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Screening properties of questionnaires and
laboratory tests for the detection of alcohol
abuse or dependence in a general practice
population
B Aertgeerts, F Buntinx, S Ansoms and J Fevery

Introduction

THE detection of alcohol problems in a general practice
population remains an important issue as, in general,

physicians fail to recognise most patients with alcohol
problems. In previous studies, only 6–36% of the patients
with alcohol abuse or dependence were correctly identi-
fied.1-6 Nevertheless, the early identification of alcohol-related
problems is important because these problems are preva-
lent and pose serious health risks to patients and their fam-
ilies.7-8 Additionally, recent research shows that a brief inter-
vention by the physician may be very helpful in decreasing
alcohol-related problems or amounts of drinking, especial-
ly in an early phase of the disease.9-12 Primary care has
been recognised as a potentially effective setting for such
brief interventions that offer a mixture of advice, informa-
tion, and health promotional literature to the targeted
patient.13

While several studies tried to improve the assessment of
alcohol abuse or dependence using educational interven-
tions intended for use by general practitioners (GPs),14,15 it is
important that the GP has access to a screening instrument
that is not only powerful but also practical and short, with a
high sensitivity and an acceptable specificity.

Most laboratory tests or test combinations (mean cell vol-
ume [MCV], aspartate aminotransferase [AST], alanine
aminotransferase [ALT], gamma-glutamyltransferase [GGT],
and uric acid) seem to be inappropriate for screening alco-
hol abuse or dependence.16 A recent study by Meerkerk and
colleagues concerning the diagnostic accuracy of carbohy-
drate-deficient transferrin (CDT) in a general practice popu-
lation concluded that CDT seems to be the best alcohol
marker available although the difference between CDT and
MCV is small.17 To confirm the diagnosis of alcohol abuse or
dependence the %CDT (an enzyme immunoassay that mea-
sured the relative amount of CDT in proportion to total trans-
ferrin), the successor of the CDT, also showed interesting
results in populations with a high — or even a low — preva-
lence of alcohol problems.18,19

Compared with laboratory tests, most questionnaires pro-
duce better results in screening situations, although physi-
cians have difficulty with their use during a routine consulta-
tion,2,20 especially the CAGE questionnaire, developed by
Ewing, and the Alcohol Use Disorder Identification Test
(AUDIT).21,22 The CAGE’s brevity and non-intimidating
approach make it a useful screening and case-finding tool,
particularly for the busy primary care physician.23-25 Most
studies show that implementation of the CAGE may improve
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SUMMARY
Background: Early identification of alcohol abuse or dependence is
important in general practice because many diseases are influenced by
alcohol. General practitioners, however, fail to recognise most patients
with alcohol problems.
Aim: To assess the diagnostic performance of the CAGE and AUDIT ques-
tionnaires, their derivatives, and laboratory tests in screening for alcohol
abuse or dependence in a primary care population (male and female
patients), attending their general practitioner (GP).
Design of study: A diagnostic cross-sectional study.
Setting: A random sample of patients who were over 18 years of age (n
= 1992) attending 69 general practices situated in the same region in
Belgium.
Method: Alcohol questionnaires (CIDI 1.1, section I, CAGE, AUDIT,
AUDIT-C, Five-Shot, and AUDIT Piccinelli) were completed, demographic
information was recorded, and patients underwent conventional blood
tests, including mean corpuscular volume, liver function tests, the gamma-
glutamyl transferase test, and carbohydrate-deficient transferrin (CDT,
estimated using %CDT). Calculations of sensitivity, specificity, positive
predictive value, negative predictive value, odds ratios with their 95% CIs,
and receiver operating characteristic (ROC) curves for different scores of
the questionnaires and laboratory tests, using DSM-III-R as the reference
standard.
Results: The past-year prevalence of alcohol abuse or dependence in this
population was 8.9% (178/1992) of which there were 132 male and 45
female patients attending a general practice. The GPs identified 33.5% of
patients with alcohol abuse or dependence. Among male patients, all ques-
tionnaires had reasonable sensitivities between 68% and 93% and hence
at lower cut-points than recommended. Only the sensitivity of the CAGE,
even at its lowest cut-point of 1 was lower (62%). In female patients the
sensitivities were lower; however, odds ratios were higher for different
questionnaires. The receiver operating characteristic (ROC) curves did not
differ between the questionnaires. The laboratory tests had low diagnostic
accuracy with areas under the ROC curves (AUCs) between 0.60 and 0.67
for female patients and 0.57 and 0.65 for male patients.
Conclusions: This is one of the largest known studies on alcohol abuse or
dependence among family care practices. We confirm earlier results that
the AUDIT questionnaire seems equally appropriate for males and females;
however, screening properties among male patients are higher.
Nevertheless, the Five-Shot questionnaire is shorter and easier to use in a
general practice setting and has nearly the same diagnostic properties in
male and female general practice patient populations. We confirm that
conventional laboratory tests are of no use for detecting alcohol abuse or
dependence in a primary care setting. Also, the %CDT cannot been used as
a screening instrument in this general practice population.
Keywords: cross-sectional study, alcohol abuse; alcohol dependence;
screening questonnaire.



the identification of alcohol problems in different settings.24-

26 Screening with the AUDIT is used not only for case finding
but also for the detection of risky behaviour, such as haz-
ardous levels of alcohol consumption.27 The AUDIT may be
used orally, in writing or via computer and may be included
as part of a general health risk assessment. However, the 10-
item AUDIT is not as easy to administer as the CAGE and is
consequently less acceptable in clinical practice.28

Therefore, several studies have been published examining
the screening properties of different short versions of the
AUDIT, or of a combination of some CAGE and AUDIT ques-
tions. Piccinelli et al recommended the use of five out of the
10 AUDIT items using the original AUDIT scoring proce-
dure.29 Seppa et al developed a questionnaire that com-
bines two questions from the AUDIT and three from the
CAGE with a different scoring system.30 Lastly, Bush et al
described the usefulness of the first three AUDIT questions
only.31

Much research has been published describing the diag-
nostic characteristics of single instruments regarding alco-
hol abuse or dependence in a general practice population.
Nevertheless, there is still need to compare several screen-
ing instruments in the same population. The diagnostic
accuracy, in male as well as in female patients, requires fur-
ther investigation.

The aim of this study was therefore to assess and com-
pare the diagnostic accuracy of the CAGE, the AUDIT, and
their derivatives in a general practice population according
to DSM-III-R criteria of alcohol abuse or dependence. In
addition, we compared the diagnostic accuracy of conven-
tional laboratory tests (GGT, ASAT, ALAT, uric acid, MCV)
and the %CDT in the same population and with the same cri-
terion. 

Method
Data collection
Patients aged over 18 years and attending their GP during a
three-week period (Monday to Friday) were either consecu-
tively or randomly included. Ninety-six GPs working in the
same region invited 2262 patients to take part in the study,
of which 189 refused. Most patients refused because they

did not want a blood sample taken (n = 92), they were too
ill (n = 35), had no time (n = 27), or for other reasons (n =
35). The mean age and sex of the non-participants did not
differ from the study group. Complete data from the GP, the
patient, and the laboratory were available from 1992
patients. Data were gathered only for those patients who
agreed to participate and signed an informed consent form.
The Ethical Committee of the University’s Medical School of
Leuven approved this study.

Instruments
The GP recorded the patient’s answers to the CAGE ques-
tionnaire and his opinion of whether the patient had an alco-
hol problem. A blood sample was then taken from each
patient. After the encounter with the doctor, the patient com-
pleted an auto-questionnaire that included demographic
information, the Composite International Diagnostic
Interview (CIDI 1.1, section I), the CAGE, and the AUDIT.
Demographic information included age, sex, marital status,
and employment status. The Composite International
Diagnostic Interview is a standardised diagnostic interview
for assessing mental disorders according to the criteria of
the Diagnostic and Statistical Manual of Mental Disorders,
third revised version (DSM-III-R).32 The CIDI was used as an
auto-questionnaire derived from the ‘paper and pencil’ ver-
sion 1.1 from the CIDI. Although this version is not strictly
validated it follows the same structure as the interviewer
using the paper and pencil version. DSM-III-R criteria were
operationalised using the CIDI 1.1 since, at the start of the
data collection, the CIDI 2.1 (generating DSM-IV criteria) was
not available in the Dutch language. The criteria for alcohol
dependence for DSM-III-R are, however, very similar to DSM-
IV, although DSM-IV reveals more people with alcohol
abuse.33 Patients are classified as alcohol dependent, alco-
hol abuser or normal, according to their results on the
CIDI.34,35 We used the DSM-III-R criteria generated by the
CIDI as the reference standard.

The CAGE questionnaire is a brief screening instrument
containing only four short questions: ‘Have you ever felt you
should cut down on your drinking?’; ‘Have people annoyed
you by criticising your drinking?’; ‘Have you ever felt bad or
guilty about your drinking?’; and ‘Have you ever had a drink
in the morning to get rid of a hangover?’. Each item can
have either a ‘yes’ or ‘no’ response. The CAGE questions
were developed from a clinical study performed in 1968 by
Ewing at the North Carolina Memorial Hospital.21 It was vali-
dated by Mayfield and his colleagues in 1970 in the setting
of a psychiatric service.36

The AUDIT questionnaire is self-administered and
includes three items on the amount and frequency of drink-
ing, three items on alcohol dependence, and four items on
common problems caused by alcohol. Each item is scored
from 0 to 4, resulting in a total score of 0-40.22 The AUDIT-PC
questionnaire, a short version of AUDIT, was constructed by
Piccinelli et al. It consisted of five AUDIT items only (items 1,
2, 4, 5, and 10) using the same scoring system.29

The Five-Shot questionnaire was constructed by Seppa et
al using three CAGE items and two AUDIT items and with a
different scoring system.28 The AUDIT-C, a questionnaire
constructed by Bush et al, includes the first three items of
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HOW THIS FITS IN

What do we know?
According to several studies, GPs can
only identify one-third of their patients
with alcohol abuse of dependence. The
literature demonstrates that in many cases a short
intervention by the GP about alcohol problems can be
sufficient to reduce the patient’s consumption of alcohol.
Hence early identification of alcohol problems is important.

What does this paper add?
Questionnaires are much better for screening of alcohol
problems and provide the opportunity to talk about alcohol
consumption with patients. This study investigates the
diagnostic properties of several questionnaires and laboratory
markers in general practice. Laboratory tests are of no use for
screening for alcohol abuse or dependence.



the AUDIT.31 The derivatives of the AUDIT are available on
request from the authors. 

For the conventional laboratory tests (GGT, MCV, ASAT,
ALAT, and uric acid), serum samples were examined daily at
the clinical haematology laboratory of the University Hospital
Louvain using standard laboratory routines. Cut-off levels
were: GGT ≥50 units/l (males) and ≥32 units/l (females);
MCV ≥96 FL; ASAT ≥37 units/l; ALAT ≥40 units/l; uric acid
≥7.5 mg/dl (males) and ≥6.0 mg/dl (females). Additionally,
%CDT, a relatively new marker for detecting heavy alcohol
use, was tested on frozen blood samples from all patients
suffering from alcohol abuse or dependence based on the
DSM criteria and on a random sample of negative patients.
The %CDT measures the relative amount of CDT in propor-
tion to total transferrin. For %CDT measurements a com-
mercial kit was used as described by the manufacturer
(AXIS %CDT from AXIS Biochemicals ASA, Oslo, Norway).

Scoring of all questionnaires, including the CIDI, was fully
computerised. The GP (both in giving his opinion and after-
wards, in recording the answers to the CAGE questions), the
research associate who entered the responses to the ques-
tionnaires on the computer, the laboratory group that per-
formed the routine laboratory tests, and the team performing
the %CDT tests were all blinded to the results of the other
tests.

Statistical analysis
The diagnostic value of the CAGE, the AUDIT, and their
derivatives was investigated by the calculation of sensitivity,
specificity, and positive predictive values (PPVs) and nega-
tive predictive values (NPVs), and also diagnostic odds
ratios with 95% confidence intervals (95% CIs). Calculations
were performed using Epi-Info software.37 In addition,
receiver operating characteristic (ROC) curves were
processed on the basis of all possible values of the continu-
ous and ordered test results using MedCalc5 software (IBM
version 5) based on calculations as described by Hanley
and McNeil.38 Comparison of the AUCs derived from the
same population was also performed using MedCalc5 soft-
ware, based on calculations for comparison of paired curves
as described by Hanley and McNeil.39 To estimate the diag-
nostic value and the 95% CIs of the %CDT that was per-
formed on a random sample of patients showing no alcohol
abuse or dependence, results for these patients were
weighted according to the inverse of the sampling propor-
tion. The diagnostic measurements and their 95% CIs were
calculated, taking into account the design of the study. This
resulted in adjusting the standard formulae of the diagnostic
measurements and the CIs by deriving the probabilities and
their variances of the different cells appropriately using stan-
dard probability theory.40

Results
Prevalence of alcohol abuse or dependence
Table 1 summarises the demographic characteristics of our
study population. Complete information was available for
1992 patients. The mean age of male and female patients
was 54 years and 48 years respectively. Most patients were
married (males 72.5%, females 66.2%) and the educational

level was somewhat higher in female patients compared
with male patients. About 20% of the female patients were
housewives.

Prevalence rates, according to DSM-III-R criteria as a ref-
erence standard, are given in Table 2. The total prevalence
for current alcohol abuse or dependence during the past
year (i.e. during the past 12 months) in this sample was
8.9% (n = 178/1992). This group included 132 male and 46
female patients (sex ratio = 1 female:2.8 male). During the
past year 74 (7.6%) male patients met the criteria of alcohol
abuse and 59 (6.1%) met the criteria of alcohol depen-
dence. Twenty (2%) female patients were alcohol abusers
and 26 (2.6%) were alcohol dependent during the past year.
Mean age did not differ between patients with and without
alcohol abuse or dependence. In the total population, life-
time prevalence was 14.9%. Lifetime alcohol abuse or
dependence was most frequent among male patients aged
18 to 60 years (n = 122/623, 18%). Binge drinking occurred
weekly or daily in 114 male patients (12.1%) and in 12
female patients (1.2%). Based on the information of previ-
ous patient–doctor encounters, the GPs correctly identified
33.5% of their patients with alcohol abuse or dependence
during the past year. Thirty-seven per cent of the male
patients and 24% of the female patients were detected with
alcohol problems.

Screening test properties in male patients
(n = 971)
Table 3 presents the screening performance for alcohol
abuse or dependence of the CAGE, the AUDIT, and the
adapted versions of the AUDIT at different cut-off values.
Moreover, Table 3 shows the diagnostic value for alcohol
abuse or dependence of MCV, GGT, ALT, AST, uric acid and
%CDT.

The sensitivity of the CAGE at a cut-point ≥1 is 62% with a
specificity of 81%. Although there is a high NPV of 93%, the
PPV is low (34%). At a cut-point of ≥5 for the AUDIT and
AUDIT-C there is a sensitivity of 82% and 78% respectively,
with a specificity of 73% and 75% respectively. It is notable
that, at the recommended cut-off value of ≥8 for the AUDIT,
screening properties are too low in this male population
attending their GP. At its recommended cut-off point the
Five-Shot questionnaire has a sensitivity of 74% and a speci-
ficity of 81%. The AUDIT-PC has a lower sensitivity (68%), but
a higher specificity (84%). At the cut-off value ≥5, the PPVs
were very low for the AUDIT (32%) and the AUDIT-C (32.8%)
and somewhat higher for the AUDIT-PC (40%, cut-off ≥5) and
the Five-Shot questionnaire (38%, cut-off ≥2.5). On the other
hand, the NPVs of all these screening tests are above 90%
at different cut-off values.

The likelihood ratios for a positive and negative test result
are illustrated in Table 3. For a positive test result the likeli-
hood ratio is >3 for all mentioned questionnaires. The odds
ratios for all these questionnaires — except for the CAGE
with a cut-off level of ≥1 — were around 10 and even
higher.

The screening properties of the MCV within a male prima-
ry care population and the other conventional laboratory
tests were very low. The %CDT had a very low sensitivity
(18%) at a recommended cut-point of ≥6. As shown in Table
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3, screening properties for all these different laboratory tests
are quite similar.

Screening performance in female patients (n =
1021)
The CAGE showed a lower diagnostic performance in
female patients compared with male patients, having a sen-
sitivity of 54% at a cut-point of ≥1. The AUDIT had a sensi-
tivity of 65% at a cut-point of ≥5, with a specificity of 92%. It
was clear that the AUDIT-C (cut-off value ≥5) was not an
alternative to the AUDIT among female patients in a GP
population, having a sensitivity of 50% and a specificity of
93%. The sensitivity of the Five-Shot was 63% at a marked-
ly cut-point of ≥2.5 while its specificity was markedly higher,
at 95%. Because of the lower prevalence in female patients
it is important that the specificity is sufficiently high to avoid
too many false positives. All of these tests gave very low
PPVs but, in contrast, also gave very high NPVs (above

96%). For all of the questionnaires and cut-points that were
examined the odds ratios were above 10 and were greater
still at higher cut-point values. 

No single laboratory test was shown to be appropriate for
screening. Only the %CDT was able to confirm the diagno-
sis at a recommended cut-point of ≥6. 

Areas under the ROC curves (AUC) and
difference in AUC for male and female patients
Figure 1 shows the ROC curves for male patients. The CAGE
had the lowest AUC of all the questionnaires with a value of
0.74 (95% CI = 0.71–0.77) for male patients and 0.76 (95%
CI = 0.73–0.79) for female patients. Among male GP
patients, comparing the different AUCs from the AUDIT and
the derived version of the AUDIT gave remarkable results.
Only a small range existed between the AUDIT (AUC =
0.85), the AUDIT-C (AUC = 0.83), the Five-shot (AUC = 0.84)
and the AUDIT of Piccinelli (AUC = 0.83). Laboratory test
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Table 1. Demographic variables.

Male n = 971 (48.8%) Female n = 1021 (51.2%) All n = 1992 (100%)

Mean age (percentile 25/75) 54 (66/39) 48 (63/36) 51 (65/37)
Number aged over 60 years 348 (35.6) 287 (28.1) 635 (31.9)
Marital status

Married 705 (72.5) 675 (66.2) 1380 (69.4)
Live together 74 (7.6) 79 (7.8) 153 (7.7)
Single 91 (9.4) 95 (9.3) 186 (9.4)
Divorced 83 (3.4) 55 (5.4) 88 (4.4)
Widowed 41 (4.2) 87 (8.5) 128 (6.4)
Others 26 (2.7) 27 (2.6) 63 (2.7)
Missing 0 (0) 1 (0.1) 1 (0.1)

Education
Secondary education 519 (53.5) 473 (46.3) 992 (49.8)
Tertiary education 445 (45.8) 532 (52.3) 977 (49.2)
Missing 6 (0.7) 14 (1.4) 20 (1.0)

Work
Employed 428 (44) 387 (38) 815 (41)
Unemployed 87 (9) 107 (10.6) 194 (9.8)
Retired 364 (37.5) 209 (20.5) 573 (28.8)
Home-maker 12 (1.2) 225 (22.1) 237 (11.8)
Student 20 (2.1) 27 (2.6) 47 (2.4)
Others 55 (5.7) 58 (5.8) 114 (5.7)
Missing 4 (0.5) 5 (0.4) 9 (0.5)

Table 2. Prevalence of alcohol abuse or dependence among primary care patients.

Male n = 971 (48.8%) Female n = 1021 (51.2%) All n = 1992 (100%)

Abstained in past year 155 (16.6) 263 (25.8) 418 (22.1)
DSM-III-R positive

Past year 132 (13.6) 46 (4.5) 178 (8.9)
Lifetime 219 (22.5) 78 (7.6) 297 (14.9)

Alcohol abuse
Past year 74 (7.6) 20 (2.0) 94 (4.7)
Lifetime 127 (13.2) 41 (4.0) 168 (8.4)

Alcohol dependence
Past year 59 (6.1) 26 (2.6) 85 (4.3)
Lifetime 92 (9.5) 37 (3.6) 129 (6.4)

Binge drinking
Never 517 (54.7) 781 (76.6) 1298 (68.3)
Less than once monthly 237 (25.1) 142 (13.9) 379 (19.9)
Monthly 77 (8.1) 20 (2.0) 97 (5.1)
Weekly 86 (9.1) 10 (1.0) 96 (5.1)
Daily 28 (3.0) 2 (0.2) 30 (1.6)
Missing 25 (2.6) 64 (6.3) 89 (4.5)
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Table 3. Male patients in general practice: screening properties for alcohol abuse or dependence for different tests.

Likelihood ratio Likelihood ratio Odds ratio
Questionnaire Sensitivity Specificity PPV NPV (+) (95% CI) (-) (95% CI) (95% CI)

CAGE
1 62.1 81.2 34.2 93.2 3.30 (2.72–4.00) 0.47 (0.37–0.58) 7.07 (4.67–10.78)
2 47.7 92.3 49.2 91.8 6.16 (4.59–8.27) 0.57 (0.48–0.67) 10.87 (6.92–17.09)

AUDIT
5 82.6 72.9 32.4 96.4 3.05 (2.66–3.50) 0.24 (0.16–0.35) 12.78 (7.74–21.26)
6 74.2 81.4 38.6 95.3 3.99 (3.36–4.75) 0.32 (0.24–0.42) 12.62 (8.04–19.89)
7 67.4 85.7 42.6 94.4 4.71 (3.85–5.78) 0.38 (0.30–0.49) 12.40 (8.02–19.22)
8 60.6 90.3 49.7 93.6 6.28 (4.90–8.05) 0.44 (0.35–0.54) 14.40 (9.25–22.45)

AUDIT-C
5 78.0 74.9 32.8 95.6 3.10 (2.68–3.60) 0.29 (0.21–0.41) 10.57 (6.64–16.91)
6 66.7 84.3 40.0 94.1 4.24 (3.48–5.16) 0.40 (0.31–0.50) 10.71 (6.97–16.50)
8 48.5 94.3 57.1 92.1 8.47 (6.12–11.74) 0.55 (0.46–0.65) 15.51 (9.63–25.04)

AUDIT-PC
5 68.2 83.9 40.0 94.4 4.24 (3.49–5.14) 0.38 (0.29–0.49) 11.17 (7.25–17.27)
6 58.3 91.5 52.0 93.3 6.89 (5.29–8.99) 0.46 (0.37–0.56) 15.14 (9.67–23.76)
7 45.5 95.7 62.5 91.8 10.59 (7.32–15.34) 0.57 (0.49–0.67) 18.59 (11.17–31.03)
8 37.9 97.5 70.4 90.9 15.13 (9.41–24.35) 0.64 (0.56–0.73) 23.75 (13.08–43.42)

Five-Shot
1.5 93.2 50.2 22.7 97.9 1.87 (1.72–2.03) 0.14 (0.07–0.26) 13.76 (6.64–29.57)
2.0 86.4 63.6 27.2 96.7 2.38 (2.12–2.66) 0.21 (0.14–0.33) 11.09 (6.42–19.36)
2.5 74.2 80.9 38.0 95.2 3.89 (3.28–4.62) 0.32 (0.24–0.43) 12.23 (7.79–19.26)
3.0 62.1 88.3 45.6 93.7 5.32 (4.23–6.69) 0.43 (0.34–0.53) 12.40 (8.04–19.17)

Laboratory tests
MCV 39.4 75.0 19.9 88.7 1.57 (1.24–2.00) 0.81 (0.70–0.93) 1.95 (1.30–2.90)
GGT 6.8 95.5 19.1 86.7 1.44 (0.78–2.65) 0.98 (0.93–1.02) 1.54 (0.67–3.44)
ASAT (GOT) 10.9 92.6 28.6 79.1 2.44 (1.39–4.31) 0.93 (0.87–0.99) 2.63 (1.33–5.14)
ALAT (GPT) 11.4 96.4 33.3 87.4 3.18 (1.76–5.74) 0.92 (0.86–0.98) 3.46 (1.71–6.94)
Uric acid 10.9 96.9 35.0 87.3 2.76 (1.75–4.35) 0.92 (0.87–0.98) 3.71 (1.77–7.70)
%CDT 18.2 95.6 39.0 88.0 4.09 (1.47–11.39) 0.86 (0.78–0.94) 4.78 (1.48–17.11)

Table 4. Female patients in general practice: diagnostic properties for alcohol abuse or dependence for different tests.

Likelihood ratio Likelihood ratio Odds ratio
Questionnaire Sensitivity Specificity PPV NPV (+) (95% CI) (-) (95% CI) (95% CI)

CAGE
1 54.3 92.1 24.5 97.7 6.88 (4.89–9.68) 0.50 (0.36–0.68) 13.88 (7.07–27.33)
2 37 96.8 35.4 97 11.62 (6.96–19.40) 0.65 (0.52–0.81) 17.85 (8.34–38.16)

AUDIT
5 65.2 91.9 27.5 98.2 8.05 (5.97–10.85) 0.35 (0.25–0.56) 21.27 (10.58–43.12)
6 58.7 95.9 40.3 98.0 14.31 (9.70–21.10) 0.43 (0.31–0.61) 33.22 (16.13–68.84)
7 56.5 97.6 53.1 97.9 23.96 (14.87–38.60) 0.45 (0.32–0.62) 53.81 (24.71–118.30)
8 50.0 98.7 63.9 97.7 37.50 (20.33–69.18) 0.51 (0.38–0.68) 74.00 (31.01–179.46)

AUDIT-C
5 50.0 93.2 25.8 97.5 7.39 (5.10–10.71) 0.54 (0.40–0.72) 13.77 (6.97–27.24)
6 39.1 97.3 40.9 97.1 14.67 (8.70–24.76) 0.63 (0.50–0.79) 23.46 (10.82–50.92)
7 28.3 99.0 56.5 96.7 27.55 (12.76–59.48) 0.72 (0.60–0.87) 38.02 (14.21–102.89)
8 21.7 99.6 71.4 96.4 52.99 (17.27–162.60) 0.79 (0.67–0.92) 67.43 (18.06–273.08)

AUDIT-PC
5 56.4 95.7 38.2 97.9 13.12 (8.89–19.37) 0.45 (0.33–0.63) 28.88 (14.13–59.33)
6 41.3 98.8 61.3 97.3 33.56 (17.36–64.90) 0.59 (0.47–0.76) 56.47 (23.08–140.17)
7 30.4 99.1 60.9 96.8 32.97 (15.06–72.17) 0.70 (0.58–0.85) 46.96 (17.32–129.60)
8 19.6 99.5 64.3 96.3 38.15 (13.32–109.30) 0.81 (0.70–0.93) 47.19 (13.43–173.63)

Five-Shot
1.5 80.4 73.4 12.5 98.8 3.03 (2.54–3.61) 0.27 (0.15–0.48) 11.37 (5.15–25.96)
2.0 67.4 87.4 20.1 98.3 5.34 (4.12–6.93) 0.37 (0.25–0.57) 14.32 (7.17–28.89)
2.5 63.0 94.7 35.8 98.2 11.82 (8.37–16.69) 0.39 (0.27–0.57) 30.28 (14.84–62.29)
3.0 37.0 97.3 39.5 97.0 13.86 (8.12–23.66) 0.65 (0.52–0.81) 21.40 (9.80–46.69)

Laboratory test
MCV 41.3 79.3 8.6 96.6 2.00 (1.39–2.89) 0.52 (0.37–0.74) 2.71 (1.41–5.20)
GGT 6.5 91.8 3.6 95.4 0.79 (0.26–2.42) 1.02 (0.94–1.10) 0.78 (0.19–2.72)
ASAT (GOT) 6.5 97.9 13.0 95.7 3.18 (0.98–10.32) 0.95 (0.88–1.03) 3.33 (0.75–12.61)
ALAT (GPT) 0.0 98.6 0.0 95.4 Not computable
Uric acid 6.5 96.4 7.9 95.6 1.82 (0.58–5.69) 0.97 (0.90–1.05) 1.87 (0.44–6.77)
%CDT 15.2 95.5 14.0 96.0 3.38 (1.13–10.10) 0.89 (0.78–1.01) 3.81 (0.99–15.01)



results gave AUCs from 0.57 (GOT) to 0.66 (%CDT).
However, the differences between the conventional labora-
tory tests and the %CDT were small and statistically not sig-
nificant. Figure 1 illustrates the small differences between
conventional laboratory tests and the %CDT. Figure 1 also
depicts the ROC curves for the questionnaires with one out-
lier: the CAGE. 

Figure 2 presents the ROC curves for female patients. The
Five-Shot has the best results among a female population
with an AUC of 0.88 (95% CI = 0.86–0.90). The CAGE per-
formed better among female patients than among male
patients (AUC = 0.76; 95% CI = 0.73–0.79), but performed
less well than the AUDIT (0.87, 95% CI = 0.85–0.89). The
optimal cut-points were lower for female compared with
male primary care attenders. Within this population the
AUDIT-C performs less well than expected, having an AUC of
0.82 (95% CI = 0.80–0.85).

There was no significant difference between the perfor-
mance of either GGT and MCV compared with the %CDT in
this female patient population.

Discussion
Screening for alcohol abuse or dependence remains a diffi-
cult issue within primary care. Despite many questionnaires
and efforts to introduce them into the busy practice of a fam-
ily physician, there is still a need to continuously develop
and select the most powerful and user-friendly questionnaire
in general practice. However, a powerful test in a high preva-
lence specialised setting may not be appropriate in a low
prevalence setting, such as in primary care.41 We therefore
designed this study in general practice to assess the screen-
ing properties of several short questionnaires, some con-
ventional laboratory tests, and a relatively new marker for
higher alcohol intake, the %CDT.

The prevalence of alcohol abuse or dependence in the
previous year (8.9%) in our study population is similar to
other studies1,3-6,42 and the sex ratio was the same as in the
study by Hill (1 female:2.8 male). Marital status, educational
level or work circumstances did not provide us with diag-
nostic clues or increased prior odds.

With a sensitivity of 62% for males and 54% for females,
the CAGE was proven to be an insufficient screening instru-
ment to detect alcohol abuse or dependence among prima-
ry care patients. Among male patients attending their GP, the
AUDIT seems to be a powerful screening tool with a high
sensitivity (83%) and a reasonable specificity but at a lower
cut-off (≥5) than usually recommended. At the usual cut-
point of 8 we found a sensitivity of 60% that is comparable
with other studies in similar populations.43,44 Evidence that
the AUDIT seems equally appropriate for males and
females, until now, was based on only a few studies and the
WHO test development samples.27 Our results support
these findings. The AUDIT-C — using only the first three
questions of the AUDIT as suggested by Bush31, at a cut-off
point ≥5 — results in nearly the same diagnostic parameters
for a male patient population. Given the fact that this ques-
tionnaire is shorter and easier to use, we confirm the results
of Bush and find it an efficient screening instrument in male
primary care patients. Furthermore, the AUC of the AUDIT-C
of our study for male GP patients fits very well with their
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Figure 1. ROC curves for male and female patients in general prac-
tice.
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results among patients from three Veteran Affairs general
medical clinics.

To detect alcohol abuse or dependence among female
patients is much more problematic. Even an often-studied
questionnaire, such as the AUDIT, with a cut-point of 65 only
detects 65% of the current DSM-III-R-positive female
patients. At this low cut-off point, a large group of female
patients is falsely labelled with a drinking problem and
results in a positive predictive value of 27% only. For this
population the Five-Shot questionnaire has the best screen-
ing properties. It is also shorter compared with the AUDIT
and therefore easy to use as a screening instrument for the
busy GP.28

Once again, we confirm that conventional laboratory tests
are of no use for detecting alcohol abuse or dependence in
a primary care setting.16 Even the new alcohol marker,
%CDT, cannot be used as a screening instrument in this
population. Nevertheless, this being the case, %CDT seems
to be the best alcohol marker available, although the differ-
ence between the MCV and %CDT is small and our study
confirms the results of Meerkerk et al.17

As pointed out by Hill et al,6 one of the major disadvan-
tages of most diagnostic studies in this field is that most of
the previous studies relied on screening instruments alone
to determine prevalence rates. Furthermore, no differentia-
tion was made between abuse and dependence and
between current and lifetime prevalence rates. We made
sure to include these specifications in our report.

With a population of 1992 patients, this study is probably
one of the largest on the diagnosis of alcohol abuse or
dependence, using DSM criteria as the reference standard
within a general practice population. As a result, we were
able to calculate accurate diagnostic parameters with rela-
tively small 95% confidence intervals.

To perform a reliable diagnostic study we recognised
three criteria. The first was to include consecutive patients
(or a random sample of them) from a well-defined popula-
tion. The second was the need for blinding between the test
evaluators and the reference standard evaluators, as well as
between multiple test evaluators, if applicable, as it is the
case in this study. The third was that verification bias (the
relationship between the likelihood of receiving the gold
standard and the results of the evaluated test) should be
avoided. Our study design complied completely with the first
two requirements. We also fulfilled the third criterion as far as
questionnaires and routine laboratory tests are concerned.
With respect to the %CDT characteristics we also complied
with this criterion, after weighing the results of DSM-negative
patients for the inverse of the sample proportions of this fully
randomised sample. 

As a reference standard we used DSM-III-R criteria, as no
Dutch language version of the CIDI 2.0 (generating DSM-IV
criteria) was available at the start of the data collection.
DSM-III-R criteria were operationalised using the CIDI ques-
tionnaire which was fully validated for this purpose.35

However, we used the CIDI as an auto-questionnaire which,
though not validated as such, had exactly the same wording
as the interview of the ‘paper and pencil’ version. It also fol-
lows the same structure as the interviewer using the validat-
ed paper and pencil version and was used in exactly the

same way. We therefore have no reason to believe that this
might result in any relevant bias with respect to our study
results.

For both questionnaires and for the reference standard we
have only reported past-year results and prevalence rates of
alcohol abuse or dependence; this is because we believe
that only an active alcohol problem is worthwhile being
detected by the GP. Our study population also contains a
large sample of female patients and we can therefore pre-
sent results for this group in which problem drinking gener-
ally is less studied.

We can recommend the use of the Five-Shot in a male as
well as in a female GP population. While the four questions
of the CAGE did not perform well, a combination of the last
three questions and the first two AUDIT questions (i.e. the
Five-Shot questionnaire) seems to have good diagnostic
test characteristics according to DSM-III-R criteria for alcohol
abuse or dependence.

At a cut-point of ≥2.5 the Five-Shot detects more than
twice as many patients with alcohol abuse or dependence
as the GP, based on his previous encounters. Nevertheless,
with a specificity of 81% (male general practice patients) and
95% (female general practice patients) we must keep in
mind that two out of three patients who were screened pos-
itive with the Five-Shot will not have an alcohol problem
(PPV = 36% for females, 38% for males). On the other hand
it should be remembered that, apart from its diagnostic per-
formance, a routine administration of a brief screening ques-
tionnaire could serve the GP well as a basis for discussing
alcohol problems. A positive screening test should also lead
to further investigation of drinking and related problems, so
that patients can be offered brief interventions or referrals as
appropriate.
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