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ARTICLE INFO ABSTRACT

Keywords: Background: Whether brief versions of the Alcohol Use Disorder Identification Test (AUDIT) can be used as
AUDIT graded severity measures is largely unknown. We examined the performance of eight such brief screeners in a
:hort versions prison population, and compared their effectiveness in detecting hazardous drinking, harmful drinking, and
creening

possible alcohol dependence as classified by the full ten-item AUDIT.

Methods: The study sample included pre-prison drinkers who participated in the Norwegian Offender Mental
Health and Addiction (NorMA) study (n = 758). We conducted receiver operating characteristic curve (ROC)
analyses and estimated the area under the curve (AUROC) to assess the performance of AUDIT-C (three con-
sumption items) and four-item versions that consisted of AUDIT-C and one additional item.

Results: AUDIT-C performed very well in detecting unhealthy drinking of varying severity (AUROCs of 0.933 or
0.935). Four-item versions performed even better. Of these, the well-established AUDIT-4 was superior in
identifying harmful drinking (AUROC=0.969) and possible alcohol dependence (AUROC=0.976). For AUDIT-C,
the optimal cut-points in terms of the highest combined sensitivity and specificity were > 6 (hazardous drinking),
> 8 (harmful drinking) and > 8 or > 9 (possible dependence). The corresponding cut-points on AUDIT-4 were >
6, > 9 and > 10. The highest cut-point whereby all cases of possible dependence were identified was > 6 on
AUDIT-C and > 8 on AUDIT-4. At these cut-points, almost all individuals with harmful drinking were also
detected.

Conclusions: AUDIT-C and AUDIT-4 were both highly effective in detecting hazardous drinking, harmful drinking
and possible alcohol dependence. AUDIT-4 was superior, notably as a graded severity measure.

Validation study
Alcohol problems
Prison

1. Introduction Many European countries screen individuals for alcohol problems

upon entry into prison, but validated tools are rarely used (WHO, 2019a,

Hazardous drinking and alcohol problems are prevalent among in-
dividuals who enter prison (Fazel et al., 2017; Newbury-Birch et al.,
2016; Seal et al., 2018), which is unsurprising; alcohol is implicated in
various types of crime, notably violence (Evans et al., 2021; Graham and
West, 2001; Rossow and Bye, 2013), and pre-prison heavy drinking is
predictive of recidivism (Dowden and Brown, 2002). In addition to a
range of adverse health and psychosocial outcomes (Babor et al., 2010;
Rehm et al., 2017), excessive alcohol use is associated with an increased
suicide risk during incarceration (Fazel et al., 2008) and an elevated
post-release mortality rate (Chang et al., 2015). It is thus imperative to
identify those who have been drinking heavily, and to offer adequate
interventions.

2019b). The prison service in England and Wales stands out in this
respect, as universal screening based on the Alcohol Use Disorder
Identification Test (AUDIT) has been put into practice. The AUDIT has
exhibited high validity across nations and settings (Babor and Robaina,
2016; Meneses-Gaya et al., 2009) and been described as a gold standard
in detecting drinking behavior that is potentially or currently harmful to
health. Studies of prison populations also suggest high validity of this
screening tool (Coulton et al., 2012; Thomas et al., 2014) and that the
reliability may be higher when the screening occurs a few weeks after
incarceration rather than upon entry into prison (Maggia et al., 2004).

The AUDIT was not merely designed to identify risky drinking
behavior or alcohol problems, but also to suggest interventions that vary
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according to the severity of the problems (Babor, et al., 2001; Saunders
et al., 1993). The ten items capture alcohol consumption (items 1-3),
dependence symptoms (items 4-6) and alcohol-related harm (items
7-10), and the total score ranges from O to 40. Scores < 7 denote a
negative screen, that is, abstinence or low-risk drinking. The standard
categorization of positive screens and the recommended interventions
are as follows (Babor and Robaina, 2016):

e Hazardous alcohol use (scores 8-15): Brief intervention

e Harmful alcohol use (scores 16-19): Brief intervention, further
monitoring, and diagnostic evaluation

e Possible alcohol dependence (scores >20): Specialist treatment

The assessment of individuals who enter prison typically covers a
broad range of domains, and full versions of screening instruments may
add undue burden to the intake procedure. Short versions of the AUDIT
may also be preferable for other reasons. Brady et al. (2002) found that
many items were perceived as “intrusive” or “prying into private lives”
by those being screened. The consumption items tended to be perceived
as less invasive and easier to comprehend than those capturing depen-
dence symptoms and alcohol-related harm.

The three AUDIT consumption items are also essential to the in-
strument’s validity (Higgins-Biddle and Babor, 2018), and they consti-
tute the well-established AUDIT-C. This brief screener has exhibited high
effectiveness in detecting unhealthy drinking behavior as determined by
external validation criteria such as diagnostic assessment of alcohol use
disorder (Kriston et al., 2008; Toner et al., 2019). AUDIT-C has also
shown to perform approximately as well as the full AUDIT in various
contexts.

Other studies have examined the performance of abbreviated AUDIT
screeners against the full screening instrument. The bulk of this research
focuses on the effectiveness of the AUDIT-C in detecting a positive screen
(AUDIT scores >8) (e.g. Morojele et al., 2017; Nehlin, et al., 2012;
Neumann et al., 2012; Seth et al., 2015), and high levels of accuracy
have generally been reported. However, when the screening solely
identifies individuals with either hazardous drinking, harmful drinking,
or possible dependence, the results provide no cues with respect to likely
treatment needs.

To our knowledge, only two studies have examined whether brief
AUDIT screeners may work as graded severity measures. One was based
on a sample of Aboriginal Australians (Calabria et al., 2014), the other
was a general population study from Japan (Osaki et al., 2014). Both
studies focused on AUDIT-C, and both concluded that it performed well
in identifying both hazardous, harmful, and possible dependent drinking
(as classified by the full AUDIT).

One may expect that four-item AUDIT screeners perform even better
than the three-item AUDIT-C. The AUDIT-4 includes one item about
other people’s concern about one’s drinking (item 10) in addition to
AUDIT-C, but validation studies indicate that it performs only slightly
better than AUDIT-C (Gual et al., 2002; Lee et al., 2018; Meneses-Gaya
et al., 2010; Wu et al., 2008). One may thus ask whether other combi-
nations of AUDIT-C and one additional item are preferable. No studies
seem to have addressed this question thus far.

A final issue of interest pertains to the effectiveness of brief AUDIT
versions in screening prison populations. Caviness et al. (2009) exam-
ined the accuracy of AUDIT-C and item 3 alone (i.e. the frequency of
consuming 6 + units) in a sample of incarcerated females and their re-
sults were encouraging — notably for AUDIT-C. However, a positive
screen on the full AUDIT was the one and only reference standard. No
additional studies seem to have explored the validity of brief AUDIT
screeners among imprisoned persons. Similar studies of other groups
with a high prevalence of alcohol problems are also few and far between.

Against this backdrop, we examined the effectiveness of AUDIT-C
and of four-item versions that consisted of AUDIT-C and one addi-
tional item in identifying unhealthy drinking behavior of varying
severity (as classified by the full AUDIT) in a prison population. We
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compared the performance of these brief screeners and examined cut-
points on AUDIT-C and on the best performing four-item version.

2. Material and methods

Data stemmed from the Norwegian Offender Mental Health and
Addiction (NorMA) study (Bukten et al., 2015). The target sample
comprised all incarcerated individuals in Norway at the time of the data
collection (June 2013-July 2014), and there were no pre-defined
exclusion criteria.

The questionnaire was translated into four languages, but some in-
dividuals could not read any of these. Other reasons for non-
participation were temporarily absence from the prison unit and pre-
clusion of study eligibility by prison authorities for security reasons.
About 40% of the prison population responded (n = 1499), and the
sample was representative with respect to many demographic variables
(Bukten et al., 2015).

Participation was voluntary and based on written informed consent.
It was explicitly pointed out that refraining from participation was not
associated with any sanctions and that the responses to the self-report
questionnaire were strictly confidential. The NorMA-study was
approved by the Norwegian Committee of Research Ethics. Details about
data collection and ethics are reported elsewhere (Bukten et al., 2015;
Bukten et al., 2016).

2.1. Study sample

Eighty percent reported that they had consumed alcohol in the year
before incarceration. From this group, we extracted a subsample of 758
respondents whose current imprisonment had lasted 12 months or less,
and who had responded to all the ten AUDIT items.

2.2. Measures

2.2.1. Alcohol Use Disorder Identification Test (AUDIT)

The original AUDIT consumption items are formulated in present
tense without a specified time frame, while all other items refer to the
past year (Babor et al., 2001). However, a past-year reference period is
frequently used for all the items (e.g. Bush et al., 1998; Cook et al., 2005;
Towers et al., 2011). In our study, the AUDIT items were modified to

Table 1
The ten AUDIT items as formulated in the present study.

Alcohol consumption

1  How often did you have a drink containing alcohol in the year before
incarceration?

2 How many drinks containing alcohol did you have on a typical day when you are
drinking in the year before incarceration

3 How often did you drink 6 or more units on one occasion in the year before
incarceration?

Symptoms of dependence

4  How often in the year before incarceration were you not able to stop drinking
once you had started?

5  How often in the year before incarceration did you fail to do what was normally
expected from you because of drinking?

6  How often in the year before incarceration did you need a first drink in the
morning to get yourself going after a heavy drinking session?

Alcohol-related harm

7 How often in the year before incarceration did you have a feeling of guilt or
remorse after drinking?
8 How often in the year before incarceration were you unable to remember

what happened the night before because you had been drinking?
Have you or someone else been injured as a result of your drinking?

10 Has arelative or friend or a doctor or another health worker been concerned
about your drinking, or suggested you to cut down?

Note: There were five response options for items 1-8 (scale range: 0-4), and
three response options for items 9 and 10; “No” (scored 0), ‘Yes, but not in the
year before incarceration’ (scored 2), and ‘Yes, in the year before incarceration’
(scored 4).
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assess the 12 months prior to imprisonment (Table 1).

A positive screen (scores >8), at least harmful drinking (scores >16),
and possible alcohol dependence (scores >20) were the classification
standards. In addition to AUDIT-C (item 1 +2 +3), we constructed all
possible versions that consisted of the AUDIT-C and one additional item.
We used the term ‘AUDIT-10° rather than ‘the full AUDIT’ when
describing our results.

2.2.2. Demographics
We used data on gender, age, and current imprisonment length.

2.3. Statistical analyses

We conducted receiver operating characteristic (ROC) curve analysis
(Hanley, 1989), and calculated the area under the curve (AUROC) to
examine the performance of the brief AUDIT screeners in detecting
unhealthy drinking behavior of varying severity (as classified by
AUDIT-10). ROC curves plot the true positive rate (sensitivity) against
the false positive rate (1-specificity) for all cut-points, and the AUROC
ranges from 0.5 (no better than chance) to 1.0 (perfect match). The
AUROC has been considered fair for values between 0.7 and 0.8, good
for values between 0.8 and 0.9 and excellent for values above 0.90
(Cuparencu et al., 2020). Because we examined the performance of brief
AUDIT screeners against the full AUDIT, and thus relied on internal
reference standards, the likelihood of obtaining high AUROC-values was
elevated.

We compared ROC curves using z-statistics for paired design
(DeLong et al., 1988) to test whether the four-item AUDIT screeners
performed significantly better than the AUDIT-C, and to identify the
screener that most accurately identified possible alcohol dependence.
Next, we examined cut-points for each of the three categories of un-
healthy drinking, and applied Youden’s (1950) J to identify the highest
combined level of sensitivity and specificity J = W - 1.
We also calculated the positive predictive value (PPV) and the negative
predictive value (NPV) of various cut-points.

In this study, sensitivity refers to the percentage of the positive cases
on the AUDIT-10 that were also identified as positive cases by the brief
AUDIT screener. Specificity is the percentage of negative cases on the
AUDIT-10 that were correctly identified as such by the brief screener.
PPV is the percentage of the positive cases on the brief screener that
were also positive cases on AUDIT-10, while NPV is the percentage of the
negative cases on the brief screener who were also identified as such on
AUDIT-10. Thus, the higher the PPV the lower is the occurrence of false
positives, and the higher the NPV the lower is the occurrence of false
negatives. Unlike sensitivity and specificity, the PPV and the NPV
depend on the prevalence of “true” positive cases in the sample.

We used MedCalc Statistical Software 19.5.3 (ROC analyses) and
SPSS 26 (cross-tabulations with y>-test).

2.3.1. Sensitivity analyses

Screening for health and psychosocial problems typically occurs
shortly after imprisonment. Therefore, we compared the percentage
distribution across the four AUDIT-10 categories for individuals
reporting short-term (<3 months) and those reporting longer-term
(3-12 months) imprisonment. Next, we examined whether the main
findings persisted when restricting the ROC analyses to the former
group.

3. Results
3.1. Sample description
The vast majority (93%) of the respondents were males, 63% were 35

years old or younger, and 49% had been imprisoned less than 3 months
(Table 2). Moreover, two thirds had an AUDIT-10 positive screen; 34%
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Table 2
Descriptive statistics of the study samplel.
% (n)
Gender Males 92.6  (699)
Females 7.4 (56)
Age 17-25 years 26.4  (184)
26-35 years 37.0 (258)
> 36 years 37.6 (255)
Imprisonment length < 3 months 489 (371
3-6 months 27.3  (207)
> 6 months’ 23.7  (180)
AUDIT-10 categories (score range) Low-risk drinking (1-7) 33.9 (257)

Hazardous drinking (8-15) 33.6  (255)
Harmful drinking (16-19) 10.4 79)
Possible dependence (> 20) 22.0 (167)

! Those incarcerated > 12 months were excluded

had hazardous drinking behavior (scores of 8-15), 10% had harmful
drinking behavior (scores of 16-19), and 22% were possibly alcohol
dependent (scores >20).

3.2. Performance of the brief AUDIT screeners

The AUROC:s for detecting each of the three categories of unhealthy
drinking exceeded 0.90 for all the brief versions of the AUDIT (Table 3).
Moreover, the four-item versions performed significantly better than the
AUDIT-C, yet there was one exception; AUDIT-C + item 9 was not more
effective than AUDIT-C alone in detecting possible alcohol dependence
(AUDIT-10 scores > 20).

AUDIT-4 had the highest AUROC for identifying possible depen-
dence. Additional analyses showed that it differed significantly from
AUDIT-C + item 4 (p = 0.011), AUDIT-C + item 5 (p = 0.002), AUDIT-
C +item 6 (p < 0.001), AUDIT-C + item 8 (p = 0.003) and AUDIT-C
+ item 9 (p < 0.001) in this respect. AUDIT-4 had also the highest
AUROC for detecting at least harmful drinking (AUDIT-10 scores > 16).
Its effectiveness in doing so exceeded that of AUDIT-C + item 5
(p =0.022), AUDIT-C +item 6 (p < 0.001), AUDIT-C + item 8
(p =0.010) and AUDIT-C + item 9 (p = 0.019). Hence, we selected
AUDIT-4 for further analyses.

3.3. Cut-points on AUDIT-C and AUDIT-4

Table 4 provides the sensitivity, the specificity, Youden’s J, the
positive predictive value and the negative predictive value for selected
cut-points on the AUDIT-C and the AUDIT-4 for each of the three AUDIT-
10 categories of unhealthy drinking.Starting with AUDIT-C, a cut-point
of > 6 had the highest Youden’s J for detecting individuals with an
AUDIT-10 positive screen (sensitivity: 86%, specificity: 88%). The PPV
was 94% (i.e. 6% false positives) and the NVP was 77% (i.e. 23% false
negatives). The highest J-value for at least harmful drinking was reached
at a cut-point of > 8 (sensitivity: 85%, specificity: 85%), closely fol-
lowed by a cut-point of > 7 (sensitivity: 94%, specificity: 76%). The
former had higher PPV (74%) than the latter (65%), while the NPVs
were 96% and 92%, respectively. The optimal cut-point for possible
alcohol dependence was either > 8 (sensitivity: 93%, specificity: 78%)
or > 9 (sensitivity: 80%, specificity: 91%). The PPV was much lower at a
cut-point of > 8 (54%) than at a cut-point of > 9 (71%), while the NPVs
were almost equally high (98% and 94%, respectively). The percentages
scoring > 6, > 8 and >9 on AUDIT-C were 61%, 38% and 25%,
respectively. Table 4 also shows that the cut-point of > 6 was the highest
whereby all individuals with possible alcohol dependence were identi-
fied. This cut-point also captured almost all (98%) individuals with at
least harmful drinking.

Moving to AUDIT-4, the highest J-value for a positive screen was
observed at a cut-point of > 6 (sensitivity: 89%, specificity: 88%). The
PPV and the NPV were 93% and 81%, respectively. The optimal cut-
point for at least harmful drinking was > 9 (sensitivity: 89%,
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Table 3

AUROC:s for detecting AUDIT-10 categories of unhealthy drinking behavior, and
differences between the AUDIT-C and the four-item screeners. The screener with
the highest observed AUROC appears in bold.

AUDIT-10 categories AUROC (95% CI) Comparison with AUDIT-

C
Positive screen’
AUDIT-C (item 1 +2 +3) 0.935 -
(0.915-0.951)
AUDIT-4 (item 0.953 p < 0.001
1+2+3+10) (0.935-0.967)
AUDIT-C + item 4 0.950 p < 0.001
(0.932-0.964)
AUDIT-C + item 5 0.951 p < 0.001
(0.937-0.964)
AUDIT-C + item 6 0.946 p < 0.001
(0.927-0.961)
AUDIT-C + item 7 0.955 p < 0.001
(0.938-0.969)
AUDIT-C + item 8 0.953 p < 0.001
(0.935-0.967)
AUDIT-C + item 9 0.967 p < 0.001
(0.952-0.979)
At least harmful drinking?
AUDIT-C (item 1 +2 +3) 0.933 -
(0.913-0.950)
AUDIT-4 (item 0.969 p < 0.001
1+2+3+10) (0.955-0.981)
AUDIT-C + item 4 0.959 p < 0.001
(0.942-0.972)
AUDIT-C + item 5 0.956 p < 0.001
(0.939-0.970)
AUDIT-C + item 6 0.946 p = 0.001
(0.927-0.961)
AUDIT-C + item 7 0.961 p < 0.001
(0.944-0.973)
AUDIT-C + item 8 0.954 p < 0.001
(0.937-0.968)
AUDIT-C + item 9 0.954 p =0.001
(0.937-0.968)
Possible dependence®
AUDIT-C (item 1 +2 +3) 0.935 -
(0.915-0.951)
AUDIT-4 (item 0.976 p < 0.001
1+2+3+10) (0.963-0.986)
AUDIT-C + item 4 0.961 p < 0.001
(0.944-0.973)
AUDIT-C + item 5 0.957 p < 0.001
(0.940-0.970)
AUDIT-C + item 6 0.948 p =0.003
(0.930-0.963)
AUDIT-C + item 7 0.967 p < 0.001
(0.951-0.978)
AUDIT-C + item 8 0.958 p < 0.001
(0.942-0.971)
AUDIT-C + item 9 0.942 p=0.281

(0.923-0.958)

LAUDIT-10 scores > 8 2AUDIT-10 scores > 16 2AUDIT-10 scores > 20

specificity: 92%), with a PPV of 84% and a NPV of 94%. Regarding
possible alcohol dependence, a cut-point of > 10 yielded the highest J-
value (sensitivity: 96%, specificity: 82%). The PPV was 71% and the
NPV was 99%. The percentages scoring > 6, > 9 and > 10 on AUDIT-4
were 63%, 34% and 30%, respectively. Moreover, a cut-point of > 8 was
the highest to identify all individuals with possible alcohol dependence.
It also identified 97% of those with at least harmful drinking.

3.4. Sensitivity analyses

The percentage distribution across the four AUDIT-10 severity cat-
egories was not significantly different for respondents who had been
imprisoned < 3 months and those who had spent 3-12 months in prison
(p = 0.085). Moreover, all main findings were replicated when we
restricted the ROC analyses to the former group (n = 371). Specifically,
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the AUROC:s for the eight brief AUDIT screeners consistently exceeded
0.90, almost all the four-item versions performed significantly better
than AUDIT-C, and AUDIT-4 had the highest AUROC for identifying at
least harmful drinking and possible alcohol dependence. It may be noted
that a majority (58%) of the respondents in these analyses had been
imprisoned 30 days or less.

4. Discussion

Our study included individuals who had consumed alcohol in the
year before incarceration, and two thirds had a positive screen on the
full AUDIT. In this high-prevalence sample, AUDIT-C performed very
well in identifying both hazardous drinking, harmful drinking, and
possible alcohol dependence (as classified by the full AUDIT). Four-item
versions that consisted of the AUDIT-C and one additional item per-
formed even better. Of these, AUDIT-4 was superior in detecting harmful
drinking and possible dependence.

We also identified optimal cut-points in terms of the highest com-
bined sensitivity and specificity (i.e. Youden’s J). Regarding AUDIT-C,
they were > 6 for a positive screen, > 8 for at least harmful drinking,
and > 8 or > 9 for possible alcohol dependence. Thus, the cut-points for
the two most severe drinking categories were indistinctive. The corre-
sponding cut-points on AUDIT-4 were > 6 (positive screen), > 9 (at least
harmful drinking) and > 10 (possible dependence). However, cut-points
with the highest Youden’s J are not necessarily the “best” choice, as we
will discuss later.

4.1. Comparisons with other studies

Our study focused on issues that barely have been addressed in
previous research, but two studies have examined the effectiveness of
AUDIT-C as a graded severity measure (Calabria et al., 2014; Osaki et al.,
2014). Both found that a cut-point of > 6 captured (virtually) all in-
dividuals with the more severe alcohol problems (i.e. scores >16 on the
full AUDIT). This result was replicated in our study.

The cut-points with the highest Youden’ J for at least harmful
drinking and for possible dependence differed between the above-
mentioned studies, and from those in our study. This may reflect that
the sample size and the proportion scoring high on the full AUDIT varied
markedly between the studies. Thus, the higher they are, the better the
accuracy of the brief screener.

One may expect that four-item versions of an instrument perform
better than a three-item version because they are likely to capture more
of the variance. Indeed, AUDIT-C and one additional item performed
better than AUDIT-C alone, which agrees with previous comparisons of
the effectiveness of AUDIT-C and AUDIT-4 (Gual et al., 2002; Lee et al.,
2018; Meneses-Gaya et al., 2010; Wu et al., 2008). However, few — if any
—studies have explored whether AUDIT-4 performs better than other
combinations of AUDIT-C and one additional item. Whether AUDIT-4
may work as a graded severity measure is another issue that seems to
have been overlooked.

Finally, only one previous study to our knowledge has examined the
validity of brief AUDIT screeners in a prison population (Caviness et al.,
2009). It was restricted to females, and a positive screen on the full
AUDIT was the only reference standard. Moreover, two studies exam-
ined whether brief AUDIT screeners may work as graded severity mea-
sures, but none of them employed samples that were comparable to ours
(Calabria et al., 2014; Osaki et al., 2014).

4.2. Choosing cut-points

Generally, the choice of cut-points depends on the screening pur-
pose. If monitoring and crude assessment of the nature and the scale of
alcohol problems in a population are the main purposes, relying on
Youden’s J seems reasonable. One should consider other cut-points
when the aim is to identify individuals in likely need of professional
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Table 4
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Sensitivity, specificity, positive predictive value (PPV) and negative predictive values (NPV) for selected cut-points on AUDIT-C (scale:1-12) and AUDIT-4 (scale 1-16)
for identifying unhealthy drinking behavior of varying severity (as classified by AUDIT-10). Optimal cut-points according to.

AUDIT-10 categories Cut point AUDIT-C AUDIT-4
% of sample Sens. % Spec.% J PPV% NPV% % of sample Sens.% Spec.% J PPV% NPV%
Positive screen’ >4 78.8 95.8 54.5 0.50 80.4 87.0 81.5 98.4 51.4 0.50 79.0 94.3
>5 69.0 91.2 74.3 0.66 87.4 81.3 71.8 94.4 72.4 0.67 86.9 86.9
>6 60.9 86.2 88.3 0.75 93.5 76.7 63.3 89.4 87.6 0.77 93.3 80.9
>7 47.0 69.9 97.7 0.68 98.3 62.4 51.1 75.9 97.3 0.73 98.2 67.4
>8 37.6 56.9 100 0.57 100 54.3 44.5 67.3 100 0.67 100 61.0
At least harmful drinking® > 6 60.9 98.4 57.0 0.55 52.4 98.6 63.3 100 54.3 0.54 51.2 100
>7 47.0 93.9 75.6 0.70 64.9 96.3 51.1 98.8 71.9 0.71 62.8 99.2
>8 37.6 85.4 85.4 0.71 73.7 92.4 44.5 96.8 80.7 0.78 70.6 98.1
>9 24.9 67.5 95.6 0.63 87.8 85.9 34.3 88.6 91.8 0.80 83.8 94.4
>10 - - - - - - 29.6 80.9 95.1 0.76 88.8 91.2
>11 - - - - - - 23.7 69.9 98.4 0.68 95.6 87.2
Possible dependence® > 6 60.9 100 50.1 0.51 36.1 100 - - - - - -
>7 47.0 98.2 67.5 0.66 46.1 99.3 51.1 100 62.8 0.68 43.2 100
>8 37.6 92.8 78.0 0.71 54.4 97.5 44.5 100 71.2 0.71 49.6 100
>9 24.9 80.2 90.7 0.71 70.9 94.2 34.3 98.8 83.9 0.83 63.5 99.6
>10 17.5 61.1 94.8 0.56 76.7 89.6 29.6 95.8 89.2 0.85 71.4 98.7
>11 - - - - - - 23.7 88.0 94.4 0.82 81.7 96.5
>12 - - - - - - 19.1 76.7 97.1 0.74 88.3 93.6

1AUDIT-10 scores > 8 2AUDIT-10 scores > 16 >AUDIT-10 scores > 20

Youden’s J in bold. Cut-points with sensitivities or specificities below 50% are not displayed.

help due to their harmful drinking behavior, as discussed below.

It has been argued that sensitivity should be prioritized if the purpose
is to detect individuals with severe alcohol problems (Baggio and Igle-
sias, 2020; Rodrfguez—Martos and Santamarina, 2007). However, when
it considered imperative to capture virtually all cases of harmful
drinking and possible dependence, some — or maybe many — will inev-
itably be false positives. It is equally obvious that the larger the occur-
rence of false positives, the less effective is the screener.

Regarding AUDIT-C, a cut-point of > 6 was the highest whereby all
possible alcohol dependent individuals and almost all (98%) with at
least harmful drinking behavior were detected. This cut-point also had
the highest Youden’s J for identifying a positive screen. Six in ten (61%)
had scores of > 6, of whom 49% were false positives with respect to
harmful drinking or possible dependence.

The results for AUDIT-4 showed that a cut-point of > 8 was the
highest that identified all cases of possible alcohol dependence and
almost all (97%) individuals with at least harmful drinking behavior.
Less than half (45%) of the respondents had scores in this range. Of
these, 29% were false positives regarding the two categories of un-
healthy drinking.

Thus, for the purpose of identifying virtually all individuals with
more severe alcohol problems, AUDIT-4 was clearly preferable. In
contrast to AUDIT-C, our results also suggested that AUDIT-4 may work
as a crude severity measure. Specifically, in addition to the cut-point of
> 8, a cut point of > 6 was optimal (cf. Youden’s J) in identifying an
AUDIT positive screen. If high sensitivity is considered less important for
less severe alcohol problems, scores of 6 or 7 would thus be indicative of
hazardous drinking.

4.3. Limitations

A serious limitation of our study is the lack of external validation
criteria. Rumpf et al. (2002) examined the performance of the full and a
short version of AUDIT against diagnostic measures in general pop-
ulations samples and found that the full version performed somewhat
better in detecting alcohol dependence. In prison populations and other
groups with high prevalence of alcohol problems, it is particularly
important to use a diagnosis of alcohol use disorder as reference
standard.

The original AUDIT items in our study were modified to assess the
year before incarceration. Especially for those who had been incarcer-
ated quite a few months, the responses may have been hampered by

inaccurate recall — which is likely to strengthen a tendency to underre-
port one’s drinking (Greenfield and Kerr, 2008). The “true” AUDIT
scores may thus have been higher than those observed, implying that the
positive and the negative predictive values (cf. Table 4) are potentially
misleading. On the other hand, all main results were replicated when we
restricted the ROC analyses to individuals who had been imprisoned less
than 3 months. Anyhow, it would have been advantageous if the re-
spondents had been recruited consecutively a couple of weeks after
entry into prison (cf. Maggia et al., 2004).

According to several validation studies of the AUDIT or its brief
versions, the optimal cut-points are higher for males than for females (e.
g. DeMartini and Carey, 2012; Levola and Aalto, 2015; Osaki et al.,
2014; Reinert and Allen, 2007; Verhoog et al., 2020). The vast majority
(93%) of the respondents in our sample were males, and the number of
females was too low to examine such potential gender differences.
Previous analyses of the full NorMA sample showed that the percentage
distribution across the four AUDIT categories was gender invariant
(Pape et al., 2020), yet the “best” cut-points on brief AUDIT screeners
may still be gender specific. Thus, high AUDIT-C scores may be more
strongly associated with alcohol-related harm among females, reflecting
gender differences in alcohol metabolism and the quantity required to
reach a high blood alcohol concentration (Thomasson, 2002). Hence,
the cut-off scores that we suggested may not be recommendable for
females.

Finally, it is possible that the responses to the brief AUDIT screeners
would have been different if they had not been embedded in the full
AUDIT.

4.4. Implications and suggestions for further research

The prison setting may potentially offer a golden opportunity to
detect and treat individuals with harmful drinking behavior. However,
according to MacAskill et al. (2011) “alcohol problems among prisoners
are under-detected, under-recorded and under-treated”. The screening
may be restricted to a yes/no-question (Parkes et al. 2011) or to few
unvalidated items (Obstbaum et al., 2016). The failure to use stan-
dardized assessment tools is staggering, but three- or four-item screeners
are feasible and probably more acceptable than more time-consuming
alternatives. This, in turn, underscores the potential importance of our
study.

The results indicated that AUDIT-4 may work as a graded severity
measure. However, further assessment of individuals with a positive
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screen (scores >6) is important to make well-founded decisions
regarding adequate interventions. If limited resources or other obstacles
preclude the possibility to do so, individuals whose AUDIT-4 scores are
indicative of harmful drinking or alcohol dependence (scores >8) should
be prioritized.

Our study suggested that AUDIT-C and AUDIT-4 are about equally
useful as an initial filter whereby those with a positive screen are singled
out and asked the remaining AUDIT questions. This is particularly
feasible if the single-item scores are recorded electronically and added
up successively. If such a two-step strategy is implemented, about 60%
of the pre-prison drinkers should be asked all the ten AUDIT questions
(cf. Table 4). The size of this group will be markedly smaller (48%) if
AUDIT-4 is applied and the selection of individuals for further assess-
ment is restricted to those with at least harmful drinking behavior
(scores >8).

Finally, additional studies of the performance of brief AUDIT
screeners in prison populations should be conducted. Such studies
should address the issue of gender specific cut-points and employ
external reference standards - including diagnostic assessment of
alcohol use disorder. More knowledge is also warranted about accept-
able modes of screening for alcohol problems, as perceived by those
being screened as well as the prison staff. The extent to which short
AUDIT versions may work as graded severity measures should also be
pursued, both in studies of incarcerated persons and in other population
groups.

4.5. Conclusions

AUDIT-C performed very well in detecting unhealthy pre-prison
drinking behavior of varying severity. AUDIT-C and one additional
item performed even better, of which AUDIT-4 was superior in detecting
harmful drinking and possible dependence.
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