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Abstract
Background—While adults who drink low to moderate amounts of alcohol have lower rates of
cardiovascular disease (CVD) than other adults, the impact of alcohol on the brain is less clear.
There is evidence that drinking large amounts of alcohol is tied to brain atrophy. It is uncertain
whether consumption of smaller amounts of alcohol also negatively affects brain volume or may
be protective in reducing the well-documented age-related decline in brain volume.

Methods—Participants were 1839 subjects from the Framingham Offspring Study who had a
brain MRI between 1999-2001. Total cerebral brain volume (TCBV) was computed correcting for
head size. Multivariate linear regression models were used to evaluate the association between five
categories of alcohol consumption (abstainers, former drinkers, low, moderate, high) and TCBV,
adjusting for age, sex, education, height, body-mass index (BMI) and the Framingham Stroke Risk
Profile (FSRP). Pair-wise comparisons were also conducted between the alcohol consumption
groups.

Results—Most participants reported low alcohol consumption and males were more likely than
females to be moderate or heavy drinkers. There was a significant negative linear relationship
between alcohol consumption and TCBV (r = -0.25, p < 0.001). This relationship was modified by
sex, with alcohol consumption having a stronger association with TCBV in females than males
(r=-0.29 vs. -0.20).

Conclusion—In contrast to studies on CVD, this study found that moderate alcohol
consumption was not protective against normal age-related differences in total brain volume.
Rather, the more alcohol consumed, the smaller the total brain volume.
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Introduction
Many studies have considered the costs and benefits of alcohol consumption in diverse
populations. Moderate alcohol consumption has frequently been reported to have a
beneficial effect on cardiovascular disease (CVD) 1,2,3. Since the brain is perfused by the
cardiovascular system, moderate alcohol consumption may attenuate age-related decline of
brain volume.

It is recognized that brain volume declines with age4 at an estimated rate of 1.9% per
decade5 while white matter lesions (WMH) increase with age6. In addition, decline in brain
volume and increase in WMH accompany the progression of dementia7, 8 and cognitive
deficits9. Lower brain volumes and larger WMH are also observed in persons with higher
cardiovascular risk5, 10.

Excess alcohol consumption has often been correlated with decline in cognition and can lead
to Korsakoff's syndrome11. Yet moderate alcohol consumption has been associated with
improved cognitive functioning 12,13,14, a lower risk of Alzheimer's disease (AD)15 and less
severe WMH16,17, although one study found no protective effect of moderate alcohol intake
on cerebral infarction18.

The impact of alcohol on brain volume and WMH, however, has not been examined in a
community-based sample that is free of clinically evident neurological disease. This cross-
sectional study tested the hypothesis that low or moderate alcohol consumption was
associated with larger brain volume and less white WMH when compared with no drinking
or high levels of alcohol consumption in a sample of community-dwelling adults.

Methods
Study Subjects—The Framingham Offspring cohort, begun in 1971, included children of
the original Framingham Heart Study cohort, and their spouses (n = 5124) who were aged
33-88 during the study. Study participants have had seven health exams every 4-8 years over
the past 30 years. Participants at exam 7 (n=3539; 1999-2001) were invited to have an MRI
of the brain; 1886 participants were imaged through August 2001. Major reasons for not
being imaged were residence out of state, medical contraindications for MRI such as
pacemakers, and claustrophobia. An additional 47 participants were excluded for prevalent
stroke, dementia or other neurological disorder, resulting in a sample of 1839 stroke and
dementia-free respondents. Unpublished data finds that those who did not have a brain MRI
are older and show higher risk for cardiovascular disease, suggesting that our findings are a
conservative estimate of the relationship between alcohol consumption and brain volume.

Measurement of total brain volume—The total (parenchymal) brain volume (TBV)
and WMH volumes were corrected for total cranial volume (TCV); the resulting measures
are TBV/TCV*100 (TCBV) and WMH/TCV*100 (WMHV) as described by DeCarli et al4.

Measurement of alcohol consumption—Participants reported at exam 7 the number
of alcoholic drinks/week (beer, white wine, red wine or liquor), they consumed over the past
month. Alcohol consumption was recorded as a continuous variable and participants were
classified into one of five categories that have been used in other studies14, 17, 18: abstainers,
former (drinkers based on their drinking status at earlier exams), low (1-7 drinks/week),
moderate (8-14) and high (>15 drinks/week).

Covariates—Covariates obtained at exam 7 included age (in years), sex, education
(categorized as 4th grade or less, 5th through 7th grade, high school or some college, and
college graduate), height, body mass index (BMI) and Framingham Stroke Risk Profile
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(FSRP, an estimate of the 10-year risk of stroke, on a scale of 0 to 1, based on age, sex,
systolic blood pressure, antihypertensive therapy, diabetes, smoking status, history of CVD
and the presence of atrial fibrillation and left ventricular hypertrophy19).

Statistical Analysis—The mean TCBV and WMH were calculated for each of the five
alcohol consumption groups and the means compared using an ANCOVA with pair wise
comparisons (level of significance = 0.0125 for each pair wise comparison). Means were
tested for a linear trend across alcohol consumption groups at a 0.05 level of significance.
The initial model included all covariates; those covariates that did not contribute
significantly to the model were eliminated one at a time, provided that their exclusion did
not alter the beta coefficient for the alcohol consumption term and that they were not
clinically important. Sex was assessed as an effect modifier to determine whether the
association between amount of alcohol consumption and TCBV and WMH differed between
males and females. Analyses were performed using SAS version 8.2 statistical software.

Results
The sample included 1839 participants who ranged in age from 33 to 88 years (mean age =
60.64, SD±9.42). There were 861 males and 978 females. As shown in Table 1, the majority
of participants reported consuming 1-7 drinks/week, followed by former drinkers. While
females were more likely than males to be abstainers, former drinkers, or drink 1-7 drinks/
week, males were more likely to report moderate or high alcohol consumption.

For the total sample, the mean TCBV was 77.40± 3.41 for males (range 64.89-85.52) and
78.35±2.94 (range 67.84-85.85) for females.

The covariates for each group were evaluated separately for females and males (see Table 2a
and 2b). Among females, amount of alcohol consumption was significantly associated with
each of the covariates (age, sex, BMI and FSRP), but among males, alcohol consumption
was associated only with FSRP. Notably, females who consumed moderate amounts of
alcohol had the lowest BMI, most education and lowest FSRP, while males who drank low
amounts had the lowest FSRP.

Association between alcohol consumption and TCBV and WMH in the total
sample—In unadjusted analyses, participants who had low alcohol consumption had
slightly larger TCBV in comparison to all the other groups. However, when adjusted for
covariates (age, sex, education, BMI and FSRP), there was a significant negative linear
association between amount of alcohol consumed and TCBV (beta coefficient = -0.25, p <
0.01) (See Fig. 1). This slope of -0.25 is slightly larger than the average decline in brain
volume/year with aging. From the pair-wise comparisons between groups, moderate
drinkers had significantly smaller TCBV than former drinkers (p = 0.03); and participants
who consumed more than 14 drinks/week had significantly smaller TCBV than all the other
groups (high drinkers vs. abstainers p < 0.01; vs. former p < 0.01; vs. low p <0.01; vs.
moderate p = 0.045). By contrast, there was no significant association between alcohol
consumption and WMH.

Association between alcohol consumption and TCBV by sex—In sex-specific
analyses, adjusted mean TCBV was higher for females than males in every category of
alcohol consumption (see Figure 2). Moreover, the linear regression curve for the
association between alcohol consumption and TCBV was steeper for females than for males.
The interaction between drinking and sex on TCBV was significant (p <0.01).

Among females, greater amount of alcohol consumed was significantly associated with
smaller TCBV in multivariable analyses (p = 0.02). From the pair-wise comparisons,
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adjusted mean TCBV only differed significantly between females who were abstainers and
moderate drinkers (p = 0.01), former and low drinkers (p = 0.01) and former and moderate
drinkers (p < 0.01). Among males, alcohol consumption was also significantly associated
with smaller TCBV (p = 0.02), but while the trend was in the same direction as for females,
the overall association was somewhat weaker (beta coefficient = -0.20 for males versus
-0.29 for females). Adjusted mean TCBV only differed significantly between males who
were high drinkers and each of the other alcohol consumption categories: abstainers (p =
0.03), former (p = 0.02), low (p < 0.01), moderate drinkers (p < 0.01) (see Figure 2).

To verify that there was no protective effect of alcohol on TCBV, the low consumption
group was contrasted with all the other alcohol consumption groups for both females and
males and no significant difference was found for either sex (p = 0.07 and 0.39 for females
and males, respectively). In addition, there was no quadratic relationship between alcohol
consumption and TCBV for males (p = 0.31).

Discussion
This study found no protective effects of alcohol in reducing the normal age-related
differences in brain volume in the Framingham Offspring Cohort. Instead, higher levels of
alcohol consumption were consistently associated with a smaller brain volume, after
adjusting for covariates. This association was modified by the participant's sex, with females
showing larger TCBV than males at every level of alcohol consumption, and a steeper
negative slope in the line relating alcohol consumption and TCBV. However, the direction
of this relationship was the same for both sexes and the magnitude of the differences
between genders was small. We also found no significant correlation between alcohol and
WMH.

Our results are consistent with two recent studies in smaller samples. In one study of 405
Japanese males, both global and regional gray matter volumes were negatively correlated
with lifetime alcohol intake20. In another sample of 385 adults aged 60 to 64 years, greater
alcohol consumption was associated with more brain atrophy21. Neither of these studies
found beneficial effects of low to moderate alcohol consumption.

Two other studies related alcohol consumption to ventricular and sulcal size17, 18. It is
noteworthy that both studies found increasing ventricular size with increasing amounts of
alcohol consumed. These findings are consistent with our results since ventricular size is an
inverse measure of brain atrophy.

Our finding that sex modified the association between alcohol consumption and brain
volume could be related to biological factors. Alcohol is absorbed more rapidly in females
than in males, and in general females are more vulnerable to the effects of alcohol than
males. Females on average are smaller than males and have less blood to dilute the alcohol.
Results from this study suggest that alcohol also has a greater negative impact on brain
volume in females than in males. In our sample, twice as many males as females reported
high alcohol consumption and more males also reported moderate alcohol consumption,
which may suggest a behavioral rather than a biological explanation for these findings.

Our hypothesis was based on many observations of a J-shaped association between amount
of alcohol consumption and CVD. However, our results indicate that there is no
neuroprotective effect of alcohol on neurons.

This study had several limitations. It was restricted to total brain volume while regional
brain areas have not yet been considered independently. Because some of the alcohol
consumption groups contained few participants, statistical power was low for some analyses.
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Additionally, the Framingham Offspring cohort is predominantly of European origin and the
mean educational level is high, thus these results may not be generalizable to other racial
and economic groups. Finally, only about 50% of the sample had MRI scans, however this
participation rate is found for all the FHS reports and is consistent with most other MRI
studies17,22,23.

Another potential limitation is the difficulty of disentangling effects of alcohol consumption
from those of age on TCBV. Age is a normally accompanied by smaller brain volume4, and
is inextricably linked to many of the other covariates especially BMI and FSRP.

Use of self-report data to determine the quantity of alcohol consumed is also a concern since
participants are likely to under-report their true drinking pattern24. However, under-
reporting of alcohol consumption would most likely have resulted in an underestimate of the
association25, suggesting that the true association between alcohol consumption and brain
volume would be even larger than the one observed.

Finally, these results were observed in cross sectional data. Thus, we cannot relate alcohol
consumption to decline in brain volume. Prospective analyses of this association would be
important to establish the temporal relationship between alcohol consumption and brain
volume.

Nonetheless, this study has many strengths. It included MRIs performed on over 1800
Framingham Study participants without clinical dementia or stroke. These volumetric MRI
data were examined after adjusting for a wealth of baseline data on cardiovascular risk.
Finally, the MRI readers were blinded to participants' demographic and clinical data.

The public health impact of this study gives a clear message about the possible dangers of
drinking alcohol. While there are many reports of the beneficial effects of moderate alcohol
consumption, these reports are often accompanied by concerns that the data not be
interpreted as encouraging drinking. Prospective longitudinal studies are needed to confirm
these results as well as determine whether there are any functional consequences associated
with increasing alcohol consumption. This study suggests that unlike the associations with
CVD, alcohol consumption does not have any protective effect on brain volume.
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Figure 1.
Mean TCBV, including confidence intervals, illustrated as error bars, adjusted for age, sex,
BMI and FSRP (slope = -0.25, p < 0.01, R2 = 0.96).
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Figure 2.
Mean values for TCBV, including confidence intervals, illustrated by error bars, for males
and females, adjusted for age, sex, BMI and FSRP.

Paul et al. Page 9

Arch Neurol. Author manuscript; available in PMC 2010 April 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Paul et al. Page 10

Ta
bl

e 
1

D
is

tri
bu

tio
n 

of
 a

lc
oh

ol
 c

on
su

m
pt

io
n 

am
on

g 
th

e 
to

ta
l s

am
pl

e,
 m

al
es

, a
nd

 fe
m

al
es

, 1
83

9 
pa

rti
ci

pa
nt

s o
f t

he
 F

ra
m

in
gh

am
 O

ff
sp

rin
g 

C
oh

or
t

T
ot

al
M

al
e

Fe
m

al
e

n
n

%
n

%

Pa
rti

ci
pa

nt
s

18
39

86
1

46
.8

1
97

8
53

.1
8

Al
co

ho
l c

on
su

m
pt

io
n

A
bs

ta
in

er
s

71
23

2.
67

48
4.

91

Fo
rm

er
 d

rin
ke

rs
54

5
21

7
25

.2
0

32
8

33
.5

4

Lo
w

 (1
-7

)
76

2
32

6
37

.8
6

43
6

44
.5

8

M
od

er
at

e 
(8

-1
4)

27
6

16
3

18
.9

3
11

3
11

.5
5

H
ig

h 
(>

14
)

18
5

13
2

15
.3

3
53

5.
42

Arch Neurol. Author manuscript; available in PMC 2010 April 29.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Paul et al. Page 11

Ta
bl

e 
2

C
om

pa
ris

on
 o

f m
ea

ns
 (±

SD
) o

f c
ov

ar
ia

te
s w

ith
in

 c
at

eg
or

ie
s o

f a
lc

oh
ol

 c
on

su
m

pt
io

n 
in

 1
83

9 
m

al
es

 a
nd

 fe
m

al
es

 in
 th

e 
Fr

am
in

gh
am

 O
ff

sp
rin

g 
C

oh
or

t.

C
at

eg
or

y 
of

 a
lc

oh
ol

 c
on

su
m

pt
io

n

co
va

ri
at

es
A

bs
ta

in
er

s
Fo

rm
er

 d
ri

nk
er

s
L

ow
M

od
er

at
e

H
ig

h
p-

va
lu

e

A
. F

em
al

es

A
ge

62
.9

±1
0.

1
62

.2
±9

.4
59

.5
±9

.6
59

.4
±8

.6
58

.9
±8

.2
< 

0.
01

B
M

I
28

.3
±7

.3
28

.1
±6

.3
27

.1
±5

.4
25

.8
±4

.4
26

.9
±5

.6
< 

0.
01

H
ei

gh
t

63
±2

.3
63

.2
±2

.5
63

.6
±2

.5
63

.8
±2

.2
64

.2
±2

.1
0.

01

Ed
uc

at
io

n
2.

5±
0.

9
2.

7±
0.

9
3.

0 
±0

.9
3.

1±
0.

9
3.

0±
0.

9
<0

.0
1

FS
R

P
0.

05
±0

.0
6

0.
05

±0
.0

6
0.

04
±0

.0
5

0.
04

±0
.0

4
0.

05
±0

.0
5

<0
.0

1

B
. M

al
es

A
ge

63
.2

±9
.5

61
.6

±1
0.

1
60

.1
±9

.1
60

.8
±9

.8
60

.5
±8

.5
0.

29

B
M

I
27

.9
±3

.4
28

.9
±4

.9
28

.4
±4

.1
28

.2
±3

.6
28

.8
±4

.7
0.

47

H
ei

gh
t

68
.4

±2
.0

68
.8

±2
.5

68
.8

±2
.7

69
.0

±2
.4

68
.8

±2
.7

0.
86

Ed
uc

at
io

n
3±

1.
2.

9±
1.

0
3.

2±
0.

9
3.

1±
1.

0
3.

1±
0.

9
0.

04

FS
R

P
0.

10
±0

.0
7

0.
11

±0
.0

8
0.

08
±0

.0
6

0.
09

±0
.0

8
0.

10
±0

.0
8

0.
04

Arch Neurol. Author manuscript; available in PMC 2010 April 29.


