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Aim Anti-inflammatory effects of moderate alcohol consumption have been proposed
to explain why moderate alcohol intake lowers coronary heart disease risk. We investigated the relationship between overall alcohol, beer or wine consumption and markers of systemic inflammation in three different geographical areas in Europe.
Methods and results Cross-sectional samples, each representative of the general
population from Germany, Scotland, and France (MONICA Augsburg 1994/95, 2275
men and 2186 women, 25–74 years; Glasgow MONICA 1994/95, 561/616, 25–74 years,
and MONICA Lille 1994/95, 581/574, 35–64 years) were studied. Alcohol intake was
assessed by standardized interview. Adjusted means of C-reactive protein (CRP),
fibrinogen, white blood cell (WBC) count, plasma viscosity (PV), and albumin were
calculated among categories of alcohol intake, and separately for beer or wine consumption, by multiple linear regression. Self-reported moderate daily alcohol intake
up to 40 g was associated with lower concentrations of CRP, fibrinogen, PV and WBC
count, compared to non-drinking and heavy drinking, even after adjustment for various potential confounders.
Conclusions Moderate consumption of either wine or beer is associated with lower
levels of systemic inflammatory markers in three different European areas, suggesting
that ethanol itself might be largely responsible for the potential anti-inflammatory
effects of these beverages.
c 2004 Published by Elsevier Ltd on behalf of The European Society of Cardiology.

Alcohol;
Beer;
Wine;
Systemic inflammation;
Population-based studies;
Geographical variation



* Corresponding author. Tel.: +49 731 500 24465; fax: +49 731 500
33872.
E-mail address: wolfgang.koenig@medizin.uni-ulm.de (W. Koenig).



0195-668X/$ - see front matter c 2004 Published by Elsevier Ltd on behalf of The European Society of Cardiology.
doi:10.1016/j.ehj.2004.09.032

Downloaded from https://academic.oup.com/eurheartj/article-abstract/25/23/2092/590232
by guest
on 22 January 2018

Alcohol, type of beverage and inflammation

Introduction
Moderate alcohol intake has consistently been shown to
be associated with lower risk for fatal and non-fatal cardiovascular disease (CVD).1 The lower CVD risk in moderate consumers of alcohol has been observed in
apparently healthy subjects,2 in patients with diabetes,3
or hypertension4 and in those with prior myocardial
infarction (MI).5 It has been suggested that favourable
changes in blood lipids and in the haemostatic profile,
or reduced insulin resistance might mediate the atheroprotective effect of moderate alcohol.6,7 Atherosclerosis
is an inflammatory disease, characterised by local inflammation in the vessel wall8 but also shows a systemic, lowgrade response as indicated by elevated C-reactive
protein (CRP), total white blood cell (WBC) count, fibrinogen and plasma viscosity (PV), and decreased albumin.
All these markers have consistently been associated with
increased risk of cardiovascular disease.9–12
Acute, as well as chronic, alcohol consumption is
known to affect the innate immune system as well as
the adaptive immune response.13 Recently, we reported
lower concentrations of several markers of inflammation, including CRP, among moderate consumers of alcohol in a large representative sample of the general
population of former West Germany and suggested that
an anti-inflammatory action of moderate amounts of
alcohol might represent an additional mechanism that
mediates decreased CVD risk.14 These findings have been
confirmed in other population-based samples for CRP and
WBC count, in individuals with and without pre-existing
CVD15–17 and most recently for IL-6.18 In addition, in a
small cross-over study, Sierksma et al.19 demonstrated
a significant reduction of CRP concentrations and fibrinogen after 3 weeks of diet- controlled consumption of
4 (men) or 3 (women) glasses of beer. The aim of the present study was to assess the relationship between alcohol
consumption and systemic markers of inflammation in
three European countries with markedly different CVD
risk and differing social background, and also different
patterns of alcohol consumption.

Material and methods
Study populations and data collection
Three cross-sectional samples, randomly drawn from the general population of areas of Germany (Augsburg), France (Lille),
and Scotland (Glasgow) giving a total of 7887 men and women,
were examined. Participants with complete data sets for the
respective inflammatory marker and all covariates were included thus leaving 6787 (CRP), 5778 (fibrinogen), 5614 (WBC
count), 5765 (PV), and 5778 (albumin) individuals for analyses.
All these were multinational monitoring of trends and determinants in cardiovascular disease (MONICA) surveys, carried out
in 1994/95. The original MONICA Augsburg sample consisted of
2405 men and 2451 women aged 25–74 years, the Lille sample
consisted of 601 men and 594 women aged 35–64 years and
the Glasgow sample consisted of 865 men and 971 women aged
25–74. There were no substantial differences between the original samples and the analysed samples according to potential
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confounders. Participants were submitted to the same standardized interview, carried out by trained personnel, including questions reporting medical history, life-style, and drug history.
Blood pressure, body height (in metres), body weight (in kilograms), body mass index and smoking behaviour were determined according to the MONICA protocol.20

Alcohol consumption
For estimation of alcohol consumption in the MONICA Augsburg
sample, each subject was asked how much beer, wine, and spirits
he or she had drunk on the previous workday and over the last
weekend. Total alcohol intake was calculated by multiplying
weekday consumption by five and adding this figure to weekend
consumption. After conversion (1 litre beer = 40 g, 1 litre
wine = 100 g, 0.02 litre spirits = 6.2 g alcohol) an average amount
of alcohol intake in grams per day was derived. This recall method was validated in a subsample of 899 male participants of the
first MONICA Augsburg survey in 1984/85, who additionally completed a seven-day dietary record. The average of overall alcohol
intake in this subsample was 35.5 g/day for the recall method
and 34.7 g/d for the dietary method, 6.2/6.4 g/d for alcohol intake by wine, 28.1/26.8 g/d for beer, and 1.2/1.6 g/d for spirits,
respectively, suggesting reasonable agreement.21
In Glasgow MONICA, data on alcohol intake were collected by
a seven-day recall. For each day, the number of pints of beer or
low-alcohol beer, glasses of wine or measures of spirits were
collected. Then these data were converted into standard units
(1 pint of beer, lager, shandy = 2 units, 1 glass of wine or one
measure of spirits = 1 unit) and daily average consumption was
calculated. For low-alcohol beer, 2/3 of a unit was allocated
to 1 pint. The conversion factor used for calculation of absolute
alcohol per unit (1 unit = 10 ml) was 0.8.
Estimation of alcohol consumption in the MONICA Lille sample was assessed by a quantitative frequency questionnaire,
detailing every day of the week, every type of alcoholic beverages and being representative of the 12 last months. Drinking
habits were then translated into millilitre of ethanol per week,
using the mean of quantity consumed each day and the alcohol
content of the drink. In modelling, total alcohol intake was expressed as the sum of millilitre of ethanol per week from wine,
beer and cider, and spirits. The conversion factor used for calculation of absolute alcohol per unit was 0.8.

Laboratory methods
According to the MONICA protocol, non-fasting blood was drawn
in sitting position from an antecubital vein after short occlusion
with minimal suction. WBC count was determined from whole
blood immediately after collection.20 All other samples (plasma
for CRP, fibrinogen, albumin, lipids, and viscosity) were stored
at 70 °C until analysis. CRP measurements for all three samples
were performed by a high-sensitivity immunoradiometric assay
(range 0.05–10 mg/l), calibrated with the WHO standard 85/
506.22 Co-efficient of variation (CV) for CRP measurement across
the whole range of values was 12%. Fibrinogen and albumin concentrations were determined by an immunonephelometric assay
run on a BN II Analyzer (Dade Behring, Marburg, Germany). CVs for
fibrinogen and albumin concentrations were 4.9% and 6.8%,
respectively. PV was determined by a Harkness coulter capillary
viscosimeter (CV 0.9%).23 All analyses were done in the same laboratory in a blinded manner. WBC counts and lipids were determined by laboratory methods according to the MONICA standard
in each centre. Values were missing if blood was not available
at all, because of insufficient sample volume or if measurements
were not part of the protocol for the respective study centre.
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Statistical analyses
Demographic, clinical, and biochemical characteristics are
shown in a descriptive way for each sample and, for the pooled
sample, in categories of alcohol intake. Throughout, moderate
alcohol consumption is used for consumption of up to 40 g of
alcohol per day. Because of their skewed distribution, CRP concentrations are expressed as geometric means or as medians
together with their interquartile ranges. All other parameters
are reported as arithmetic means together with their standard
deviations (SD) or as numbers and proportions. The v2 test and
ANOVA were used to assess crude differences between categories of alcohol intake. Adjusted geometric means for CRP (by
using log CRP in the model) and adjusted arithmetic means
for the other inflammatory markers were calculated in categories of daily alcohol intake from multiple linear regression
analyses. Known or presumed potential confounders including
age (four categories), sex, smoking status (current, ex, never),
body mass index (continuous), total cholesterol (continuous),
formal education (68 years, 9–11, >11 years), physical activity
(two categories), hypertension (three categories), history of
diabetes (yes/no), history of ischaemic heart disease (yes/
no), treatment with aspirin (yes/no) or lipid-lowering drugs
(yes/no) were forced into all models. When a linear relation
between a covariate and the dependent variable was detected
in univariate analyses, the covariate was used as a continuous
variable in the regression model, except for age because of differing age ranges.
Analyses were performed on each sample first and then for
the pooled sample, separately for men and women, and further
according to type of beverage exclusively consumed. For assessment of a potential non-linear relationship between alcohol consumption and concentrations of inflammatory markers, alcohol
consumption was included as a continuous variable: first as a linear term only, and then as a linear and quadratic term. All comparisons between alcohol categories in the pooled sample are
adjusted for study centre including two dummy variables.
Throughout, subjects classified as non-drinkers served as the
reference group. All tests performed were two-sided, and a pvalue <0.05 was considered statistically significant. All computations were performed using SAS software, Release 8.2 (SAS Institute Inc. Cary, NC, USA).

Results
Clinical and biochemical characteristics of the study populations are presented in Table 1. Participants of Glasgow MONICA were more frequently smokers and
reported less alcohol intake, compared to the Augsburg
and Lille subjects. Other clinical characteristics were
not appreciably different between the three locations.
Mean CRP concentrations were similar among all samples; fibrinogen, HDL- and total cholesterol concentrations were higher in Augsburg compared to Glasgow
whereas PV and albumin were higher in Glasgow. However, participants from Lille had the highest levels of
HDL-cholesterol. Conversely, WBC count was lower in
Lille than in Augsburg. Overall alcohol consumption was
highest in Lille. Men reported to drink substantially more
than women. Male participants in Lille preferably consumed wine but beer was preferred in Augsburg and Glasgow. Consumption of spirits was sporadic among all
participants (data not shown). Those consuming >0–20
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g and >20–40 g in the Augsburg and Glasgow sample
and those consuming >0–20 g of alcohol per day in Lille
were younger than non-drinkers and those consuming
>40–80 g/d. Body mass index was lowest among those
consuming >20 g/d. The proportion of those attending
less than 10 years of formal school education was highest
among non-drinkers.
In Table 2, crude clinical and biochemical characteristics of pooled study samples were presented as proportions, as arithmetic means and their standard
deviation or as geometric means together with corresponding 95% confidence interval by category of alcohol
intake. Proportions of males and current smokers, as
well as means of systolic and diastolic blood pressure,
increased with increasing alcohol intake (Table 2). In
crude analyses, concentrations of all positive markers
of inflammation were lower among moderate consumers
of alcohol, compared to non-drinkers and heavy drinkers. For albumin concentrations the opposite was true
(Table 2).
Adjustment for various potential confounders did not
substantially attenuate this relationship between inflammatory markers and reported alcohol consumption (Table 3).
Further analyses separately performed for men and
women in the pooled sample and by type of beverage
consumed suggest that there are no substantial gender
effects and furthermore, that the association observed
is marginally more pronounced for CRP and WBC count
among those who reported exclusively consumption of
wine compared to beer (Fig. 1).

Discussion
In the present analysis of large samples, representative
of the general populations from three European countries, we observed lower plasma concentrations of several systemic biomarkers of inflammation among
consumers of moderate amounts of alcohol, compared
to non-drinkers and heavy drinkers. Adjustment for various potential confounders did not appreciably alter
these results and the findings were consistent among
all three samples, and in the pooled sample among
men, but less strong in women. Moreover, the association was seen in both those who reported exclusive
wine or beer consumption, with a somewhat more pronounced effect on CRP and WBC count among drinkers
of wine.

Alcohol, CHD, and systemic markers of
inflammation
A large number of epidemiological and clinical studies
have consistently documented that increased levels of
several systemic markers and regulator proteins of the
acute phase response, and lower levels of albumin, are
associated with cardiovascular endpoints.9–12 Recently,
anti-inflammatory mechanisms have been suggested to
contribute to the beneficial effect of moderate alcohol
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Table 1 Clinical and biochemical characteristics of study samplesa

Number
Original sample
Analysed sampleb
CRP
Fibrinogen
Plasma viscosity
Albumin
WBC
Clinical risk factors
Age [years]
Male [N (%)]
Body mass index [kg/m2]
Current smokers [it N (%)]
SBP [mmHg]
DBP [mmHg]
History of heart disease [N (%)]
Diabetes [N (%)]
Aspirin [N (%)]
Lipid-lowering drugs [N (%)]
Physically inactive [N (%)]
Education [years]d

pc

Augsburg

Glasgow

Lille

4856

1836

1195

4461
4480
4470
4480
4467

1173
1298
1295
1298

1153

49.8 (14.0)
2275 (51.0)
27.0 (4.5)
1138 (25.5)
133 (20)
80 (11)
136 (2.9)
210 (4.5)
246 (5.3)
152 (3.3)
1553 (33.4)
10 (10–12)

45.3 (11.5)
760 (47.2)
26.3 (4.9)
658 (41.2)
128 (19)
78 (12)
62 (3.9)
33 (2.1)
114 (7.1)
9 (0.6)
600 (37.2)
11 (10–13)

51.3 (8.4)
579 (50.2)
26.6 (5.0)
279 (24.2)
134 (19)
83 (11)
40 (3.5)
59 (5.1)
47 (4.1)
139 (12.1)
215 (18.6)
10 (8–13)

<0.0001
0.09
<0.0001
<0.0001
<0.0001
<0.0001
0.18
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

20.0 (3.1–40.0)
1.8 (0–11.4)

16.7 (3.9–34.7)
1.3 (0–9.0)

29.6 (10.7–56)
6.1 (0–20.0)

<0.0001
<0.0001

1147

Daily alcohol intake [g]d
Overall
Men
Women
Wine
Men
Women
Beer
Men
Women

0 (0–2.9)
0 (0–2.9)

0 (0–0)
0 (0–0)

12.0 (1.1–32.0)
1.6 (0–8.2)

14.3 (0–28.6)
0 (0–1.3)

8.0 (0–22.5)
0 (0–0)

3.2 (0–13.8)
0 (0–2.6)

Laboratory variables
CRP [mg/l]d
Fibrinogen [g/l]
Plasma viscosity [mPa s]
WBC count [109/l]
Albumin [g/l]
HDL [mmol/l]
TC [mmol/l]

1.38 (0.63–2.96)
2.90 (0.71)
1.226 (0.06)
7.15 (1.90)
43.4 (4.6)
1.40 (0.43)
5.98 (1.15)

1.30 (0.62–3.26)
2.65 (0.61)
1.275 (0.07)

1.30 (0.65–3.21)

6.48 (1.86)
44.8 (4.3)
1.34 (0.39)
5.89 (1.13)

1.50 (0.48)
5.90 (1.08)

0.27
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.07

CRP indicates C-reactive protein; WBC, white blood cell count; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density
lipoprotein; TC, total cholesterol.
a
Given as arithmetic mean with standard deviation or numbers and proportions if not otherwise noted.
b
Numbers of individuals with complete data sets for all covariates in regression analyses, distributions of covariates are given for the subsample.
c
p for difference between samples.
d
Median and interquartile range.

consumption on CHD risk beyond favourable changes in
lipids and haemostatic factors.14–16,19 However, reports
on potential anti-inflammatory effects of moderate alcohol consumption in samples from the general population
from Europe are scarce. Moreover, findings on potentially differing effects of different types of alcoholic beverages have not been reported so far. In the present
study, we were able to confirm lower levels of proinflammatory markers among consumers of moderate
amounts of alcohol in samples representative of populations at high (Glasgow), and intermediate risk (Augsburg,
Lille) for CHD, irrespective of potential confounders,
such as life-style habits or social background.

Potential interaction of alcohol with
inflammation in atherosclerosis
Alcohol has been shown to suppress the synthesis of proinflammatory cytokines and chemokines (such as TNF-a,
IL-1b, IL-6, IL-8, and MCP-1), both in vivo and in vitro,
in alveolar macrophages and human blood monocytes.24–27 This suggests a decrease of acute phase reactants after alcohol ingestion, since e.g. IL-6 is the
principal regulator of the genes encoding for most of
the acute phase reactants.28
In isolated human monocytes ex vivo treated with ethanol, downregulation of nuclear transcription factor-jB
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Table 2 Crude clinical and biochemical characteristics of pooled study samples according to alcohol consumption
Daily alcohol intake [g]
b

0

>0–20

>20–40

>40–60

>60–80

>80

Number
Clinical risk factors
Age [years]
Augsburg
Glasgow
Lille
Male [%]
Body mass index [kg/m2]
Current smokers [%]
SBP [mmHg]
DBP [mmHg]
History of heart disease [%]
Diabetes [%]
Aspirin [%]
Lipid-lowering drugs [%]
Physically inactive [%]
Education <10 years [%]
HDL cholesterol [mmol/l]

2001

2678

1126

537

265

184

50.2 (14.2)
45.9 (11.9)
51.4 (14.2)
29.9
27.4 (5.5)
25.2
130 (20)
79 (12)
3.4
6.0
10.0
3.7
36.9
19.2
1.35 (0.41)

49.1 (14.1)
44.4 (11.7)
50.2 (14.2)
43.2
26.3 (4.3)
24.8
130 (19)
79 (11)
2.6
3.3
8.7
3.7
30.5
11.1
1.42 (0.43)

48.8 (14.0)
43.3 (11.1)
51.8 (14.2)
69.5
26.6 (4.0)
28.0
133 (18)
82 (11)
2.8
3.3
8.5
4.3
25.6
7.2
1.41 (0.44)

49.8 (12.6)
45.3 (10.3)
51.8 (14.2)
86.0
27.2 (4.4)
38.4
137 (18)
84 (11)
3.6
3.2
7.4
4.8
25.1
7.0
1.40 (0.39)

50.1 (12.9)
45.4 (10.6)
52.9 (14.2)
90.2
27.2 (3.8)
43.0
141 (20)
86 (12)
3.8
3.4
6.0
8.3
29.1
7.0
1.43 (0.47)

48.3 (11.6)
43.2 (9.4)
53.0 (14.2)
95.6
26.6 (4.1)
53.9
142 (21)
87 (13)
4.5
5.6
6.1
6.7
27.2
4.4
1.52 (0.57)

Inflammatory markers
CRP [mg/l]c
Fibrinogen [g/l]
Plasma viscosity [mPa s]
WBC count [109/l]
Albumin [g/l]

1.63 (1.55–1.72)
3.01 (0.74)
1.244 (0.07)
7.13 (2.0)
43.0 (4.7)

1.25 (1.19–1.30)
2.80 (0.67)
1.232 (0.07)
6.91 (1.9)
43.7 (4.4)

1.26 (1.17–1.34)
2.69 (0.62)
1.231 (0.06)
6.87 (1.7)
44.4 (4.6)

1.45 (1.32–1.60)
2.77 (0.66)
1.231 (0.07)
7.06 (1.9)
44.6 (4.6)

1.57 (1.37–1.82)
2.78 (0.61)
1.246 (0.07)
7.16 (2.0)
45.0 (4.4)

1.65 (1.39–1.95)
2.88 (0.75)
1.261 (0.06)
7.37 (2.1)
44.5 (5.0)

pa

0.16
0.23
0.01
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.38
<0.0001
0.12
0.004
<0.0001
0.01
<0.0001
0.0001
0.0001
0.0001
0.0004
0.0001

a

p for difference between means or proportions across alcohol categories.
Numbers given for subsample without missing values for CRP and covariates. Slightly differing numbers in categories for the other dependent variables because of different numbers of missing values. All
measures given as arithmetic mean together with standard deviation or proportions except for c given as geometric mean with 95% confidence interval. For abbreviations see Table 1.
b
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0

>0–20

>20–40

>40–60

>60–80

>80

CRP [mg/l]
Augsburg
Ne
Glasgow
Ne
Lille
Ne

1.46 (1.34–1.58)
1443
1.49 (1.344–1.65)
337
1.69 (1.49–1.92)
221

1.29 (1.22–1.35)
1704
1.32 (1.22–1.43)
549
1.34 (1.22–1.47)
425

1.31 (1.21–1.43)
705
1.46 (1.28–1.68)
182
1.28 (1.14–1.44)
239

1.40 (1.20–1.63)
362
1.46 (1.14–1.87)
54
1.58 (1.33–1.87)
121

1.32 (1.02–1.69)
152
1.70 (1.24–2.34)
33
1.65 (1.33–2.03)
80

1.32 (0.88–1.99)
95
1.52 (1.00–2.34)
18
1.87 (1.48–2.36)
67

Fibrinogen [g/l]
Augsburg
Glasgow

3.03 (2.99–3.08)
2.74 (2.67–2.82)

2.89 (2.86–2.92)
2.61 (2.57–2.65)

2.77 (2.72–2.82)
2.60 (2.52–2.68)

2.76 (2.67–2.86)
2.70 (2.53–2.87)

2.75 (2.60–2.89)
2.63 (2.38–2.89)

WBC count [109/l]
Augsburg
Lille

7.21 (7.13–7.29)
6.54 (6.34–6.73)

7.12 (7.05–7.19)
6.41 (6.26–6.55)

7.06 (6.95–7.17)
6.38 (6.20–6.57)

7.09 (6.93–7.25)
6.59 (6.33–6.86)

PV [mPa s]
Augsburg
Glasgow

1.235 (1.230–1.239)
1.283 (1.274–1.290)

1.224 (1.221–1.227)
1.269 (1.264–1.274)

1.218 (1.214–1.223)
1.280 (1.271–1.289)

Albumin [g/l]
Augsburg
Glasgow

43.3 (43.0–43.6)
44.5 (43.9–45.0)

43.4 (43.2–43.6)
45.0 (44.7–45.3)

43.7 (43.3–44.0)
44.8 (44.2–45.4)

pc

pd

0.01

0.003
0.046

2.74 (2.51–2.97)
2.88 (2.45–3.30)

0.01

0.12
<0.0001

7.26 (7.01–7.51)
6.71 (6.38–7.04)

7.45 (7.14–7.76)
6.55 (6.19–6.91)

0.15

0.08
0.04

1.213 (1.204–1.222)
1.285 (1.265–1.305)

1.219 (1.205–1.2233)
1.283 (1.255–1.310)

1.223 (1.201–1.245)
1.306 (1.258–1.355)

0.003

0.009
<0.0001

43.7 (43.0–44.4)
44.7 (43.5–45.9)

44.0 (42.9–45.0)
44.6 (42.9–46.4)

43.6 (41.9–45.2)
44.0 (40.8–47.1)

0.07

0.02
0.10

Alcohol, type of beverage and inflammation

Table 3 Adjusteda meansb of inflammatory variables in category of daily alcohol intake

WBC indicates white blood cell count, PV plasma viscosity.
Adjusted for age, sex, body mass index, diabetes, systolic and diastolic blood pressure, smoking status, total cholesterol, education, physical activity, aspirin use, lipid-lowering drugs, history of heart disease.
Geometric mean (95% confidence interval) for CRP, arithmetic mean for all other variables.
c
p for linear term.
d
p for linear and quadratic term for daily alcohol consumption in the pooled sample. Alcohol consumption was used as a continuous variable in these models.
e
Numbers are given for individuals without missing values for all covariates and CRP. Numbers might differ according to the other inflammatory markers because of slightly differing numbers of missing values.
a

b

2097

Downloaded from https://academic.oup.com/eurheartj/article-abstract/25/23/2092/590232
by guest
on 22 January 2018

2098

A. Imhof et al.
C-reactive protein
0.5

Men

Change in CRP [mg/l]

Change in CRP [mg/l]

0.5

Women
0.0

-0.5
783
343

462
75

239
39

>80 a

0

172 b
c

>0-20

>20-40

836
624

>80

0

>0-20

>20-40

>40

110

1828
1828

822
559

267
86

246
46

>80

0

>0-20

>20-40

>40

154

1668
1668

-0.5

268
109

>40

2001
2001

Change in Fibrinogen [g/l]

Change in Fibrinogen [g/l]

1157
1524

0.0

246
46

d
e

0.5

0.0

-0.5
0

>0-20 >20-40 >40-60 >60-80
1038
1273

660
251

375
49

179
15

WBC

0.5

Change in WBC [G/l]

0.5

Change in WBC [G/l]
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Fig. 1 Differences between adjusted geometric (CRP) or arithmetic (all others) mean concentrations of inflammatory markers in defined categories of
alcohol intake in the pooled sample by gender and separately for consumers of either beer and wine exclusively. Throughout, subjects classified as nondrinkers served as reference group. Adjustment for covariates as described in Table 3.
a
Category of daily alcohol intake.
b
Numbers of males.
c
Females.
d
Exclusive beer consumers.
e
Wine consumers across categories.
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(NF-jB) DNA binding attenuates lipopolysaccharide (LPS)
stimulated expression of TNF-a and IL-1b.29 Inhibition of
NF-jB activity was also observed in monocytes from
healthy volunteers 3, 6 and 9 h after consumption of
moderate amounts of red wine but not after vodka intake.30 Besides the effects on pro-inflammatory cytokines, alcohol intake favourably affects production of
anti-inflammatory cytokines, such as TGF-b and IL-10,
both produced by macrophages and T lymphocytes. Alcohol induces production of TGF-b in monocytes and augments TGF-b production in response to bacterial
challenge in vitro.31 Human monocyte IL-10 production
is increased after alcohol exposure in vitro.32 These data
suggest that moderate amounts of alcohol may exert
anti-inflammatory effects locally in the vascular bed as
well as by influencing concentrations of circulating
inflammatory mediators as seen in the present study.
Furthermore, our findings showing increased concentrations of inflammatory markers with high alcohol intake
are in accordance with findings among chronic alcohol
abusers. Pro-inflammatory cytokines, such as IL-1, TNFa, anti-inflammatory cytokines, such as IL-10, chemokines, such as IL-8, and the hepatic acute phase cytokine
IL-6, all play a pivotal role in modulating the manifestations of alcoholic liver disease at different stages.33 TNFa serum concentrations and those of several other TNF-a
inducible cytokines and downstream markers of the
acute phase response are increased in patients hospitalised with alcoholic hepatitis and decline during recovery.34,35 In our pooled sample, those with heavy alcohol
intake had higher concentrations of pro-inflammatory
markers indicating that the potential beneficial antiinflammatory effects of moderate alcohol consumption
may be reversed by damage in several tissues, including
the liver, among heavy drinkers.

Type of beverage and immunomodulation
Some authors have suggested that ingredients of alcoholic beverages other than ethanol might explain the
beneficial effects on CHD risk, especially in the case
of wine.36 However, in several studies, a reduced risk
of CHD has been reported for moderate consumption of
either wine or beer.37 Moreover, in a case-control study,
nested within the physicians’ health study, a significant
interaction between alcohol consumption, effects on
HDL-cholesterol, CHD risk reduction, and a polymorphism in the gene coding for the alcohol dehydrogenase
typ 3 (ADH3) were demonstrated, indicating that ethanol
itself is mainly responsible for the effect observed.38 We
found lower levels of markers of inflammation among
moderate consumers of either wine or beer, even though
the effect seen was slightly more pronounced among
wine consumers compared to beer drinkers. The small
number of those who exclusively consumed spirits did
not allow separate analysis of this subgroup. Our results
are consistent with those of a recent UK study, which observed similar effects of wine (compared to beer or spirit) consumption on CRP, fibrinogen, viscosity and WBC
count among older men.39
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Limitations
First, several authors have suggested that the relationship between alcohol intake and risk of CAD does not
represent a causal relation, but rather reflects a surrogate of healthy life-style and socioeconomic factors.40
In our study samples, consumers of moderate amounts
of alcohol did indeed show more favourable life-style
habits compared to subjects in other categories of alcohol intake. In addition, some non-drinkers might have
stopped consuming alcohol in the past for health reasons and this study is therefore potentially subject to
selection bias. However, results did not change appreciably after adjustment, suggesting that these confounders only partly explain the effects seen. Given that
there were a large percentage of missing values in subsamples, a further selection bias cannot be excluded.
However, when those who provided complete data were
compared to those who did not there was no significant
difference in potential confounders. Second, in any
observational study like ours, misreporting of alcohol
consumption or unknown confounding could be a source
of bias. Moreover, assessment of alcohol consumption
differed between study samples. However, we adjusted
for a large variety of potential confounders, each selected on the basis of known effects and published
data. Adjustment for these factors attenuated the effect seen but did not remove it. Third, we did not have
further nutrition data to evaluate potential confounding
or interaction of nutritional status on the associations
studied. Fourth, the observational nature of our study
limits causal interference. Fifth, cross-sectional studies
do not allow evaluation of time effects. Sixth, pooling
data from samples of different origin is afflicted with
several potential sources of bias. However, using samples of the MONICA project ensures standardized data
collection and high quality. Seventh, all p-values need
to be interpreted with caution due to the fact that
the results from very many significance tests are presented in this paper.

Conclusions and perspectives
We found that non-drinkers and heavy drinkers had
higher concentrations of several positive markers and
lower levels of a negative biomarker of systemic inflammation than moderate drinkers in representative samples
of the general population of three different European
countries. These associations are consistent with the
hypothesis that an anti-inflammatory action of moderate
alcohol intake may represent a link to reduced cardiovascular morbidity and mortality independent of the type of
beverage consumed.
Yet some issues remained unresolved and require further research. Experimental studies might help to elucidate the exact mechanisms by which alcohol exerts
immunomodulatory effects in the vascular bed. Prospective observational studies are required to assess the
dose–response relationship long-term, since interventional endpoint studies are not feasible because of ethical concerns.
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