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Abstract

In 2018, Scotland introduced a minimum unit price (MUP) for alcohol to reduce alcohol-
related harms. We aimed to study the association between MUP introduction and the
volume of prescriptions to treat alcohol dependence, and volume of new patients receiv-
ing such prescriptions. We also examined whether effects varied across different socio-
economic groups. A controlled interrupted time series was used to examine variations of
our two outcomes. The same prescriptions in England and prescriptions for methadone
in Scotland were used as controls. There was no evidence of an association between
MUP implementation and the volume of prescriptions for alcohol dependence (immediate
change: 2.74%, 95% CI: -0.068 0.014; slope change: 0% 95%CI: -0.001 0.000). A small,
significant increase in slope in number of new patients receiving prescriptions was ob-
served (0.2% 95%CI: 0.001 0.003). However, no significant results were confirmed after
robustness checks. We found also no variation across different socioeconomic groups.

Keywords Minimum Unit Price for Alcohol - alcohol dependence prescriptions
Scotland - alcohol use disorder - interrupted time series - natural experiment

Introduction

Alcohol is one of the leading risk factors for premature death and disability worldwide [1].
In the United Kingdom, the incidence of alcohol-related harm is above the world average,
being the fifth-ranked cause of death and serious illness [2]. Evidence shows that since the
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mid-1990s, alcohol sales per adult have been consistently higher in Scotland than in Eng-
land & Wales [3], causing higher alcohol related harms as well as consumption [4]. Alcohol-
related harm has also been shown to be more prevalent in certain sections of the population,
widening health inequalities [5]. This is particularly evident in Scotland, where alcohol-
related deaths are more than five times higher in the most socio-economically deprived
areas compared to the least deprived areas [6].

The Scottish Government, recognising high levels of alcohol consumption as a major
public health threat for its population, has implemented policies such as the Alcohol Act
(restricting alcohol promotions within retail stores and banning quantity-based price dis-
counts) in 2010 [7] and more restrictive drink-driving laws in 2014 [8]. Building on these
earlier policies, and after a long legal battle, a minimum unit price (MUP) for alcohol came
into effect in May 2018. MUP was intended to reduce alcohol consumption across the popu-
lation, but to have greater effect on those who drink the most and favour cheaper products
[9]. Specifically, MUP is a policy which sets a floor price of £0.50 ($0.57 or €0.58 — con-
verted in September 2022) per UK unit of alcohol (one UK unit contains 8 g of ethanol)
and applies to all alcohol sold. After 1st May 2018, alcohol products in Scotland could not
legally be sold at any price equivalent to or below £0.50 per UK unit.

The introduction of MUP was supported by findings generated using a version of the
Sheffield Alcohol Policy Model (SAPM) [10], an epidemiological and econometric model
that estimated the potential causal impact of the policy. SAPM estimated a direct reduction
in the level of alcohol consumption due to MUP, which in turn could reduce related health
harms and crime [11] and reduce inequalities. SAPM focuses on overall effects and broad
sub-groups of the population including hazardous and harmful drinkers, but is not well
suited to estimating the impact of MUP on people with more severe alcohol dependence,
who are poorly represented in the data on which the model relies. The legislation introduc-
ing MUP is subject to a ‘sunset clause’ meaning that the policy will lapse if the Scottish Par-
liament does not vote for it to continue in 2023. To inform this parliamentary process, MUP
is being evaluated by a suite of studies [12], some commissioned by the national agency
for public health, and some funded separately. Studies published to date have shown mixed
findings. First, there is strong evidence from separate research using different data sources
that there has been an overall reduction in alcohol sales associated with MUP [13, 14]. How-
ever, in the early reporting on harms, no significant variations in crime and disorder [15] or
attendances to emergency departments [ 16] were found after the introduction of MUP. Little
is known about the effect of MUP on dependent drinkers. Early studies prior to the introduc-
tion of the policy suggested that the most dependent drinkers found it hard to understand
that they could not ‘shop around’ for a better price, but some felt that they would cut down
their alcohol intake under MUP [17]. A before- and after-MUP study of people drinking
at harmful levels [18] found no clear evidence that level of alcohol consumption changed,
nor severity of dependence. However, a recent systematic review on MUP policies found
that they could be linked to reductions in alcohol-related hospitalisations[19]. To date, only
two natural experiments focused on these outcomes in Scotland finding reductions in the
absolute number of patients discharged with alcohol-related liver disease after 20 months
[20] and significant reductions in deaths and hospitalisations wholly attributable to alcohol
consumption after 32 months of MUP introduction [21]. Finally, a qualitative study [22]
found that introduction of MUP had little/no impact on people experiencing homelessness
and the support services they use.
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The primary aim of this study was to investigate the effect of the introduction of MUP on
two relevant outcomes for the alcohol dependent population: (1) the level of prescriptions
for the treatment of alcohol dependence and (2) the number of new patients receiving such
prescriptions. A secondary aim was to determine whether there was variation in any effect
of MUP across different socio-economic groups.

We did not have any a priori hypothesis of the direction of a potential effect of MUP
on prescriptions for alcohol dependence. Two plausible hypotheses are that the increase in
price leads to decreasing consumption, resulting over time in decreased severity (or inci-
dence) of alcohol dependence (possibly reducing demand for medications); conversely, the
increase in price makes alcohol less affordable, increasing the likelihood that people with
alcohol dependence may find alcohol unaffordable and be motivated to seek alcohol ser-
vices (possibly increasing demand for medications). So, wherever we would find an effect
in any direction, we would explain in this way. In contrast, a lack of effect could have two
potential explanations: the two effects acting in opposite direction cancelled each other out
or the increase in price was not enough to affect prescriptions’ demand.

Methods
Background

The National Institute for Health and Care Excellence (NICE) guideline for treatment of
alcohol-use disorders [23] outlines that pharmacological intervention can be considered in
combination with psychological interventions for treatment of alcohol dependence, and in
particular recommends acamprosate, disulfiram, nalmefene and naltrexone.[24]. While the
first three drugs have an indication exclusively for alcohol dependence, naltrexone is also
used as a treatment for opiate dependence. Recent estimates reported that only around 11%
of patients with a diagnosis of alcohol dependence received pharmacological treatment in
the UK, however patients in Scotland were more likely to receive pharmacotherapy com-
pared to the UK average[25]. In addition, naltrexone and nalmefene are used infrequently in
the UK[25] (see volume of prescriptions in Scotland in supplementary material). For these
reasons and as there was no way to distinguish naltrexone prescriptions to treat alcohol or
opiate dependence in our dataset, we restricted the set of medications under study to acam-
prosate, disulfiram and nalmefene.

Design

We used a controlled interrupted time—series (ITS) design to evaluate whether the introduc-
tion of MUP was associated with a change in the volume of prescriptions for treatment of
alcohol dependence. To account for potential substitution effects between different medi-
cations, we assessed the impact of the legislation on the total volume of prescriptions for
acamprosate, disulfiram and nalmefene combined (primary outcome measure). In addition,
we used the number of new patients receiving prescriptions for treatment of alcohol depen-
dence for the first time as a secondary outcome measure. As well as modelling for the entire
population, we also ran ITS models for individuals residing in the most socio-economically

@ Springer



International Journal of Mental Health and Addiction

deprived group (based on highest decile of Scottish Index of Multiple Deprivation [26]) and
the remaining population.

To produce robust and reliable findings, controlled ITS designs are usually preferred to
uncontrolled designs, as long as appropriate controls can be identified. The use of a con-
trol group that is equally affected by other potential factors happening in the same time
period should minimise potential confounding [27]. Theoretically, using England, a loca-
tion-based control group that neighbours Scotland, has the same UK government, similar
culture and also influenced by similar clinical guidelines would have been ideal. However,
England had a publicly available dataset with a smaller level of granularity (only aggregated
monthly volumes) and only on prescriptions (not on patients). This meant only a descrip-
tive comparison with England was possible. Therefore, as an alternative, we ran inferential
comparisons on the same outcomes (both prescriptions and patients) using prescriptions in
Scotland for methadone as a control outcome [27]. This was chosen as a drug for a different
form of dependence —opioid — but not affected by MUP. Data on methadone prescriptions
and patients were obtained from the same source as for alcohol dependence prescriptions.
As recommended elsewhere [27], controls were chosen based on a priori evaluation of
potential confounding events. To assess the appropriateness of the controls, we first com-
pared pre- intervention trends descriptively. For the inferential comparison we also assessed
whether the intervention and control time series followed a common pre-intervention trend
[28]. Nevertheless, we were aware that the population identified by the control group in
the inferential analyses (opioid dependent) refers to a population with often very different
characteristics to individuals with alcohol dependence, and the prescriptions may therefore
be affected by different external factors. Therefore, we performed an extensive range of
sensitivity analyses both on the uncontrolled interrupted time series and the control group.

Data

Data on prescriptions issued in Scotland were extracted from the Scottish national prescrib-
ing information system (PIS) for the period March 2014 to March 2020. PIS records all
medicines prescribed and dispensed in the community in Scotland [29]. The PIS dataset
is arranged by patient identifier and paid date (the date on which the prescription item is
submitted for payment - which is always the last day of the month). Data are aggregated
with daily frequency. Whereas this date of payment is always recorded, the date on which
the prescription was issued (‘prescribed date’) or when the medication was dispensed by the
pharmacy (‘dispensed date’) are not consistently recorded. If not recorded, the prescribed
and dispensed date default to be the same as the date of payment. Therefore, the last day
of the month includes not only the drugs prescribed and dispensed on that day, but also all
those paid that month for which no prescribed or dispensed date was recorded. As a result,
there is a peak in prescription numbers in the data on the final day of every month, which
sometimes exceeds by 810 times the daily average for that month. Conscious that an analy-
sis grouping observations by month would have solved these issues but would have also
reduced the number of observations after MUP introduction (23 data points), we smoothed
the daily data by re-distributing the peak of prescriptions at the end of the month throughout
the daily levels (see supplementary material). Data on English prescriptions were from the
publicly available English prescribing dataset [30] and contained aggregated monthly pre-
scriptions issued in England (with no information on patients).
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Descriptive Analysis

We calculated the monthly volume of prescriptions and new patients receiving such pre-
scriptions before and after MUP, both overall and by socio-economic deprivation groups.
As there were 23 months available after MUP introduction (May 2018 — March 2020), to
identify a potential difference in prescription levels excluding possible seasonal trends, we
reported and compared values for the same months over three periods: two before the inter-
vention to remove already present trends and possible influences of a national shortage of
disulfiram [31, 32] which occurred between January and October 2017, and one after.

Inferential Analysis

We used inferential models with additive seasonal autoregressive integrated moving aver-
age errors as our main statistical approach. After testing the series for stationarity, candi-
date models were based on autocorrelation and partial autocorrelation plots of the data and
adjusted based on the correlogram of the errors. Best-fitting models were then selected
using the Akaike and Bayesian information criteria and error white noise assumption was
assessed by Portmanteau’s test. To correct data for skewness, data were log transformed,
this also allowed to interpret model covariates as percentage variation of the outcome vari-
able. New patients receiving methadone, having three weeks over the study period with zero
new patients, were not log transformed.

We estimated the size of the MUP effect by including a dummy variable in the regres-
sion assuming value 1 after MUP introduction and 0 before. A post intervention trend was
also included in the regression to get an estimate of the continuing effect of MUP, that is,
the slope of the change in successive time periods. Two additional dummy variables were
added in the regression to account for recurrent or unusual events in the time series period.
Specifically, they were, one at the end/beginning of every year to reflect the period when
practitioners release a lower number of prescriptions, and one between January and October
2017 to consider the drop in prescriptions due to the national shortage of disulfiram.

Sensitivity Analyses

We performed sensitivity analyses to test the robustness of our results. Specifically, we
used falsification tests simulating the intervention six months before or six months after the
intervention.

As the drop in disulfiram prescriptions was relatively close to our intervention date, it
may have affected our estimates whenever it could have affected physicians’ future prescrip-
tion attitude (a steadiness of prescriptions below 2016 volumes just after the shortage and
before MUP introduction could suggest so). Therefore, whenever MUP coefficients (level or
slope changes) assumed statistically significant values, an additional change in slope vari-
able just after the shortage in disulfiram was inserted to assess this likely spread and lagged
effect of disulfiram shortage avoiding potential biases. The same model using shortage of
disulfiram variables and removing MUP was also performed, comparing size and signifi-
cance of coefficients.
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For the groups satisfying common trend assumptions [28], the analysis on the difference
between intervention and control was performed, and whenever MUP had statistically sig-
nificant values, falsification tests were performed on the difference.

Results
Descriptive Analysis
Prescriptions

Acamprosate and disulfiram were the most prescribed drugs for alcohol dependence, how-
ever, there was a greater relative difference between the volume of these two drugs in Eng-
land compared to Scotland (see Fig. 1b). Disulfiram prescriptions dropped in 2017 (Fig. 1)
due to a national shortage of supply from one of the main national wholesalers. This gener-
ated an overall decrease in prescriptions for alcohol dependence. Scotland, having a rela-
tively higher demand for disulfiram, was more affected than England. Overall, there has
been a gradual increase in the volume of prescriptions between 2014 and 2020 (Fig. 2;
Table 1). During the national shortage of disulfiram (January-October 2017), prescriptions
remained steady (+0.3%) compared to the same period the previous year. Ruling out the
period affected by the dilsulfiram shortage, in the 21 months after the intervention there
was a general increase in prescriptions (4.6%) compared to the same period from May 2014
to January 2016. On average, more than a fifth of prescriptions were for people residing in
the most socio-economically deprived decile, and greater growth was registered for this
group (12.7%). In England, prescriptions had an overall decreasing trend. The decrease
decelerated in the last 21 months (-6.2%) compared to the previous two periods (-7.2%).
The distribution in prescriptions across socio-economic deprivation deciles was similar to
Scotland, however, prescriptions in the most socio-economically deprived groups decreased
at a higher rate than in the rest of the population. Methadone prescriptions increased in the
second time period and then decreased in the last one after MUP implementation, having an
overall decline, mainly led by the most socio-economically deprived groups.
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Fig. 1 Prescriptions for alcohol dependence per month between 2014 and 2020 In Scotland (a) and Eng-
land (b)
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Number of new Weekly Patients

The number of patients receiving prescriptions for treatment of alcohol dependence for the
first time declined over the years (Table 1). The trend was stable between the most socio-
economically deprived group (-22.4%) and the rest of the population (-23.7%). While there
were major differences in the volume of prescriptions, new methadone patients followed
a similar pattern: the overall decrease in patients was —21.3% and similarly distributed
between socio-economic groups (-23.1% for the most deprived decile and —20.1% in the
rest of the population).

Inferential Analysis
Prescriptions

For the overall population, MUP was associated with a non-statistically significant reduc-
tion in the change of level (-2.7%; 95%CI -0.068 0.014; p=0.196) and the change in slope
was estimated to be 0.0% (95%CI -0.001 0.000; p=0.707) — Table 2. There were no sig-
nificant variations corresponding with MUP introduction across different socio-economic
groups. Methadone prescriptions showed a statistically significant decrease in the slope of
trend after MUP of 0.1% (95%CT: -0.002 -0.001; p=0.000) in the overall population and in
the subpopulations.

New Weekly Patients

For weekly new patients, MUP was not associated with immediate changes. However, a
significant increase in slope of the trend of 0.2% was estimated after MUP introduction for
both the overall population and the least deprived deciles (Table 2). Regarding methadone,
a significant gradual weekly decrease in the number of new patients was associated with
MUP introduction.

Sensitivity Analysis

Whenever there were significant results in the intervention group, falsification tests bring-
ing the analysed date of intervention forward by 6 months produced similar results (gradual
change in new patients for overall population and least deprived groups). When an addi-
tional variable denoting the period post shortage of disulfiram was added to the regression
in models with significant MUP terms, both this variable and the MUP variable became non-
significant. When the MUP variable was removed and only the new ‘post shortage’ variable
was left, this became significant and the model had a better fit (lower information criteria)
(see supplementary material for these sensitivity analyses results).

The common trend assumption was satisfied only for the volume of prescriptions for
the total population, prescriptions in least socio-economically deprived groups, and most
deprived new patients. When the ITS analysis was performed on the alcohol and methadone
difference for such groups, we found significant associations only for slope change in pre-
scriptions in the least deprived groups (-0.2% 95%CI: -0.003 -0.001; p=0.007). However,
these differences were not robust to falsification testing.
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Discussion

This study provides evidence that MUP in Scotland was not associated with significant
changes in the volume, or trend in volume, of prescriptions for treatment of alcohol depen-
dence in the overall population after 23 months of its introduction. For new patients receiv-
ing alcohol dependence medication, statistically important results were observed but this
was mirrored in falsification tests anticipating MUP introduction by 6 months, thus making
the effect unlikely to be causal. This suggests that time varying (unmeasured) confounders
rather than the introduction of MUP led to an increase in the number of patients receiving
such prescriptions for the first time.

The null results we found could reflect that the two opposite effects of the decrease in
consumption leading to a decrease in prescriptions demand and the increase in seeking
alcohol services from those finding alcohol less affordable could have cancelled each other
out. Alternative explanations can be that any effect was not large enough to be detected, or,
that there is no causal effect of MUP intervention on level of uptake of alcohol dependence
medications. Previous studies showing that people drinking alcohol at harmful levels did
not change their alcohol consumption patterns due to MUP [18], as well as the similarity of
trends with our control, provide support for the latter interpretation. Further, these findings
may reflect limited capacity in alcohol treatment and a reluctance by some primary care doc-
tors to prescribe treatments for dependence which may have been unchanged by MUP, even
if more patients sought help[30]. Finally, another explanation for the null findings could be
that the impact of MUP was limited by inflation. The current £0.50 floor price was set in
2012, in 2021 the equivalent value would be almost £0.10 greater [33] (a 20% increase).
The lack of an indexing price system risks to undermine even further the MUP effects (and
potential benefits) in the future. While it has been shown that MUP reduced the overall
alcohol consumption in the population [13], the demand for alcohol in alcohol dependent
individuals can be less price elastic, explaining our results on both patients and prescrip-
tions. In other words, a floor price of £0.50 (which did not affect all alcohol beverages
on sale) was unlikely to decrease the real income and then holding back individuals from
continuing/relapsing with alcohol dependence. This was also supported by recent evidence
around MUP, showing that many of the people already drinking at harmful levels were
not considerably affected by MUP as they already paid more than the floor price, with no
substantial difference in consumption for those with alcohol dependence [18]. Our findings
are in line with this, and by showing that there was not a decrease in new patients receiving
prescriptions after MUP, highlighted that the policy also was not effective to prevent people
to be newly alcohol dependent (or at least did not change the number of new patients getting
pharmaceutical treatment).

A more comprehensive interpretation of our results in relation to other studies, highlight-
ing the mismatch between the reduction in alcohol consumption and outcomes on alco-
hol use disorders (AUD), may suggest that this £0.50 MUP can just be an ‘upstream’ tool
at addressing aggregate level consumption and harms in the population. In contrast, other
interventions such as Alcohol Care Teams may be a more effective ‘downstream’ approach
on the management of AUD, including alcohol dependence [34].

As mentioned, the few significant associations across subgroups and outcomes with MUP
introduction can be attributed to time-varying confounding. Indeed, falsification tests regis-
tered significant changes for such subgroups where the ‘intervention’ was placed 6 months
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prior to the start of the MUP. In the model on the difference in prescriptions between alcohol
and methadone, given the considerable initial difference in prescription levels, results may
be led by methadone trends only. This would be supported by similar significant coefficients
in the difference, falsification test of the difference (supplementary materials) and coef-
ficient and falsification tests of the methadone analysis (Table 2). In addition, regarding
new patients, when we inserted additional slope variables after the national shortage in
disulfiram, they generated an attenuation (and lack of statistical significance) of the MUP
effect. Furthermore, when such dummy variables were maintained, and MUP variables were
excluded, the overall goodness of fit of the regression increased. Therefore, these tests could
explain that the significant effect found modelling the difference in prescriptions in the least
deprived groups were likely caused by other factors happening earlier than MUP (including
the shortage in disulfiram).

The volume of prescriptions increased from 2014 to 2020. In contrast, the number of
patients receiving prescriptions for alcohol dependence for the first time decreased over the
same period. This discrepancy between the two series is difficult to explain; however, thera-
pies can have long treatment periods or individuals can relapse, causing additional prescrip-
tions but not additional patients. Regarding patients, a recent decrease in new patients in
England receiving specialist alcohol treatment was found [35] which suggests that this fall
was associated with financial pressures and service reconfiguration which prompted capac-
ity reductions. Whilst our data are from community (primary care) prescribing, pressures on
general practitioners’ capacity may have similarly strong effects on the number of patients
in treatment and receiving prescriptions, perhaps more so than MUP.

Strengths

To the best of our knowledge, this is the first time that a study has investigated changes in
the level of prescriptions for treatment of alcohol dependence after the introduction of a
MUP for alcohol. This is one of the few studies examining how MUP affected clinical out-
comes associated with alcohol use/dependence which can inform the Scottish Government
on the decision to extend or change the current policy, or allow it to lapse after the sunset
clause deadline. Further studies with similar analyses on a longer time horizon could con-
tribute to understanding of whether/how MUP may affect the rates and severity of alcohol
dependence in the Scottish population over several years or decades.

We designed a population-based study, using data from whole of Scotland (and England)
and thus removing any selection bias arising from sampling. Several robustness checks
assessed the strength of our results.

Limitations

England, being a neighbouring country and affected by the same shortage in disulfiram,
could have been the ideal control group. However, there was a different prescription pat-
tern between the two jurisdictions (Fig. 1): disulfiram in England made up a considerably
smaller proportion of total prescriptions for alcohol dependence treatments, limiting the
relevance of the overall comparison with Scotland. Regarding the comparison with metha-
done prescriptions, we found that the two series had common pre-intervention trends for
some of the analyses. Yet, our analyses using a difference-in-difference design did not find
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any effect of MUP after sensitivity analyses had been conducted. We recognise, however,
that even with a common trend this may not have been the most reliable comparison, espe-
cially for prescriptions, having relevantly different initial volumes. The difference was
smaller regarding patients. A further limitation is that we only accounted for methadone,
while data on buprenorphine (the other drug with an indication for the management of
opioid dependence in the UK, which is generally less prescribed [36]), was not available to
us. Acknowledging that our controls presented a few weaknesses, we performed extensive
sensitivity analysis on the uncontrolled series as well as on the controls, further validating
our conclusions. Finally, as already mentioned, many alcohol dependent individuals do not
ever receive treatment medications [37, 38], and new patients receiving such prescriptions
are just a proportion of the new alcohol dependent individuals in the population. Many
patients receive instead behavioural intervention whenever medication are not considerate
appropriate. Lastly, we recognise that dependence usually develops over a long period, and
a longer analysis period could have helped to explain what might be happening. A challenge
to modelling a longer time series is that after March 2020, the Covid-19 national lockdown
considerably varied the prescription patterns. If we had extended analysis into this period it
would have increased time-varying confounding.

Conclusions

MUP was not associated with a change in the number of prescriptions for pharmacological
treatment of alcohol dependence in the overall population, neither with variations in the
number of new patients receiving medications for alcohol dependence over a 23 months
follow-up period. Further, there was no evidence of effect modification across different
socio-economically deprived groups.
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