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Abstract

Background: Criteria for the diagnosis of alcohol abuse or
dependence in DSM-IV or ICD-10 do not include measures of alcohol
consumption. However the Alcohol Use Disorders Identification Test
(AUDIT) contains three consumption questions (AUDIT-C) plus seven
problem questions. The AUDIT-C has often been used as a short
screening questionnaire. Here drinking patterns in the past year are
analysed, and the AUDIT-C and other combinations of those three
questions are related to alcohol problems or diagnoses in the same
period.

Methods: The 2003-2004 New Zealand Mental Health Survey
(N=12,992), a nationally representative survey, included the AUDIT and
the Composite International Diagnostic Interview (CIDI) 3.0. Latent
class analyses were used to discover patterns of alcohol consumption
(AUDIT-C) and patterns of alcohol problems. Cross-tabulations,
Receiver Operating Characteristic Curves and logistic regression were
used to relate consumption to problems and diagnoses.

Results: Analyses indicated that drinking frequency (Q1) was an
ineffective screening question. Amount consumed per drinking day
(Q2) plus frequency of per-occasion heavy drinking (Q3) was as good
as or better than the AUDIT-C, with Q3 alone nearly as good. For a given
consumption score, males were only slightly more likely than females to
experience negative consequences from their drinking whereas age
differences were more substantial. For both sexes and all age groups,
a reasonable sensitivity of around 80% was achieved with often rather
low specificity for detection of any drinking problems (specificities 57-
81%). However there was higher specificity for detection of multiple
problems, or diagnosis (specificities 72-85%).

Conclusion: Usual drinking frequency is a poor screening indicator
of past year alcohol problems and alcohol diagnoses, and does
not improve on frequency of heavy per-occasion drinking, or that
question plus usual quantity consumed. Retention of the usual drinking
frequency question in the AUDIT-C must be based on considerations
apart from its value in screening.

Introduction

Assessment of alcohol consumption per se is not included in
criteria for the diagnosis of alcohol abuse or dependence in DSM-IV
[1] or ICD-10 [2]. These criteria include risks from or consequences
of consumption, tolerance, withdrawal, and behaviours related to
alcohol such as inability to reduce consumption and restriction of
other activities, but not measures of consumption itself. Yet, as the risks
or consequences depend on the patterns of consumption, including
quantity and frequency, understanding the epidemiology of alcohol
disorders requires an understanding of patterns of consumption and
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their relationship to alcohol problems and diagnoses. ~Furthermore,
assessment of consumption can be and has been used to screen for
problems and disorders. This paper sets out to investigate patterns of
alcohol consumption in past-year drinkers, and how well measures
of consumption indicate past-year alcohol problems and alcohol
diagnoses.

In contrast to diagnostic sections of interviews based on DSM-IV
or ICD-10, in the ten item Alcohol Use Disorders Identification Test
(AUDIT) [3] the first three items are about alcohol consumption: usual
frequency of consumption, usual quantity consumed, and frequency
of consuming six or more drinks. In community surveys a score of
8 or more on the AUDIT is commonly used to define hazardous
drinking [4]. Such a score can be attained from the consumption
items alone, with a pattern of weekly heavy episodic drinking. For
example someone consuming up to three times per week (Q1 - score
of 3), and usually consuming 7-9 drinks per occasion (Q2 - score of
3), therefore must be consuming six or more drinks at least weekly
(Q3 - score of 3), which yields a score of 9 out of a possible maximum
of 12 on those three questions alone.

The AUDIT [3] was developed in the 1980s for use as a
unidimensional screener in primary care covering three aspects:
consumption, dependence symptoms and other consequences [3].
There have been numerous studies investigating the relationship
between the AUDIT and diagnoses of alcohol abuse or dependence,
both in the community and in primary care; these have been reviewed
by Reinert and Allen [4-6]. In addition to the full AUDIT, shorter
versions of the AUDIT have also been evaluated as screeners [4,7-
9], including the AUDIT-C which provides a score by summing the
first three items of the AUDIT, namely the consumption items [4]. In
a US population survey the AUDIT-C performed well for detecting
alcohol use disorders and risky drinking, although lower cut points
for women than for men improved its sensitivity and specificity [10].
Reinert and Allen also reported other studies which found advantages
from lower cut points for women [4].

There have been recommendations stressing the need to move
beyond measures of usual quantity-frequency of alcohol consumption
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to include some measure of heavier per-occasion drinking [11-13].
The AUDIT does this as the third question asks about the frequency of
consuming six or more drinks per occasion (albeit that it has the same
limit for males and females in most versions). However the AUDIT
does more than just incorporate heavy episodic drinking into the
consumption total (namely the AUDIT-C score), thereby taking into
account drinkers whose usual quantity and frequency may be light
or moderate but who from time to time drink more heavily. In the
AUDIT-C, drinkers who regularly consume six or more drinks have
this level of consumption counted twice through both the second and
third questions, thus amplifying the scoring consequences of heavy
drinking.

There is an inherent structure in the AUDIT-C in that the
frequency of usual drinking (Q1) sets an upper limit on the frequency
of drinking six or more drinks per occasion (Q3). In addition, those
with heavy usual consumption (Q2=seven or more drinks per
drinking day) must be consuming six or more drinks per occasion
(Q3) at the frequency with which they drink (Q1). Such a structure
provides justification for investigating patterns of consumption as
measured by the AUDIT-C items through alatent class analysis, rather
than through a factor analysis on ordinal items. Latent class analysis
[14,15] is a method of accounting for the patterns of categorical
responses observed across a series of questions (the ‘manifest’
variables) by a small set of underlying or ‘latent’ classes. People in
these inferred latent classes respond to the questions in different
ways. For example, one latent class may consist of heavy drinkers who
are likely to report often drinking large quantities whereas members
of another latent class may report drinking infrequently with only
small amounts per occasion. Latent class analysis also provides an
alternative to guidelines-based-classifications using binging and
average consumption, such as those adopted by Caldwell et al. for the
1958 British Birth Cohort Study [16].

There have been several factor analyses of the AUDIT in
community samples [17-22], mostly but not all finding a consumption
and a problems factor: see list for a summary of this work up to 2007
and analyses of patient samples [23]. As well as earlier work using
factor analysis [24], Smith and Shevlin have also carried out a latent
class analysis on all ten items of the AUDIT together using national
data from a survey in Great Britain, finding six classes differing in
consumption levels and problems experienced [25].

The New Zealand Mental Health Survey [26,27] provides a large
national dataset within which it is possible to investigate patterns
of alcohol consumption, as measured by the first three items of the
AUDIT (the AUDIT-C), and to relate these patterns to responses to
the remainder of the AUDIT. Furthermore, because the World Health
Organization Composite International Diagnostic Instrument (CIDI
3.0) [28,29] was used, it is possible to relate consumption patterns to
diagnoses. The relationship between total AUDIT scores and alcohol
diagnoses has already been reported [30] but there have been no
previous analyses of individual AUDIT questions from this data.

This paper uses data from the 2003-2004 New Zealand Mental
Health Survey to:

1. Investigate patterns of alcohol consumption as indicated by
the AUDIT-C data. Latent class analysis is used to ascertain

what different groups of drinkers appear to underlie the
observed patterns of consumption.

2. Investigate patterns of alcohol problems indicated by the
AUDIT problem questions. Again latent class analysis is used
to ascertain underlying groups of drinkers based on their
reports of problems. Results are used to score the problem
questions to use as outcomes.

3. Investigate the prevalence of alcohol problems and 12-month
diagnoses in relation to drinking frequency (Q1), stratified by
binge frequency (Q3), to separate out apparent effects of these
two aspects of alcohol consumption.

4. Compare the screening properties of AUDIT-C scores
and scores based on other combinations of the AUDIT-C
questions or the individual questions for the detection of
alcohol problems or diagnoses.

5. Investigate if the relationships between alcohol consumption
and alcohol problems or diagnoses differ by age and sex.

Materials and Methods

Ethics approval for the New Zealand Mental Health Survey was
obtained from all 14 regional health ethics committees and written
informed consent was obtained from each participant. A report to
the New Zealand Ministry of Health provides full details of materials
and methods [26,31]. Field work was carried out from late 2003 until
the end of 2004.

Sample

Participants were selected through a multistage area probability
sample of the population aged 16 years or older, living in permanent
private dwellings throughout New Zealand. The primary sampling
units (PSUs) were “meshblocks,” areas originally containing 40-70
households used for each census of population and dwellings. There
were 1,320 meshblocks selected from a total of 38,365. Within each
meshblock, households were selected systematically and then one
person was selected per household [32].

Interview

Face-to-face interviews were carried out using a laptop computer
assisted personal interview (CAPI). The interview consisted of the
Composite International Diagnostic Interview (CIDI 3.0) [28,29]. In
addition, half of those who had ever consumed 12 or more drinks in
a year were randomly assigned to the AUDIT instead of to the CIDI
consumption questions. CIDI alcohol disorder symptom questions
were identical for both groups. Only those assigned to the AUDIT
who reported drinking in the last year were asked the ten AUDIT
questions. The AUDIT was included because the New Zealand
Ministry of Health, which uses the AUDIT in health surveys, wanted
to know the relationship between AUDIT scores and CIDI alcohol
diagnoses.

Before answering consumption questions, participants were
provided with a show-card indicating the standard drink equivalents
of commonly available spirits, wine and beer beverages, based on a 10
g standard drink.

DSM-IV diagnoses were used. Diagnosis of 12-month alcohol
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abuse required a lifetime diagnosis plus reports of symptoms in
the past 12 months. Similarly, diagnosis of 12-month alcohol
dependence required a lifetime diagnosis plus recent symptoms.
This paper reports results for 12-month alcohol disorder (abuse or
dependence) or 12-month alcohol dependence. In the version of the
CIDI interview used in the New Zealand Mental Health Survey the
dependence questions were asked only of people who reported that
they had ever experienced at least one of the abuse symptoms. This
skip past dependence questions, based on an abuse symptom at any
time prior to interview, is less restrictive than the skip investigated
using data from the US National Epidemiologic Survey on Alcohol
and Related Conditions (NESARC) [33]. The skip applied to NESARC
data required an abuse symptom in the past 12 months in order to
diagnose dependence in the past 12 months. The CIDI requirement
only for an abuse symptom at any time will have had a much more
limited impact on prevalence estimates than the NESARC skip.

Statistical methods

All estimates were weighted according to study design variables
with adjustment for non-response and post-stratification to the
2001 Census of Population and Dwellings by age, sex and ethnicity.
Because of the complex survey design, Taylor Series Linearization
was used to produce estimates, taking account of stratification,
clustering and weighting. SUDAAN 10.0 [34] was used for cross-
tabulation, including Cochran-Mantel-Haenszel tests for trend, and
logistic regression. Tests for trend are reported as Wald F values with
DF=(1, >100); DF (denominator) = number of PSUs with relevant
observations (1268) minus number of survey strata (2). Predicted
marginal risk ratios (model-adjusted risk ratios) were reported from
logistic regression instead of odds ratios [35,36]. Risk ratios and odds
ratios are close for uncommon outcomes but for more common
outcomes odds ratios are more extreme than risk ratios. As analyses
were carried out for outcomes which varied in prevalence, risk ratios
were used instead of odds ratios to avoid presenting results which
might appear to show larger effects for more common outcomes
purely because of their higher prevalence.

Latent class analysis was used to obtain groupings of past-year
drinkers based on responses to consumption questions (AUDIT-C
questions), and groupings based on reports of alcohol problems
(AUDIT questions Q4-Q10). These analyses were carried out using
Mplus 6.11 [37], which also takes account of the complex survey
design. There was negligible missing data on the AUDIT. Out of 4,823
respondents, 8 respondents missed one question each and 1 missed
three questions. Question 8 had the highest number of missing
responses (5). Hence Mplus assignment to latent classes was used for
all who were allocated to the AUDIT.

Screening tests are assessed using measures of sensitivity and
specificity. For a given outcome such as 12-month alcohol disorder,
sensitivity is the proportion of people positive for the outcome
whose score on the test is at or above a particular cut point, such as a
score of 5 on the AUDIT-C. Specificity is the proportion of people
negative for the outcome who score below the cut point on the test.
Sensitivity can be thought of as the hit rate whereas 1-specificity is
the false alarm rate. A Receiver Operating Characteristic Curve (ROC
curve) joins the points defined by sensitivity and 1-specificity for all
possible cut points on the screening test. The line joining the points

(0,0) and (1,1) is the line indicating a test of no use at all, as the hit
rate always equals the false alarm rate. The nearer the ROC curve is to
the (1,0) corner, the higher the sensitivity is for a given 1-specificity
and the more useful the test. The Area Under the Receiver Operating
Curve (AUROC) provides an overall summary of the performance
of a test. Nonparametric Mann-Whitney U estimates were used to
calculate AUROC values. SAS 9.3 was used for ROC curves and
their comparisons. For these comparisons significance of p<.001
was set, after calculation of design weights for sensitivities. No other
adjustment for the complex survey was possible. Estimates were
weighted and comparisons took account of multiple curves from
the same dataset. Scores based on AUDIT-C variables were entered
as numerical variables in ROC analyses. If they were entered as
categorical predictors, SAS would reorder them by the probability of
the outcome. If there was any non-monotonicity between predictor
and outcome then erroneous values for the AUROC would be
produced.

Results

The New Zealand Mental Health Survey had an overall response
rate of 73.3% [27], resulting in a sample of 12,992, aged 16 years or
more. Everyone was asked at what age they had ever had a drink of
alcohol, and if they had done so, they were then asked if they had ever
consumed 12 or more drinks in a year. Those who had ever consumed
this amount were randomly allocated to the AUDIT questions (5,408)
or to the CIDI consumption questions (5,383). Of those allocated to
the AUDIT, the 4,823 who reported that they had consumed alcohol
in the past 12 months were asked the ten AUDIT questions.

Table 1 shows the distribution of responses on the ten AUDIT
questions by past-year drinkers. The drinking frequency question
(Q1) had the widest spread of responses and the lowest correlation
with the total AUDIT score (r = 0.37). The question about morning
drinking had the lowest percentage of positive responses and the
second lowest correlation with the AUDIT total (0.39). The frequency
of ‘binge’ drinking (six or more drinks per occasion) had the highest
correlation with the AUDIT total score (0.76).

Latent class analysis of AUDIT consumption questions (Q1-
3)

This analysis was carried out to see how many classes of drinkers
appeared to underlie the observed patterns of responses across the
AUDIT-C consumption questions, and to see the patterns associated
with each class. A five class solution was selected, after consideration
of the fit indices (Supplementary Table 1), and examination of sources
of fit problems.

Interpretation of the five consumption latent classes comes
from Table 2. Nearly half of past year drinkers were classified into
Consumption-LCI; these drinkers varied in the frequency of their
drinking but most usually consumed only 1-2 drinks and never or
seldom binged. Consumption-LC5, the heaviest drinking group,
drank several times a month to several times a week, always consumed
at least 5 drinks and most commonly 10 or more drinks, and binged
weekly, daily or almost daily. In between were three latent classes
which clearly did not lie along a single dimension. Consumption-
LC3 drank frequently, usually only 1-4 drinks but binged monthly.
Consumption-LC2 drank less frequently so binged less than monthly
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Table 1: Response distributions on AUDIT questions, for past-year drinkers (N=4823).

Responses/Scores Correlation of Question
0 1 2 3 4 to Total

Questions % % % % % r

1. Drinking frequency? 0.0 29.5 26.3 21.6 22.7 0.37
2.Usual quantity on a drinking day® 51.3 22.7 11.2 5.6 9.2 0.65
3. Binge frequency(6+ drinks)° 36.2 32.5 16.9 13.3 1.1 0.76
4. Loss of control in last year® 88.9 5.8 2.4 1.9 1.0 0.64
5. Role failure in last year® 90.1 7.3 14 0.7 0.6 0.59
6. Morning drinking in last year® 98.0 0.9 0.3 0.3 0.6 0.39
7. Guilt or remorse in last year® 85.1 11.3 1.9 0.9 0.8 0.64
8. Blackouts in last year® 84.0 12.2 2.4 0.9 0.5 0.68
9. Injuries? 90.1 - 6.8 - 3.1 0.50
10. Concern by others? 89.9 - 55 - 45 0.57

a0: never; 1: monthly or less: 2: up to 4 times a month; 3: up to 3 times a week; 4: 4 or more times a week
°0: 1-2 drinks; 1: 3-4 drinks; 2: 5-6 drinks; 3: 7-9 drinks; 4: 10 or more drinks

°0: never; 1: less than monthly; 2: monthly; 3: weekly; 4: daily or almost daily

90: never; 2: yes, but not in the last year; 4: yes, during the last year

Table 2: Distribution of alcohol consumption responses for five latent classes formed from the AUDIT-C for past-year drinkers (N=4823). Bold values indicate most
common responses.

LC1 LC2 LC3 LC4 LC5
(N=2380) (N=730) (N=696) (473) (N=544)
% (SE) % (SE) % (SE) % (SE) % (SE)
1. Drinking frequency
Monthly or less 38.0 (1.5) 61.1 (4.0) 0.8 (0.5) 30.8 (3.1) 2.4(0.9)
Up to 4 times per month 25.8(1.2) 34.9 (2.8) 8.1(2.4) 57.3(3.3) 28.9 (2.6)
Up to 3 times per week 16.3 (1.1) 4.0 (3.3) 41.3(2.8) 11.8 (2.9) 39.1(3.2)
4 or more times per week 19.9 (1.1) 0.0 (-9 49.8 (3.4) 0.2 (0.8) 29.6 (2.8)
2. Usual amount/drinking day
1-2 drinks 87.0 (1.5) 0.0 (-9 43.8 (2.8) 0.0 (-9 0.0 (-9
3-4 drinks 11.9 (1.3) 46.4 (3.5) 48.3 (2.5) 13.8 (3.1) 0.0 (-9
5-6 drinks 1.1 (0.4) 26.3 (2.4) 6.4 (1.6) 38.9 (3.3) 28.7 (3.1)
7-9 drinks 0.0 (-9 12.7 (1.9) 1.3(0.7) 17.2 (2.3) 23.4 (2.5)
10 or more 0.0 (-9 14.6 (2.1) 0.3 (0.3) 30.2(3.1) 47.9 (3.1)
3. Frequency of binges (6+ drinks/
occasion)
Never 72.7 (1.9) 5.3 (2.7) 0.0 (-¥) 0.0 (-9 0.0 (-3
Less than monthly 26.2 (1.8) 94.7 (2.7) 36.6 (4.0) 0.0 (-® 0.0 (-®)
Monthly 1.1 (0.4) 0.0 (9 40.9 (2.8) 100.0 (0.0) 0.0 (-3
Weekly 0.0 (-9 0.0 (-9 22.5 (2.5) 0.0 (-9 88.9 (1.7)
Daily or almost daily 0.1 (-9 0.0 (-9 0.0 (-9 0.0 (-3 11.1 (1.7)
Model % in each class 48.9 13.0 20.1 8.2 9.8
AUDIT-C Mean (SE) 2.7 (0.03) 4.3 (0.05) 6.2 (0.05) 6.4 (0.06) 9.2 (0.05)
(SD) (2.0) (1.5) (1. 6) (1.6) (1.6)
[Range] [1-8] [3-8] [4-10] [4-9] [6-12]

aSEs calculated in Mplus for percentages close to 0% or 100% are not applicable
SE: Standard Error
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but when they did drink, over half consumed 5 or more drinks.
Consumption-LC4 drank less than weekly, usually consumed 5-6 or
10 or more drinks, and all binged monthly.

Scoring AUDIT problem questions (Q4-10)

The standard scoring for the AUDIT is to sum the scores from
each question (see Table 1) so this procedure can be applied to the
Problem questions. However it is possible that drinkers may be better
classified by the sets of problems they experience than by the frequency
with which they experience problems. Latent class analysis was used
to investigate this classification issue and then AUDIT problem scores
were compared with the latent classes obtained to provide a scoring
system suitable to use for alcohol problem outcomes.

A solution with three latent classes was selected (Supplementary
Table 2). Although LMR suggested that two classes would be
adequate, BIC and Adjusted BIC were at a minimum with four
classes. Inspection of the three and four class solutions showed that
the four class solution subdivided the smallest class in the three
class solution such that the most extreme problem class had only 42
participants assigned to it (0.6%), which was too small a number for
further analyses, although possibly of clinical significance.

Problems-LC1 consisted of people who never or seldom
experienced any of the AUDIT problems. It comprised 80.1% of
the population (65.4% reported no problems at all). Members of
Problems-LC2 experienced problems only occasionally (mostly less
than monthly) whereas members of Problems-LC3 experienced
problems more frequently, with nearly a quarter injured as a result of
their drinking in the last year, and over 40% having concern expressed
by others in that period. For each of the seven problem questions there
was a gradient across the three latent classes (Supplementary Table
3) and the means (and standard deviations) on the AUDIT problem
scores, summed over all seven questions, were 0.4 (1.3), 4.5 (3.2) and
12.2 (6.3). These results suggested that such a sum, hereafter called
the AUDIT-P, would provide a useful summary of alcohol problems.

Three cut points of varying severity were used for the AUDIT-P.
The first, 1+, indicated any problem at all. The second and third
cut points were set where there was a change in the majority latent
problem class: 3+ was where the change from the ‘never/seldom’ class
(Problems-LC1) to the occasional problem class (Problems-LC2) first
occurred and 10+ marked the start of a ‘more frequent problems’
(Problems-LC3) majority. These cut points were set without any
indication of relationships with AUDIT-C questions or alcohol
diagnoses. With three cut points for the AUDIT-P and two levels of
CIDI diagnoses (12-month disorder or 12-month dependence), there
were a total of five possible ‘outcomes’.

Does usual drinking frequency (Q1) matter?

Table 1 indicated that usual drinking frequency (Q1) has little
relationship to the AUDIT total score. In addition, the largest latent
consumption class contained individuals across the full range of
usual drinking frequency, as long as they drank only moderately per
drinking day (Q2 and Q3). These findings suggested that perhaps Q1
has little relationship to problems or diagnoses, conditional upon Q3.
Table 3 shows that the prevalence of problems or diagnoses depends
primarily on Q3, the frequency of drinking six or more drinks per
occasion, and is mostly independent of Q1. Nonetheless for drinkers

who binge monthly (Q3=1) the trend is for a lower prevalence of
alcohol problems (AUDIT-P cut points of 1+ or 3+) among more
frequent drinkers (p=.01, .01). In contrast, among drinkers who
binge weekly (Q3=3) the opposite trend is seen for alcohol diagnoses
(p=.02, .05).

Evaluation of the AUDIT-C, combinations and individual
questions as screening instruments

Receiver Operating Characteristic (ROC) curves were calculated
to compare the effectiveness of the AUDIT-C and other scores
based on the AUDIT-C questions as screening instruments for the
detection of alcohol problems and alcohol diagnoses. Figure 1 shows
the Receiver Operating Characteristic (ROC) curves for the standard
AUDIT-C scoring (Q1+Q2+Q3), (Q2+Q3), and Q3, Q2, and QI
individually, with their AUROC values. The AUDIT-C, (Q2+Q3)
and Q3 alone have ROC curves which are close, indicating that they
are approximately all as effective as screening instruments. Their
AUROC values differ by no more than 0.02 for any specific outcome.
AUROC values for the AUDIT-C range from 0.78 to 0.88 across the
outcomes. Drinking frequency (Q1) has much the lowest AUROC
whereas usual amount consumed (Q2) is only 0.04 to 0.07 below
the highest AUROC across the five outcomes. Drinking frequency
(Q1) performs poorly as a screener on its own and does not improve
AUROC in combination with Q2 or Q3 or Q2+Q3 (change from -0.08
to +0.03). More detailed comparisons of ROC curves are provided in
Supplementary Table 4.

The appropriate cut points to use for screening depend on the
condition screened for, the costs and benefits of hits, misses, false
alarms and correct rejections as well as on the population being
screened. As cut points of 3, 4 and 5 [4] have been suggested for the
AUDIT-C these are included in Table 4 which provides estimates of
sensitivity and 1-specificity.

Table 4 shows that for any consumption score, sensitivity
increases and false alarms (1-specificity) decrease as the prevalence
of the outcome decreases (prevalence estimates are provided in Table
3). Although 3+ on the AUDIT-C has been used in some studies,
here it produces false alarms of 66% or more for all outcomes. If 80%
sensitivity is desired then an AUDIT-C score of 4+ is appropriate for
detection of any AUDIT problems (score of 1+), 5+ is appropriate for
detecting problem scores of 3+, 6+ for detection of problems scored
at 10+, and an AUDIT-C score of 7+ is appropriate for detection of
12-month alcohol disorder or dependence. Sensitivity of around 80%
is obtained from (Q2+Q3) with scores of 2+ for detecting any AUDIT
problem, 3+ for detecting AUDIT-P 3+, and 4+ is required for the
three other outcomes. Any reports of binge drinking (Q3=1) indicate
AUDIT-P 1+, albeit with a false alarm rate of 50%, whereas binging
at least monthly (Q3=2+) provides sensitivity of around 80% for all
other outcomes.

Do relationships between alcohol consumption and
problems and diagnoses differ by age and sex?

Males were more likely than females to drink several times a
week, to consume heavily on a drinking day and to binge more often
(Table 5). There was a steep gradient across the age groups for these
quantities with the youngest age group the least likely to drink several
times a week but the most likely to consume heavily and to binge
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Table 3: Percentage with AUDIT problem scores or alcohol diagnosis in relation to drinking frequency (Q1) and frequency of drinking 6 or more drinks per occasion

(Q3).

AUDIT Problem Score 12 month alcohol diagnosis
Drinking 1+ 3+ 10+ Disorder Dependence
Frequency (Q1) N % (95% CI) % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl)

Q3=0 (Never)
Monthly or less 784 9.6 (7.2,12.6) 4.0(2.3,6.3) 0.8 (0.1, 2.3) 0.6 (0.1, 2.1) 0.6 (0.1, 2.1)
Up to 4 times/month 395 6.9 (4.2,11.0) 1.3 (0.4, 3.0) 0.6 (0.1, 1.9) 0.1 (0.0, 1.2) 0.1(0.0,1.2)
Up to 3 times/week 255 10.8 (6.9, 16.0) 3.7(1.7,7.4) 0.5 (0.0, 2.3) 0.0 () 0.0 ()
4 or more times/week 324 7.7 (4.7, 11.6) 3.1(1.4,5.7) 0.7 (0.1, 2.5) 0.0 () 0.0 ()
Test for trend, p F=0.23, p=.63 F=0.24, p=.63 F=0.05, p=.83 F=1.99, p=.16 F=1.99, p=.16
Q3=1 (Less than monthly)
Monthly or less 605 39.2 (34.2, 44.4) 13.5 (10.5, 17.1) 0.8 (0.2,1.8) 2.0 (0.8, 4.0) 0.9 (0.2, 2.5)
Up to 4 times/month 419 34.0 (28.6, 39.9) 11.8 ( 8.7, 15.9) 0.7 (0.1, 2.3) 0.9 (0.2, 2.4) 0.1(0.0,1.1)
Up to 3 times/week 272 29.0 (23.4, 35.3) 9.1( 5.7,13.7) 0.4 (0.0, 2.1) 0.4 (0.0,2.2) 0.0 (-)
4 or more times/week 226 30.7 (24.7, 37.4) 7.6( 4.5,12.0) 1.0(0.1, 3.6) 1.7 (0.3,5.2) 0.0 (-)
Test for trend, p F=6.45, p=.01 F=6.02, p=.01 F=0.00, p=.95 F=0.35, p=.55 F=3.27, p=.07
Q3=2 (Monthly)
Monthly or less 181 53.0 (43.0, 62.8) 27.8(19.7,37.7) 6.6 (2.1, 15.0) 7.3(3.4,13.3) 3.4 (0.9, 8.6)
Up to 4 times/month 275 62.3 (55.0, 69.1) 29.9 (23.4,37.3) 1.4(0.4,3.7) 5.1(2.5,8.9) 1.2(0.3,3.4)
Up to 3 times/week 178 57.7 (49.2, 65.7) 19.8 (13.7, 27.9) 1.2(0.1,5.5) 3.0 (0.6, 8.3) 1.4 (0.0, 6.9)
4 or more times/week 174 46.7 (38.7, 55.0) 22.1(15.3,30.8) 1.5(0.2,5.6) 3.4(1.2,7.7) 1.0(0.0,5.2)
Test for trend, p F=2.59, p=.11 F=2.59, p=.11 F=2.30, p=.13 F=2.57, p=.11 F=1.27, p=.26
Q3=3 (Weekly)
Monthly or less? 14 - - - - -
Up to 4 times/month 203 67.8 (58.4, 75.9) 48.8 (39.1, 58.6) 5.8 (2.8,10.4) 10.6 (7.0, 15.8) 4.3(1.9, 8.0)
Up to 3 times/week 239 78.1 (70.8, 84.0) 56.1 (47.3, 64.6) 13.2 (8.1, 20.7) 20.3 (14.6, 27.3) 8.0 (4.8, 12.6)
4 or more times/week 210 72.7 (65.1, 79.1) 51.1 (43.0, 59.1) 11.3 (6.7, 17.8) 22.8(16.1, 31.1) 10.5 (6.1, 16.6)
Test for trend, p F=0.34, p=.56 F=0.02, p=.88 F=1.80, p=.18 F=5.15, p=.02 F=3.95, p=.05
Q3=4 (Daily or almost daily)

<4 times/week® 5 - - - - -
4 or more times/week 47 93.3 (82.0, 98.6) 76.0 (59.7, 88.2) 415 (25.2,59.2) 17.7 (8.5, 30.8) 13.1 (5.3, 25.3)
Overall Prevalence 4823 (32.3;3‘,1:6.3) (15.??8.2) (2.5,'83.4) (3.:(4)1.8) (1.2,'72.2)

alnconsistent response(s) as cannot usually drink (Q1) less often than drink 6 or more drinks (Q3)

more frequently (Table 5). Hence there were age and sex differences
on the composite measures.

There were also age and sex differences in the prevalence of the
five outcomes. 42.0% (39.5, 44.6) of males and only 26.5% (24.5,
28.7) of females had an AUDIT problem score of one or more, while
5.7% (4.6, 7.1) of males met criteria for 12-month alcohol disorder
compared with 2.2% (1.7, 2.9) of females. Age differences were
even more marked. Among 16-24 year olds 60.4% (55.2, 65.4) had
an AUDIT problem score of one or more but only 8.0% of those
aged 65 or more had such a score. For 12-month alcohol disorder
the prevalence for these two age groups was 10.4% (7.9, 13.5) and
0.1% (0.0, 0.6). No 12-month alcohol dependence was observed in
the oldest age group.

In spite of the age and sex differences in consumption and
outcomes the AUROC values were close for males and females and
also differed only a little by age group. Drinking frequency (Q1) had
a somewhat higher AUROC for 16-24 year olds than for the other age
groups across all five outcomes. For example, for an AUDIT problem
score of one or more, the AUROC values across the four age groups
were: 0.69, 0.59, 0.63 and 0.66.

Nonetheless similar AUROC values conceal differences in the
optimal cut-point for males and females, and for age groups. For
example, if sensitivity of around 80% is required, then for detection
of any problem on the AUDIT, a cutpoint of 5+ on the AUDIT-C
is required for males (sensitivity 79%, 1-specificity 39%) whereas
4+ is appropriate for females (sensitivity 78%, 1-specificity 43%).
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Table 4: Sensitivity and 1-specificity (false alarm rate) for detection of alcohol problems or diagnoses in relation to AUDIT-C question scores.

AUDIT Problem score 12 Month Alcohol Diagnosis
Positive 1+ 3+ 10+ Disorder Dependence
Scores Sensitivity 1-Spec Sensitivity 1-Spec Sensitivity 1-Spec Sensitivity 1-Spec Sensitivity 1-Spec
AUDIT-C (Q1+Q2+Q3: usual frequency + usual amount + frequency of 6+ drinks per occasion)
2+ 97 82 98 85 96 87 98 87 95 87
3+ 93 66 96 71 94 75 97 74 94 75
4+ 84 49 88 55 93 60 95 60 91 61
5+ 73 29 81 37 87 43 95 42 91 44
6+ 59 16 72 23 83 30 89 29 88 30
7+ 41 9 57 13 73 19 81 18 80 19
8+ 30 5 44 7 64 12 67 11 73 12
9+ 19 2 31 3 55 7 54 6 61 7
Q2+Q3 (usual amount + frequency of 6+ drinks per occasion)
1+ 94 56 95 64 92 69 98 68 94 69
2+ 80 34 87 42 89 49 96 48 94 49
3+ 63 19 75 26 88 33 93 32 89 34
4+ 49 12 61 17 76 23 82 22 85 23
5+ 35 6 48 10 66 15 71 14 75 15
6+ 23 3 36 5 55 9 50 8 57 9
Q3 (frequency of 6+ drinks per occasion)
1+ 91 50 93 58 91 63 98 62 94 63
2+ 59 17 72 23 83 30 87 29 88 30
3+ 31 5 47 8 69 13 68 12 73 13
Bold values indicate sensitivity closest to 80% and the associated 1-specificity.
Table 5: The percentage with high scores on each of the consumption questions in the AUDIT (Q1-Q3), by age and by sex.
Alcohol consumption among past-year drinkers (N=4823)

Drinking 4+ Errii:lkinge%m 6+ drinks per occasion (Q3) —

times/week (Q1) drinking day (Q2) Weekly Daily or almost daily (Q1+Q2+Q3) Q2+Q3

% (95% Cl) % (95% Cl) % (95% Cl) % (95% CI) Mean (SD) Mean (SD)
Age group
16-24 9.2 (6.6, 12.6) 25.0(20.9,9.7) 27.2(22.7,32.2) 1.0 (0.4, 2.5) 5.7 (4.6) 3.73.7)
25-44 18.0 (16.0, 20.2) 10.0 (8.5, 11.7) 13.3(11.6, 15.3) 1.1 (0.7, 1.8) 4.6 (3.6) 2.2 (3.0)
45-64 29.0 (26.3, 31.9) 3.0(2.2,4.0) 9.3(7.7,11.1) 1.4 (0.9, 2.2) 4.0 (3.0) 1.5(2.6)
65+ 40.9 (36.8, 45.2) 0.9 (0.4, 1.9) 4.9(3.3,6.9) 0.8 (0.4, 1.8) 3.5(2.7) 0.7 (1.8)
Sex
Male 25.7 (23.7, 27.8) 12.0 (10.4, 13.8) 18.5 (16.6, 24.6) 1.9(1.3,2.6) 5.1 (4.0) 2.6 (3.4)
Female 19.4 (17.5, 21.4) 6.1(5.1,7.4) 7.7 (6.5,9.1) 0.4 (0.2,0.7) 3.8(3.1) 1.6 (2.7)
Total 22.7(21.3,24.1) 9.2(8.1,10.4) 13.1(12.0, 14.6) 1.1(0.8,1.5) 4.5 (3.7) 2.1(3.1)

Similarly for detection of 12-month alcohol disorder a cutpoint of 7+
is required for males (sensitivity 86%, 1-specificity 24%) whereas 6+
is appropriate for females (sensitivity 85%, 1-specificity 20%). Similar
trends were shown across age groups but not so clearly indicating a
change in cut-point (tables available on request).

Logistic regression models were used to predict each outcome
from age group, sex and consumption measures (AUDIT-C or Q2Q3

or Q3). Full models were run for two outcomes (AUDIT-P 1+ and
AUDIT-P 3+). The oldest age group was omitted from other models
because of very low outcome prevalences. Figure 2 shows for males
and females and for each age group the percentage with at least one
AUDIT Problem (AUDIT-P=1+) for each score on the AUDIT-C,
(Q2+Q3) or Q3. This figure shows that for most consumption scores
males were slightly more likely than females to experience at least
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one problem whereas age differences were much more consistent,
with the percentage with a problem decreasing with age. Sex and age
trends were similar for other outcomes.

All three consumption measures remained strong and highly
significant predictors (p<.0001) of all five outcomes even with age
group and sex in the models (tables available on request). Males were
more likely than females to have problems or disorder with risk ratios
ranging from 1.2 to 1.8, which were not always significant. There
was a consistent decline in outcome prevalence from the youngest
to the oldest age group for all models. For example, for the AUDIT
3+ outcome, with AUDIT-C as the consumption measure and the
age group 25-44 years as the reference group, the risk ratios from
youngest to oldest age groups were 1.4, 1.0, 0.6, 0.3, p<.0001.

Discussion

The results presented in this paper from the New Zealand Mental
Health Survey (NZMHS) demonstrate that drinking frequency in
the past year correlates poorly with the total AUDIT score, varies
within the largest latent class of drinkers who are otherwise similar
in the amount consumed per occasion, is largely unrelated to alcohol
problems or diagnoses when binge drinking frequency is taken into

ROC Curves for Comparisons

ROC Curves for Comparisons

account, and is of little use as a screener. Drinking frequency is a
poor indicator of alcohol problems or alcohol diagnoses in the past
year. Findings from drinking cultures as different as Switzerland [20]
and Sweden [17] as well as in nine European countries [38] support
this conclusion. Many people who drink frequently drink only small
quantities per occasion. Consequently the NZMHS results show that
the AUDIT-C is no better and perhaps slightly worse as a screener
than the sum of usual amount plus the frequency of ‘binges’ (6+ drinks
per occasion). Binge frequency alone is nearly as good a screener as
the AUDIT-C, as also found by Bush and Bernards [18,39]. Binge
frequency has also been found useful as a first question to determine
whether or not further questioning should occur [8] and is found as
one of the items in most alternative short versions of the AUDIT:
the AUDIT-C, the AUDIT-3 (Q3 alone), the AUDIT-4 [4]. A recent
meta-analysis [40] indicated that a question about binge drinking was
the most successful screening question although additional questions
were required for adequate sensitivity and specificity.

Even so there are several reasons for assessing drinking frequency.
The most important is that the amount of alcohol consumed per unit
time requires this information, and volume as well as patterns of
drinking behaviour are predictive of physical consequences [41-43].
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Figure 1: Receiver operating characteristic (ROC) curves for five outcomes in relation to five consumption screening measures.
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Figure 2: The percentage with an AUDIT-P score of 21 for each AUDIT-C, Q2+Q3 or Q3 score separately by sex or by age group.

In addition, drinking frequency is a non-threatening first question
with negligible non-response. For clinicians dealing with individuals
and for those concerned about populations it is one of the most basic
aspects of drinking behaviour to ascertain.

Formerly suggested cut points for the AUDIT-C have been 2+
to 5+ [4,44] but 5+ is what is generally used for community samples
[4]. The NZMHS has found that even 5+ is too low for detection
of multiple problems or alcohol diagnoses. Lower cut points have
been suggested for women [4,10] and the NZMHS data supports a
reduction of one score. Age differences were also shown in NZMHS,
as found by Rubinsky et al., but did not indicate a need to change
cut points [45]. Younger drinkers report more negative consequences
for the same consumption score. This may relate to other aspects of
their drinking and their behaviour. It may also reflect limitations
in the AUDIT questions. The maximum category for usual amount
consumed is 10 or more drinks so this item does not discriminate
among heavy drinkers: for example those who consume 10 drinks and
those who consume 20 drinks. Similarly the frequency of drinking six
or more drinks per occasion does not differentiate between higher
quantities such as six drinks or ten drinks. What is perhaps surprising
is just how predictive these three AUDIT questions about alcohol
consumption are.

Advantages of this study are that it uses data from a large,
nationally representative sample with an acceptable response rate, in
which alcohol consumption, problems and diagnoses were measured.
A variety of types of analyses were carried out. Nonetheless the
data used is cross-sectional and cannot indicate the long-term

consequences of drinking. Other limitations relate to what was
measured. Only frequency and quantity were assessed, not the context
of drinking such as location, company and whether or not drinking
was with meals. Another measurement limitation is that the negative
consequences of alcohol were measured only through the psychiatric
diagnoses of alcohol abuse or dependence, or the AUDIT problem
questions which were selected to predict abuse or dependence [3].
The only physical consequence measured was injury due to drinking
(AUDIT Q9).

The WHO has classified New Zealand as having a drinking pattern
of 2.0 (some heavy drinking), along with most other English speaking
countries (Australia, Canada, UK, USA). These countries also have
mid-range per capita consumption and a non-trivial minority who
are past-year abstainers [46] (Tables 1-3). Therefore the results from
the NZMHS would be expected to be broadly applicable to these
other countries. They may also apply to countries with mainly regular
low volume consumption, as in Spain, although perhaps not to those
with infrequent heavy consumption as in Mexico.

In summary, this study shows usual amount of alcohol usually
consumed and the frequency of heavy per-occasion drinking in the
past year are useful as screening questions for alcohol problems
or alcohol diagnoses in that period. However, the frequency of
consuming alcohol per se is of little use in such screening.
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