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stainers. The prevalence of current smoking showed a 
U-shaped relation to alcohol intake in men and women. 
In men, a U-shaped association was also seen between 
the prevalence of former smoking and alcohol intake, 
while the prevalence of former smoking increased lin-
early with alcohol intake in women.  Conclusion:  The re-
sults show that alcohol consumption is associated with 
dietary consumption patterns and smoking. Therefore, 
it will be important to consider dietary patterns and oth-
er lifestyle parameters when investigating the health ef-
fects of alcohol intake in the future. 

 Copyright © 2005 S. Karger AG, Basel 

 Introduction 

 Alcohol consumption in Germany is high compared 
to other countries (Germany: 9.9 litres of ethanol per ca-
pita, USA: 6.8 litres per capita)  [1] . Nearly 23% of all 
deaths are attributable to alcohol consumption. The me-
dian age at death of all deaths exclusively due to alcohol 
is 15 years below the median age at death in the male and 
24 years below the age at death in the female population, 
respectively  [2] . 

 The consequences of alcohol consumption on health 
have been extensively studied. On the one hand, high 
amounts of alcohol consumption increase the risk for 
chronic diseases such as hypertension, stroke, osteoporo-
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  Abstract 
  Aims:  The study was carried out to determine associa-
tions of reported alcohol intake with dietary habits, body 
mass index, waist-to-hip ratio (WHR) and smoking.  Sub-

jects and Methods:  24,894 subjects who participated in 
the baseline examination of the German part of the Eu-
ropean Prospective Investigation into Cancer and Nutri-
tion (EPIC) in Heidelberg and were between 35 and 65 
years of age at baseline were included in the present 
cross-sectional analysis (11,617 men, 13,277 women). 
Diet and alcohol consumption were assessed with a 
semiquantitative food frequency questionnaire. Analy-
sis of covariance with age as a covariate was used to 
analyse the association between alcohol intake and di-
etary consumption patterns, BMI, WHR and smoking.  Re-

sults:  Alcohol did not replace other food items, but was 
an addition to the diet. Among alcohol consumers, fat 
and protein intake as a percentage of energy was slight-
ly higher and carbohydrate intake was slightly lower 
than among abstainers. Alcohol consumers had a lower 
intake of fruits, dairy products, cereal products, and add-
ed vegetable fat and a higher intake of animal products 
such as meat, fi sh, eggs and added animal fat than ab-
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sis and various cancers such as cancers of the upper gas-
trointestinal tract, breast and colorectal cancer  [3],  and 
on the other hand, a moderate alcohol intake is associ-
ated with lower cardiovascular morbidity and mortality 
 [4] . Bagnardi et al.  [5]  reported that alcoholic beverages 
increased strongly the risk of cancers of the oral cavity, 
pharynx, oesophagus and larynx. Less strong direct rela-
tions were observed for cancers of the stomach, colon, 
rectum, liver, breast and ovary. These risks were essen-
tially due to total ethanol intake and tended to increase 
with the amount of alcohol consumed. Alcohol intake 
combined with smoking also increased the risk of laryn-
geal, lung and bladder cancers  [5] . These cancer sites oc-
curred more often in men than in women presumably 
because of the higher tobacco and alcohol intake of men 
 [6] . 

 Many studies investigated alcohol as a risk factor but 
did not regard the nutritional behaviour and the changes 
in dietary patterns caused by alcohol consumption  [5, 2, 
7, 8] . Factors which are associated with alcohol intake, 
e.g. food intake, could infl uence the relationship between 
alcohol and diseases. 

 To further elucidate the effects of alcohol consumption 
on cancer risk it is important to understand the associa-
tion between alcohol intake and other risk factors. There-
fore, it was the aim of the present study to analyse the 
association between alcohol intake, dietary habits, an-
thropometric measurements and smoking habits. 

   Subjects and Methods 

 Subjects for the Heidelberg component of the German EPIC 
(European Prospective Investigation into cancer and nutrition) co-
hort were recruited from a random sample of the general population 
through population registries. Recruitment procedures have been 
reported in detail  [9] . In short, potential participants between 40 
and 65 years of age for men and between 35 and 65 years for wom-
en were invited by mail to the study centre in Heidelberg. The re-
sulting participation rate was about 38%. Baseline assessment was 
carried out from June 1994 to October 1998. In total, 25,543 study 
participants were registered. Dietary habits and consumption of 
alcoholic beverages during the previous 12 months were assessed 
by a self-administered validated food frequency questionnaire  [10] . 
Socio-demographic data, smoking habits, physical activity and 
medical history were assessed through a self-administered lifestyle 
questionnaire and an interview. Anthropometric measures were 
obtained according to standard procedures  [11] . 

 For the present analysis, all men aged 40–65 years of age and 
all women aged 35–65 years were selected, resulting in 25,536 sub-
jects (11,924 men, 13,612 women). Seven subjects of the total 
25,543 participants were excluded, because they did not fall into 
the appropriate age range. Subjects with extreme reported energy 
intake values (men  ! 4.12 or  1 20.16 MJ/day, women  ! 3.28 or 

 1 15.85 MJ/day) (241 men, 273 women) and subjects with missing 
BMI, waist-to-hip ratio (WHR = waist circumference in cm/hip 
circumference in cm) and smoking status (66 men, 62 women) were 
excluded. The fi nal study sample comprised 24,894 subjects (11,617 
men, 13,277 women). Besides food consumption and alcohol in-
take the analysis included BMI (BMI = body weight in kg/height in 
m²) and smoking habits (current, ex or never). The number of cig-
arettes smoked per day was not taken into account. 

 The intake of energy, macronutrients and fi bre was calculated 
with the aid of the German Food Code (BLS II.3)  [12] . Alcohol in-
take (g/day) was estimated from the consumed alcoholic beverages 
(ml/day of wine, beer, spirits) using a weighted average of the alco-
hol content of alcoholic beverages of the German Food Code. For 
example for the calculations one glass of beer (0.33 l) was defi ned 
to contain 11.65 g, one glass of wine (0.25 l) 25 g and one glass of 
spirits (0.02 l) 7 g ethanol, respectively. 

 Subjects were categorized according to their estimated daily al-
cohol intake. Cut-off points of the six groups were 0, 5, 10, 20, 40 
and  1 40 g ethanol/day. The group classifi cations were  ! 0.01, 0.01–
4.99, and 5.00–9.99 g ethanol/day, etc. 

 The general linear model ANCOVA (analysis of covariance) 
with age categorized in 5-year age groups as a covariate was used 
to calculate age-adjusted means of energy intake, nutrient intake, 
food consumption, smoking status and physical activity level ac-
cording to each of the six alcohol categories. Statistical signifi cance 
was tested using a test for linear trend. p values  ! 0.05 were consid-
ered to be statistically signifi cant. 

 The analysis was performed using SAS ®  statistical software 
package version 8.0 (SAS Institute, Cary, N.C., USA). 

   Results 

 Alcohol Consumption 
 In this German population of middle-aged men and 

women the mean daily alcohol intake was 25.6 g/day 
(standard error = 0.25 g) in men and 10.6 g/day (standard 
error = 0.12 g) in women. 5.1% of all men and 5.9% of all 
women were abstainers. The largest number of men (n = 
2,868; 24.7%) was found in the fi fth alcohol group (20–
39.99 g ethanol/day), whereas the largest number of wom-
en (n = 5,655; 42.6%) was found in the second alcohol 
group (0.01–4.99 g ethanol/day). A daily consumption of 
40 g of ethanol or more was reported by 22.4% of the male 
and 5.1% of the female participants. 

   Alcohol Consumption, Age, Anthropometric 
Measurements and Smoking Status 
 In men, a positive linear trend was observed between 

age and the amount of alcohol consumed (p  !  0.0001) but 
overall there were only slight differences in age of ap-
proximately 1–3 years, between the alcohol groups in 
men and in women. 
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 BMI was similar in all alcohol groups in men (n.s.), but 
decreased with alcohol intake in women (p  !  0.0001). In 
women, the mean BMI of heavy alcohol consumers was 
1.2 kg/m 2  lower than the mean BMI of abstainers (24.6 
vs. 25.8 kg/m 2 ). Differences in WHR between the alcohol 
consumption groups were in the magnitude of 0.01–0.03 
in men and women and therefore do not seem to have 
any major biological importance ( table 1 ). 

 In men, the prevalence of current smokers as well as 
the prevalence of ex-smokers showed a U-shaped relation 
to alcohol intake ( table 1 ). The prevalence of current 
smokers was lowest in men consuming between 10.00 and 
19.99 g ethanol/day (24.3%) whereas the prevalence of 
ex-smokers was lowest in men consuming between 0.01 
and 4.99 g ethanol/day (36.6%). Abstainers and heavy 
drinkers showed very similar prevalence of current and 
ex-smokers, respectively (33.6 vs. 34.3% and 43.4 vs. 
44.3%). 

 In women, the prevalence of current smoking also 
showed a U-shaped relation to alcohol intake with the 
lowest smoking prevalence among women consuming be-
tween 0.01 and 4.99 g ethanol/day (20.8%). In contrast to 
men, however, the percentage of current smokers was 
higher in subjects with a high alcohol intake compared to 
abstainers (35.0 vs. 24.3%). The prevalence of ex-smokers 

increased while the percentage of never-smokers de-
creased constantly with higher alcohol intake. The respec-
tive percentages in abstainers and in women with the 
highest alcohol intake were 19.9 vs. 36.7 and 55.8 vs. 
28.3%, respectively ( table 1 ). 

   Alcohol Consumption and Nutrient Intake 
 Men had a higher intake of total energy, carbohydrate, 

protein, fat and fi bre than women. Total energy intake 
was signifi cantly associated with alcohol intake in men 
and in women (p  !  0.0001) and showed large differences 
of 1.8 MJ/day (430 kcal/day) for men and 1.4 MJ/day 
(335 kcal/day) for women between subjects consuming 
low amounts of alcohol (0.01–4.99 g/day) and those con-
suming  1 40.00 g/day. Energy intake from food was only 
marginally lower in subjects with high alcohol intake 
compared to those with no or low alcohol intake in both 
genders ( table 2 ). 

 With high alcohol intake the consumption of total car-
bohydrate, fat and fi bre intake was lower in men and pro-
tein intake showed a U-shaped relation. In women, car-
bohydrate and fi bre consumption was also lower and 
protein intake was higher with increasing alcohol intake 
whereas fat intake was highest in subjects in the mid-
range of alcohol intake. All these differences were gener-

Table 1. Age-adjusted geometric mean of body composition and smoking status of the study population according 
to alcohol consumption

Alcohol consumption g/day Test for 
trend
p value0 0.01–4.99 5.00–9.99 10.00–19.99 20.00–39.99 �40.00

Men 592 1,718 1,490 2,353 2,868 2,596
Age at baseline, years1 51.8 51.7 51.6 52 51.9 53.0 <0.0001
BMI, kg/m2 26.6 26.8 26.8 26.5 26.6 26.9 0.2812
WHR 0.94 0.94 0.94 0.93 0.94 0.95 <0.0001
Smoking status

Current smoker, % 33.6 25.8 24.4 24.3 29.3 34.3
Ex-smoker, % 43.4 36.6 38.3 41.4 43.0 44.3
Never-smoker, % 23.0 37.6 37.3 34.3 27.7 21.4

Women 783 5,655 2,335 2,248 1,584 672
Age at baseline, years1 51.1 48.9 48.4 48.7 49.0 50.4 0.4589
BMI, kg/m2 25.8 25.5 24.9 24.5 24.2 24.6 <0.0001
WHR 0.82 0.80 0.80 0.79 0.80 0.81 0.0028
Smoking status

Current smoker, % 24.3 20.8 21.0 23.3 27.1 35.0
Ex-smoker, % 19.9 24.7 31.0 33.3 33.8 36.7
Never-smoker, % 55.8 54.5 48.0 43.4 39.1 28.3

1 Mean not adjusted for age.
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ally small. They varied between 5 g/day for fat and pro-
tein, 3 g/day for fi bre and 20 g/day for carbohydrates 
( table 2 ). 

 Differences between the alcohol consumption catego-
ries in the non-alcoholic energy percentages derived from 
fat, protein and carbohydrate were also relatively small 
especially in men. In men, a maximum difference of 
about 1% was observed. In women, differences were 
slightly higher with a maximum difference of about 3% 
for energy from carbohydrates ( table 2 ). 

   Alcohol Consumption and Food Intake 
 Dietary patterns were different between men and 

women. Compared with women, men had a higher intake 
of legumes, dairy products, cereal products, meat and 
meat products, fi sh, eggs and vegetable fats. Women con-
sumed more vegetables and fruits. These differences did 

not change from abstainers to alcohol drinkers except for 
dairy products. Women with moderate or high alcohol 
intake consumed more dairy products than men of the 
respective alcohol consumption categories. 

 Differences in intake observed between alcohol con-
sumption categories were generally larger for food groups 
than for nutrients. Men and women who consumed high 
amounts of alcohol had a lower intake of fruits, dairy 
products, cereal products, vegetable fat and non-alcohol-
ic beverages compared to abstainers (e.g. fruits: men 96.7 
vs. 130.7 g/day (p  !  0.0001); women 112.3 vs. 141.4 g/day 
(p  !  0.0001) ( table 3 )). 

 Higher intakes were observed for animal products 
such as meat, fi sh, eggs and animal fat in men and wom-
en with a high alcohol intake ( table 3 ). 

Table 2. Age-adjusted geometric mean of total energy, macronutrient and fi bre intake according to alcohol consumption in men (n = 11, 
617) and women (n = 13,277)

Alcohol consumption, g/day Test for
trend
p value

Differ -
ences1

g/d0 0.01–4.99 5.00–9.99 10.00–19.99 20.00–39.99 640.00

Men 592 1,718 1,490 2,353 2,868 2,596
Total energy, MJ/day 8.96 8.22 8.31 8.42 8.82 10.02 <0.0001 +1.06
Energy from food, MJ/day 8.96 8.15 8.08 7.98 7.96 8.14 0.0668 –0.82
Carbohydrate, g/day 249.6 226.5 222.6 218.6 216.3 223.2 0.0001 –26.4
Protein, g/day 79.3 72.8 72.9 72.8 73.9 77.2 <0.0001 –2.1
Fat, g/day 84.9 77.7 77.8 77.4 77.4 76.8 0.0867 –8.1
Fibre, g/day 22.2 20.7 20.6 20.2 19.5 18.3 <0.0001 –3.9
Alcohol from beverages, g/day 0 1.59 7.42 14.50 27.77 59.79 <0.0001 +59.79
Total alcohol, g/day 0.18 1.97 7.71 14.77 28.03 60.09 <0.0001 +59.91
Energy from protein, %2 15.3 15.4 15.6 15.7 16.0 16.3 <0.0001 +1.0
Energy from carbohydrates, %2 47.9 47.7 47.2 46.9 46.5 47.0 <0.0001 –0.9
Energy from fat, %2 35.7 35.8 36.1 36.3 36.4 35.4 <0.0001 –0.3

Women 783 5,655 2,335 2,248 1,584 672 <0.0001
Total energy, MJ/day 6.67 6.75 6.95 7.09 7.37 8.15 0.0028 +1.48
Energy from food, MJ/day 6.67 6.69 6.73 6.65 6.56 6.49 <0.0001 –0.18
Carbohydrate, g/day 187.8 186.5 183.8 181.1 177.2 171.8 0.0006 –16.0
Protein, g/day 57.9 58.6 59.9 60.0 60.2 61.0 0.4650 +3.1
Fat, g/day 62.8 64.2 66.0 65.1 64.3 63.7 <0.0001 +0.9
Fibre, g/day 18.8 18.8 18.5 18.1 17.4 16.0 <0.0001 –2.8
Alcohol from beverages, g/day 0 1.31 7.38 14.19 26.28 53.64 <0.0001 +53.64
Total alcohol, g/day 0.11 1.62 7.61 14.43 26.52 53.92 <0.0001 +53.81
Energy from protein, %2 15.1 15.1 15.3 15.5 15.7 16.2 <0.0001 +1.1
Energy from carbohydrates, %2 48.4 47.7 48.7 46.6 46.2 45.4 <0.0001 –3.0
Energy from fat, %2 35.3 36.0 36.7 36.6 36.7 36.7 <0.0001 +1.4

1 Mean % based on total energy intake from food.
2 Difference between the intake of abstainers and the subjects of the highest alcohol category.

D
ow

nl
oa

de
d 

by
: 

H
el

m
ho

ltz
 Z

en
tr

um
 M

ün
ch

en
 D

eu
ts

ch
es

 F
or

sc
hu

ng
sz

en
tr

um
 f

14
6.

10
7.

3.
4 

- 
7/

15
/2

01
6 

10
:1

1:
26

 A
M



 Ruf  /Nagel  /Altenburg  /Miller  /Thorand    Ann Nutr Metab 2005;49:16–25 20

   Alcohol Intake, BMI and Diet Stratifi ed by Smoking 
Status 
 Among men, 28.5% (n = 3,307) of all participants were 

current smokers, 41.5% (n = 4,817) were ex-smokers and 
30.0% (n = 3,493) were never-smokers. Among women 
the percentages were 22.9% (n = 3,044), 28.7% (n = 3,808) 
and 48.4% (n = 6,425), respectively. 

 In all smoking groups, the largest number of women 
was found in the lowest alcohol consumption category of 
0.01–4.99 g/day (between 36.7 and 47.9% depending on 
smoking status). In men, however, the largest number of 
subjects was found in the highest alcohol consumption 
group for current smokers (26.9%, n = 890), in the second 
highest alcohol consumption group for ex-smokers 
(25.6%, n = 1,235) and in the third highest alcohol con-
sumption group for never-smokers (23.1%, n = 807). 

  Figure 1  shows the association between BMI and alco-
hol intake for males and females stratifi ed by smoking 
status. Alcohol intake was negatively associated with BMI 
in all women independent of smoking status (p  !  0.0001) 
and in male current smokers (p  !  0.0001). A tendency for 
a U-shaped relation was observed between alcohol intake 
and BMI in male ex- and never-smokers. 

 In all smoking groups, total energy intake increased 
with alcohol intake (p  !  0.0001) ( fi g. 2 ). Abstainers, how-
ever, had a higher total energy intake than subjects con-
suming moderate amounts of alcohol except for female 
ex- and never-smokers. In spite of the relatively large dif-
ferences in BMI between the smoking groups of up to 2 
units for men and 1.5 units for women ( fi g. 1 ), total en-
ergy intake was very similar in current smokers, ex-smok-
ers and never-smokers within each alcohol consumption 

Table 3. Age-adjusted geometric mean of food intake according to alcohol consumption in men and women

Alcohol consumption, g/day Test for
trend
p value

Differ-
ences1

g/d0 0.01–4.99 5.00–9.99 10.00–19.99 20.00–39.99 �40.00

Men 592 1,718 1,490 2,353 2,868 2,596
Potatoes, g/day 11.94.7 11.92.4 11.94.7 11.92.8 11.94.6 11.97.2 0.0048 +2.5
Vegetables, g/day 1.118.4 1.112.6 1.110.3 1.112.8 1.113.1 1.114.0 0.1814 +4.4
Legumes, g/day 11.19.0 111.7.5 111.7.5 111.7.7 111.7.9 11.18.5 0.0012 –0.5
Fruits, g/day 1.130.7 1.122.4 1.118.3 1.116.1 1.109.5 96.7 <0.0001 –34.0
Dairy products, g/day 1.303.3 1.281.8 1.265.7 1.229.1 1.214.1 188.8 <0.0001 –114.5
Cereals, cereal products, g/day 1.228.7 1.217.1 1.216.3 1.215.3 1.211.1 200.9 <0.0001 –27.8
Meat, meat products, g/day 1.123.7 1.107.2 1.109.0 1.113.4 1.119.0 132.2 <0.0001 +8.5
Fish and seafood, g/day 11.20.3 11.19.8 11.21.9 11.22.3 11.23.2 24.8 <0.0001 +4.5
Eggs, g/day 11.16.5 11.13.5 11.14.0 11.14.4 11.15.6 17.2 <0.0001 +0.7
Non-alcoholic beverages, g/day 1,895.1 1,600.9 1,516.8 1,465.1 1,409.6 1369.8 <0.0001 –525.3
Fats and oils, g/day 11.24.2 11.22.9 11.23.6 11.23.2 11.23.4 23.0 0.9674 –1.2
Animal fat 111.8.4 111.9.2 111.9.3 111.9.7 11.10.2 9.6 0.0391 +1.2
Vegetable fat 11.14.6 11.12.6 11.13.0 11.12.2 11.11.9 12.0 0.0044 –2.6

Women 783 5,655 2,335 2,248 1,584 672
Potatoes, g/day 11.80.3 11.77.3 11.74.7 11.73.1 11.73.5 70.2 <0.0001 –10.1
Vegetables, g/day 1.126.4 1.121.9 1.122.5 1.122.7 1.126.3 129.3 0.0085 +2.9
Legumes, g/day 111.4.6 111.4.5 11.14.6 111.4.7 111.4.9 5.3 0.0008 +0.7
Fruits, g/day 1.141.4 1.142.6 1.134.4 1.131.3 1.128.1 112.3 <0.0001 –29.1
Dairy products, g/day 1.289.9 1.259.9 1.253.4 1.244.7 1.233.6 202.3 <0.0001 –87.6
Cereals, cereal products, g/day 1.173.7 1.177.9 1.179.7 1.176.4 1.171.9 162.0 0.0029 –11.7
Meat, meat products, g/day 11.67.9 11.71.3 11.72.7 11.73.5 11.76.8 84.7 <0.0001 +16.8
Fish and seafood, g/day 11.14.1 11.15.7 11.17.1 11.17.7 11.19.2 20.5 <0.0001 +6.4
Eggs, g/day 11.10.9 11.11.6 11.13.1 11.13.7 11.14.9 16.6 <0.0001 +5.7
Non alcoholic beverages, g/day 1,700.9 1,635.5 1,580.5 1,579.0 1,539.8 1567.6 <0.0001 –133.3
Fats and oils, g/day 11.20.8 11.20.9 11.21.6 11.21.1 11.21.8 21.8 0.0007 +1.0
Animal fat 111.8.8 111.9.4 11.10.1 11.10.0 11.10.4 9.9 <0.0001 +1.1
Vegetable fat 11.11.2 11.10.8 11.10.7 11.10.4 11.10.5 11.1 0.3091 –0.1

1 Difference between the intake of abstainers and the subjects of the highest alcohol category.
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category. The maximum difference between the smoking 
groups was about 0.5 MJ/day within all alcohol consump-
tion categories except for male abstainers. In this group, 
larger differences of up to 1.3 MJ/day were observed. 

 With higher alcohol intake, carbohydrate intake was 
about 10 to 36 g/day lower in both genders independent 

of smoking status (p  !  0.05 in all groups with the excep-
tion of male ex-smokers where the p value was not sig-
nifi cant) (data not shown). 

 Protein intake differed by 1.5–8 g/day for men and by 
about 4.5 g/day for women. Statistical signifi cance could 
only seen for the U-shaped relation in male ex-smokers 

  Fig. 1.  Body mass index (BMI) by alcohol 
consumption. 

  Fig. 2.  Total energy intake (MJ/day) by al-
cohol consumption. 
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(p = 0.0008) and for the higher protein intake with high-
er alcohol consumption for male and female never-smok-
ers (p  !  0.0001). 

 Fat intake decreased with increasing alcohol intake in 
male current smokers (–16 g/day, p = 0.0025), male ex-
smokers (–7 g/day) and female current smokers (–6 g/
day). In male never-smokers the difference in fat con-
sumption according to alcohol intake was small ( 8  2 g/
day). In female ex- (+3 g/day) and never-smokers (+5 g/
day) (p = 0.0004) fat consumption was marginally higher 
in subjects with the highest alcohol intake compared to 
abstainers. 

 All three main nutrients expressed as energy percent 
from food differed only marginally about a few percent 
between alcohol consumption categories although all as-
sociations were statistically signifi cant ( table 4 ). The larg-
est differences between abstainers and subjects consum-

ing high amounts of alcohol were observed for percent 
energy from carbohydrates in female ex- and never-smok-
ers (–3 and –4% respectively). 

 In men, independent of smoking status, the greatest 
differences in food intake depending on alcohol intake 
were found for fruits, meat and meat products. The con-
sumption of fruits decreased from abstainers to heavy 
alcohol consumers in all smoking categories. The abso-
lute differences between abstainers and subjects in the 
highest alcohol consumption category varied for fruits 
between 30.1 g/day (120.0 vs. 89.9 g/day, p = 0.0003) for 
current smokers, 27.9 g/day (130.1 vs. 102.2 g/day, p  !  
0.0001)    for   ex-smokers    and   50.8   g/day   (147.4   vs.   
 96.6 g/day, p  !  0.0001) for never-smokers. Meat and 
meat product consumption decreased in male current 
smokers (150.0 to 131.1 g/day, p = 0.0008) and increased 
in male ex- (119.4 to 130.6 g/day, p  !  0.0001) and never-

Table 4. Age-adjusted geometric mean of energy from protein (%), carbohydrates (%) and fat (%) based on total energy intake from food 
(p < 0.0001)

Alcohol consumption, g/day Differ-
ences1

%0 0.01–4.99 5.00–9.99 10.00–19.99 20.00–39.99 �40.00

Male current smokers 199 443 363 572 840 890
Energy from protein, % 15.5 15.5 15.7 15.8 16.1 16.3 +0.8
Energy from carbohydrates, % 46.8 47.0 46.4 46.8 46.3 47.1 +0.3
Energy from fat, % 36.6 36.3 36.8 36.3 36.6 35.4 –1.2

Male ex-smokers 257 629 571 974 1235 1151
Energy from protein, % 15.3 15.6 15.6 15.9 16.0 16.4 +1.1
Energy from carbohydrates, % 48.2 47.6 47.0 46.8 46.6 46.9 –1.3
Energy from fat, % 35.4 35.7 36.3 36.3 36.3 35.5 +0.1

Male never-smokers 136 646 556 807 793 555
Energy from protein, % 15.1 15.1 15.4 15.4 15.8 16.3 +1.2
Energy from carbohydrates, % 48.8 48.3 48.0 47.2 46.7 47.2 –1.6
Energy from fat, % 35.0 35.5 35.5 36.3 36.4 35.3 +0.3

Female current smokers 190 1,177 490 523 429 235
Energy from protein, % 14.9 15.1 15.4 15.7 15.7 16.5 +1.6
Energy from carbohydrates, % 46.9 47.2 46.2 45.7 46.0 45.1 –1.8
Energy from fat, % 36.9 36.5 37.2 37.3 37.0 36.7 –0.2

Female ex-smokers 156 1,398 723 749 535 247
Energy from protein, % 15.0 15.1 15.3 15.6 15.8 16.0 +1.0
Energy from carbohydrates, % 49.0 47.6 46.8 46.3 46.2 46.0 –3.0
Energy from fat, % 34.8 36.1 36.6 36.8 36.6 36.4 +1.6

Female never-smokers 437 3,080 1122 976 620 190
Energy from protein, % 15.2 15.1 15.3 15.4 15.8 16.2 +1.0
Energy from carbohydrates, % 48.8 48.0 46.9 47.2 46.4 44.9 –3.9
Energy from fat, % 34.8 35.7 36.6 36.1 36.5 37.2 +2.4

1 Difference between the intake of abstainers and the subjects of the highest alcohol category.
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smokers (93.8 to 137.0 g/day, p  !  0.0001) with higher 
alcohol intake. 

 In women, intake of fruits was lower and the consump-
tion of meat was higher in subjects consuming high 
amounts of alcohol compared to abstainers. The absolute 
differences for fruits between abstainers and subjects in 
the highest alcohol category varied between 8.9 g/day 
(122.5 vs. 113.6 g/day, p = 0.0036) for current smokers, 
32.6 g/day (145.8 vs. 113.2 g/day, p  !  0.0001) for ex-
smokers and 41.3 g/day (149.0 vs. 107.7 g/day, p  !  0.0001) 
for never-smokers. With higher alcohol intake meat and 
meat products consumption increased from 76.8 to 
86.9 g/day for current smokers (n.s.), from 58.5 to 77.2 g/
day for ex-smokers (p = 0.002) and from 67.4 to 91.6 g/
day for never-smokers (p  !  0.0001). 

   Discussion 

 In our study, dietary habits were associated with alco-
hol intake in men and women. Dietary patterns were gen-
erally different between men and women. Men compared 
with women had a higher overall intake of legumes, dairy 
products, cereal products, meat and meat products, fi sh, 
eggs and animal fat. Women consumed more vegetables 
and fruits. In our population the mean consumption of 
all food items were slightly higher than in the VERA 
Study  [13] . 

 Consistent with other studies  [14, 15]  alcohol was add-
ed to the diet and did not seem to substitute for other food 
items. Energy intake from food was only marginally low-
er in men and in women with high alcohol intake com-
pared to those with low or no alcohol intake. Thus with 
higher alcohol intake, total daily energy intake increased 
considerably. 

 Varied results have been reported in the literature con-
cerning nutrient intake between abstainers and alcohol 
consumers. Generally only small differences in nutrient 
intake were found although the consumption of many 
food items varied  [14, 15] . 

 In the present study, macronutrient intake differed 
only marginally between subjects with no alcohol intake 
and those with greater alcohol intake. Fat and protein 
intake expressed as energy percent from food showed 
slight increases with increasing alcohol intake whereas the 
percentage of energy from carbohydrates decreased with 
increasing alcohol intake. Our results are consistent with 
a study of Kesse et al.  [16]  who found that increasing al-
cohol consumption was associated with a higher total en-
ergy intake, a higher percentage of energy intake as pro-

tein and lipids and a lower percentage of energy from 
carbohydrates in a group of French women  [16] . Similar 
observations were reported in a study of Männistö et al. 
 [8]  for protein, fat and carbohydrates in men and for fat 
and carbohydrates in women. Gruchow et al.  [17]  de-
scribed a substantially lower carbohydrate intake of alco-
hol consumers compared to non-drinkers and an inverse 
dose-response relationship between carbohydrate and al-
cohol intakes. 

 Despite a higher percentage of energy from fat and 
protein the daily consumption of total fat decreased in 
men just like total carbohydrate and fi bre intake, protein 
intake showed a U-shaped relation. In women, carbohy-
drate and fi bre consumption were lower and protein in-
take was higher with greater alcohol intake, fat intake was 
higher in those with low consumption of alcohol com-
pared with high alcohol consumers. Although the abso-
lute differences were relatively small, they may affect the 
health of the subjects. Especially the low intake of fi bre 
observed among subjects consuming high amounts of al-
cohol could have negative consequences for health if the 
observed dietary habits are pertained over a longer period 
of time. Männistö et al.  [14]  found no relation between 
the consumption of alcohol and the intake of protein and 
fat, but a 10% lower fi bre intake with higher alcohol con-
sumption. This is consistent with our results of an 18% 
(–3.9 g/day) lower intake of fi bre in men and a 12% (–2.2 
g/day) lower intake in women with a high alcohol intake 
compared to abstainers. 

 The dietary profi le of participants with a high alcohol 
intake was characterized by high intake of animal prod-
ucts such as meat, meat products, fi sh and eggs, and low 
intake of fruits, dairy products, cereals and cereal prod-
ucts which may result in low vitamin and mineral intake, 
respectively. This is consistent with another German 
study  [13]  which found that a high alcohol intake was as-
sociated with lower consumption of dairy products and 
cereals in both genders and of citrus fruits in men com-
pared to moderate alcohol consumption. Männistö et al. 
 [14]  reported that the intake of vegetables, beef, poultry 
and fi sh increased with alcohol consumption by over 20% 
between the lowest and the highest categories, whereas 
the consumption of cereals, milk and cream decreased by 
over 20%. Gruchow et al.  [17]  found that alcohol consum-
ers had higher nutrient densities of niacin, ribofl avin, vi-
tamin C, iron, phosphorus and potassium and a lower 
density of calcium and thiamine than abstainers  [17] . In 
a French sample a higher intake of retinol, iron and vita-
min E was observed with higher alcohol consumption and 
only ß-carotene intake was lower  [16] . In a Finish popula-
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tion, Männistö et al.  [8]  reported a higher intake of niacin, 
iron intake was lower and there was no relation to the vi-
tamin E intake with high alcohol intake  [8] . 

 Despite the higher total energy intake of alcohol con-
sumers, because alcohol was added to the diet, body 
weight increased less than expected. BMI was only mar-
ginally higher in men and it was signifi cantly lower in 
women with high alcohol intake. A different physical ac-
tivity level could be relevant for this as has been suggest-
ed by Barefoot et al.  [18] , where abstainers had a lower 
regular exercise level compared to alcohol consumers. 
However, in the study of the French MONICA Centres, 
physical activity decreases with the increase of alcohol 
consumption  [19] . Similar results were found in other 
studies  [20, 22] . In the Nurses’ Health Study the average 
BMI of women who were moderate alcohol consumers 
was 15% lower than that of non-consumers  [20] . In men, 
no clear association between daily alcohol energy intake 
and BMI was observed  [8, 14, 21, 22] . In one study, Män-
nistö et al.  [14]  reported a positive association between 
alcohol consumption and BMI whereas in another study 
 [8]  they observed that male abstainers had the highest 
BMI. Dallongeville et al.  [22]  found in a French sample 
no association between alcohol intake and BMI and body 
weight in men, whereas in women alcohol consumption 
was inversely correlated with BMI and body weight. In 
both men and women, alcohol intake was associated with 
greater WHR and waist girth independently of BMI and 
body weight  [22] . 

 In conclusion, energy from alcohol affected body 
weight less than expected. One reason could be that en-
ergy from alcohol is utilized less effi ciently and has a low-
er biological value than non-alcohol energy, or that alco-
hol may interfere with the effi cient utilization of other 
calories  [14] . However, metabolic investigations on the 
effect of alcohol intake clearly showed that ethanol en-
ergy was used with an effi ciency of the body comparable 
with that of a carbohydrate and protein meal and that it 
reduced fat oxidation  [23] . Different from macronutri-
ents, ethanol is not stored in the body, but it is oxidized 
in preference over other fuels. There is no reason to claim 
that ethanol energy does not play a role in energy balance 
regulation. Further studies are needed to resolve the 
above-mentioned paradox  [23] . 

 In our study population the largest number of women 
was found in the lowest alcohol consumption group 
(0.01–4.99 g/day) independent of smoking status. In men, 
differences were seen depending on smoking status. In 
current smokers most men were found in the highest al-
cohol group (n = 890). This affi rms the association be-

tween alcohol intake and smoking which has been report-
ed in many other studies. Smoking of at least one cigarette 
per day was positively related to high amounts of alcohol 
intake in men and women  [8, 15, 22] . 

 Despite the highest energy intake, female current 
smokers had the lowest BMI independent from alcohol 
intake. A higher physical activity could be an explanation 
for this. Overall the highest BMI was found in male ex-
smokers and in female never-smokers. Männistö et al.  [8]  
found in their study population the highest BMI in male 
abstainers, who also smoked less than alcohol consumers 
and in the FINRISK studies  [24]  male and female ex-
smokers had the highest BMI. 

 It seems that smoking is associated with less health 
consciousness, so that people who were smoking had the 
highest alcohol intake and the unhealthiest diet. Beside 
this, the socio-economic status had a relevant effect on 
smoking behaviour and alcohol intake, and this should 
be considered. 

 With the correlation between alcohol intake and smok-
ing a third risk factor was found. John and Hanke  [2]  
observed that of all alcohol-attributable cases of death, 
73.8% were also associated with tobacco. Smoking inten-
sity was a possible factor in the increased mortality of 
heavy alcohol consumers and smoking and drinking are 
synergistic in the production of certain cancers  [25] . 

 A high alcohol intake is a known risk factor for the fol-
lowing cancers: cancer of the mouth, pharynx, larynx, 
oesophagus and liver  [26] . Colon-rectum and breast can-
cer are probably associated with high alcohol intake and 
lung cancer might be associated with high alcohol intake 
 [26] . On the other hand, vegetables and fruit consump-
tion decreased the cancer risk for cancers of the mouth, 
pharynx, oesophagus, lung and stomach  [26] . Further-
more, a higher intake of animal products and fat is a risk 
factor for various cancers (colon, rectum, breast)  [27] . 

 In spite of the known association between dietary fac-
tors and cancer risk, many studies which examined alco-
hol as a risk factor for cancer did not take dietary patterns 
into account  [5] . 

 In the present study we have shown that alcohol drink-
ers were characterised by less healthy dietary patterns 
which could also have an impact on cancer risk. 

 In interpreting the results of this study, several poten-
tial limitations should be considered. In the recruitment 
process the participation rate compared to the invited 
number of subjects was 38.3% for the EPIC Heidelberg 
Study. Data from the National Health Survey 1991/1992 
revealed that cohort populations were of higher socio-eco-
nomic status and were healthier than the source popula-
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tion  [9] . Therefore, we probably tended to recruit more 
health-conscious persons. Other studies have shown that 
alcohol intake is generally under-reported by the partici-
pants  [28] . In our analysis, measurement errors could not 
be ruled out. However, the food frequency questionnaire 
is a qualifi ed method to investigate alcohol consumption 
 [28]  and our instrument has been validated against bio-
markers of recent alcohol intake  [10] . 

 In conclusion it should be stressed that due to the large 
sample size of this study, many differences turned out to 
be statistically signifi cant although they are probably 

without any deeper biological relevance. Furthermore, 
due to the large number of tests which have been per-
formed, some statistically signifi cant results could be 
caused by change. Nonetheless, overall our results show 
that a high alcohol intake is associated with less healthy 
dietary patterns and with smoking. All this could contrib-
ute to the association observed between alcohol intake 
and various cancers. Therefore, it will be necessary for 
future studies to consider also dietary patterns when in-
vestigation the effects of alcohol intake.   

 References 

  1 Bloomfi eld K, Greenfi eld T, Kraus L, Augustin 
R: A comparison of drinking patterns and al-
cohol-use-related problems in the United 
States and Germany, 1995. Subs Miss 2002;  

 37(suppl 4):399–428. 
  2 John U, Hanke M: Alcohol-attributable mor-

tality in a high per capita consumption coun-
try – Germany. Alcohol Alcohol 2002;   37(suppl 
6):581–585. 

  3 Klipstein-Grobusch K, Becker N, Kroke A, 
Boeing H: Patterns of past alcohol consump-
tion in the EPIC-Germany Cohorts. Ann Nutr 
Metab 1999;   43:   258–265. 

  4 Burr ML: Explaining the French paradox. J R 
Soc Health 1995;   115(suppl 4):217–219. 

  5 Bagnardi V, Blangiardo M, La Vecchia C, 
Corrao G: A meta-analysis of alcohol drinking 
and cancer risk. Br J Cancer 2001;   30(suppl 
85/11):1700–1705. 

  6 Junge B, Nagel M: Das Rauchverhalten in 
Deutschland. Gesundheitswesen 1999;   61
(suppl 2):121–125. 

  7 John U, Hanke M: Tobacco smoking- and al-
cohol drinking-attributable cancer mortality in 
Germany. Eur J Cancer Prev 2002;   11:   11–17. 

  8 Männistö S, Uusitalo K, Roos E, Fogelholm M, 
Pietinen P: Alcohol beverage drinking, diet 
and body mass index in a cross-sectional sur-
vey. Eur J Clin Nutr 1997;   51:   326–332. 

  9 Boeing H, Korfmann A, Bergmann MM: Re-
cruitment procedures of EPIC Germany. Ann 
Nutr Metab 1999;   43:   205–215. 

 10 Bohscheid-Thomas S, Hoting I, Boeing H, 
Wahrendorf J: Reproducibility and relative va-
lidity of energy and macronutrient intake of a 
food frequency questionnaire developed for 
the German part of the EPIC project. Int J Ep-
idemiol 1997;   26(suppl 1):71–81. 

 11 Klipstein-Grobusch K, Georg T, Boeing H: In-
terviewer variability in anthropometric mea-
surements and estimates of body composition. 
Int J Epidemiol 1995;   24:   51–57. 

 12 Federal Institute for Health Protection of Con-
sumers and Veterinary Medicine: The German 
Food Code and Nutrient Database, BLS II.3 
(in German). Berlin, BG UV-Journal 2, 1998. 

 13 Kübler W, Anders HJ, Heeschen W, Kohlmei-
er M: Lebensmittel- und Nährstoffaufnahme 
Erwachsener in der Bundesrepublik Deutsch-
land (VERA-Studie), Wiss Fachverlag Dr 
Fleck, Bd III, 2 Aufl , 1994. 

 14 Männistö S, Pietinen P, Haukka J, Ovaskainen 
ML, Albanes D, Virtamo J: Reported alcohol 
intake, diet and body mass index in male smok-
ers. Eur J Clin Nutr 1996;   50:   239–245. 

 15 Veenstra J, Schenkel JA, van Erp-Baart AM, 
Brants HA, Hulshof KF, Kistemaker C, Schaaf-
sma G, Ockhuizen T: Alcohol consumption in 
relation to food intake and smoking habits in 
the Dutch National Food Consumption Sur-
vey. Eur J Clin Nutr 1993;   47(suppl 7):482–
489. 

 16 Kesse E, Clavel-Chapelon F, Slimani N, van 
Liere M: Do eating habits differ according to 
alcohol consumption? Results of a study of the 
French cohort of the European Prospective In-
vestigation into Cancer and Nutrition. Am J 
Clin Nutr 2001;   74:   322–327. 

 17 Gruchow HW, Sobocinski KA, Barboriak JJ, 
Scheller JG: Alcohol consumption, nutrient in-
take and relative body weight among US 
adults. Am J Clin Nutr 1985;   42:   289–295. 

 18 Barefoot JC, Gronbaek M, Feaganes JR, 
McPherson RS, Williams RB, Siegler IC: Alco-
holic beverage preference, diet, and health hab-
its in the UNC Alumni Heart Study. Am J Clin 
Nutr 2002;   76:   466–472. 

 19 Ruidavets JB, Bataille V, Dallongeville J, Si-
mon C, Bingham A, Amouyel P, Arveiler D, 
Ducimetiere P, Ferrieres J: Alcohol intake and 
diet in France, the prominent role of lifestyle. 
Eur Heart J 2004;   25:   1153–1162. 

 20 Colditz GA, Giovannucci E, Rimm EB, Stamp-
fer MJ, Rosner B, Speizer FE, Gordis E, Willett 
WC: Alcohol intake in relation to diet and obe-
sity in women and men. Am J Clin Nutr 1991;  

 54(suppl 1):49–55. 
 21 McCarty: The alcohol paradox. Am J Clin Nutr 

1999;   70(suppl 5):940–941. 
 22 Dallongeville J, Marécaux N, Ducimetière P, 

Ferriès J, Arveiler D, Bingham A, Ruidavets 
JB, Simon C, Amouyel P: Infl uence of alcohol 
consumption and various beverages on waist 
girth and waist-to-hip ratio in a sample of 
French men and women. Int J Obes 1998;   22:  

 1178–1183. 
 23 Jéquier Eric: Alcohol intake and body weight: 

A paradox. Am J Clin Nutr 1999;   69:   173–
174. 

 24 Lathi-Koski M, Pietinen P, Heliövaara M, 
Vartiainen E: Association of body mass index 
and obesity with physical activity, food choic-
es, alcohol intake and smoking in the 1982–
1997 FINRISK Studies. Am J Clin Nutr 2002;  

 75:   809–817. 
 25 Klatsky AL, Friedman GD, Siegelaub AB: Al-

cohol and mortality. A ten-year Kaiser-Perma-
nente experience. Ann Intern Med 1981;  

 95(suppl 2):139–145. 
 26 World Cancer Research Fund: Food, Nutrition 

and the Prevention of Cancer: A Global Per-
spective. Washington, American Institute for 
Cancer Research, 1997. 

 27 Tadjalli-Mehr K, Becker N, Rahu M, Stengre-
vics A, Kurtinaitis J, Hakama M: Randomized 
trial with fruits and vegetables in prevention of 
cancer. Acta Oncol 2003;   42(suppl):1–7. 

 28 Kroke A, Klipstein-Grobusch K, Hoffmann K, 
Terbeck I, Boeing H, Helander A: Comparison 
of self-reported alcohol intake with the urinary 
excretion of 5-hydroxytryptophol:5-hydroxy-
indole-3-acetic acid, a biomarker of recent al-
cohol intake. Br J Nutr 2001;   85(suppl 5):621–
627.   

D
ow

nl
oa

de
d 

by
: 

H
el

m
ho

ltz
 Z

en
tr

um
 M

ün
ch

en
 D

eu
ts

ch
es

 F
or

sc
hu

ng
sz

en
tr

um
 f

14
6.

10
7.

3.
4 

- 
7/

15
/2

01
6 

10
:1

1:
26

 A
M




