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Abstract
Background: Recent studies suggest that young adult participation in, and volume of, alcohol
consumption has decreased. However, the evidence on trends in harmful alcohol consumption in this
age group is limited. The current paper aims to examine changes over time in harmful alcohol

consumption using a robust, widely employed measure.

Methods: The literature was systematically searched forarticles reporting on Alcohol Use Disorders
Identification Test (AUDIT) scores in young adults aged 18-24 years. The key data extracted were
year of measurement and mean AUDIT score (proportion above clinical cut-off was not relevant for

these analyses). Cross-temporal meta-analysis was applied to the extracted data.

Results: A decrease was found in young adults” AUDIT scores measured between 1989 and 2015 (b=
0.13, p=-0.38, p=0.015, 95% CI=-0.24,-0.03), representing a 0.63 standard deviation change over this
period. Variance did not change over thistime, suggesting scores decreased equally over the

distribution.

Conclusions: Results indicate that harmful alcohol consumption in young adults may have declined
between 1989 and 2015. Despite the continued problems posed by dependence and short and long-
term harms, these promising findings offer hope that the considerable alcohol-related disease burden
in this age group may be reduced. Ongoing data collection is required to evaluate whether these
declines in young adulthood persist into later life, and future research should explore the reasons for

declining harmful alcohol consumption in young adults.
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1. Introduction

Alcohol use is one of the leading contributors to the burden of disease worldwide, and for those aged
15 to 49 years it is the largest risk factor for death and disability (Griswold et al., 2018), with harmful
patterns of alcohol consumption established early in the life course. However, epidemiological
research indicates that alcohol consumption has been decreasing in Western countries. From 1990 to
2017, volume of consumption per capita for adults significantly decreased in Australasia and Western
Europe, and showed a downward trend in Central and Eastern Europe (Manthey et al., 2019). While
drinking participation rates increased in North America between 1990 and 2017, per capita alcohol
consumption remained stable, indicating that those who do consume alcohol are consuming less

(Manthey etal., 2019).

Although young adults — generally defined as 18-24 years — tend to have the lowest alcohol
abstinence rates in absolute terms (Livingston et al., 2016), age-period-cohort analyses in countries
such as Australia (Livingston et al., 2016), Great Britain (Meng et al., 2014), Sweden (Krausetal.,
2015) and Russia (Radaev and Roshchina, 2019) have begun to show decreased drinking participation
among more recent cohorts of young adults. In Australia, past-year abstinence among those aged 18-
24 years rose from 11% in 2004 to 19% in 2016 (Australian Institute of Health Welfare, 2017), and in
this same age group in England, current abstinence increased from 15% in 2005 to 24% in 2015 (Ng
Fatet al., 2018). Similarly, in the US, the proportion of college entrants who drank wine or beer at
least occasionally decreased consistently between 1985 and 2016 (Twenge and Park, 2019). Lifetime,
annual, and past 30-day consumption also declined for both college-enrolled and non-student young

adults (19-28 years) in the US from 1987 to 2015 (Johnston et al., 2016).

Volume of consumption, too, appears to have declined in this age group. For example in Australia,
young adultsbornin the early-to-mid 1990s reported markedly lower annual consumption than young
adults born twenty years prior (Livingston and Vashishtha, 2019), and drinkers in more recent cohorts

in Great Britain are also consuming less (although not significantly so for women; Mengetal., 2014).

However, a limitation of the extant research is that measures of consumption focusing on

participation/abstinence rates and volume of intake fail to capture changes in harmful alcohol



consumption. While these data do exist, harmful alcohol consumption is loosely defined and
conceptualised across studies, with indicators of change often derived from narrow and disparate

measures. This is also reflected in the use of varying terminology in the literature (Roche, 2009)

Harmful alcohol consumption has been conceptualised by some as ‘risky’ or “hazardous’ drinking,
which could referto short or long-term engagement in heavy, frequent or binge drinking, or else to
exceeding volume and frequency thresholds that align with a specific level of risk for alcohol-related
injury and disease. Altematively, others have conceptualised harmful alcohol consumption asactual
alcohol-related harms, such as acute and chronic harmsto mental and physical health, social
consequences of drinking, meeting criteria for alcohol dependence or abuse, or population-level

outcomes like hospital presentations or alcohol-related road traffic accidents.

Further, the way data has been collected and analysed has changed over time, including between-
wave alterations to survey methodologies (Livingston and Vashishtha, 2019), as well as changes to
whether an injury or presentation is recorded as alcohol-related (Livingston, 2008). Moreover, the
popularity of survey instruments and procedures for deriving population-level data vary within and
across countries. Instruments may vary when incorporating country-specific definitions of standard
drinks or risky drinking thresholds (Livingston and Vashishtha, 2019), and often differ in the period
of preceding time to which a given measure’s questions about alcohol consumption refer, which may

impact responses (World Health Organization, 2000).

These issues make data aggregation and comparison problematic, and it is perhaps for this reason that
trends in this area are unclear. For example, a recent study of a US sample (aged 18-29 years) found
increases in the prevalence of past-year high-risk drinking (exceeding daily drinking limits at least
weekly) and of DSM-IV alcohol abuse or dependence (Grantetal., 2017). A 2011 systematic review
of studies from multiple countries also found increases in alcohol-related problems among younger
birth cohorts (for most studies this meant meeting criteria for abuse or dependence; Keyes etal.,

2011).



On the other hand, Livingston and Vashishtha (2019) found that various survey-based measures of
risky drinking had declined in many high-income Western countries for young adults over the last 10
to 15 years. The authors, however, stressed caution in interpreting the data on aggregate because of
the heterogeneity of measures used, which include heavy episodic drinking, single occasion risky

drinking, long-term risky drinking, and drinking above country-specific acute or chronic guidelines.

There is a clear need for analyses of more stable, uniform measures of harmful consumption. This
research question is especially important, as identifying trends in alcohol consumption is a crucial first
step in elucidating temporal or cohort-specific influences that drive drinking behaviour (Keyesetal.,
2011; Slade etal., 2016), and understanding changes in harmful alcohol consumption is key to
informing prevention, treatment and public health policy (Keyes etal., 2011; Livingston et al., 2016).
This is particularly true for young people, where evidence suggests patterns of consumption in youth

are predictive of alcohol-related problems in adulthood (McCambridge et al., 2011).

Data from a variety of samples measured consistently over time against one common metric is
required for a robust analysis of trends in young adults’ harmful alcohol consumption. The 10-item
Alcohol Use Disorders Identification Test (AUDIT; Saunders et al., 1993) provides a promising target
for analysis of changes over time. The AUDIT was developed as a screener for hazardous and harmful
consumption, which means it detects consumption consistent with being at risk for
physical/psychological harms as well as consumption that has already resulted in such harms. While
this means the AUDIT reflects a broad conception of harmful alcohol consumption, key here is that it
is a uniform, stable instrument that allows for comparison across samples and over time — obviating

the need to compare narrow, disparate findings dependent on time and place of measurement.

The AUDIT is designed to identify less severe or less established harmful consumption (Saunders et
al., 1993), meaning it is particularly well suited to young adults, who may not yet display the severe
dependence or harms that other instruments or population-level dataaim to capture. The AUDIT
demonstrates strong psychometric properties, is well-established and, importantly for the purposes of

this research, is widely utilised in the literature (Reinert and Allen, 2007).



The present study will examine changes over time in harmful alcohol consumption, as measured by
the AUDIT. To do so, a systematic search of the literature will be conducted to identify studies that
have administered the AUDIT, and cross-temporal meta-analysis (CTMA) will be applied to the
extracted data. CTMA (Twenge, 1997a, b) is used to compare scores on a given instrument for
different generations taken at the same age/age range, thus capturing both cohort and time period

variance (together comprising “generational change”; Campbell et al., 2015).

Unlike standard meta-analytic techniques which compare effect sizes, CTMA examines how the mean
score on a specific metric has changed overtime; regressing mean scores on year of data collection.
As such, in contrast to its application as a screening instrument where cut-off scores are the value of
interest, the present study — focused on broader generational change — will utilise AUDIT means.
CTMA enables the calculation of an overall effect size representing the magnitude of change over
time. Other benefits of CTMA are that it eschews retrospective reporting (Twenge et al., 2010) and
allows for weighting by sample size and variance. These weightings allow larger samples, which are

more likely to reflect the population, to have a greater contribution.

The aim of this research is to assess changes over time in the degree to which young adults have been
engaging in harmful alcohol consumption, using up-to-date data derived from a systematic search for

all available research.

2. Methods

2.1. Literature search and study inclusion

The literature was searched for all published studies using the AUDIT or AUDIT-C scales for
adolescents and/or young adults. For the purposes of comparison, we also sought to apply these same
methods to examine trends in adolescent harmful alcohol consumption, aswell as changes in alcohol
intake itself viathe three-item AUDIT Alcohol Consumption Questions (AUDIT-C; Bushetal.,
1998). The AUDIT-C consists of the first three items of the AUDIT and measures average quantity,

frequency and heavy episodic drinking.



Systematic searches of the Medline, EMBASE and Psyclnfo databases were performed in July 2017.
The search strategy involved combining terms related to alcohol use and AUDIT or AUDIT-C scales
(see Table S1 for Medline search terms). The search was limited to research papers and English
language publications. Search terms related to age were not employed to ensure that articles

containing data on young people were not incorrectly excluded.

2.2. Inclusion and exclusion criteria

Papers were included if they contained data that: 1) allowed for AUDIT or AUDIT-C means and
standard deviations to be extracted or calculated; 2) were specific to those aged 12-17 years or 18-24
years (or parts thereof); 3) included at least 10 participants; 4) contained both males and females; 5)
did not exclude abstainers; 6) was gathered from an unselected group/general population (i.e., no
specific or clinical populations except for age-based orschool or college students); 7) was reported as
part of an original research paper and not reported elsewhere previously; 8) was not part of a thesis or
dissertation; 9) was reported in English. For the purposes of this study, college or university samples
with age ranges that included mature age students were retained, given most individuals in these
samples belonged to the young adult range of interest. In other cases, samples where the age range

exceeded the relevant age category by more than one year were excluded (e.g., 10-16 years).

2.3. Data screening

After duplicates were removed, combined records numbered 2,584. The titles and abstracts of these
were screened for relevance by one of the study authors (RV). A total of 511 full text articles were
then retrieved and examined against the inclusion criteria by three of the study authors (RV, KP and

LM).
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) diagram of

search and study selection.



2.4. Data extraction

To performthe CTMA, the mean AUDIT/AUDIT-Cscore, standard deviation, and year of data
collection were extracted using a standardised data extraction form. Consistent with previous
analyses, year of data collection was coded as two years prior to publication date if not otherwise
specified (Twenge, 2000). Where multiple measurements of the same sample were taken, only the
baseline/first measurements were extracted (there was only one such study). If multiple independent
samples were reported in the same paper, each were extracted separately (reflected in Table 1 with
‘a’’b’). Where means or standard deviations were reported for subgroups only (e.g., for males and

females separately), overall means and standard deviations were calculated.

2.5. Final sample

The systematic literature search returned 44 studies providing data that met the inclusion criteria (see
Figure 1). Two paperscontained two independent sets of relevant data, yielding a total of 46
individual samples (37 young adult, 19 adolescent). Seven of these samples provided AUDIT-C data,
36 provided AUDIT data, and three provided both. Thisresulted in 39 AUDIT samplesin total (32
young adult, seven adolescent), and 10 AUDIT-C samples in total (eight young adult, two
adolescent). While analyses were planned for both adolescent and young adult groups, as well as for
both AUDIT and AUDIT-C means (four regressions in total), the search did not retum adequate
adolescent samples for either measure nor enough young adult AUDIT-C data. As such, studies that
provided AUDIT-C dataonly were removed, as were the adolescent AUDIT samples. This left 32
young adult AUDIT samples collected between 1989 and 2015, comprising 25,191 individuals (see

Table 1 for full details).
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Table 1

Information for studies included in the cross-temporal meta-analysis (n=32).

Study first author (year)Year data Sample  Country N Mean SD W
collected type
Fleming (1991) 1989 U United States 989 9 5.8 29.40
Clements (1998) 1996 U United States 306 3.9 3.8 2119
Lennings (1998) 1996 U Australia 183 7.5 5.9 5.26
Kypri (2002) 2000 U New Zealand 1480 8.92 6.82 31.82
Stahlbrandt (2007) 2000 U Sweden 556 9.8 5 22.24
Andersson (2007) 2003 U Sweden 2032  7.29 4.65 93.98
Kills Small (2007) 2005 U United States 88 9.24 6.18 2.30
O’Brien (2010) 2005 U Australia 1028 10.13 6.59 23.67
Blomeyer (2013) 2006 CS Germany 268 4.55 4.26 14.77
Zverev (2008) 2006 U Malawi 787 8.30 8.10 12.00
Hallett (2012) 2007 U Australia 7237  7.40 6.43 175.04
Young (2008) a 2007 U South Africa 2049 8.94 7.20 39.53
Balodis (2010) 2008 U Canada 90 7.66 5.42 3.06
Young (2010) 2008 U South Africa 318 8.23 6.57 7.37
Young (2008) b 2008 U South Africa 1119 8.84 6.90 23.50
Moreno (2012) 2009 U United States 224 5.80 490 9.33
Olthius (2011) 2009 U United States 1555  6.10 5.90 44.67
Prat (2011) 2009 U Spain 517 4.53 3.80 35.80
Claros (2010) 2010 U United States 199 4.67 4.38 10.37
Ridout (2012) 2010 U Australia 158 9.43 6.05 4.32
Kreusch (2013) 2011 U Belgium 61 8.93 537 2.16
MacKillop (2013) 2011 U United States 354 6.57 5.23 12.94
Young (2013) 2011 U United States 200 5.33 5.05 7.84
Choi (2015) 2013 U South Korea 448 13.34 7.99 7.02
Snipes (2015) 2013 U United States 751 4.83 5.39 25.85
Whitney (2015) 2013 U United States 62 8.55 6.11 1.66
Baranger (2016) 2014 U United States 727 4.85 3.76 5142
Lindgren (2016) a 2014 U United States 360 5.22 4.89 15.06
Lindgren (2016) b 2014 U United States 450 5.37 4.76 19.86
Marczinski (2016) 2014 U United States 146 6.19 4.61 6.87
Brunelle (2017) 2015 U Canada 175 7.30 5.11 6.70
Pereira-Morales (2017) 2015 U Colombia 274 4.70 4.30 14.82

Notes: U = university sample; CS = cohort study (specifically, the Mannheim Study of Children at

Risk); w = inverse of the sample variance.

2.6. Cross-temporal meta-analysis (CTMA)

Consistent with previous CTMAs, we calculated simple correlations between mean AUDIT scores

and year of data collection, as well as bivariate regressions weighted by sample size and the inverse of

the sample variance (w) (Mackenzie et al., 2014; Twenge and Campbell, 2001; Twenge et al., 2004).

The variance was calculated by multiplying the within-study standard deviation by 1/n of that study,

and this number was then inverted to produce w. Sensitivity analyses were also performed where the
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data was winsorized so that mean AUDIT outliers beyond the 5" and 95" percentiles were brought

up/down to these limits.

To determine the size of the effect, a magnitude of change score/cross-temporal effect size (d) was
calculated. Using the regression equation weighted by w, AUDIT scores for the earliest and latest
years were computed, and subtracting the former from the latter, a difference score was produced.
This difference score wasthen divided by the average standard deviation for all studies (i.e., the mean
of study standard deviations and not an overall standard deviation based on sample means, avoiding
the ecological fallacy; Twenge et al., 2004), yielding the effect size. Analyses were conducted with R
(version 3.5.1) using the packages DescTools (Signorell et al., 2019; to perform winzorisation) and
QuantPsyc (Fletcher, 2012; to obtain standardised betas), the script for which is available in the

supplementary material. The package ggplot2 (Wickham, 2016) was used to generate the figure.

3. Results

3.1. Mean scoresand year

There was a negative correlation between mean AUDIT score and year of data collection (r=-0.21,
p=0.239,95% CI=-0.52, 0.15). Bivariate linear regressions displayed a stronger relationship when
weighted by sample size (b=-0.12, p=-0.34, p=0.042, 95% C1=-0.23, -0.00) and by inverse variance
(b=-0.13, p=-0.38, p=0.015, 95% CI=-0.24, -0.03), indicating that young adults’ harmful alcohol
consumption decreased between 1989 and 2015 (Figure 2). Adding a quadratic term (year*year) to
evaluate the non-linear relationship between harmful alcohol consumption and time did not improve
the model [weighted by inverse variance; F(1,29)=2.18, p=0.150]. Sensitivity analyses using
winsorized data did not result in a change of size nor direction of effect for the unweighted correlation
(r=-0.31, p=0.080, 95% CI=-0.60, -0.04) or linear regressions (weighted by sample size: b=-0.14, p =-
0.44, p=.007, 95% CI=-0.23, -0.04; weighted by inverse variance: b=-0.14, 3 =-0.47, p=.004, 95%
Cl=-0.24, -0.05). Sample standard deviations did not change over this period (r=-0.13, p=0.48, 95%

Cl=-0.46, 0.23).
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Figure 2. Mean AUDIT scores for young adults between 1989-2015. Larger data points reflect larger

inverse variance for the sample.
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3.2. Magnitude of change

The magnitude of change (d) was calculated using the regression equation weighted by inverse
variance (unstandardized beta=-0.13, intercept=274.40). This produced an estimated AUDIT score for
the year 1989 of 9.38 and for 2015 of 5.92. The difference score (-3.46) divided by the average
standard deviation yielded an effect size of -0.63, representing a 0.63 standard deviation decrease in
young adults” AUDIT scores over the 26-year period. Thisis a medium-to-large effect size according

to Cohen’s guidelines (Cohen, 2013).

3.3. Restricting analysesto US samples

As the country contributing the most samples, analyses were also performed separately for US studies
(14 samples; 6411 individuals). As in the main analyses, the unweighted correlation displayed a
negative relationship (r=-0.33, p=0.255, 95% CI=-0.73, 0.25), growing stronger when weighted by
sample size (b=-0.13, p=-0.56, p=0.003, 95% CI=-0.20, -0.05) and inverse variance (b=-0.10, p=-
0.45, p=0.027,95% CI=-0.19, -0.01) in bivariate regressions (see Figure S1). Visual inspection of the
plotted data pointsdid not suggest the presence of outliers, so winsorization was not performed.
Adding a quadratic term did not improve the model [weighted by inverse variance; F(1,11) =1.51,
p=.245]. Again, as for the full sample, sample standard deviations did not change over this period (r=-

.12, p=.689, 95% C1=-0.61, 0.44).

Using an unstandardized beta of -.10, an intercept of 206.63, and the year range 1989-2014, the
magnitude of change was estimated to be -.49, representing a .49 standard deviation decrease in US
young adults” alcohol use over the 25-year period. This is a medium effect size according to Cohen’s

guidelines (Cohen, 2013).

4. Discussion

To the best of the authors” knowledge, this study provides the first analysis of changes over time in
young adults’ harmful alcohol consumption as captured by a stable, widely employed instrument, and
based on a systematic search forall available data. Harmful consumption in this age group, as

measured by the AUDIT, appears to have decreased from 1989 to 2015. Sample standard deviations
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did not change significantly over time, suggesting that harms decreased equally over the distribution

(Twenge etal., 2010).

Our findings are consistent with previously reported declines in drinking participation and volume of
consumption in this age group. Together, this is preliminary evidence that, in addition to abstaining
more and drinking in smaller volume, young adults are engaging in less harmful alcohol consumption.
These encouraging findings offer hope that the considerable alcohol-related disease burden in this age
group may be alleviated. Future assessment of harmful alcohol consumption is needed to determine

whether subsequent cohorts of young adults continue this trend.

Ongoing data collection is also required to evaluate whether lower harmful consumption in young
adulthood persistsinto later life. However, given that existing research already suggests youth alcohol
consumption is associated with later drinking behaviourand health, the present findings may herald

improved outcomes extending into adulthood for more recent cohorts of young adults.

That said, it should be noted that the present findings largely reflect trends in immediate or short-term
consequences of drinking. As such, while the kind of alcohol consumption that presents a risk to
functioning and health in the short term may have declined, it is possible that the harms that
accumulate more slowly and present later in life, such as physical health conditionsto which alcohol

contributes, will still accrue.

While the present study sheds no light on why harmful alcohol consumption in young adults may be
declining, reasons proffered by other researchers for decreasing consumption in young people more
generally include delays in initiation to consumption, a greater understanding of the harms caused by
alcohol, increased digital socialising, and health promotion efforts/prevention programs (Ng Fat et al.,
2018; Pennay et al., 2015). Changes in availability and pricing policy may also contribute to

consumption trends but are less applicable to the present research given the policy variation across
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included countries. Future research should examine the factors driving decreases in harmful alcohol

consumption in young adults.

The strength of this study lies in the novel approach employed to address this research question.
Analysis of a robust measure of harmful alcohol consumption means the present findings make an
important contribution to the existing literature, which thus far has been limited by the use of
disparate, unstable measures of specific outcomes that are difficult to compare. Applying the CTMA
method allowed for analysis of a common metric over time, with the additional advantages of
enabling the incorporation of sample size and variance, and the production of an overall estimate of

the magnitude of change overtime.

Despite these methodological merits and the important implications of this study, several limitations
should be noted. While the robust nature of the AUDIT was a strength, its breadth obscures whether
declines have occurred across the AUDIT s three dimensions of volume/frequency of consumption,
dependence, and adverse consequences. That s, it is possible that AUDIT score trends could be
masking more specific, diverging trends — which may partially explain the inconsistent findings to
date in this area. Importantly though, the inclusion of questions reflecting these three dimensions was
deemed optimal for constructing a general purpose tool to detect risk for, and actual, alcohol-related

harms (Saunders etal., 1993).

The AUDIT has been used widely in the decades since its development, providing this study with
samples spanning 26 years and 12 countries. However, as previous CTMA studies have found
(Twenge, 2001), many papers that would have otherwise provided data meeting inclusion criteria
failed to report means, instead reporting on the proportion of participants meeting diagnostic cut-offs.
This resulted in a small sample size forthe present study, and also meant it was not possible to

examine changes in AUDIT-C scores, or corresponding trends in adolescents.
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Contributing the most samples of any individual country, subgroup analyses were performed for the
US samples, producing similar results to the main analyses. Apart from this analysis, the number of
samples prevented thorough examination of geographic exposures. While the included countries were
overwhelmingly high-income Western ones, the present study would have benefited from such
analyses, as the same kinds of temporally variant environmental factors assumed to drive
consumption trends also vary across countries. However, it is important to note that the sample size
(and year spread) was appropriate for the analysis that was employed, being comparable to previous

CTMAs (Donnelly and Twenge, 2017; Wegman et al., 2018).

Additionally, given relatively few samples from earlier years of the 1989-2015 range, analyses relied
disproportionally on later data points. And while the AUDIT’s strength lies in it being a stable,
uniform measure, potential response biases may mean that apparent changes in the nature of
consumption over time to some extent reflect changes in the reporting of alcohol consumption instead

(Keyes etal., 2011), in addition to secular changes in drink sizes and strengths.

The data were also overwhelmingly collected in university samples, so it is possible that the present
findings do not extend to non-student young adults. One series of US surveys sampling both student
and non-student young adults did find decreases in both groups from 1980 to 2015 on various

measures of alcohol consumption, but trends were more closely synchronised for some measures of

consumption (e.g. annual prevalence) than others (e.g. past 30-day daily use; Johnston et al., 2016).

Finally, despite CTMAs strengths, it cannot separate the effects of cohort and time period (Rudolph
etal., 2018). That s, our results indicate AUDIT scores have decreased in young adults, but to what
extent this is due to cohort-specific factors or to broader temporal exposures is unclear. CTMA has
also been criticised for systematically misestimating effect sizes, and forassuming that cohort

changes are necessarily evident in changes in group means overtime (Rudolph et al., 2018).

5. Conclusions
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Alcohol consumption in young people is a pressing public health issue, leading to high rates of
dependence, short- and long-term harms, and considerable disease burden. While still an area of
significant concern, the present findings indicate that harmful alcohol consumption, as measured by
the AUDIT, appears to have decreased for young adults from 1989 to 2015. This offers hope for a
reduced alcohol-related disease burden in this age group, and the potential for improved drinking and

health outcomes as these cohortsage.
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