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Comparison of assessment methods for
self-reported alcohol consumption in health

interview surveys

O Ekholm, K Strandberg-Larsen, K Christensen and M Gregnbak

National Institute of Public Health, University of Southern Denmark, Copenhagen, Denmark

Obijective: To select a simple method for assessing alcohol consumption and to compare how different reference periods and
response categories influence the self-reported frequency of binge drinking.
Design: Four random samples of 1000 adult Danes. Data were collected via personal interview at the respondents’ home.

Setting: Denmark, nationwide.

Participants: The total number of interviewed was 2593 individuals.

Measurements: The assessment methods in the four samples were (1) the 7-day recall method, (2) intake each day in a typical
week, (3) intake last weekend, and (4) intake in a typical week. Furthermore, binge drinking was assessed in the samples using
different reference periods and response formats.

Findings: The sex- and age-adjusted mean number of drinks in the last week (the 7-day recall method) was 10.6 drinks
compared to 10.4 drinks among respondents reporting their intake for each day in a typical week and 8.7 drinks among subjects
reporting the average intake in a typical week. Furthermore, subjects that reported their typical intake for each day were as likely
as subjects that had the 7-day recall method to report a high weekly alcohol intake. Respondents who had close-ended
questions were more likely to report binge drinking compared to respondents that had open-ended questions.

Conclusions: Questions concerning typical alcohol intake for each day of the week are feasible to use in epidemiological studies.
Furthermore, it is more appropriate to use close-ended questions compared to open-ended questions in measuring binge-
drinking when the reference period is long.
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Introduction

The difficulties with assessing self-reports of alcohol con-
sumption in a population have been widely discussed
(Midanik, 1989; Embree and Whitehead, 1993; Grgnbaek
and Heitmann, 1996; Del Boca and Darkes, 2003). One of the
advantages with using self-reports of alcohol intake in
comparison with, for example, sales figures is that it is
possible to estimate the alcohol intake according to different
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sociodemographic characteristics. It is, of course, also possible
to evaluate the progress of health promotion programmes
addressing alcohol intake in different sociodemographic
groups. Another advantage with using self-reported informa-
tion is that it is possible to link individual drinking behaviour
with mortality and morbidity. The sensible drinking limits in
Denmark (Grenbeaek et al., 1997; Merch et al., 2005) as well
as in many other countries (Department of Health, 1995;
National Health and Medical Research Council, 2001; An-
dréasson and Allebeck, 2005) are, to a great extent, based on
the many epidemiologic studies that have used self-reported
information. This underlines the importance that the self-
reported intake is as adequate as possible.

It has been anticipated that more specific questions result
in higher reported alcohol intake (Dawson, 1998; Rehm,
1998; McCann et al., 1999). For example, there is a
widespread agreement that beverage-specific questions
yields higher reported alcohol intake compared to global



questions (Russell et al., 1991; Lemmens et al., 1992; Dawson,
1998; Rehm, 1998; Feunekes et al., 1999; Serdula et al., 1999).
Furthermore, some studies have suggested that questions
concerning typical intake underestimate alcohol intake in
comparison with so-called short-term recall methods (Lemmens
et al., 1992; Stockwell et al., 2004). The so-called weekly
drinking measure (often also called the 7-day recall measure)
is widely used in epidemiological surveys. This assessment
method asks respondents about their alcohol intake each
day during the last week. There exists a large time variation
in drinking, and thereby a measure for the intake in the
past week may not accurately represent the typical alcohol
consumption. In addition, respondents seem to have difficulties
in correctly reporting alcohol intake even when the recall
period is as short as one week (Ekholm, 2004). The consequence
could be that some respondents will be misclassified and,
hence, possibly lead to either an over- or underestimation of the
true association between drinking habits and the health or
social outcomes. Hence, a question that adequately assesses the
typical weekly consumption would be valuable for researchers
throughout the world.

The purpose of this study was to select a simple method for
assessing the average alcohol consumption and to compare
how different reference periods and response categories
influence the self-reported frequency of binge drinking.

Material and methods

Data derives from a national representative Health Interview
Survey carried out in the summer of 2003. In the present

Table 1 Questions concerning alcohol drinking habits in the four samples
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survey, four random samples of 1000 adult Danish citizens
(age 18 or more) in each were drawn from the Danish Civil
Person Register. All selected subjects received a letter of
introduction that briefly described the purpose and content
of the survey and it was emphasized that participation was
voluntary. The data were collected via personal interview at
the respondents’ home. Trained interviewers carried out the
data collection and all interviewers conducted interviews in all
four samples. The overall response rate was 65.2% (sample 1:
64.7%; sample 2: 63.0%; sample 3: 65.5%; sample 4: 67.5%).

All respondents were asked how many beers they con-
sumed during the last weekday (i.e. Monday to Thursday).
The question was repeated for each of the following
beverages: strong beer; red and white wine; liqueurs; spirits;
ready to drink products (premixed spirits). This question was
included as an attempt to check whether the four samples
had similar alcohol habits. Furthermore, all respondents
were asked identical questions on sociodemographic char-
acteristics (marital status and educational status). Educa-
tional status was classified according to The International
Standard Classification of Education (ISCED), which com-
bines school and vocational education.

Table 1 shows the different beverage-specific questions
that were used to assess alcohol intake. The consumption in
sample 1 was estimated using the 7-day recall method. The
question in sample 2 is almost identical to the question in
sample 1, but asks about the intake on each day in a typical
week. The questions in samples 3 and 4 ask about the intake,
the last weekend and the weekly average intake, respectively.
Hence, it is possible to estimate the weekly intake from the
questions in samples 1, 2 and 4 and from the questions in

Sample

1 2

Questions concerning alcohol intake®

How many alcoholic drinks did you
have each day last week? We'll start
with yesterday and take one day at a
time®

Questions concerning binge drinking
How many times did you have five
or more drinks on a single occasion
within the past 3 months?

Response categories
Close-ended response categories?

How many alcoholic drinks do
you have each day in a typical
week? We'll start with Monday
and take one day at a time®

How many times did you have
five or more drinks on a single
occasion within the past 3
months?

Open-ended response format

How many drinks did you have
during the last weekend? (that
includes Friday, Saturday and
Sunday)?

How many times did you have five
or more drinks on a single occasion
within the past year?

Close-ended response categories®

How many alcoholic drinks do
you have on average per
week??

How many times did you have
five or more drinks on a single
occasion within the past year?

Open-ended response format

1 bottle of beer =one drink; one bottle of spirits =25 drinks.

1 bottle of strong beer=1.5 drinks; one glass red/white wine =one drink.
1 bottle of red/white wine =six drinks; one glass of liqueur =one drink.

1 bottle of liqueur 70 cl. =10 drinks; one glass of aquavit=one drink.

1 drink=12g of alcohol.

“Beverage-specific (beer; strong beer; red and white wine; liqueurs; spirits; ready to drink products).
PResponse categories: never; less than once a month; approximately 1-3 times a month; approximately once a week; more than once a week.
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samples 1-3 it is possible to estimate the weekend intake.
The intake was measured in number of drinks, with one drink
equalling approximately 12g (or 15 ml) of pure alcohol.

Furthermore, the respondents were asked different ques-
tions concerning binge drinking (five or more alcoholic
drinks on one occasion). The questions concerning binge
drinking (Table 1) were used to investigate the difference
between different reference periods (3 months and 1 year),
and the difference between an open-ended response format
and a close-ended response format.

Statistical analysis

The sex- and age-adjusted mean number of alcoholic drinks
was estimated using a direct standardization method. The
weights for the standardization variable were proportional to
the sex and the age distribution in the Danish population
in 2003. The Danish National Board of Health’s sensible
drinking limits (21 drinks per week for men and 14 drinks
per week for women) were used to define high alcohol
intake. An intake of more than nine drinks per weekend
(an average of three or more drinks per day) for men and six
drinks per weekend (an average of two or more drinks per
day) exceeds the recommended weekly alcohol limit and was
therefore defined as a high weekend alcohol intake. Logistic
regression analyses (age- and sex adjusted) were used to
investigate the association between high self-reported alco-
hol intake and different questions concerning alcohol
intake. Logistic regression analyses were also used to assess
the association between binge drinking and different assess-
ment methods. The analyses were adjusted for sex and age
and the results are presented as odds ratios (OR) with 95%
confidence intervals (CI). Goodness of fit of the models was
assessed by the Hosmer-Lemeshow test and the tests
indicated that the models fit the data adequately.

Results

Table 2 shows the characteristics of the respondents in the
four samples by sex, age, marital status and combined school
and vocational education. The four samples were similar
in sociodemographic characteristics. The mean number of
alcoholic drinks consumed on the last weekday was almost
the same in all four samples (sample 1 and 3: 1.1 drinks;
sample 2 and 4: 1.2 drinks) as shown in Table 3. The
percentage that reported that they had at least one drink on
the most recent weekday varied between 40% (sample 1) and
44% (sample 3). The y? test indicated that the four samples
could not be considered different according to the self-
reported alcohol intake on the last weekday (P=0.6065).
Hence, it seems reasonable to compare the different measures
of alcohol consumption applied in the four samples.

The sex- and age-adjusted mean number of drinks in the
last week was 10.6 drinks in sample 1 compared with 10.4
drinks among those respondents who were asked about the
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Table 2 The characteristics of the respondents by sex, age, marital
status, combined school and vocational education (ISCED)

Sample
1 2 3 4

Sex (%)

Men 49 47 47 46
Age (%)

18-29 year 18 14 18 15

30-44 year 29 30 28 31

45-64 year 34 38 36 36

65+ year 19 18 18 19
Marital status (%)

Married 56 55 55 54

Cohabiting 14 17 18 13

Single (separated, divorced, widowed) 14 13 12 16

Single (unmarried) 17 15 16 17
Combined school and vocational education (%)

—10 year 22 22 22 22

11-12 year 19 23 22 22

13-14 year 34 33 34 32

15+ year 24 20 19 17

No information 2 2 2 7
No of respondents 644 626 650 673

Table 3 The self-reported alcohol intake on the most recent weekday

Sample

1 2 3 4

No of drinks on the most recent weekday. 1.1 1.2 11 1.2
Mean (s.d.) 2.1) (2.2) (2.0) (2.2)
At least one drink on the most recent 40 43 44 41
weekday. Percent

No of respondents 644 626 650 673

intake in a typical week (sample 2) (Table 4). Among the
respondents who reported the average weekly intake (sample
4) the mean number of drinks was somewhat lower (8.7
drinks). The mean intake in the weekend did not differ
greatly between the three types of measures. We also found
that subjects that reported their typical intake for each day
were as likely as subjects that reported their intake for each
day last week to report a high weekly alcohol intake.
Responders that reported the average weekly intake were
less likely to report a high weekly alcohol intake (OR: 0.58;
95% CI: 0.42-0.81) compared to subjects that were asked
about their intake for each day last week. The analyses were
also carried out for men and women separately and showed
that sex did not modify the associations between the
assessments methods and the reported alcohol intake. We
found that subjects that reported their typical intake or their
intake last weekend were as likely as responders that reported
their alcohol intake for each day last weekend to report a
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Table 4 The sex- and age-adjusted mean number of reported alcoholic drinks and the association between a high reported alcohol intake® and different

beverage-specific questions

Weekly intake Weekend intake n
Mean (s.d.) OR 95% Cl Mean (s.d.) OR 95% Cl
Intake each day last week (sample 1) 10.6 (30.8) 1 6.4 (24.6) 1 644
Intake each day in a typical week (sample 2) 10.4 (30.7) 1.01 (0.75-1.36) 6.5 (24.9) 1.06 (0.82-1.36) 626
Intake last weekend (sample 3) — — 6.7 (25.0) 0.92 (0.72-1.18) 650
Average weekly intake (sample 4) 8.7 (29.0) 0.58 (0.42-0.81) — — 673

Abbreviations: Cl, confidence interval; OR, odds ratio.

“Weekly intake: men:>21 drinks; women: > 14 drinks; weekend intake: men: > nine drinks; women: > six drinks.

Table 5 Results from multivariate logistic regression analyses showing the association between self-reported binge drinking (five drinks or more on one

occasion) and different assessment measures

Binged at least once a week Binged at least once a month n
% OR? 95% Cl % OR? 95% Cl
3-month reference period (close-ended response category?) 10.1 41.5 1 644
3-month reference period (open-ended response format) 4.1 0.38 (0.24-0.62) 34.6 0.75 (0.59-0.96) 626
1-year reference period (close-ended response category?) 11.3 1.15 (0.80-1.66) 39.3 0.90 (0.71-1.15) 650
1-year reference period (open-ended response format) 4.2 0.41 (0.26-0.66) 25.4 0.47 (0.36-0.60) 673

Abbreviations: Cl, confidence interval; OR, odds ratio.
#Sex- and age adjusted odds ratios.

high alcohol intake (OR: 1.06; 95% CI: 0.82-1.36 and OR:
0.92; 95% CI: 0.72-1.18, respectively).

Table 5 shows the association between binge drinking and
different reference periods and response categories. Respon-
dents who had a close-ended question were more likely to
report binge drinking compared to respondents that had an
open-ended question. For the responders with close-ended
questions we found that 11.3% of the subjects with a
reference period of 1 year reported that they binge-drank at
least once a week compared with 10.1% among responders
with a reference period of 3 months (OR: 1.15; 95% CI:
0.80-1.66).

Discussion

Questions concerning intake each day in a typical week does
not seem to underestimate the alcohol intake compared to
a 7-day recall measure. Furthermore, we found that indivi-
duals who had questions with an open-ended response
format under-reported binge drinking compared to subjects
who had questions with a close-ended response format.
The fact that the question concerning typical intake is
beverage-specific for each day of the week could explain why
the total intake is equivalent to the 7-day recall method. It is
feasible to use this kind of measure in many epidemiological
studies where the purpose is to investigate the association
between alcohol intake and health outcomes. Estimating the
intake each day in a typical week will take into account the
large variation in drinking habits over time. For many

individuals the alcohol intake varies greatly between differ-
ent weeks and months and hence, there is a high risk that a
subject will be misclassified when measuring the intake with
a method like the 7-day recall method. On the other hand,
the measurement of the intake each day in a typical week
can be criticized, because it is unable to assess drinking
patterns on, for example, public holiday (Stockwell et al.,
2004). However, these drinking patterns are also difficult to
capture with other assessment methods. A study has shown
that the recall concerning alcohol intake only is reliable for
two to three days (Ekholm, 2004). Official sales data indicate
that Danes drank approximately 50 million litres of pure
alcohol in 2003 (11.5 litres per person aged 14 years or older)
(Statistics Denmark, 2006). Self-reported consumption of the
typical alcohol intake in the present study thus accounted
for 71% of sales statistics, which is a high coverage rate. A
possible drawback with using a beverage-specific assessment
method and asking for the intake for each day of the week
could be somewhat tedious for both the respondent and the
interviewer. This type of questions is also time-consuming
and, hence, expensive. It is hard to compare the results from
the assessment methods used in this study with, for example,
the graduated frequency (GF) and quantity-frequency (QF)
measures. However, as it is well known that more specific
questions result in higher reported alcohol intake, there
could be some disadvantages with using GF or QF measures
compared to the beverage-specific intake on each day in a
typical week. The GF approach has, for example been
criticized as burdensome and difficult for respondents (Gmel
et al., 2006) and, hence, this method is probably not suitable
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to measure the beverage-specific intake for different time-
periods (e.g. each day of the week). The QF approach has, for
example, been criticized because respondents tend to report
modal consumption instead of mean consumption (Gmel
et al., 2006). Studies have also shown that the QF method
generally generates lower estimates of volume, compared
with the GF method (Rehm, 1998).

It is not surprising that the average weekly intake measure
yields a lower intake than the two other measures. This
measure was less specific than the other two measures and
the result was therefore in accordance with findings in other
studies (Dawson, 1998; Rehm, 1998; McCann et al., 1999).
However, when the alcohol intake only should be reported
for a short period (e.g. last weekend), the results indicate that
it is not necessary to ask for each day in the period.

Higher reported alcohol intake compared to global ques-
tions is not the only advantage of using beverage-specific
questions in epidemiological studies. Several studies have
shown that the type of alcohol (e.g. beer, wine or spirits)
effects the association between alcohol intake and, mortality
and morbidity (Grenbak et al., 1995, 2000, 2004; Prescott
et al., 1999; Klatsky et al., 2003). Beverage-specific effects on
health outlines the importance of collecting information on
type of alcohol in epidemiological studies.

Binge drinking is associated with adverse health effects
(e.g. alcohol poisoning, suicide, hypertension, unintentional
injuries and gastritis) and mortality (Naimi et al., 2003) and
the terminology have been used in many studies (Kuntsche
et al., 2004; Serdula et al., 2004; Mukamal et al., 2005). The
fact that an open-ended response format is not advisable
when the reference period is long, has been suggested before
(Ivis et al., 1997; Greenfield, 2000, Strandberg-Larsen et al.,
2006). The highest category in the open-ended questions was
more than once a week, which may be too low to capture
the heaviest drinkers. Hence, the difference between the two
methods would probably be even larger with more specific
answer categories in the open-ended questions. An obvious
problem with the open-ended response format is the rather
complicated estimations that have to be made to estimate
the correct number of heavy drinking occasions. For
example, an individual that drank heavily every Friday,
Saturday and Sunday within the past year should report that
he binged approximately 156 times. Close-ended questions
on the other side, have been somewhat criticized for limiting
the number of possible responses among frequent drinkers
(Dawson, 2003). However, it is most likely impossible for a
frequent drinker to remember the correct number of
drinking days within the past year and probably much easier
to remember if it was 3 or 4 times a week or nearly every day.
Questions with an open-ended response format are, how-
ever, most likely useful when the reference period is short
(e.g. 30 days or less).

For most research purposes, self-reported drinking shows
reasonable levels of reliability and validity (Del Boca and
Noll, 2000; Del Boca and Darkes, 2003). It is also a rather
inexpensive method to collect information. Hence, self-
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reports probably will continue to be the most used method
to assess alcohol consumption, although there are other
methods to assess alcohol consumption. Biochemical mar-
kers (e.g., v glutamyltransferase, aspartate aminotransferase,
alanine aminotransferase and mean corpuscular volume)
and information collected from collateral informants are
examples of such measures. These two measures are mostly
used to assess excessive alcohol consumption. Biochemical
markers have the advantage that they are precise and reliable
and cannot be biased by recall or a respondent’s motivation
to report socially improper behaviour (Babor et al., 2000).
However, some disadvantages with biochemical markers are
the costs and that the raised levels may result from other
causes than heavy drinking (e.g., use of prescribed drugs,
smoking, obesity, pregnancy and liver disorders of non-
alcoholic origin) (Sharpe, 2001). Examples of limitations in
using collateral informants are that they often are hard to
recruit and that they often lack detailed information concern-
ing the quantity and frequency of drinking (Babor et al., 2000).

It is well known that the sex and the age of the interviewer
affect the respondents’ reported alcohol intake in face-to-
face surveys (Heeb and Gmel, 2001). A strength with this
study is that we used the same interviewers to collect the
data in all four samples. Thus, the interview effects are
considered to be negligible for our results and conclusions.
As the characteristics of the responders are similar in all four
samples, we assume that non-response bias is unlikely to be
consequential for the results and conclusions in this study.

Conclusion

We conclude that a question concerning the intake each day
in a typical week is feasible to use in epidemiological studies.
The advantage with estimating the intake in a typical week
compared with the intake in a given period is that it takes
into account the large time-variation in drinking. Hence,
assessment methods that measure the day-specific intake in
a typical week are probably better to estimate the ‘true’
association between alcohol intake and health outcomes.
Furthermore, our results suggest that it is more appropriate
to use close-ended questions compared to open-ended
questions in measuring binge-drinking when the reference
period is long. The length of the reference period seems to be
ignorable for the self-reported frequency of binge occasions
when using close-ended questions.

References

Andréasson S, Allebeck P (2005) (eds). Alkohol och hdlsa. En
kunskapsoversikt om alkoholens positiva och negativa effekter pd vdr
hdlsa. Statens Folkhalsoinstitut: Stockholm.

Babor TF, Steinberg K, Anton R, Del Boca F (2000). Talk is cheap:
Measuring drinking outcomes in clinical trials. J Stud Alcohol 61,
55-63.

Dawson DA (1998). Volume of ethanol consumption: effects of
different approaches to measurement. J Stud Alcohol 59, 191-197.



Dawson DA (2003). Methodological issues in measuring alcohol use.
Alcohol Res Health 27, 18-29.

Del Boca FK, Darkes J (2003). The validity of self-reports of alcohol
consumption: state of the science and challenges for research.
Addiction 98 (Suppl 2), S1-S12.

Del Boca FK, Noll JA (2000). Truth or consequences: the validity of
self-report data in health services research on addictions. Addiction
95 (Suppl 3), S347-S360.

Department of Health (1995). Sensible drinking: the report of an inter-
departmental working group. Department of Health: London.

Ekholm O (2004). Influence of the recall period on self-reported
alcohol intake. Eur J Clin Nutr 58, 60-63.

Embree BG, Whitehead PC (1993). Validity and reliability of self-
reported drinking behavior: dealing with the problem of response
bias. J Stud Alcohol 54, 334-344.

Feunekes GIJ, van’t Veer P, van Staveren WA, Kok FJ (1999). Alcohol
intake assessment: The sober facts. Am J Epidemiol 150, 105-112.

Gmel G, Graham K, Kuendig H, Kuntsche S (2006). Measuring
alcohol consumption - should the ‘graduated frequency’ ap-
proach become the norm in survey research. Addiction 101, 16-30.

Greenfield TK (2000). Ways of measuring drinking patterns and the
difference they make: experience with graduated frequencies.
] Subst Abuse 12, 33-49.

Grenbak M, Becker U, Johansen D, Gottschau A, Schnohr P, Hein HO
et al. (2000). Type of alcohol consumed and mortality from all causes,
coronary heart disease, and cancer. Ann Intern Med 133, 411-419.

Greonbak M, Deis A, Sgrensen TI, Becker U, Schnohr P, Jensen G
(1995). Mortality associated with moderate intake of wine, beer, or
spirits. BMJ 310, 1165-1169.

Grenbaek M, Heitmann BL (1996). Validity of self-reported intakes of
beer, wine and spirits in population studies. Eur ] Clin Nutr 50,
487-490.

Grgnbak M, Jensen MK, Johansen D, Sgrensen TIA, Becker U (2004).
Intake of beer, wine and spirits and risk of heavy drinking and
alcoholic cirrhosis. Biol Res 37, 195-200.

Grognbak MN, Iversen L, Olsen J, Becker PU, Hardt F, Sgrensen TIA
(1997). Sensible drinking limits. Ugeskr Laeger 159, 5939-5945.
Heeb ], Gmel G (2001). Interviewers’ and respondents’ effects on self-
reported alcohol consumption in a Swiss health survey. | Stud

Alcohol 62, 434-442.

Ivis FJ, Bondy SJ, Adlaf EM (1997). The effect of question structure on
self-reports of heavy drinking: closed-ended versus open-ended
questions. J Stud Alcohol 58, 622-624.

Klatsky AL, Friedman GD, Armstrong MA, Kipp H (2003). Wine,
liquor, beer, and mortality. Am ] Epidemiol 158, 585-595.

Kuntsche E, Rehm J, Gmel G (2004). Characteristics of binge drinkers
in Europe. Soc Sci Med 59, 113-127.

Assessing alcohol consumption
0 Ekholm et al

Lemmens P, Tan ES, Knibbe RA (1992). Measuring quantity and
frequency of drinking in a general population survey: a compar-
ison of five indices. J Stud Alcohol 53, 476-486.

McCann SE, Marshall JR, Trevisan M, Russell M, Muti P, Markovic N
et al. (1999). Recent alcohol intake as estimated by the Health
Habits and History Questionnaire, the Harvard Semiquantitative
Food Questionnaire, and a more detailed Alcohol Intake Ques-
tionnaire. Am ] Epidemiol 150, 334-340.

Midanik LT (1989). Perspectives on the validity of self-reported
alcohol use. Br ] Addict 84, 1419-1423.

Morch LS, Becker U, Olsen J, Tjonneland A, Grenbak MN (2005).
Should the sensible drinking limits for adults be changed? Ugeskr
Loeger 167, 3777-3779.

Mukamal KJ, Maclure M, Muller JE, Mittleman MA (2005). Binge
drinking and mortality after acute myocardial infarction. Circula-
tion 112, 3839-3845.

Naimi TS, Brewer RD, Mokdad A, Denny C, Serdula MK, Marks JS
(2003). Binge drinking among US adults. JAMA 289, 70-75.

National Health and Medical Research Council (NHMRC) (2001).
Australian alcohol guidelines: health risks and benefits. NHMRC:
Canberra.

Prescott E, Grenbak M, Becker U, Sgrensen TI (1999). Alcohol intake
and the risk of lung cancer: influence of type of alcoholic
beverage. Am ] Epidemiol 149, 463-470.

Rehm ] (1998). Measuring quantity, frequency and volume of
drinking. Alcohol Clin Exp Res 22 (Suppl 2), S4-S14.

Russell M, Welte JW, Barnes GM (1991). Quantity-frequency
measures of alcohol consumption: beverage-specific vs global
questions. Br ] Addict 86, 409-417.

Serdula MK, Brewer RD, Gillespie C, Denny CH, Mokdad A (2004).
Trends in alcohol use and binge drinking, 1985-1999. Results of a
multi-state survey. Am | Prev Med 26, 294-298.

Serdula MK, Mokdad AH, Byers T, Siegel PZ (1999). Assessing alcohol
consumption: beverage-specific versus grouped-beverage ques-
tions. J Stud Alcohol 60, 99-102.

Sharpe PC (2001). Biochemical detection and monitoring of alcohol
abuse and abstinence. Ann Clin Biochem 38, 652-664.

Statistics Denmark. StatBank Denmark. http://www.statistikbanken.
dk, 2006, 12-31.

Stockwell T, Donath S, Cooper-Stanbury M, Chikritzhs T, Catalano P,
Mateo C (2004). Under-reporting of alcohol consumption in
household surveys: a comparison of quantity-frequency, gradu-
ated-frequency and recent recall. Addiction 99, 1024-1033.

Strandberg-Larsen K, Andersen A-MN, Olsen J, Nielsen NR, Grenbaek
M (2006). Do women give the same information on binge
drinking during pregnancy when asked repeatedly? Eur ] Clin Nutr
60, 1294-1298.

291

European Journal of Clinical Nutrition



