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Purpose: The CAGE is a convenient test for alcohol-related disorder due to its brevity, but it is not
as effective as the alcohol use disorders identification test (AUDIT). Gamma-glutamyl transferase
(GGQT) is an objective blood biochemical marker of excessive alcohol intake; however, it has low
sensitivity. This study tested the performance of the combined use of CAGE and GGT to screen
problem drinking (PD), alcohol use disorder (AUD), and alcohol dependence (AD).

Methods: A total of 394 subjects composed of 91 normal controls and 303 subjects with PD
were enrolled in this study. Of the PD subjects, 147 were diagnosed with AUD (77 alcohol
abuse and 70 AD). A series of multiple logistic regression models for PD, AUD, and AD
discrimination were used to obtain new combined CAGE and GGT scores after adjusting for
age and gender (CAGE+GGT). A receiver operating characteristic curve analysis was
conducted to determine how well the CAGE+GGT score discriminated between individuals
with PD, AUD, and AD.

Results: The discrimination accuracy of the AUDIT for PD was significantly better than that of
the CAGE or the CAGE+GGT (z=6.927, p<0.0001; z=5.301, p<0.0001, respectively). The
CAGE and the CAGE+GGT were better than the AUDIT at discriminating AUD (z=2.535,
p=0.0112; z=2.894, p=0.0038, respectively). The discrimination accuracy of the AUDIT for AD
was significantly better than that of the CAGE and GGT (z=3.233, p=0.0012; z=6.529,
p<0.0001, respectively), but the CAGE+GGT was comparable with the AUDIT (z=1.652,
p=0.0985).

Conclusion: Our findings support the combined use of the CAGE questionnaire and serum
GGT level as a sensitive and useful tool for AD screening.

Keywords: CAGE, gamma-glutamyl transferase, alcohol use disorders identification test,

alcohol use disorder, alcohol dependence

Introduction
Screening for problem drinking (PD) and alcohol-related disorders is critical
because excessive alcohol consumption is associated with individual morbidities
and an economic burden. Identifying heavy drinkers is also important because they
are at increased risk of harming their mental and physical health caused by alcohol,
regardless of whether they are diagnosed with alcohol use disorder (AUD) or
alcohol dependence (AD).?

The two most widely used alcohol screening questionnaires are the alcohol use
disorders identification test (AUDIT) and the CAGE. The AUDIT questionnaire
was developed by the World Health Organization to meet the needs of primary
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health care workers to detect risky drinking, harmful
drinking, and AD.> The AUDIT focuses on recent alcohol
use and consists of questions about patterns of alcohol
misuse, AD symptoms, and alcohol-related problems.
Many studies have shown its validity and reliability,*>
and the AUDIT performs significantly better than other
alcohol screening instruments.®” However, the AUDIT is
not as easy to administer as the CAGE due to the relatively
large number of items, regardless of its high screening
accuracy.” The CAGE, an acronym for questions about
cutting down drinking, annoyance at others’ concern
about drinking, guilty feeling about drinking, and using
alcohol as an eye-opener in the morning, was developed
by Ewing and is widely used as a screening and case-
finding tool.* The CAGE asks about alcohol problems ever
experienced and it is feasible to use and easily applied in
clinical practice due to its brevity.”'® Despite its brevity,
CAGE has a high sensitivity for AUD."" However, CAGE
has drawbacks with regard to insufficient information on
alcohol consumption,® so it may not be more effective than
the AUDIT for screening AD.

Although these self-reported questionnaires are accessible
and easy to use, they have a critical limitation in that individuals
often deny or minimize the quantity and frequency of
drinking.'? In addition, the accuracy of self-reporting varies
depends on the population'® and interview method."* To com-
pensate for such limitations, several objective blood biochemical
markers, including gamma-glutamyl transferase (GGT), aspar-
tate aminotransferase (AST), erythrocyte mean cell volume
(MCV), and carbohydrate-deficient transferrin (CDT) have
been suggested and some of them are in practical use to assess
excessive alcohol consumption and AUD." Among the tradi-
tional biomarkers, GGT is one of the most representative and
commonly used tests for excessive alcohol consumption.'®
GGT has the advantage of being objective and widely used,
but it has low sensitivity.'” One recent study reported that all
biochemical markers including GGT exhibit significantly lower

sensitivity and AUDIT

18

specificity compared to the
questionnaire.

To develop an objective and feasible screening tool, we
combined the subjective and simplest questionnaire, ie, CAGE
score, and an objective and easily available biochemical mar-
ker, ie, serum GGT. The combination of CAGE and GGT is
expected to bring synergistic efficacy, not a mere summation,
because the limitation of the CAGE regarding the lack of
information on alcohol consumption may be compensated
for by augmenting with GGT, which has a significant correla-
tion with alcohol consumption. Furthermore, the low

sensitivity of GGT may be strengthened by augmenting with
the CAGE which has high sensitivity. We hypothesized that
the combination of the CAGE and GGT would be effective for
screening PD, AUD, and AD while retaining its unique ben-
efits of simplicity and objectivity.

Material and methods
Subjects

Subjects were recruited from a pool of individuals registered in
the program for early detection and management of alcohol
addiction conducted by the Hallym University Hangang Sacred
Heart Hospital, and five alcohol-specialized hospitals from
March 2010 to January 2012. The diagnoses of alcohol abuse
and AD were made according to the criteria of the fourth edition
of the Diagnostic and Statistical Manual of Mental Disorders'”
by psychiatrists with advanced training in alcohol-related
research. Risky drinking was defined as consuming more than
14 drinks per week or five or more drinks on one occasion in the
past year in males; more than seven drinks per week or three or
more drinks on one occasion in the past year in females. The
diagnosis of risky drinking was made by psychiatrists according
to the criteria of the National Institute on Alcohol Abuse and
2021 under the condition of not satisfying the AUD
criteria. The normal control (NC) was diagnosed after exclud-
ing both risky drinking and AUD. Risky drinking, alcohol
abuse, and AD were grouped for screening: all three were

Alcoholism

grouped as PD,* and the latter two were grouped as AUD.*

The following exclusion criteria were applied to all
subjects: 1) major medical illnesses other than an alco-
hol-related disorder; 2) major psychiatric disorders
such as schizophrenia, mood disorder or substance-
abuse disorder other than nicotine or caffeine depen-
dence; and 3) the presence of severe behavioral or
communication problems that would make a clinical
examination difficult.

The Institutional Review Board of the Hallym
University Hangang Sacred Heart Hospital approved this
study protocol and this study was conducted in accordance
with the Declaration of Helsinki. Written informed consent
was obtained from all participants.

Clinical assessment

All subjects underwent a clinical interview including a detailed
history of alcohol drinking and a family history of AD. The
Korean version of the 10-item AUDIT** and the CAGE* were
also administered by research nurses who were trained in alco-
hol research and blind to the diagnosis. The Korean version of
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the 10-item AUDIT consists of three domains: the first three
items measure alcohol consumption, items 4-6 assess AD, and
items 7—10 consider alcohol-related harm.** A panel consisting
of three psychiatrists with expertise in alcohol-related research
made the clinical decisions, including the diagnoses, after having
reviewed all available clinical data, except for the AUDIT and
CAGE scores.

Laboratory testing

Venous blood was collected in the morning after the subjects
had abstained from food and liquids for 12 hrs. Blood speci-
mens were centrifuged immediately, and the serum was stored
at 4°C for up to 7 days before testing. Serum GGT levels were
determined using a gamma-GT FS kit (DiaSys Diagnostic
Systems, Holzheim, Germany) on the Hitachi 7600 automatic

analyzer (Tokyo, Japan) using the Szasz-Persijn method.”**’

Statistical analysis

To test the independent contributions of the CAGE and GGT
in classifying alcohol use status (NC vs PD, non-AUD vs
AUD, and non-AD vs AD), multiple logistic regression ana-
lyses were performed after adjusting for age (years) and gen-
der (coded as male=1, female=0). We combined the CAGE
and GGT scores using the weighted sum rule suggested by
Mackinnon and Mulligan.®® A series of multiple logistic
regression models for PD, AUD, and AD discrimination
were used to obtain new scores combining the CAGE and
GGT after adjusting for age and gender. We conducted
a receiver operating characteristic (ROC) curve analysis to
determine how well the new scores discriminated individuals
with PD, AUD, and AD. The area under the ROC curve
(AUROC) was compared using the method of Hanley and
McNeil?® ROC curve analyses were performed using
MedCalc for Windows, version 18.11.3 (MedCalc Software,
Mariakerke, Belgium). For the ROC curve comparison ana-
lyses between AUDIT and others (AUDIT vs CAGE, AUDIT
vs GGT, AUDIT vs CAGE+GGT), a Bonferroni-corrected
p-value (0.05/number of analyses) was applied and p<0.0167
(0.05/3) was considered significant. All the other analyses,
except the ROC curve analysis, were performed using IBM
SPSS, version 24 software (IBM Corp., Armonk, NY, USA),
and p<0.05 was considered significant.

Results

Demographic and clinical characteristics
The characteristics of the subjects are summarized in
Table 1. We recruited 394 subjects (309 males and 85

females) with ages ranging from 23 to 79 years (mean:
42.73, SD: 12.33). Their mean AUDIT score was 11.63
(SD: 9.62), and the mean CAGE score was 1.56 (SD:
1.40). Subjects were composed of 91 (23.1%) NCs and
303 (76.9%) PDs. Of the PD subjects, 147 were diag-
nosed with AUD, and 156 were classified as risky
drinkers. Furthermore, 147 AUD subjects were divided
into 70 AD and 77 alcohol abuse individuals.

Multiple logistic regression analyses
treating PD, AUD, and AD as dependent

variables

Table 2 shows the results of the multiple logistic regres-
sion analyses treating PD, AUD, and AD as dependent
variables. Both the CAGE score and GGT level signifi-
cantly and independently contributed to differentiate PD
from NC after adjusting for age and gender [OR=3.709,
95% CI=2.485-5.535; OR=1.027, 95% CI=1.008-1.048,
respectively], and also contributed to distinguish AD
from non-AD [OR=5.829, 95% CI=3.731-9.106;
OR=1.008, 95% CI=1.003-1.013, respectively]. In con-
trast, subjects with AUD were separated from non-AUD
subjects using the CAGE (OR=7.895, 95%
CI=5.251-11.870), but not GGT level.

New scores combining the CAGE and
GGT after adjusting for age and gender

We used the results of multiple logistic regression analyses
treating PD, AUD, and AD as dependent variables to calculate
new combined CAGE and GGT scores after adjusting for age
and gender (CAGE+GGT score). The equations for the new
scores derived from the multiple logistic regressions were as
follows:

PD discrimination

Logit (case)= 1.718 — 0.064 x age + 0.229 x gender
+1.311 x CAGE + 0.027 x GGT

orPr (case)=1/[1 + exp(—1.718 + 0.064 x age — 0.229
x gender — 1.311 x CAGE — 0.027 x GGT)]

AUD discrimination

Logit (case)= —5.035 + 0.010 x age 4+ 0.076 x gender
+2.066 x CAGE + 0.005 x GGT

or Pr(case) = 1/[1 + exp(5.035 — 0.010 x age — 0.076
x gender — 2.066 x CAGE — 0.005 x GGT)]
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Table | Subject characteristics

Gender (M/F)
First drinking age
Family history

of AD (%)

Age (Years)
AUDIT

AUDIT sub-category

Alcohol consumption

Alcohol dependence

Alcohol related-harm

CAGE

GGT(IU/L)

Notes: Data are presented as meantstandard deviation or number.

Abbreviations: NC, normal control; PD, problem drinking; AUD, alcohol use disorder; AD, alcohol dependence; AUDIT, alcohol use disorders identification test; CAGE, cutting down, annoyance by criticism, guilty feeling, and eye-

openers; GGT, gamma-glutamyl transferase.

AD discrimination

Logit (case)= —10.347 + 0.044 x age + 2.141 x gender
+1.763 x CAGE + 0.008 x GGT
orPr(case) = 1/[1 + exp(10.347 — 0.044 x age — 2.141
x gender — 1.763 x CAGE — 0.008 x GGT)]

ROC analyses

Table 3 shows the AUROC, sensitivity, specificity, and cutoff
points for the AUDIT score, CAGE score, serum GGT level,
and the CAGE+GGT score. ROC curves were constructed for
each score comparison and are shown in Figure 1. The ROC
curve comparisons for NC vs PD, non-AUD vs AUD, and
non-AD vs AD are demonstrated in the following sections.

PD discrimination

The AUROC of the AUDIT score was 0.973, indicating
good discrimination of PD subjects from NC individuals.
The discrimination accuracy of the AUDIT score was
significantly better than those of the CAGE score, GGT
level, and the CAGE+GGT score (z=6.927, p<0.0001;
7=9.82, p<0.0001; z=5.301, p<0.0001, respectively).

AUD discrimination

The CAGE score and the CAGE+GGT score were better
than the AUDIT score to discriminate AUD (z =2.535,
p=0.0112; z =2.894, p=0.0038, respectively). Furthermore,
no significant difference was found between the CAGE and
the CAGE+GGT scores when distinguishing AUD from
non-AUD.

AD discrimination

The AUROC of the AUDIT score was 0.970, indicating
good discrimination of AD subjects from non-AD indivi-
duals. The discrimination accuracy of the AUDIT score
was significantly better than that of the CAGE score and
GGT level (z=3.233, p=0.0012; z=6.529, p<0.0001,
respectively), but the CAGE+GGT score was comparable
to the AUDIT score for discriminating AD (z=1.652,
p=0.0985).

Discussion

We investigated the efficacy of the combined use of the
CAGE score and serum GGT to discriminate between
subjects with PD, AUD, and AD, and we examined
whether the discriminatory ability was comparable to that
of the AUDIT score. The AUDIT showed the highest
screening accuracy for PD and AD, whereas the CAGE
and the CAGE+GGT were effective for discriminating
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Table 2 Multiple logistic regression analyses treating alcohol use status as a dependent variable
Dependent Independent variable B SE OR (95% ClI) p
variable
PD
Age —0.064 0.012 0.938 (0.917-0.961) <0.001
Gender 0.229 0.362 1.257 (0.619-2.554) 0.527
CAGE 1.311 0.204 3.709 (2.485-5.535) <0.001
GGT 0.027 0.010 1.027 (1.008-1.048) 0.006
AUD
Age 0.010 0.014 1.010 (0.983-1.038) 0.464
Gender 0.076 0.507 1.079 (0.399-2.918) 0.881
CAGE 2.066 0.208 7.895 (5.251-11.870) <0.001
GGT 0.005 0.003 1.005 (0.999-1.012) 0.128
AD
Age 0.044 0.019 1.045 (1.007-1.085) 0.019
Gender 2.141 1.044 8.509 (1.100-65.856) 0.040
CAGE 1.763 0.228 5.829 (3.731-9.106) <0.001
GGT 0.008 0.003 1.008 (1.003-1.013) 0.003

Abbreviations: B, regression coefficient; SE, standard error; PD, problem drinking; AUD, alcohol use disorder; AD, alcohol dependence; AUDIT, alcohol use disorders
identification test; CAGE, cutting down, annoyance by criticism, guilty feeling, and eye-openers; GGT, gamma-glutamyl transferase.

AUD. The CAGE+GGT score showed a high screening
the AUDIT
discriminating AD. As far as we know, this is the first

accuracy, comparable to score, for
study to compare the discrimination accuracy of the
AUDIT score, CAGE score, and the CAGE+GGT for
distinguishing between PD, AUD, and AD.

The present study revealed that the discrimination accu-
racy of the AUDIT was better than that of other tools for PD
screening. In accordance with our results, one systematic
review reported that the AUDIT has increased accuracy,
with sensitivity of 57-97%, and specificity of 78-96%,
relative to other screening methods, including the CAGE,
for detecting PD in primary care.'' The superiority of the
AUDIT to the CAGE can be explained by the fact that the
AUDIT has questions about the quantity and frequency of
alcohol consumption, whereas the CAGE only assesses the
consequences of alcohol intake. Although the NIAAA
recommends the use of the CAGE with consumption
questions,?' such an approach is beyond the scope of our
study. The CAGE was superior to the AUDIT for detecting
AUD, which was also consistent with a previous systematic
review reporting that CAGE performs better than other
instruments, with a sensitivity of 43-94% and specificity
of 70-97%. The AUDIT performed better than the CAGE
for screening AD. In contrast to our findings, a systematic
review reported that the CAGE is superior to the AUDIT for
screening AD.!! The differences in study characteristics and
cultural aspects may account for the disparate findings.

Moreover, our AD sample were diagnosed in the clinics of
general hospitals, which are different environments from
primary care settings.

Questionnaires have a critical limitation in that indivi-
duals often deny or minimize the quantity and frequency
of drinking as well as harmful behavior related to exces-
sive drinking when individuals seek to avoid blame or
legal liability for alcohol misuse.'”> To overcome such
weaknesses, several blood biochemical markers, including
GGT, AST, MCYV, and CDT have been suggested and used
to detect excess alcohol use.'> However, these biochemical
markers are also limited by low sensitivity and specificity
for identifying unhealthy drinking.'>*° Only a few studies
have attempted the combined use of questionnaires and
biochemical markers from laboratory tests to detect alco-
hol misuse in various settings. The CAGE in combination
with GGT presents the best sensitivity for AD in
a workplace health examination,®’ whereas the AUDIT
and CDT are complementary instruments for alcohol
screening.®” The early detection of alcohol consumption
and CDT may be combined for maximum diagnostic
accuracy to identify heavy drinking in males.>* The ability
of the AUDIT to predict alcohol withdrawal may increase
when used in combination with biochemical markers in
a general medical setting.**

In the present study, we attempted to combine GGT and
the CAGE to screen PD, AUD, and AD. We expected that
such a combination would create a synergistic effect

Neuropsychiatric Disease and Treatment 2019:15
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Table 3 AUROC and cutoff scores for the AUDIT, CAGE, GGT and the combination of CAGE and GGT

NC vs PD Non-AUD vs AUD Non-AD vs AD
AUDIT
AUROC 0.973 0.893 0.970
SE 0.00728 0.0190 0.0106
95% Cl 0.951-0.986 0.858-0.922 0.948-0.984
Cutoff >5 >2 >|7
Sen/Spe 90.76/95.60 76.87/89.07 91.43/91.98
CAGE
AUROC 0.834 0.939 0916
SE 0.0214 0.0124 0.0175
95% Cl 0.794-0.869 0.910-0.960 0.884-0.942
Cutoff >0 >2 >2
Sen/Spe 82.18/74.73 73.47/97.98 88.57/84.26
z score/p-value 6.927/<0.0001* 2.535/0.01 12F 3.233/0.0012*
GGT
AUROC 0.736 0.724 0.799
SE 0.0263 0.0264 0.0257
95% Cl 0.690-0.779 0.677-0.767 0.756-0.838
Cutoff >28 >28 >36
Sen/Spe 61.39/82.42 74.83/62.75 80.00/68.21
z score/p-value 9.482/<0.0001* 6.285/<0.0001* 6.529/<0.0001*
CAGE+GGT
AUROC 0.894 0.944 0.947
SE 0.0175 0.0116 0.0127
95% Cl 0.859-0.922 0.917-0.965 0.920-0.967
Logit (case) >1.063 >0.098 >-1.281
Sen/Spe 79.54/83.52 77.55/96.76 90.00/87.96
z score/p-value 5.301/<0.0001* 2.894/0.0038" 1.652/0.0985

Notes: The combined CAGE and GGT scores were calculated by equations derived from multiple logistic regression analyses after adjusting for age and gender. Z score/
p-value resulted from pairwise comparisons of AUROC (AUDIT vs others). Bonferroni-corrected p<0.0167 (0.05/3) was applied for statistical significance. *Significantly
inferior to AUDIT. TSignificantly superior to AUDIT.
Abbreviations: NC, normal control; PD, problem drinking; AUD, alcohol use disorder; AD, alcohol dependence; AUROC, area under the receiver operating characteristic curves;
AUDIT, alcohol use disorders identification test; CAGE, cutting down, annoyance by criticism, guilty feeling, and eye-openers; GGT, gamma-glutamyl transferase;
CAGE+GGT, combination of CAGE and GGT; SE, standard error; Sen/Spe, sensitivity/specificity; Pr (case), probability of a case.
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because the CAGE lacks information on alcohol consump-
tion and could be compensated for by augmenting with
GGT, which is significantly correlated with alcohol intake.
Furthermore, Bataille et al*> reported that the CAGE and
GGT are independently related to excessive alcohol use in
a large population-based sample. Our findings revealed that
the combined use of the CAGE and GGT was comparable
to the AUDIT for screening AD. The combination of GGT
with CAGE was not as effective as the AUDIT for screen-
ing PD. GGT has a short half-life and requires prolonged
and heavier alcohol intake to reach an abnormal level.* It is
possible that the combination of CAGE with GGT is effec-
tive for screening when alcohol is consumed continuously
and severely enough to be diagnosed as AUD or AD.

The present study had some strengths, including
a relatively large sample size and clinically strict diagnoses.
The clinical evaluations and diagnoses were conducted by
a panel consisting of three psychiatrists who were experts in
this field. Major medical illnesses and psychiatric disorders
were strictly excluded through a case conference. However,
this study also had several limitations. First, we did not
acquire other biochemical markers, including CDT, MCYV,
GOT, or GPT. The use of CDT, in particular, is important
because it is more specific marker for identifying chronic
excessive alcohol use,®>* and Sillanaukee and Olsson®
reported that the combined use of CDT and GGT is
a powerful tool to discriminate alcohol abusers. In addition
to traditional biomarkers, direct alcohol markers, such as
phosphatidylethanol in the blood, and fatty acid ethyl esters
or ethylglucuronide in hair have drawn attention as they are
highly specific for chronic alcohol use.***' Additional stu-
than GGT are still
needed. Second, caution should be taken to interpret the

dies using biomarkers other
contribution of age and gender in comparison of combined
the CAGE and GGT with AUDIT. We included age and
gender in the equations for the combined CAGE and GGT
score, because they are powerful biological factors that affect
the GGT level.** Further analyses were conducted to exclude
the effects of age and gender on the ROC curve comparison
and similar results were found. Third, GGT can be elevated
by causes other than alcohol consumption.* Although we
excluded subjects with major medical illnesses, there still
remains the possibility that the level of GGT was related to
other unmeasured etiological factors that might be linked
to AD. Finally, the clinical diagnosis was made by experts
but mainly based on interviews, so there remains the possi-
bility of diagnostic error due to false reporting by the
subjects.

Conclusion

Our findings support combined use of the CAGE ques-
tionnaire and serum GGT level as a sensitive, useful tool
for AD screening given the brevity of the CAGE and
objectivity of GGT. Particularly, in specific situations,
where reliability of the CAGE becomes a key concern,
augmenting with the serum GGT level would enhance
performance for AUD screening.
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