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The contribution of both individual- and
population-level alcohol consumption to in-
creased risk of a range of serious chronic
diseases (e.g., cancers, liver diseases) and ad-
verse acute events (e.g., injuries, poisonings) is
well documented."* In the World Health Or-
ganization Region of the Americas report,
alcohol is identified as the single leading cause
of the preventable loss of disability adjusted life
years." Globally, hazardous and harmful alco-
hol use has been found to be the leading
contributing cause of death among young
adults, involving especially, deaths from road
trauma, homicide, and suicide.® Successive
comprehensive and systematic reviews of
published research conclude that governments
have a number of proven strategies to reduce
the burden of illness from alcohol.*® The
evidence is strongest for universal policies that
control price®” and physical availability.* In
many instances, however, policies with the least
evidence of effectiveness (e.g., public aware-
ness campaigns, alcohol education in schools)
attract the greatest public support whereas the
most effective policy—raising the price of alco-
hol—is consistently less popular.'® A recent
Canadian study found that provinces with
higher levels of per capita alcohol consumption
were more likely to oppose effective public
health measures."

We previously identified specific alcohol
pricing policies that may have higher levels of
public acceptability and political viability
without compromising effectiveness: (1) setting
prices and taxes that reflect the ethanol content
of beverages, thereby encouraging consump-
tion of lower alcohol content varieties; (2)
setting minimum prices to eliminate availability
of cheap alcohol often favored by young adults
and other high-risk drinkers; (3) creating ear-
marked taxes applied to a standard drink of any
alcoholic beverage to raise funds for alcohol
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Objectives. We report impacts on alcohol consumption following new and
increased minimum alcohol prices in Saskatchewan, Canada.

Methods. We conducted autoregressive integrated moving average time
series analyses of alcohol sales and price data from the Saskatchewan govern-
ment alcohol monopoly for 26 periods before and 26 periods after the in-
tervention.

Results. A 10% increase in minimum prices significantly reduced consumption
of beer by 10.06%, spirits by 5.87%, wine by 4.58%, and all beverages combined
by 8.43%. Consumption of coolers decreased significantly by 13.2%, cocktails by
21.3%, and liqueurs by 5.3%. There were larger effects for purely off-premise
sales (e.g., liquor stores) than for primarily on-premise sales (e.g., bars,
restaurants). Consumption of higher strength beer and wine declined the most.
A 10% increase in minimum price was associated with a 22.0% decrease in
consumption of higher strength beer (>6.5% alcohol/volume) versus 8.17% for
lower strength beers. The neighboring province of Alberta showed no change in
per capita alcohol consumption before and after the intervention.

Conclusions. Minimum pricing is a promising strategy for reducing the public
health burden associated with hazardous alcohol consumption. Pricing to reflect
percentage alcohol content of drinks can shift consumption toward lower
alcohol content beverage types. (Am J Public Health. Published online ahead

prevention and treatment programs (e.g., “a
nickel a drink” tax); and (4) indexing all price
and tax rates to the cost of living.*'* Ele-
ments of these policies have been endorsed
under Canada’s National Alcohol Strategy'*
and formally advocated by the Public Health
Officer of British Columbia,'® and the Scottish
government recently passed legislation to
introduce a fixed minimum price per “unit” of

ethanol '

Some US states have previously set
mandatory minimum liquor prices (e.g.,
Washington), but the great majority sell al-
cohol at substantially lower prices than in
Canada.!” We have seen examples of spirits
and fortified wine for sale in California liquor
stores sold at approximately Can $0.25 per
Canadian standard drink, less than half the
price of the cheapest alcohol available in
Canada.!® We evaluated the impacts on al-
cohol consumption and government revenue
of 2 of the aforementioned policies (1 and 2)
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as recently implemented in a Canadian
province.

On April 1, 2010, the Saskatchewan Liquor
and Gaming Authority (SLGA) introduced
a comprehensive set of new and increased
minimum prices on alcohol. The SLGA has
a monopoly on alcohol distribution and a par-
tial monopoly on the sale of alcohol in liquor
stores. Their minimum prices apply directly
to liquor store retail prices and also to the
prices at which the SLGA sells liquor to bar and
restaurant owners; hence, they also indirectly
affect on-premise retail prices, but likely to
a smaller degree. Minimum prices were first
introduced for spirits other than brandy and
cognac in 2003, beer in 2005, wine in 2008,
and higher strength coolers, brandy, and cocktails
on April 1, 2010. Effective minimum prices
calculated in Canadian dollars per standard Ca-
nadian drink (17.05 mL ethanol) are summarized
in Table 1. As shown in the supplementary online
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material (Appendix A, available as a supplement
to this article at http://www.ajph.org), the mini-
mum price increase in 2010 impacted just 216
(8.5%) of the 2542 alcoholic products then sold
by the SLGA, ranging from 0% of liqueurs to
17.0% of premixed cocktails.

The outcome of the new policy was a set of
minimum prices for alcohol that, depending on
beverage type and strength, ranged between
$1.16 and $1.84 per standard drink and that
are now among the highest of all Canadian
provinces."? Although minimum prices per
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standard drink were still lower for the low
alcohol content beverage types after April 1,
2010 (Figure 1), the new pricing structure
shifted Saskatchewan’s alcohol pricing regime
significantly toward the public health ideal
represented by Scotland’s forthcoming fixed
minimum price for a unit of ethanol."

In most Canadian provinces, some Nordic
countries, and some US states, governments
are the leading retailers of alcohol, and so
minimum prices can potentially serve fiscal as
well as public health goals. In countries such

TABLE 1—Average Minimum Prices for Different Types of Alcoholic Beverage per
Standard Drink (17.05 mL ethanol): Saskatchewan, July 2003-April 2010

Beverage Type (Volume) July June

and % Alcohol Content

January

January February January March  January April

2003, § 2005, $ 2005, $ 2007, $ 2007, $ 2008, $ 2008, $ 2009, § 2010,

Spirits (750 mL)
35% to < 44.9%
45% to <54.9%
>55%
All spirits

Liqueurs (750 mL)
<22.9%
23% to < 34.9%
All liqueurs

Wine (750 mL)
<15.9%
>16%
All wine

Beer (6 pack, 2.046 L)
<6.5%
>6.5% to < 7.5%
>7.5t0 <8.5%
>8.5%
All beers

Cocktails (1 L)
<T7%
> 7% to <13.7%
>13.7 to <22.9%
23% to < 34.9%
>35%
All cocktails

Coolers (6 pack, 2.046 L)
<5.99%
> 6%
All coolers

1.23
1.03
0.66
1.23

1.25
1.05
0.67
1.25

1.28
1.00
0.75
0.64
1.27

1.30 1.29 1.30 1.37
1.09 1.09 1.09 1.45
0.70 0.70 0.70 1.18
1.30 1.29 1.30 1.39
1.84

1.59

1.79

1.32 1.41

0.82 1.20

1.28 1.39

1.32 1.36 1.40 1.56

1.03 1.06 1.10 1.72

0.77 0.80 0.82 1.46

0.67 0.69 0.71 1.39

1.32 1.35 1.40 1.56

1711

1.16

1.49

1.44

1.46

1.50

1.48

1.29

1.33

each beverage strength category after calculating a typical
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Note. The effective minimum prices per standard drink introduced in April 1, 2010, were calculated in Canadian dollars for

beverage strength within each strength category (L of beverage

divided by L of ethanol) and after applying all applicable sales taxes (goods and services tax and liquor consumption tax).

as the United Kingdom and in most of the United
States, where alcohol retailing is managed by
private businesses, most increased profits from
minimum pricing will flow to private retailers.
In all jurisdictions, however, raising the min-
imum price of alcohol also creates the oppor-
tunity for additional government revenue
whether through sales taxes or simultaneous
adjustments to excise taxes or government-set
markups.

There is suggestive evidence that minimum
alcohol pricing should have public health ben-
efits. Meta-analyses have linked increases in
overall alcohol prices to significant reductions
in both alcohol consumption®” and related
harms.2° There is evidence from the United
States®' and the United Kingdom®? that the
higher-risk drinkers tend to purchase the
cheapest alcohol. Evidence from Sweden sug-
gests that consumers of cheap alcohol are
more price sensitive than are those who drink
more expensive varieties mainly because they
cannot substitute down to still cheaper beve-
rages when prices go up.>*** The potential
impacts of setting minimum alcohol prices on
health and social costs have been modeled for
the United Kingdom with significant and larger
effects for younger and heavier alcohol con-
sumers.?>?° In the first empirical test of the
impact of changes in minimum alcohol prices in
a Canadian province, it was estimated that
a 10% increase in the minimum price of any
beverage resulted in a 3.4% decrease in total
alcohol consumption.*®

There is also a strong rationale for encouraging
the consumption of lower alcohol content prod-
ucts as a strategy for reducing related harms. A US
study demonstrated how providing unlabeled 3%
alcohol strength beer at a college party resulted
in similar volumes of beer being consumed but
with significantly lower blood alcohol concentra-
tions in drinkers than when unlabeled 7% beer
was provided.?” A Canadian study found that
young male beer drinkers were unable to reliably
differentiate between low (3.7%) and high (5.6%)
alcohol content beer and reported similar levels
of enjoyment and subjective intoxication after
consuming each type.*® The new measures in-
troduced in Saskatchewan in April 2010 sub-
stantially reduced incentives for selecting higher
alcohol content beverages by introducing pro-
portionately larger increases in minimum price for
higher alcohol content products (Table 1).
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We report autoregressive integrated mov-
ing average (ARIMA) time series analyses of
SLGA sales and price data for different types
and strengths of alcoholic beverages to ex-
amine the size and significance of changes
after the increase in minimum liquor prices
in April 2010. We hypothesized that the
changes implemented by the SLGA would
lead to:

1. an overall reduction in alcohol consumption
across all beverage types,

2. greater reductions in consumption of high
versus low alcohol content varieties of each
beverage type, and

3. greater effect sizes for off-premise sales
(liquor stores) compared with sales from
venues licensed to sell alcohol consumption
for on-premise consumption (bars, night-
clubs, restaurants).
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FIGURE 1—Trends in seasonally adjusted indices of age 15 years or older per capita consumption of beers, spirits, coolers, cocktails, and liqueurs
2 years before and after the minimum price increase: Saskatchewan, Canada, April 2008-March 2012.

METHODS

Multivariate time series analyses were per-
formed to investigate the relationships between
minimum prices and consumption of alcoholic
beverages. The models included adjustment
for household income, cost of living, socio-
demographic variables, consumption of other
alcoholic beverages, trends in the data, time of
year, and autoregressive or moving average effects
(see Equation 1 under Statistical Analysis).

Alcohol Sales Data

Sales data were provided by the SLGA in
both liters of ethanol and dollar values for
beer, coolers, wine, spirits, liqueurs, and pre-
mixed cocktails. Most products categorized as
cocktails are spirit-based and have higher
alcohol content (up to 40% alcohol by

volume), whereas coolers are rarely above 7%
alcohol by volume. Liqueurs are often spirit-
based but almost all have an alcohol content
below 35%, whereas those products catego-
rized as spirits are almost invariably above
359% alcohol content. The data were further
broken down according to on-premise or
mixed on-premise and off-premise sales
(clubs, restaurants and bars—some of the latter
were permitted to sell takeaway alcohol)
versus purely off-premises sales (government
liquor stores, rural agency and specialty
wine stores) and by a total of 52 financial
periods over 4 fiscal years from 2008—2009
through 2011-2012. Alcohol sales in each
period were weighted accordingly for the
varying number of days in each period. There
were substantial and consistent seasonal trends
in the per capita consumption of each beverage
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type across the 13 financial periods of each
year (Appendix B, available as a supplement to this
article at http://www.ajph.org), so data were de-
seasonalized by calculating an index for each of the
13 annual periods and weighting the data ac-
cordingly. The seasonal index was created by
dividing each observation by the corresponding
centered moving average. The relatively short time
series precluded using differencing for this purpose.

Price Data

Applicable minimum prices during the study
period were provided by the SLGA in dollars
per liter of beverage by several categories of
alcoholic strength and by container size. These
minimum prices were converted to dollars per
standard drink (17.05 mL pure ethanol) after
calculating the mean alcoholic strength for each
category of product defined in terms of alcohol
strength and container size. A weighted aver-
age minimum price was calculated for each
beverage strength category using data on av-
erage sales volumes as a function of container
size for the entire study period. Minimum
prices were further adjusted by the monthly
Consumer Price Index for Saskatchewan® to
control for the effects of inflation and economic
changes (prices were multiplied by 100 and
divided by the relevant customer price index
[CPI] score). Taxes and environmental sur-
charges were included in all estimates of
minimum prices (Table 1 and Appendix C,
available as a supplement to this article at
http://www.ajph.org). For estimates of all
products combined, the relatively small sales
data for coolers, liqueurs and cocktails (<
89 of all sales) were combined with their
most similar counterparts in terms of alcohol
strength, namely beer and spirits, respec-
tively, because there were no minimum
prices for these products before April 1,
2010. Although cognac and brandy are in-
cluded in reported sales of spirits, they had
no minimum price applied during the study
period. They contributed less than 2% of
spirits sales and were premium products that
would not be affected by minimum prices.

Proxy measures for “mean prices” of bever-
ages were also estimated (value divided by L of
ethanol sold) and CPI-adjusted (100 in April
2008; Appendix C). Although not a precise
measure of actual prices, because price is
affected by shifting consumer preferences and
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sales volumes, it is well established that overall
prices significantly predict the demand for
alcohol and, hence, this proxy measure was
included in the ARIMA models to better isolate
unique effects for minimum prices.

Population Data

The population aged 15 years or older in
Saskatchewan on July 1 for each of the 4 years
of the study period was used to calculate per
capita age 15 years or older alcohol consumption.
The population data were estimated by Statistics
Canada and further prepared by Saskatchewan
Bureau of Statistics (http://www.stats.gov.sk.ca/
stats/population/saskpopbyage.pdf).

Income Data

Average personal income per adult aged 15
years or older was included in the analyses.
Total personal income and population size for each
year was obtained from Statistics Canada,*! and
then average personal income was estimated for
each fiscal period assuming linear trends between
each annual estimate (Appendix D, available as
asupplement to this article at http://www.ajph.org).

Statistical Analysis

We used multivariate ARIMA time-series
models®? to estimate the unique impacts of
changes to CPI-adjusted (100 in April 2008)
minimum prices for each beverage type on per
capita age 15 years or older consumption of
that beverage after adjusting for changes in
mean price and per capita consumption of all
other beverages, trend (time 1, 2, ..., 52), and
autoregressive or moving average effects. Sep-
arate estimates were also made for on-premise
and off-premise sales. Per capita alcohol con-
sumption variables were log transformed to
remove skewness in their distributions.

All statistical analyses were conducted using
SAS statistical software.>* The SAS PROC
ARIMA procedure was used, specifying the P or
Q parameter for the data type, thereby adjusting
for autoregressive or moving-average effects.
The general form of a multivariate ARIMA model
for outcome variable Y (e.g, log-transformed per
capita beer consumption) can be written as:

(1) Yi=Bo+B:Xu: + BoXar + BaXa
+B4Xar + BsXs: + Ni + &,

where 3 is the intercept, B; is the percentage
change of beer ethanol consumption resulting

from a percentage increase in minimum price of
beer and Xy, is the logtransformed CPI-adjusted
minimum price of beer; B, is the percentage
change in the ethanol consumption from

a percentage increase in mean price of beer
and X»; is the CPI-adjusted period mean
price of beer; B5 is the percentage change of
beer ethanol consumption from a percentage
increase in personal income and X3, is the
log-transformed CPI-adjusted dollars; B, is
the estimated effect of nonbeer ethanol
consumption and Xy, is the age 15 years or
older per capita consumption of nonbeer
beverages; B5 is the estimated effect for

the trend Xs; (ie., time 1,2 ..., 52); N,
represents autoregressive or moving average
effects; and &,is the error term. A single dummy
variable was used for analysis of the impact
of minimum prices for coolers, liqueurs, and
cocktails before and after these were first
introduced in April 2010. A detailed spe-
cification for the main model is provided

in Appendix E (available as a supplement to
this article at http://www.ajph.org).

The obtained effect sizes for beer, wine, and
spirits can be interpreted as the percentage
change in age 15 years or older per capita
ethanol consumption resulting from a 1% in-
crease in minimum price (dollars per standard
drink), mean price (dollars per standard drink),
and personal income (dollars). The analyses
for sales of coolers, cocktails, and liqueurs
employed a categorical variable for the intro-
duction of minimum prices, and so the models
provide a direct estimate of the percentage
change in per capita sales resulting from this
intervention.

RESULTS

Annual per capita age 15 years or older
alcohol consumption and revenues for each
of the 4 study years are summarized in
Appendix F (available as a supplement to this
article at http://www.ajph.org). There was
a 3.5% decrease in per capita alcohol con-
sumption and a $4 1 million (4.3% per capita)
average annual increase in the total dollar
value of alcohol sales after April 1, 2010.
Trends in the deseasonalized age 15 years or
older per capita consumption for each bev-
erage type are displayed in Figure 1 for the
study period.
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TABLE 2—Estimates of Percentage Changes in Alcoholic Beverage Sales After 1% Minimum
Price Increase: Saskatchewan, Canada, April 2008-March 2012

Variable by Alcohol
Type (No. Brands
Affected/Total No.)

On-Premise,
% (95% CI)

Off-Premise,
% (95% CI)

On-Premise and Off-Premise,
% (95% Cl)

Beer (37/415)
Minimum price
Mean $/L
Personal income

Spirits (77/542)
Minimum price
Mean $/L
Personal income

Wine (79/1259)
Minimum price
Mean $/L
Personal income

Coolers (14/108)
Change®
Mean $/L
Personal income

Cocktails (9/53)
Change®
Mean $/L
Personal income

Liqueurs (0/165)
Change®
Mean $/L
Personal income

Total (216/2542)
Minimum price
Mean $/L
Personal income

-0.889*** (-1.207, -0.571)
0.710* (0.162, 1.257)
-0.153 (-0.348, 0.042)

-0.641* (-1.114, -0.168)
0.610 (-0.887, 2.108)
-0.185 (-0.428, 0.058)

-0.301 (-0.673, 0.071)
0.114 (-0.190, 0.418)
-0.088 (-0.280, 0.104)

-0.057 (-0.146, 0.031)
-1.238** (-2.104, -0.371)
-0.078 (-0.517, 0.361)

-0.021 (-0.099, 0.057)
-0.441 (-0.828, -0.054)
0.172 (-0.112, 0.457)

-0.024 (-0.073, 0.026)
-0.001 (-0.618, 0.616)
-0.477** (-0.820, -0.135)

-0.842%+* (-1.151, -0.534)
0.907* (0.139, 1.676)
-0.245* (-0.449, -0.041)

-1.387*** (-1.851, -0.922)
0.718 (-0.004, 1.440)
0.567*** (0.255, 0.879)

-0.589** (-0.943, -0.235)
0.055 (-0.336, 0.446)
0.267*** (0.123, 0.411)

-0.511%* (-0.841, -0.181)
0.038 (-0.102, 0.179)
0.361%** (0.193, 0.529)

-0.163*** (-0.245, -0.081)
0.084 (-0.359, 0.527)
0.075 (-0.340, 0.490)

-0.287*** (-0.380, -0.194)
0.134 (-0.302, 0.570)
1.130*** (0.742, 1.518)

-0.068* (-0.127 ,-0.008)
0.118 (-0.308, 0.544)
0.078*** (-0.290, 0.447)

-0.918*+* (-1.255, -0.582)
0.121 (-0.322, 0.564
0.438*** (0.246, 0.630)

-1.056*** (-1.476, -0.635)
0.639 (-0.018, 1.295)
0.135 (-0.126, 0.397)

-0.587** (-0.928, -0.246)
0.064 (-0.360, 0.488)
0.192* (0.052, 0.333)

-0.458** (-0.751, -0.165)
0.023 (-0.109, 0.155)
0.280%** (0.129, 0.431)

-0.132** (-0.212, -0.052)
-0.167 (-0.753, 0.420)
0.006 (-0.373, 0.384)

-0.213%*+* (-0.290, -0.137)
0.041 (-0.349, 0.431)
0.797*** (0.492, 1.103)

-0.053* (-0.102, -0.003)
0.084 (-0.257, 0.424)
-0.093 (-0.406, 0.220)

-0.843*+* (-1.164, -0.522)
0.243 (-0.261, 0.747)
0.189 (0.003, 0.374)

Note. Cl = confidence interval. Mean dollar value of liquor sales per liter of ethanol and personal income estimated by
autoregressive integrated moving average (ARIMA) models. For each elasticity estimate was adjusted simultaneously for
effects of minimum price, mean dollars per standard drink, household income, other beverage consumption, trend (time 1, 2,
..., 52 - continuous variable), season (deseasonalized), and autoregressive or moving-average effects.

“The percentage changes in cooler, cocktail, and liqueur consumption from before to after April 1, 2010 can be calculated by
100*coefficient of estimate in each case.
*P<.05 **P<,01 ***P< ,001. P values determined by t-test.

Estimated Impact of Minimum Price
Increase on Alcohol Consumption

A 10% increase in minimum price of all
beverages was significantly associated with an
8.43% reduction in total alcohol consumption
(Table 2). There were also significant effects
for the main beverage categories of beer,
spirits, and wine (—=10.56%, —5.87%, and
—4.58%, respectively). The models for impacts
on consumption of other products for which
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minimum prices were first introduced on April
1, 2010, estimated a significant 13.2% re-
duction in consumption of coolers, a 21.3%
reduction in consumption of premixed cock-
tails, and a 5.3% reduction in consumption of
liqueurs. Effects sizes were mostly larger for
alcohol purchased from liquor stores as op-
posed to venues with predominantly
on-premise sales (i.e., bars and clubs). There
were no significant effects for estimates of

“mean dollars per standard drink.” The differ-
ence between the impact of minimum price
changes on purely off-premise versus primarily
on-premise consumption was significant when
tested by the addition of an interaction term
to the model of overall consumption (—1.528;
959% confidence interval=-1.862, —1.194;
P<.001).

Sensitivity analyses were employed for the
main model relating average minimum prices
to total per capita age 15 years or older alcohol
consumption. Strong and significantly negative
elasticities were estimated when (1) mean
price was excluded, (2) mean household in-
come was excluded, and (3) a dummy variable
was included as a crude control for seasonal
fluctuations.

Differential Effects for High Versus Low
Alcohol Content

Table 3 presents a set of estimates from 12
separate time-series models of the impact of
minimum price changes on consumption of
different beverages. The beverages are pre-
sented in pairs: a low alcohol content variety of
each main beverage type and the higher one in
each case. The high alcohol content varieties
mostly had the most products affected by
increases in minimum price. There were fewer
significant effects for alcohol purchased from
the purely or mixed on-premise outlets than
there were for alcohol from purely off-premise
outlets. There were larger and statistically
significant effects on the overall consumption
of higher strength varieties of beer, wine, and
cocktails across all outlet types. Spirits and
coolers evidenced a larger effect for the low
alcohol content varieties. Impacts on higher
strength beer (> 6.5% alcohol/volume) were
particularly marked with a 22.00% reduction
in total consumption for a 10% increase in
minimum price (P<.001).

DISCUSSION

There were statistically significant reduc-
tions in per capita age 15years or older alcohol
consumption related to increases in Saskatch-
ewan minimum alcohol prices and their ad-
justment by alcoholic strength. The impact of
the minimum price varied in relation to sales
from different types of licensed premises, dif-
ferent beverage types, and different strengths
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TABLE 3—Estimates of Percentage Changes for Age 15 Years or Older per Capita Alcohol Consumption Associated With

1% Minimum Price Increase: Saskatchewan, Canada, April 2008-March 2012

On-Premise Consumption, % (95% Cl)

0ff-Premise Consumption, % (95% CI)

Total Alcohol Consumption, % (95% CI)

-0.783*** (-1.058, -0.509)
-2.420* (-4.606, -0.235)

-0.860** (-1.410, -0.310)
0.164 (-0.186, 0.515)

-0.152 (-0.671, 0.367)
-0.476*** (-0.731, -0.222)

0.002 (-0.158, 0.162)
0.009 (-0.117, 0.134)

0.049 (-0.074, 0.173)
-0.505* (-0.983, -0.027)

-0.029 (-0.063, 0.006)
0.069 (-0.015, 0.154)

-0.883*** (-1.287, -0.478)
-2.514** (-4.084, -0.944)

-0.710%* (-1.170, -0.249)
0.003 (-0.337, 0.343)

-0.316 (-0.737, 0.105)
-0.554*** (-0.701, -0.408)

-0.183*** (-0.328, -0.039)
-0.127** (-0.208, -0.046)

0.001 (-0.141, 0.142)
-0.530*+ (-0.824, -0.236)

-0.066** (-0.105, -0.027)
-0.018 (-0.125, 0.088)

-0.817*** (-1.156, -0.479)
-2.200* (-4.044, -0.356)

-0.686** (-1.139, -0.233)
-0.074 (-0.382, 0.233)

-0.260 (-0.627, 0.107)
-0.551*** (-0.698, -0.404)

-0.189** (-0.319, -0.059)
0.004 (-0.148, 0.156)

0.004 (-0.148, 0.156)
-0.421%* (-0.691, -0.152)

-0.053** (-0.087, -0.019)
0.009 (-0.078, 0.096)

of particular beverages. Results were consistent
with the principle that increasing the price of
ethanol reduces its consumption. For example,
effect sizes were absent or weak when very few
or no products in a particular beverage cate-
gory were affected by new minimum prices.
Because minimum prices set by the SLGA
precisely determine the minimum prices from
the government monopoly liquor stores, but
only indirectly influence prices in bars, restau-
rants, and clubs, the observed larger effects for
sales from purely off-premise than mostly
on-premise venues were as predicted. In 2011-
2012, off-premise sales accounted for at least
63% of total consumption by the liters of ethanol
in Saskatchewan (Appendix F). The most sub-
stantial change in consumption was for higher
alcohol content varieties of beer (especially),
wine, and cocktails, which also had the most
increases in minimum price. This finding is
important for public health goals because these
higher strength products have been associated
with high-risk patterns of alcohol consumption.'
The absence of an effect for higher strength
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Note. Cl = confidence interval. Estimates (%) from the independent time-series analyses were each adjusted for the effects of one another as well as low or high content alcohol consumption, trend
(time 1, 2, .. ., 52), seasonality (deseasonalized), and autoregressive or moving-average effects.
*The percentage changes in cooler, cocktail, and liqueur consumption from before to after April 1, 2010 can be calculated by 100*coefficient of estimate in each case.

Beverage Type No. Affected/Total No.
Beer, %/volume 37/415

<6.5 27/394

>6.5 10/21
Spirits, %/volume 77/542

<45 72/511

>45 5/31
Wine, %/volume 79/1259

<16 68/1196

>16 11/63
Coolers,” %/volume 14/108

<6 0/56

>6 14/52
Cocktails,® %/volume 9/53

<35 0/44

>35 9/9
Liqueurs,® %/volume 0/165

<23 0/124

>23 0/41
*P<.05 **P<.,01 ***P<.,001. P values determined by t-test.

spirits and coolers is very likely a result of
substitution effects involving drinkers switching
from higher strength beer to these other higher
strength products, which were substantially
cheaper per standard drink after April 2010
(Appendix C). Such between-beverage substitu-
tion and differences in effect sizes between
on-premise and off-premise sales are consistent
with theory developed by Gruenewald et al.****
Finally, the reduction in consumption was
associated with an increase in the dollar value
of alcohol sales which will have contributed to
an overall increase in government revenue.
The overall effect size or “elasticity” for
minimum prices estimated here in terms of
total alcohol consumption (—0.84) is larger
than an earlier estimate for the Canadian
province of British Columbia of —0.34.%°
This may result from minimum prices in
Saskatchewan being increased across virtually
all beverage types, whereas in British Columbia
only the minimum price of spirits was increased
with any regularity.*' Given that the main
minimum price increase only affected 8.5% of

all available alcoholic beverages in Saskatche-
wan, this is a significant finding. Its public
health significance is underscored by evidence
from other studies that cheaper alcohol is
preferred by younger and heavier drinkers,
both of whom are more likely to experience
alcohol-related harms.??? Furthermore, there
is strong evidence that significant reductions in
rates of alcohol-related illnesses, injuries, and
social problems almost always flow from re-
ductions in per capita alcohol consump-
tion,*%° as well as more generally from in-
creased prices in US,>*37 Canadian, and other
contexts.>®

The level of minimum prices introduced in
Saskatchewan in 2010 is on average higher
than in other Canadian provinces,26 and, fur-
thermore, the practice of adjusting prices based
on alcohol content comes close to creating the
public health ideal of a fixed minimum price
for a standard drink (i.e., a standard dose of
ethanol).>'? Despite this, most low alcohol
content varieties still had slightly Aigher mini-
mum prices per standard drink than their
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high alcohol content counterparts even after
April 1, 2010. This is because they are still
calculated at a fixed rate per liter of beverage
(as opposed to ethanol) within wide bands

of alcoholic strength (e.g., > 8.5% alcohol/
volume). Further improvements to the pricing
structure would involve setting minima
according to more precise calculations of eth-
anol concentration (e.g., at 1% increments) for
the full range of beverage strengths.

Limitations of our study include the lack of
a control jurisdiction, a relatively short time
series, and only a crude measure of mean
price. We note, however, that mean price
added little influence on the model estimates
we have reported here. Although we were
unable to access detailed data from a control
jurisdiction, the neighboring province of
Alberta—which has no minimum liquor store
prices—had no change in annual per capita
alcohol consumption from before to after the
major change in Saskatchewan in April
2010.?® Finally, there were adjustments to
mark-ups of some alcoholic drinks (e.g.,

a $0.16/L increase for beer introduced in
April 2010) that accompanied the changes in
minimum prices, which could have influenced
results. However, we adjusted for this con-
founding at least in part by the inclusion of
our estimate of mean overall beverage prices
in the models and a relatively small effect on
prices. We also note that our design incor-
porates internal controls by virtue of being
able to compare outcomes for beverages
which were not affected by minimum price
increases with those that were, and also

by contrasting off-premise with mostly
on-premise sales data. No estimate could

be made for the influence of cross-border
sales, although it is not likely to be large
because the majority of Saskatchewans live
in urban areas at least 100 kilometers from
the US or provincial borders. Our measure
of average household income may not

have been sufficiently precise to pick up
significant associations at this aggregate level
of analysis.

In conclusion, the substantial increase in
minimum prices and their adjustment to reflect
the alcoholic content implemented in Sas-
katchewan in April 2010 significantly reduced
alcohol consumption while at the same time
increasing government revenue. The impact
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was greater for beverages most affected by
minimum price increases and for alcohol pur-
chased from liquor stores and was accompa-
nied by a shift in consumer preferences toward
lower alcohol content beer, wine, and cocktails.
Evidence from international experiences with
the reduction of per capita alcohol consump-
tion suggests that substantial public health,
safety, and order benefits will likely flow from
these policies in terms of reductions in
alcohol-related harms and associated economic
costs.>* Further research is under way to
confirm and quantify whether these likely
public health benefits apply in this specific
Canadian case study. We also recommend
further research into potential adverse impacts
on low income problem drinkers from the
application of such policies.®® Finally, we rec-
ommend careful consideration of minimum
pricing as part of any comprehensive strategy
to reduce alcohol-related harm.** m
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