapsing

12 (4.4%)

Race/ethnicity 0.33c

Caucasian-American 248 (93.6%) 134 (90.1%)
African-American 12 (4.5%) 11 (7.4%)
Hispanic/Latino 4 (1.5%) 0 (0%)
Asian 0 (0%) 3 (2.0%)
Other 1 (0.4%) 0 (0%)
Missing data 7 3

Age, years 47.8±12.5 46.8±12.6 0.42d

Disease duration, years 15.2±10.5 –

Median EDSS (IQR) 3.0 (4.0) –

a 1 subject self-reported as transgender male, counted as a male.
b Fisher exact test.
c Fisher exact test for frequency of Whites to Non-whites in MS vs. Controls.
d t-test.
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2.4. Data analysis

The Statistical Package for Social Sciences (SPSS Inc., Chicago, IL,
version 15.0) statistical program was used for all statistical analyses.

The EDSS (categorized into four groups: 0–1.5, 2.0–3.0, 3.5–5.5 or
≥6.0) was assessed with ordinal regression. The MS Severity Scale
(MSSS) (Roxburgh et al., 2005) was calculated from the EDSS, disease
duration values and the global reference data set using software down-
loaded from http://www-gene.cimr.cam.ac.uk/MSgenetics/GAMES/
MSSS/Readme.html. To reduce skewness (Weinstock-Guttman et al.,
2011), the T2 lesion volume (LV) and T1-LV were normalized by
cube-root transformation.

Independent sample t-tests were used to test for differences in
means of continuous demographic variables such as age, age of
onset, and disease duration. The chi-square test (or Fisher exact test
where appropriate) was used for analysis of count variables for cate-
gorical data.

Age of onset (dependent variable) was assessed in regression analy-
sis with sex, frequency of alcohol consumption before MS onset and al-
cohol content of preferred drink before MS as predictors.

The relationships between the disability and MRI variables with
duration of alcohol use after MS were found to be nonlinear in explor-
atory analyses. In regression analyses, the EDSS and the MRI variables
were treated as dependent variables in regression analysis with the
following predictors: sex, disease duration, and linear and quadratic
terms for duration of alcohol use after MS onset. The duration of alco-
hol use was centered around the mean prior to non-linear regression.
MSSS was assessed using the same predictors except that disease du-
ration was replaced by age.

A Type I error level of≤0.05 was used to assess significance for de-
mographic and disability measures. To correct for multiple testing, a
conservative Type I error level of ≤0.01 was used for MRI variables.
A trend was assumed if the Type I error level ≤0.15.

3. Results

3.1. Demographic and clinical characteristics

The statistical analyses were limited to healthy controls and MS
patients according to the McDonald criteria (McDonald et al., 2001).

The demographic and clinical characteristics of the MS patients
and HC are summarized in Table 1. Of the 272 MS patients, 180 had
RRMS and 92 had progressive forms of MS, including both SP-MS
and PP-MS.

3.2. Patterns of alcohol use in MS patients vs. healthy controls

Fig. 1 summarizes the salient characteristics of alcohol usage such
as duration, frequency and preferred drink in the MS and Control
groups.

The proportion of Never Drinkers in the MS group (17 of 268 or
6.3%) was similar (p=1, Fisher Exact Test) to that in HC (9 of 147
or 6.1%). There was no evidence for difference in the age of first
drink (17.8±2.7 for the MS group vs. 17.9±SD 2.9 years for HC,
p=0.72, t-test).

3.3. Alcohol use patterns in MS and age of onset of MS

The frequencies of alcohol consumption in MS patients before and
after MS onset were significantly different (χ2=229, pb0.001, χ2

test). The frequency of MS patients who did not consume alcohol
after MS (19.4%) was higher than the frequency before MS (9.4%,
Fig. 1B); 35 of 267 (13.1%) patients indicated that they stopped drink-
ing after their MS diagnosis; 8 of 267 patients (2.9%) who did not con-
sume alcohol before MS indicated that they were drinking after MS.
Correspondingly, the frequency of MS patients consuming more
than 1 drink per day was lower in MS patients after MS onset (3.0%)
compared to before MS (12.7%). These changes in alcohol consump-
tion frequency are consistent with lifestyle modification. The type of
preferred drinks differed between the before and after MS onset
groups (χ2=418, pb0.001, χ2 test). The proportion of MS patients
drinking beers and spirits declined after MS onset and that of wines
increased (Fig. 1C). These changes may be the result of changing de-
mographics or lifestyle modification. There was no evidence for sig-
nificant differences in frequency of drinking or the type of drink
between patients with progressive MS compared to non-progressive
MS both before MS onset and after MS onset.

The age of onset of MS was positively correlated with the frequen-
cy (Fig. 2A) and type of alcoholic drink (Fig. 2B) consumed before MS
onset. In regression analysis correcting for sex, the increasing age of
onset was associated with increasing alcoholic content (rp=0.13,
p=0.039) and increasing frequency of alcohol consumption
(rp=0.14, p=0.034). These associations were not significant when
MS patients who were diagnosed at b21 years of age were excluded.

3.4. Association of alcohol use with disability and MRI measures in MS

Fig. 3A–G, which summarizes the dependence of clinical and MRI
variables and highlights the non-linear dependence of these variables
on duration of alcohol use after MS. A quadratic term for duration of
alcohol use after MS was therefore incorporated in regression to ac-
count for the non-linear dependence. The quadratic term for EDSS
(p=0.037) was significant whereas for the MSSS only the linear
term was significant (rp=−0.16, p=0.012). The quadratic terms
for NGMV (rp=−0.18, p=0.007) and NLVV (rp=0.18, p=0.006)
were both significant. A trend was found for the quadratic term for
NBV (rp=−0.16, p=0.014). The pattern of non-linear dependence
suggests that moderate duration of alcohol use does not have adverse
effects in MS.

3.5. Association of alcohol use with MRI measures in controls

Further, we had MRI on 68 HC and compared the dependence of
their NBV, NGMV and NLVV on duration of alcohol use to better assess
our findings in MS patients (Fig. 4). In regression analysis correcting
for sex and age, the HC group exhibited higher NLVV trend with

http://www-gene.cimr.cam.ac.uk/MSgenetics/GAMES/MSSS/Readme.html
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Fig. 1. Patterns of alcohol use in healthy controls (HC, green bars), MS patients before
MS onset (yellow bars) and MS patients after MS onset (red bars). The bars represent
the frequency of subjects expressed as percentage. Fig. 1A shows the duration of alco-
hol consumption. The duration of alcohol consumption for HC is the total duration
whereas the bars for MS patients represent the durations of alcohol consumption be-
fore and after MS onset. Fig. 1B shows the frequency of alcohol consumption in drinks
per week or drinks per day. Fig. 1C shows the preferred drinks; the Beer group includes
beer and wine coolers, the Wines group includes red wine, white wine, champagne/
sparkling wine; the Spirits group includes whisky, vodka, gin and other distilled spirits.

Fig. 2. Fig. 2 shows the dependence of the age of MS symptom onset on the frequency
of alcohol use before MS (Fig. 2A) and the preferred type of alcoholic drink before MS
(Fig. 2B). The bars represent the mean age of onset in years; the error bars are standard
error of the mean.
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increased total duration of alcohol use categories (p=0.047, rp=0.25).
The associations of NBV and NGM in HC with total duration of alcohol
use categories were not significant.
As expected, the HC had higher values of NBV (p=0.009, Mann
Whitney test) and NGMV (p=0.003, Mann Whitney test) and
lower values of NLVV (pb0.001, Mann Whitney test) than the MS
group. Fig. 4 also shows the mean values of NBV, NGMV and NLVV
for MS patients in the ≤20 years and >20 years for total duration of
alcohol use. The mean age of the MS and HC groups in the ≤20 year
(MS: 39.4±7.9 years vs. HC: 36.6±5.0 years) and the >20 year
(MS: 52.6±6.8 years vs. HC: 50.7±6.7 years) total duration of alco-
hol use categories was comparable. Of the threeMRImeasures evaluat-
ed, NLVV showed themost prominent changes betweenMS andHC. The
remaining comparisons are not shown because the None category had
only 1 HC subject with MRI and the MS patients (40.1±12.0 years) in
the ≤10 years category were older than corresponding HC group
(25.8±5.5 years).
4. Discussion

In this report, we investigated the associations of alcohol use pat-
terns with clinical and MRI measures in MS. We found that age of
onset increased in MS patients with the frequency and the alcoholic
content of the preferred drink prior to MS. The EDSS, NGMV and
NLVV showed non-linear dependence on the duration of alcohol use
after MS onset.

Regression analyses incorporating quadratic dependence on dura-
tion of alcohol use indicated that mean EDSS and NLVV were lower

image of Fig.�2


Fig. 3. Fig. 3A–G shows the dependence of EDSS, MSSS, T2-LV, T1-LV, NBV, NGMV and NLVV on the duration of alcohol use after MS onset. The bars represent means and the error
bars are standard errors of the mean.
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Fig. 4. Fig. 4A–C shows the dependence of NBV, NGMV and NLVV on the total duration
of alcohol use in healthy controls (HC, green bars) and MS (red bars). The x-axis is the
total duration of alcohol use and the categories correspond to No alcohol use (None
category), >0 but≤10 years (≤10 years category), >10 but≤20 years (≤20 years cat-
egory), and >20 years. The bar for the HC in the None category is represented differ-
ently because it had only one subject each; for this reason, the bars for MS patients
in this category is not shown. The MS patients in the ≤10 years category were older
than the corresponding HC and the bar is not shown. The bars represent means and
the error bars are standard errors of the mean.
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and the NGMV was greater in MS patients who had consumed for a
period of 15 years or less after MS onset compared those who did
not consume alcohol or consumed it for more than 15 years. From
these results, we conservatively surmise that moderate duration of al-
cohol consumption does not have adverse effects on disability or MRI
measures in MS patients. Larger, prospective longitudinal studies are
necessary to definitively determine whether effects of intermediate
duration of alcohol use on EDSS, NGMV and NLVV are indeed protec-
tive or not.

Our results suggesting an increase in age of onset with alcohol use
can be viewed as consistent with the disability and MRI findings.
However, these results must be interpreted cautiously because the
statistical significance was sensitive to the inclusion of MS patients
21 years of age or older who had pediatric-onset MS. Because MS pa-
tients b21 years of age were excluded from the analyses based on the
legal drinking age, it is possible the subset of adult MS patients with
pediatric-onset MS may have skewed the analysis because they
would have lower age of onset but would lack significant exposure
to alcohol prior to the onset of MS.

In addition, the alcohol consumption levels in the majority of sub-
jects were moderate to low: only 12.7% of MS patients consumed >1
drink a day before MS onset and 3% of MS patients consumed >1
drink per day after MS onset. The findings from this study may be dif-
ficult to extrapolate to alcohol abuse. However, we had a low propor-
tion of the Never Drinkers, which is probably representative of their
prevalence in the population at large because the proportion of HC
who were Never Drinkers was similar to that in the MS group.
Young adults frequently consume alcohol upon reaching drinking
age and in their college years.

It has been suggested that MS patients have a greater propensity
for risk taking behavior and that this may be a unifying explanation
for the lack of a single immunological or environmental factor in MS
(Hawkes, 2005). Analysis of the North American Research Committee
on Multiple Sclerosis (NARCOMS) Registry indicates that adverse
health behaviors including prevalence of smoking, alcohol abuse
risk, obesity, and lack of physical activity were frequent in MS
(Marrie et al., 2009). Alcohol intoxication can also cause blackouts
wherein memory loss is severe enough that key events are not remem-
bered and there is an increased risk of potentially dangerous behaviors
such as vandalism, driving and unprotected sex. These blackouts may
occur even among social drinkers (White, 2003). Although our sample
was a smaller clinic-based rather than population-based, the compari-
sons with HC and the After MS onset groups did not provide evidence
for greater alcohol consumption in MS patients. Instead, we found de-
creases in the frequency of alcohol consumption that are consistent
with lifestyle modification after MS onset in comparisons of the Before
and After MS onset groups. However, questions regarding alcohol use
may be considered personally sensitive by some subjects and bias due
to our use of in-person interview methodology cannot be precluded.
Nonetheless, our methodology enabled us to obtain data from disabled
and possibly fatigued MS patients who might otherwise not have
responded to mail and internet-based surveys. Another weakness of
our study is that we did not confirm self-reported data on alcohol con-
sumption via clinical tests (e.g. via breath tests); however, breath and
biochemical tests are intrusive andmore sensitive for acute intoxication
and chronic alcohol abuse.

An important caveat and limitation of our study is its cross-sectional
study design. There is the possibility that higher levels of disability
resulted in alterations in alcohol consumption. More disabled patients
may also be less able to obtain alcohol ormay alter alcohol consumption
to cope with MS. The differential effects of lifestyle changes consequent
to disability could therefore potentially confound our study results and
limit the ability to obtain cause-effect assessments from these associa-
tions. Altogether different life-styles and alcohol use just may be a sur-
rogate. The recall of past alcohol consumption patterns may also be
biased by current consumption patterns since ascertainment bias is a
known limitation of questionnaire-based studies (Marrie, 2006). It
would be important to know baseline data whether groups with differ-
ent levels of alcohol consumption were already different in clinical pa-
rameters at the time point of MS diagnosis. However, this point would
best be answered in a longitudinal study.

image of Fig.�4
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New findings implicate Toll receptor-4 (TLR4) in mediating the ef-
fects of alcohol in the central nervous system. The sedation and motor
effects of alcohol administration were reduced in mice that received
TLR4 antagonists and in TLR4-knockout mice (Wu et al., in press). Alco-
hol activation of TLR4 signaling initiates a cascade of phosphorylation in
mitogen-activated protein kinase and nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB) signaling pathways (Wu et al.,
2011). The activation of inhibitor of κB-α (IκB-α) also occurs in hippo-
campus cell cultures (Wu et al., 2011). NF-κB plays a key role in mediat-
ing diverse immune responses including those directed against viral and
bacterial infection, stress, free radicals and cytokines. Likewise there is
emerging evidence that NF-κB is important for learning and memory
in mice (Albensi and Mattson, 2000; Albensi, 2001; Meffert et al.,
2003). The findings related to the TLR-4, and its signaling via the NF-
κB pathway establishes a link between the immune system and its cen-
tral nervous system effects of alcohol. Alcohol also stimulates the hypo-
thalamus–pituitary–adrenal and hypothalamus–pituitary–gonadal axes
(Ogilvie et al., 1998; Eskandari and Sternberg, 2002), which increases
glucocorticoid hormones levels in males and females and decreases es-
trogen levels in females. These hormonal changesmaymediate immune
suppressive effects of alcohol (Kovacs and Messingham, 2002).

The U- and J-shaped dependence of disability and MRI measures
with duration of alcohol use after MS onset that we observed share
qualitative similarity with the patterns reported for alcohol dose-
dependence in cardiovascular disease and stroke risk (Vliegenthart
et al., 2004; Emberson and Bennett, 2006; Arriola et al., 2010) and
sleep (Stone, 1980; Williams et al., 1983). Moderate drinking at a
dose of 1–2 drinks per day is protective against coronary heart dis-
ease (Vliegenthart et al., 2004; Arriola et al., 2010) and increases
high-density lipoprotein levels (Thornton et al., 1983; Bertiere et al.,
1986; Paunio et al., 1994; Sillanaukee et al., 2000).

In conclusion, we found associations between disability and MRI
measures in MS patients with the duration of alcohol use after MS
onset. Although the known effects of alcohol on the immune and cen-
tral nervous systems may be consistent with our findings, more
mechanistic studies and larger prospective longitudinal clinical stud-
ies are necessary to more completely elucidate the effects of alcohol
on MS disease progression.

Note: In a paper available after acceptance of this paper, M.B.
D'Hooge et. al. (European Journal of Neurology, doi:10.1111/j.1468-
1331.2011.03596.x) reported that moderate alcohol consumption
was associated with decreased risk of reaching EDSS of 6.0.

Disclosures

Dr. Mathew Foster has nothing to disclose.
Dr. Zivadinov has received speaker honoraria and consultant fees

from Teva Neurosciences, Biogen Idec, Questcor, Genzyme and EMD
Serono; and received research support from the National Multiple
Sclerosis Society, the Biogen Idec, Teva Neuroscience, Teva Pharmaceu-
ticals, Genzyme, Questcor, Bracco and Greatbatch. These are unrelated
to the research presented in this report.

Dr. Weinstock-Guttman received speaker honoraria and consultant
fees from Teva Neuroscience, Biogen Idec, EMD Serono, Novartis, Pfizer
and Accorda. She also received financial support for research activities
from theNational Institute of Health,NationalMultiple Sclerosis Society,
National Science Foundation, Department of Defense, EMD Serono,
Biogen Idec, Teva Neuroscience, Cyberonics, Accorda, and the Jog for
the Jake Foundation. These are unrelated to the research presented in
this report.

Ms. Miriam Tamaño-Blanco has nothing to disclose.
Ms. Darlene Badgett has nothing to disclose.
Ms. Ellen Carl has nothing to disclose.
Murali Ramanathan received research funding from Pfizer, National

Multiple Sclerosis Society, the Department of Defense, National Insti-
tutes of Health and National Science Foundation. He received
compensation as a consultant for Netezza, BiogenIdec and Allergan
and for serving as an Associate Editor from the American Association
of Pharmaceutical Scientists. These are unrelated to the research pre-
sented in this report.

Acknowledgments

Support from the National Multiple Sclerosis Society (RG3743 and
a Pediatric MS Center of Excellence Center Grant) and the Depart-
ment of Defense Multiple Sclerosis Program (MS090122) is gratefully
acknowledged.

The funders had no role in study design, data collection and anal-
ysis, decision to publish, or preparation of the manuscript.

References

Albensi, B.C., 2001. Potential roles for tumor necrosis factor and nuclear factor-kappaB
in seizure activity. J. Neurosci. Res. 66, 151–154.

Albensi, B.C., Mattson, M.P., 2000. Evidence for the involvement of TNF and NF-kappaB
in hippocampal synaptic plasticity. Synapse 35, 151–159.

Arriola, L., Martinez-Camblor, P., Larranaga, N., Basterretxea, M., Amiano, P., Moreno-
Iribas, C., Carracedo, R., Agudo, A., Ardanaz, E., Barricarte, A., Buckland, G., Cirera,
L., Chirlaque, M.D., Martinez, C., Molina, E., Navarro, C., Quiros, J.R., Rodriguez, L.,
Sanchez, M.J., Tormo, M.J., Gonzalez, C.A., Dorronsoro, M., 2010. Alcohol intake
and the risk of coronary heart disease in the Spanish EPIC cohort study. Heart 96,
124–130.

Barve, S.S., Kelkar, S.V., Gobejishvilli, L., Joshi-Barve, S., McClain, C.J., 2002. Mechanisms
of alcohol-mediated CD4+ T lymphocyte death: relevance to HIV and HCV patho-
genesis. Front. Biosci. 7, d1689–d1696.

Bertiere, M.C., Betoulle, D., Apfelbaum, M., Girard-Globa, A., 1986. Time-course, magni-
tude and nature of the changes induced in HDL by moderate alcohol intake in
young non-drinking males. Atherosclerosis 61, 7–14.

Clapp, P., Bhave, S.V., Hoffman, P.L., 2008. How adaptation of the brain to alcohol leads
to dependence: a pharmacological perspective. Alcohol Res. Health 31, 310–339.

Cook, R.T., 1998. Alcohol abuse, alcoholism, and damage to the immune system—a re-
view. Alcohol. Clin. Exp. Res. 22, 1927–1942.

Davies, M., 2003. The role of GABAA receptors in mediating the effects of alcohol in the
central nervous system. J. Psychiatry Neurosci. 28, 263–274.

Emberson, J.R., Bennett, D.A., 2006. Effect of alcohol on risk of coronary heart disease
and stroke: causality, bias, or a bit of both? Vasc. Health Risk Manage. 2, 239–249.

Eskandari, F., Sternberg, E.M., 2002. Neural-immune interactions in health and disease.
Ann. N. Y. Acad. Sci. 966, 20–27.

Frohman, E.M., Racke, M.K., Raine, C.S., 2006. Multiple sclerosis—the plaque and its
pathogenesis. N. Engl. J. Med. 354, 942–955.

Goral, J., Karavitis, J., Kovacs, E.J., 2008. Exposure-dependent effects of ethanol on the
innate immune system. Alcohol 42, 237–247.

Hawkes, C.H., 2005. Are multiple sclerosis patients risk-takers? QJM 98, 895–911.
Kovacs, E.J., Messingham, K.A., 2002. Influence of alcohol and gender on immune re-

sponse. Alcohol Res. Health 26, 257–263.
MacGregor, R.R., Louria, D.B., 1997. Alcohol and infection. Curr. Clin. Top. Infect. Dis. 17,

291–315.
Mandrekar, P., Catalano, D., Girouard, L., Szabo, G., 1996. Human monocyte IL-10 pro-

duction is increased by acute ethanol treatment. Cytokine 8, 567–577.
Marrie, R.A., 2004. Environmental risk factors in multiple sclerosis aetiology. Lancet

Neurol. 3, 709–718.
Marrie, R.A., 2006. Multiple sclerosis and risk-taking. QJM 99, 63.
Marrie, R., Horwitz, R., Cutter, G., Tyry, T., Campagnolo, D., Vollmer, T., 2009. High fre-

quency of adverse health behaviors in multiple sclerosis. Mult. Scler. 15, 105–113.
McDonald,W.I., Compston, A., Edan, G., Goodkin, D., Hartung, H.P., Lublin, F.D., McFarland,

H.F., Paty, D.W., Polman, C.H., Reingold, S.C., Sandberg-Wollheim, M., Sibley, W.,
Thompson, A., van den Noort, S., Weinshenker, B.Y., Wolinsky, J.S., 2001. Recom-
mended diagnostic criteria for multiple sclerosis: guidelines from the International
Panel on the diagnosis of multiple sclerosis. Ann. Neurol. 50, 121–127.

Meffert, M.K., Chang, J.M., Wiltgen, B.J., Fanselow, M.S., Baltimore, D., 2003. NF-kappa B
functions in synaptic signaling and behavior. Nat. Neurosci. 6, 1072–1078.

Mihic, S.J., 1999. Acute effects of ethanol on GABAA and glycine receptor function. Neu-
rochem. Int. 35, 115–123.

Neiman, J., 1998. Alcohol as a risk factor for brain damage: neurologic aspects. Alcohol.
Clin. Exp. Res. 22, 346S–351S.

Ogilvie, K., Lee, S., Weiss, B., Rivier, C., 1998. Mechanisms mediating the influence of al-
cohol on the hypothalamic–pituitary–adrenal axis responses to immune and non-
immune signals. Alcohol. Clin. Exp. Res. 22, 243S–247S.

Oscar-Berman, M., Shagrin, B., Evert, D.L., Epstein, C., 1997. Impairments of brain and
behavior: the neurological effects of alcohol. Alcohol Health Res. World 21, 65–75.

Paul, S.M., 2006. Alcohol-sensitive GABA receptors and alcohol antagonists. Proc. Natl.
Acad. Sci. U. S. A. 103, 8307–8308.

Paunio, M., Heinonen, O.P., Virtamo, J., Klag, M.J., Manninen, V., Albanes, D., Comstock,
G.W., 1994. HDL cholesterol and mortality in Finnish men with special reference to
alcohol intake. Circulation 90, 2909–2918.

Quesnel, S., Feinstein, A., 2004. Multiple sclerosis and alcohol: a study of problem
drinking. Mult. Scler. 10, 197–201.

http://dx.doi.org/10.1111/j.14762011.01572.x
http://dx.doi.org/10.1111/j.14762011.01572.x
http://dx.doi.org/10.1111/j.14762011.01572.x
http://dx.doi.org/10.1111/j.14762011.01572.x


68 M. Foster et al. / Journal of Neuroimmunology 243 (2012) 61–68
Roxburgh, R.H., Seaman, S.R., Masterman, T., Hensiek, A.E., Sawcer, S.J., Vukusic, S., Achiti,
I., Confavreux, C., Coustans, M., le Page, E., Edan, G., McDonnell, G.V., Hawkins, S.,
Trojano, M., Liguori, M., Cocco, E., Marrosu, M.G., Tesser, F., Leone, M.A., Weber, A.,
Zipp, F., Miterski, B., Epplen, J.T., Oturai, A., Sorensen, P.S., Celius, E.G., Lara, N.T.,
Montalban, X., Villoslada, P., Silva, A.M., Marta, M., Leite, I., Dubois, B., Rubio, J.,
Butzkueven, H., Kilpatrick, T., Mycko, M.P., Selmaj, K.W., Rio, M.E., Sa, M., Salemi, G.,
Savettieri, G., Hillert, J., Compston, D.A., 2005. Multiple Sclerosis Severity Score:
using disability and disease duration to rate disease severity. Neurology 64,
1144–1151.

Sillanaukee, P., Koivula, T., Jokela, H., Pitkajarvi, T., Seppa, K., 2000. Alcohol consump-
tion and its relation to lipid-based cardiovascular risk factors among middle-
aged women: the role of HDL(3) cholesterol. Atherosclerosis 152, 503–510.

Smith, S.M., Zhang, Y., Jenkinson, M., Chen, J., Matthews, P.M., Federico, A., De Stefano,
N., 2002. Accurate, robust, and automated longitudinal and cross-sectional brain
change analysis. NeuroImage 17, 479–489.

Sospedra, M., Martin, R., 2005. Immunology of multiple sclerosis. Annu. Rev. Immunol.
23, 683–747.

Stone, B.M., 1980. Sleep and low doses of alcohol. Electroencephalogr. Clin. Neurophy-
siol. 48, 706–709.

Szabo, G., Girouard, L., Mandrekar, P., Catalano, D., 1996. Acute ethanol treatment aug-
ments interleukin-12 production in activated human monocytes. Ann. N. Y. Acad.
Sci. 795, 422–425.

Testino, G., 2008. Alcoholic diseases in hepato-gastroenterology: a point of view. Hepa-
togastroenterology 55, 371–377.

Thornton, J., Symes, C., Heaton, K., 1983. Moderate alcohol intake reduces bile choles-
terol saturation and raises HDL cholesterol. Lancet 2, 819–822.
Trapp, B.D., Peterson, J., Ransohoff, R.M., Rudick, R., Mork, S., Bo, L., 1998. Axonal tran-
section in the lesions of multiple sclerosis. N. Engl. J. Med. 338, 278–285.

Vliegenthart, R., Oei, H.H., van den Elzen, A.P., van Rooij, F.J., Hofman, A., Oudkerk, M.,
Witteman, J.C., 2004. Alcohol consumption and coronary calcification in a general
population. Arch. Intern. Med. 164, 2355–2360.

Weinstock-Guttman, B., Zivadinov, R., Qu, J., Cookfair, D., Duan, X., Bang, E., Bergsland,
N., Hussein, S., Cherneva, M., Willis, L., Heininen-Brown, M., Ramanathan, M., 2011.
Vitamin D metabolites are associated with clinical and MRI outcomes in multiple
sclerosis patients. J. Neurol. Neurosurg. Psychiatry 82, 189–195.

White, A.M., 2003. What happened? Alcohol, memory blackouts, and the brain. Alcohol
Res. Health 27, 186–196.

Williams, D.L., MacLean, A.W., Cairns, J., 1983. Dose–response effects of ethanol on the
sleep of young women. J. Stud. Alcohol 44, 515–523.

Wu, Y., Lousberg, E.L., Moldenhauer, L.M., Hayball, J.D., Coller, J.K., Rice, K.C., Watkins,
L.R., Somogyi, A.A., Hutchinson, M.R., in press. Inhibiting the TLR4-MyD88 signal-
ling cascade by genetic or pharmacologic strategies reduces acute alcohol dose-
induced sedation and motor impairment in mice. Br. J. Pharmacol. doi:10.1111/j.
1476-5381.2011.01572.x

Zivadinov, R., Rudick, R.A., De Masi, R., Nasuelli, D., Ukmar, M., Pozzi-Mucelli, R.S., Grop,
A., Cazzato, G., Zorzon, M., 2001. Effects of IV methylprednisolone on brain atrophy
in relapsing–remitting MS. Neurology 57, 1239–1247.

Zivadinov, R., Weinstock-Guttman, B., Benedict, R., Tamano-Blanco, M., Hussein, S.,
Abdelrahman, N., Durfee, J., Ramanathan, M., 2007. Preservation of gray matter vol-
ume in multiple sclerosis patients with the Met allele of the rs6265 (Val66Met)
SNP of brain-derived neurotrophic factor. Hum. Mol. Genet. 16, 2659–2668.


	Associations of moderate alcohol consumption with clinical and MRI measures in multiple sclerosis
	1. Introduction and background
	2. Methods
	2.1. Study population
	2.1.1. Ethics statement
	2.1.2. Study design
	2.1.3. Alcohol consumption

	2.2. MRI acquisition and analysis
	2.2.1. Image acquisition

	2.3. Image analysis
	2.3.1. Lesion measures
	2.3.2. Global and central atrophy measures

	2.4. Data analysis

	3. Results
	3.1. Demographic and clinical characteristics
	3.2. Patterns of alcohol use in MS patients vs. healthy controls
	3.3. Alcohol use patterns in MS and age of onset of MS
	3.4. Association of alcohol use with disability and MRI measures in MS
	3.5. Association of alcohol use with MRI measures in controls

	4. Discussion
	Disclosures
	Acknowledgments
	References


