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New estimates of the mean ethanol content of beer, wine, and
spirits sold in the U.S. show a greater increase in per capita
alcohol consumption than previous estimates
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Abstract

Background: Recent increases in alcohol-related morbidity and mortality have not occurred
alongside notable increases in per capita alcohol consumption (PCC). This discrepancy may be
partially due to U.S. PCC estimates not including annual estimates of the % alcohol by volume
(%ABYV) of beer, wine, and spirits, but rather relying on time-invariant %ABYV values.

Methods: Building on a prior study covering 1950-2002, estimates of the annual mean %ABV
of beer, wine, and spirits sold in the U.S. were calculated using the %ABYV of major brands and
sales of each beverage type for each state and nationally for the period 2003 to 2016. We applied
these estimates to the calculation of annual beverage-specific and total PCC, and made descriptive
comparisons between our PCC estimates and those estimates using invariant %ABYV values.

Results: For all beverage types, our mean %ABYV estimates increased nationally and for all but
five states. The PCC estimates from wine and spirits utilizing variable %ABYV values were lower
than estimates using invariant %ABYV, and consumption from beer was higher. Our total PCC
estimates were also lower than %ABV-invariant estimates, however, the percent change for
%ABV-invariant estimates was 5.8% compared to a 7.9% change in our %ABV-variant estimates
over the 2003-2016 period.

Conclusions: Given the application of PCC estimates to understand changes in alcohol-related
morbidity and mortality, the inclusion of annual estimates of the %ABYV of alcoholic beverages
sold in the U.S. is necessary to ensure the precision of PCC measures such that the conclusions
drawn from these applications are accurate and valid.
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INTRODUCTION

Since the late 1990’s, there have been dramatic increases in alcohol-related problems in the
United States. Between 1999 and 2016 annual deaths from liver cirrhosis increased by 65%
and doubled for liver cancer (Tapper and Parikh, 2018). Relatedly, from 2006 to 2016 the
death rate from alcoholic liver disease increased by over 40% from 4.1 per 100,000 to 5.9
per 100,000 (CDC, 2017). An increase of nearly 62% in alcohol-related emergency
department (ED) visits was also found between 2006 and 2014 from 3,080,214 to 4,976,136
visits per year, with the increase occurring predominantly among people aged 45 and older
(White et al., 2018). Further, an analysis of data from two waves of the National
Epidemiologic Survey of Alcohol and Related Conditions (NESARC) showed a nearly 50%
increase in the prevalence of past year alcohol use disorder (AUD) from 2002 to 2013
among adults aged 18 and above (Grant et al., 2017).

Surprisingly, these increases in alcohol-related morbidity and mortality did not occur
alongside notable increases in per capita alcohol consumption (PCC) estimates. These
estimates, based on beverage sales data collected by the Alcohol Epidemiologic Data
System (AEDS), increased by approximately 6% over the 2002—-2013 time period
(Haughwout, 2018). This represents an increase of approximately 28 drinks per person per
year (where a drink is 0.60z of ethanol, which is equal to 120z of 5% ABV beer, 50z of 12%
wine, and 1.50z of 40% spirits) (NIAAA, 2018). This increase seems insufficient to explain
the observed increases in alcohol-related morbidity and mortality, as we would expect a
notable increase given that the heaviest drinkers consume the vast majority of alcohol (Kerr
and Greenfield, 2007). Indeed, the increase in the rate of alcohol-related ED visits between
2006 and 2014 was considered unrelated to the concomitant 1.7% increase in PCC (White et
al., 2018). A possible explanation for the discrepancy between alcohol-related problems and
PCC may lie in how PCC estimates are calculated.

Per capita alcohol consumption is typically constructed as an aggregate measure using
national and state population estimates from the U.S. Census Bureau and alcohol sales data
(Haughwout, 2018). The state-level alcohol sales figures are from either state-provided
taxable withdrawals from bonded warehouses or industry sources for states that fail to
provide data. Alcohol sales-based consumption estimates are considered more complete and
objective than survey data on alcohol use, which is subject to substantial under-reporting
(Kerr and Greenfield, 2007, Greenfield and Kerr, 2008). This consideration is also due to the
widespread availability of alcohol tax information and the low level of unrecorded alcohol
use in the U.S. (WHO, 2014). However, the precision of typical PCC estimates is challenged
by the fact that they use invariant estimates of the mean percentage of alcohol by volume
(%ABV), i.e. they do not use annual estimates of the alcohol content of the beer, wine, and
spirits sold in each state to convert beverage volume into ethanol. The conversion factors
used in the typical PCC estimate approach are based on estimates of %ABYV for each
beverage type and have not been updated since the 1970s. These values are 4.5%, 12.9%,
and 41% for beer, wine, and spirits, respectively. Further complicating the issue is that each
beverage type is comprised of several subtypes (e.g. — beer is comprised of light beer, craft
beer, and imported beer, among others) each with different %ABVs. Thus, actual PCC is
also influenced by changes over time and place in beverage subtype preferences. Failing to
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acknowledge these changes in %ABVs and beverage preferences risks underestimating
important changes in actual PCC that could potentially explain observed changes in alcohol-
related morbidities and mortality. Additionally, PCC estimates are key to the estimation of
the alcohol-attributable morbidity and mortality used to assess the global burden of disease
due to alcohol (Sherk, 2017). Indeed, PCC estimates are the marker against which the
estimation of an exposure distribution of alcohol are based (Kehoe et al., 2012).

Our previous work has demonstrated meaningful changes in the alcohol content of beer,
wine, and spirits during the last half of the 201" century. The mean %ABV of beer and spirits
sold in the U.S. have each declined between 1950 and 2002 (Kerr et al., 2006a). The %ABV
of wine declined between 1950 and the mid-1980s to 10.5%, whereafter it began and
continued to increase to 11.5%. Beyond 2002 there is reason to believe there have been
further changes in the %ABVs of beverage types with the emergence of high %ABV craft
beer (Beverage Information Group, 2011) and a likely continued increase in the %ABYV of
wine (Frazer, 2014).

The aim of this paper is to extend our previous work estimating the mean alcohol
concentration of the beer, wine, and spirits sold in the U.S. and PCC to the period 2003 to
2016. We present the variation in %ABYV over this time period for each beverage type and
examine this variation in light of changes in beverage subtype preferences and mean %ABV.
We compare PCC estimates based on our ABV-variant methods to estimates from ABV-
invariant methods nationally and for each state.

METHODS

Overview.

The general methodology we employed to obtain PCC estimates that account for variations
in the mean %ABYV for each beverage type is as follows. First, we estimated a sales-
weighted mean %ABYV for each industry-defined beverage subtype (e.g., — light beer, dessert
wine, vodka) based on leading brands sold for each year. We then applied these mean
beverage subtype %ABYV values to the calculation of each state’s and the nation’s mean
%ABY for each beverage type for each year using the market shares of each beverage
subtype sold in each state and nationally. Finally, we used these annual mean %ABV
estimates for each beverage type in the calculation of beverage-specific and total PCC
estimates for each state and nationally for each year from 2003 to 2016. These methods are
based on those employed in previous publications for beer (Kerr and Greenfield, 2003, Kerr,
2008, Kerr et al., 2004), wine (Kerr et al., 2006b, Kerr et al., 2006a), and spirits (Kerr et al.,
2006a).

Data sources for beer.

We used the Beer Handbooks to obtain data on which brands were the leading brands, the
volume sold of each leading brand, and state and national annual market shares of each beer
subtype (Beverage Information Group, 2017a).

As of 2002, the Beer Handbooks no longer included %ABYV values (Adams Beverage
Group, 2002), and The Siebel Institute of Technology did not produce new editions of the
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reports we used previously (Seibel Institute of Technology, 1994, Seibel Institute of
Technology, 1995). Therefore, we obtained brewer-reported %ABYV values from brewer
websites, or the Liquor Control Board of Ontario’s website, or, in the case that %ABVs
could not be identified from these sources, we carried forward the 2002 %ABV value.
Between 2000 and 2010 the Beer Handbooks grouped the sale of beer into the following 7
categories: Super premium, micro/specialty, flavored malt beverages; premium beer; light
beer; popular beer; malt beer; ice beer, and imported beer (Adams Beverage Group, 2010).
In 2011 the “super premium, micro/specialty, flavored malt beverages” category was divided
into the categories “craft beer” and “flavored malt beverages”, and “super premium beer”
was included in the “premium beer” category (Beverage Information Group, 2011). Thus,
between 2011 and 2016 there were 8 industry-defined categories of beer. We calculated
sales-weighted mean %ABYV values (described below) for each beer subtype according to
these industry-defined categories as they changed over time.

Data sources for wine.

For wine, we identified data on top-selling varietals from the leading wine brands from the
National Alcoholic Beverage Control Association (NABCA) database. The NABCA
database includes sales of all wine brands by state alcohol monopolies by state and year. We
chose leading brands based on sales in Pennsylvania because only 5 states control wine
sales, and of those Pennsylvania is the largest (Kerr et al., 2016). We did not use national
wine sales data because such data were available only for general brands (e.g. — Franzia
Winetaps, Sutter Home) which included multiple varietals (e.g. — chardonnay, merlot) with
differing %ABVs. We obtained the annual market shares of each wine subtype in each state
and nationally from the Wine Handbooks (Beverage Information Group, 2017c). These
industry-defined wine subtypes are table wine, wine coolers, champagne and sparkling wing,
dessert and fortified wine, and vermouth/aperitif. Pennsylvania as a state alcohol monopoly
follows NABCA subtypes for wine that differs from those used in the Wine Handbooks.
Because annual market shares are based on the Wine Handbook’s industry-defined wine
subtype categories, we first matched the sales and %ABV data for each brand varietal and
then grouped the matched brands according to the Wine Handbook’s categories.

Data on the %ABV of specific wine brand and varietal were obtained from Washington State
Liquor Control Board (WSLB) Price Lists for the years 2003 — 2012. As WSLB did not
produce these price lists after the privatization of alcohol sales in 2012, we used the Liquor
Control Board of Ontario’s website to identify %ABV. In the case that a specific brand
varietal for a specific year could not be identified in either of these sources, we used the
winery-reported value as reported on their websites. As previously described (Kerr et al.,
2006b), we did this for each brand varietal accounting for the top 80% of wine sales in
Pennsylvania for each wine subtype. There were many thousands of brand varietals sold
comprising the largest category “table wine”, and an increasing number of brands each year.
Further, this methodology of identifying %ABV for each varietal has been critiqued as too
labor-intensive (Haughwout, 2018). To address the labor-intensity of this process, in this
update of %ABYV estimates and PCC we matched sales and %ABYV for the top 50% of table
wine sales in Pennsylvania, and calculated a mean %ABYV for 30% of the total sales of table
wines. We calculated a mean %ABYV for the most commonly sold varietals, which were
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chardonnay, cabernet sauvignon, merlot, and zinfandel, by obtaining the %ABYV for all the
wines listed in these varietal categories, excluding those already included in the top 50%. We
applied this mean %ABYV to 30% of the total sales volume thus increasing our mean %ABV
estimate to include 80% of the total. This was feasible for each year from 2003 to 2011
because the Washington Price lists were available and included %ABYV values for each

brand varietal in each top-selling varietal category. For the years from 2012 to 2016 we
carried forward the 2011 %ABYV value representing the mean of the most commonly sold
varietals and applied it to each year’s 30% value of total sales volume.

Data sources for spirits.

We used the Liquor Handbooks to obtain data on the leading brands, the volume sold of
each, and state and national annual market shares of each spirits subtype (Beverage
Information Group, 2017b). Spirits subtype categories were straight whiskey, blended
whiskey, Canadian whiskey, Scotch whiskey, Irish whiskey, gin, vodka, rum, tequila, brandy
& cognac, cordials & liqueurs, and prepared cocktails. We obtained %ABYV values for each
brand within each spirits subtype from the WSLB Price Lists for the years 2003 — 2012 and
from the NABCA database for the years 2013-2016. If the %ABV could not be identified
from these sources we used values from the distillery’s website.

Other data sources.

We used sales figure data for 2003-2016 from the Alcohol Epidemiologic Data System
(AEDS) for the volume of each beverage type sold for each state and nationally for each
year (Nephew et al., 2004, Haughwout, 2018). These figures are based on tax receipts and
industry sources. We obtained estimates of the United States population aged 15 and older
for each state and nationally from 2003 to 2016 from the U.S. Census Bureau (U.S. Census
Bureau, 2011, U.S. Census Bureau, 2017). The AEDS figures presented here based on the
ABV-invariant method are not the same as those in the AEDS Surveillance reports because
here they are referenced to the population aged 15 and older, while AEDS reports used
figures for the population aged 14 and older.

Estimating sales-weighted mean % ABV.

To estimate the sales-weighted mean %ABYV for each beverage subtype for each year we 1)
multiplied the %ABYV for each leading brand by the volume sold (2.25-gallon cases for beer
subtypes and 9-liter cases for wine and spirits subtypes), 2) took the sum of these product
values and 3) divided this sum by the sum of the volume sold. To estimate the mean %ABV
for each beverage type we multiplied the annual market share of each beverage subtype by
the sales-weighted mean %ABYV of that subtype and summed across all beverage subtypes
for each state for each year, and nationally for each year.

Estimating per capita alcohol consumption.

Nationally and for each state we calculated PCC estimates for each beverage type by
multiplying the mean %ABYV by the volume (in gallons) of each beverage type sold and
dividing by the population aged 15 and above. The total PCC is the sum of per capita
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consumption of each beverage type. To be consistent with international standards, we
present PCC estimates in liters.

We describe our %ABYV estimates for beer, wine, and spirits, their trends between 2003 and
2016, and make comparisons to the static %ABV values used in the AEDS PCC
calculations. To explain the trends in %ABYV estimates for each beer, wine, and spirits, we
describe the mean %ABY and market shares for beverage subtypes. We describe our
beverage-specific and total PCC estimates and trends, and make trend comparisons to
estimates from the AEDS ABV-invariant methods. We present national estimates as
described above followed by a brief overview of state estimates.

National %ABYV estimates for beer, wine, and spirits.

Our estimates of the mean %ABYV of beer, wine, and spirits sold in the United States
between 2003 and 2016 are presented in Figure 1. Overall, the means for all beverage types
increased over the 2003-2016 period from 4.65% to 4.74 %ABY, 11.6% to 12.3 %ABYV, and
36.9% to 38.3 %ABYV for beer, wine, and spirits, respectively.

For beer, the overall trend in mean %ABV was a decline between 2003 and 2005, a small
increase in 2006 followed by a steady decline until 2010, after which there was a notable
increase until 2015 and a slight decline to 2016. Our estimates were consistently higher than
the time-invariant 4.5 %ABYV value used for every year in AEDS, with the largest difference
of 0.25 percentage points in 2015.

For wine, the overall trend in average %ABYV was a stable value between 2003 and 2007,
then a sharp increase until 2010 after which it declined slightly and remained relatively
stable until 2016. Our estimates were lower than the time-invariant 12.9 %ABYV value for
every year in AEDS but the difference decreased over time as our estimates increased.

For spirits, the overall trend in mean %ABYV showed a steady increase between 2003 and
2014, with a slight dip in 2015 and an increase in 2016. Our estimates were consistently
lower than the static AEDS estimates, although differences decreased over the time period as
our estimates increased.

National mean %ABVs and market shares for beverage subtypes.

The changes we observed in our national estimates of mean %ABV of each beverage type
were influenced by changes in the sales-weighted mean %ABVSs of beverage subtypes and
changes in beverage subtype market shares over time, that is, changes in beverage subtype
preferences. The %ABVs and market shares are presented for selected years for each
beverage type in Table 1.

The initial decrease in the mean %ABV of beer between 2003 and 2005 (see Figure 1) was
driven by declines in market shares and not %ABYV as beer subtypes’ mean %ABYV changed
by no more than 0.03 over this time period. Premium beer and popular beer had the second
and fourth largest market shares in 2003, respectively, and each lost about 12% of their
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market shares by 2005. On the other hand, the increase in the national mean %ABYV of beer
between 2005 and 2006 was the result of an increase in the mean %ABV of malt beverages,
which increased from 6.14% to 6.68 %ABV. This increase was driven by the brand Steel
Reserve, with a %ABYV of 8.1%, as the top-selling brand in the malt beer category from
2006 onwards. Also between 2005 and 2006 the market share of malt beer increased by
about 29%, although it still only comprised less than 3% of the market share in 2006. The
decline in the national mean %ABYV of beer between 2006 and 2010 was explained by the
continued decline in market shares of premium beer, which lost 20% of its market shares
over this period. The marked increase in the national mean %ABYV of beer from 2010 to
2016 was driven by the increase in mean %ABYV and market shares of flavored malt
beverages (FMBs) and of craft beer. The mean %ABV of FMBs increased from 5.9% to
6.5%, and of craft beer from 4.9% to 5.3% between 2011 and 2016. Over the same period
FMBs increased its market share by approximately 56%, while craft beer increased by
approximately 85%. It is also important to note that light beer, which had a stable %ABV
over time of about 4.3%, showed a steady decline in market shares from a high of 52.9% in
2010 to 44.5% in 2016.

The increase in the mean %ABYV of wine between 2007 and 2010 was driven by increases in
the sales-weighted mean %ABY of table wine. Table wines increased from 11.7 in 2007 to
12.4 %ABV in 2010 when the %ABYV peaked and changed little thereafter. Table wines
comprised the vast majority of wine sales nationally with a market share consistently around
90%. This market share changed little over the entire 2003—2016 period from 90.2% to
90.7%, and was highest in 2010 at 91.8%. The slight decline in the mean %ABYV of wine
between 2010 and 2011 was attributable to the decline in the mean %ABYV of dessert and
fortified wine from 15.0% to 14.1%, which also lost market shares by approximately 16%
between 2010 and 2011, although comprised only 3% of the market in 2010.

Spirits showed a steady increase in mean %ABYV over the 2003 to 2016 period, reflecting a
gradual increase in the market shares of higher %ABV spirits and a gradual decrease in
lower %ABY spirits. Vodka, with a mean 40% ABYV throughout the study period, showed
the largest rise in market shares from 26.2% in 2003 to 33.6% in 2016. Similarly, market
shares of tequila, also with a mean 40% ABYV, increased market shares from 4.8% to 7.2%.
Straight whiskey also increased its market shares from 8.4% to 9.5% between 2003 and
2016, and had a slight increase in mean %ABYV from 41.1% to 41.9%. There were limited
changes in the mean %ABYV of spirits subtypes, with the exception of cordials & liqueurs
and prepared cocktails. Cordials & liqueurs showed an increase of mean %ABYV from 23.7%
to 28.4%, and prepared cocktails from 9.7% to 11.9%.

National beverage-specific and total per capita alcohol consumption estimates.

The new national variant %ABV-based PCC estimates for beer, wine, and spirits, and for
total consumption, with comparisons to AEDS estimates are presented in Figure 2. Overall,
our new estimates showed that consumption of pure alcohol from beer was somewhat higher
for every year and that consumption of alcohol from wine, spirits, and total PCC was lower
in every year compared to AEDS estimates.
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Our PCC estimates from beer decreased from 4.8 to 4.4 liters per capita between 2003 and
2016 and showed a similar trend over time compared to AEDS estimates. However, the
percent difference between the AEDS and our estimates increased between 2011 and 2016
from 3.2% to 5.1% showing that the trends diverge slightly.

Our PCC estimates from wine increased from 1.2 to 1.6 liters per capita between 2003 and
2016. The trend is similar to AEDS estimates, although there is a notable convergence
between our estimates and the AEDS estimates, where the percent difference decreased from
9.7% in 2003 to 5.0% in 2016.

Our estimates of PCC from spirits increased between 2003 and 2016 from 2.31 to 2.98 liters
per capita and followed a very similar trend to the AEDS estimates, remaining mostly
parallel over the study period. A slight convergence was observed as the percent difference
between our estimate and the AEDS estimate was 10.3% in 2003, 7.9% in 2015 and 6.8% in
2016.

Our total PCC estimates followed a similar pattern over the 2003 to 2016 period to that of
the AEDS estimates (see Figure 2). However, there are important differences. Overall, our
total PCC estimates were lower than the AEDS estimates. Further, the trend for our estimate
converged with the AEDS estimate trend. The difference between our estimates declined
from 0.24 liters of alcohol per person in 2003 to a difference of just 0.08 liters in 2016.
Importantly, the percent change between 2003 and 2016 for the AEDS estimates was 5.8%
compared to a 7.9% change in our estimates over the same period. This 7.9% change
represents 0.66 liters, which is a mean of approximately 37 drinks per person per year. In
contrast, a 5.8% change represents 0.48 liters, which is a mean of approximately 27 drinks
per person per year.

State %ABYV estimates for beer, wine, and spirits.

The estimates of the mean %ABV of beer, wine, and spirits for each state and the District of
Columbia (D.C.) for selected years are presented in Table 3. The mean %ABYV of each
beverage type are seen to vary by state in each year, reflecting the variation in preferences
and mean %ABV for each beverage subtype across states and time.

All states and the District of Columbia (DC) showed an increase in the mean %ABYV of beer
between 2003 and 2016, and most states followed the national trend. The states with the
least amount of change over the 2003-2016 period were North Dakota, Virginia, and lowa
with percent increases of 1.2%, 1.1%, and 0.9%, respectively, while New Mexico, Montana,
and Maine experienced the greatest percent increases of 4.9%, 4.4%, and 4.3%, respectively.

For wine, all states showed an increase in mean %ABYV and followed the national trend. The
states with the greatest increases between 2003-2016 were Idaho, Virginia, and Tennessee
with increases of 6.8%, 6.8%, and 6.7%, respectively. The states with the lowest percent
change were Illinois, North Carolina, and Mississippi with increases of 3.1%, 3.0%, and
2.9%, respectively.

For spirits, 45 states and the District of Columbia showed increases in the mean %ABYV of
spirits, and of these the vast majority followed the national trend. Ohio, Rhode Island, and
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Nebraska had the largest percent increases at 10.5%, 7.9%, and 6.6%, respectively, while
West Virginia, Mississippi, and Alabama had the largest decreases in %ABV for spirits of
0.4%, 0.5%, and 1.8%, respectively.

State mean %ABVs and market shares for beverage subtypes.

The change in the mean %ABYV of beer, wine, and spirits was driven by changes in beverage
subtype mean %ABVSs and preferences, and these %ABVs and preferences varied by state.
To describe these state-level beverage subtype %ABYV and preference changes in relation to
state-level changes in mean beverage-specific %ABYV, we present data for the states with the
largest change in mean %ABYV for each beverage type.

The increase in %ABYV of beer for New Mexico, which had the largest percent increase of
4.9%, is attributable to a decline in the market shares of beer with relatively low mean
%ABYV and an increase of relatively higher mean %ABYV beer subtypes. Between 2006 and
2016 the market shares of light beer declined from 51.5% to 37.6%. The market shares of
the super premium, micro/specialty, and FMBs subtype category increased from 6.8% in
2006 to 11.9% in 2010, and between 2011 and 2016 the market shares of craft beer
increased from 8.2% to 14.9%.

Similar to the national trends in the mean %ABY of wine, state-level trends were driven by
the increase in the mean %ABYV and the market shares of table wine. 1daho, which had the
largest percent change in mean %ABV of wine of 6.8%, had the largest market share of
table wine for most years between 2003 and 2016, where market shares of table wine were
97.3% in 2003 and 97.4% in 2016.

Comparable to national trends in the mean %ABYV of spirits, state level trends were driven
by declines in the market shares of low %ABV spirit subtypes and increases in high %ABV
spirit subtypes. Between 2003 and 2016, Ohio had the largest increase in mean spirits
%ABYV of 10.5%. Unlike the national trend, it showed a marked increase between 2012 and
2014 afterwhich it leveled off. The increase in %ABV between 2012 and 2014 was driven
by a decline in the market shares of prepared cocktails from 9.3% in 2012 to 0.2% in 2014
and a concomitant increase in the market shares of cordials and liqueurs, straight whiskey,
tequila, and brandy & cognac.

State beverage-specific and total per capita alcohol consumption estimates.

The new beverage-specific %ABV-variant PCC estimates for selected years for each state
are presented in Table 3. The estimates varied by state while trends for each beverage type
were consistent across states. The total PCC estimates for each state with comparisons to
AEDS estimates for 2003 and 2016 are presented in Table 4. The estimates varied by state in
each year, representing the range in total PCC by state. Table 4 also shows the percent
change in total PCC for each state for both our new estimates and the AEDS estimates. The
ranking by percent change varies by the new and AEDS estimates. North Dakota has the
largest percent change in total PCC according to both estimates, however, the new estimates
rank Vermont second followed by Idaho while the AEDS estimate rank Idaho second
followed by Vermont. The vast majority of states showed an increase in total PCC, although
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2 more states, Nebraska and Illinois, showed a decline according to AEDS estimates than
did according to our new estimates.

DISCUSSION

For all beverage types, our mean %ABYV estimates increased nationally and for all but five
states. These increases were driven by an increase in national and state preferences for
beverages with a higher and increasing %ABYV and a decrease in preferences for lower
%ABYV beverages. The estimates of PCC from wine and spirits utilizing variable %ABV
conversion factors were lower than AEDS estimates, while consumption from beer was
higher. While our total PCC estimates were also lower than AEDS estimates, the trends in
PCC showed a more dramatic increase in pure alcohol volume than those using ABV-
invariant methods.

Researchers have used PCC estimates to try to understand the observed increases in alcohol-
related morbidity and mortality in the U.S. over the first part of the 21st century. For
example, White et al noted an increase of 1.7% in PCC and concluded that it did not appear
to be related to the 47% increase in the rate of alcohol-related ED visits from 2006 to 2014
(White et al, 2018). Using our ABV variant method, PCC between 2006 and 2014 increased
by 3.6%, over double the increase using the ABV invariant method. This difference and the
absolute increase using the ABV variant method may not alone explain the increase in the
rate of alcohol-related ED visits. However, because the change in PCC was likely
underestimated, it suggests PCC should not be dismissed and may be one of many factors
driving the increase in alcohol-related emergency room visits. This example also highlights
the importance of the rate of change in PCC trends, and is consistent with findings from an
Australian study that similarly showed the value of including time-varying ABV values to
ensure precision in PCC estimates so change over time can be accurately measured
(Chikritzhs et al., 2010). It is important to note that cohort and lag effects may also be
drivers of the disparity between changes in alcohol-related morbidity and mortality and
changes in PCC. Cohort effects may be related in that previous generations may have been
drinking at high levels that resulted in death from alcohol-related diseases so that their
alcohol consumption would not be included in current PCC estimates (Trias-LIimos et al.,
2017). Lag effects may contribute because the time from changes in PCC to the time to first
effect for some alcohol-attributable diseases, such as alcohol-related cancers, is at least 10
years (Holmes et al., 2012). These effects could result in temporally distinct yet still related
changes between PCC and changes in alcohol-related morbidities.

There are many reasons why the precision of PCC estimates matters. First, the Tax Cuts and
Jobs Act of 2017 (Public Law No: 115-97) reduced excise taxes on all alcoholic beverages.
A large body of evidence shows that decreases in alcohol taxes can result in increases in
alcohol consumption (Wagenaar et al., 2009), which can give rise to alcohol-related
morbidity and mortality (Wagenaar et al., 2010). If there is a further and continued increase
in alcohol consumption by the U.S. population over age 15, then further increases in
alcohol-related problems may be forthcoming, such as traffic accidents (Chang et al., 2012)
and suicides (Kerr et al., 2011). Second, the recent legalization of recreational cannabis in
many states is of concern in an environment of increasing alcohol use because of the
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negative impact of simultaneous cannabis and alcohol use, such as drunk driving, social
consequences, and harms to self (Subbaraman and Kerr, 2015). Third, recent national
surveys report a decline in both any alcohol use (Johnston LD, 2013) and binge drinking
among youth (Keyes and Miech, 2013), suggesting that the noted increase in PCC is due to
more alcohol use and binge drinking among middle-aged and older adults. Indeed, recent
surveys have observed an increase in self-reported past-month binge drinking and AUD
among adults aged 50 and older (Han et al., 2017), and an increase in alcohol-related
emergency department visits (White, et al 2018). This is cause for concern because older
adults are more likely to have various co-morbidities and to use medication that
contraindicates the use of alcohol (Moore et al., 2007). Finally, the national surveys and
meta-analysis (Grucza et al., 2018) that showed an increase in binge drinking generally may
be particularly concerning if the alcohol content of the beverages being consumed is higher
than previously assumed as this may increase the likelihood of negative alcohol-related
consequences.

This work has limitations that should be considered when interpreting our results. The
estimate for PCC from wine may have been underestimated from 2012 to 2016 since we
carried forward the %ABYV value for 30% of total sales volume from 2011 to 2016 instead of
calculating from actual wine %ABYV values. This change in methodology was due to
changes in the availability of data, which also highlights the challenge of this methodology
to identify adequate and reliable sources of information. Relatedly, how we calculated the
mean %ABY of wine by identifying the leading brands of wine based on sales in
Pennsylvania only is a limitation because it does not represent sales nationally. Since only
general brands and not individual brands are reported nationally it is not possible to
determine if using leading individual brand sales of wine in Pennsylvania would result in an
over- or underestimate of the mean %ABYV of wine and thus its impact on PCC wine
estimates. Regarding the %ABYV of all alcoholic beverages, the %ABYV value taken from
producer reports or websites may not accurately reflect the actual amount of alcohol. This is
less likely for spirits which are taxed based on alcohol content at the federal level, but may
still be relevant for beer and wine which are not routinely tested by independent authorities,
except in regard to labelling where considerable error is allowed. Regarding other
components of the calculation of PCC estimates, population estimates may also represent
another source of error as certain undercounted groups, often rural and/or racial/ethnic
minorities, and those not included in the population such as foreign tourists and
undocumented immigrants, may comprise a greater proportion of the population in recent
years (U.S. Census Bureau, 2012). The alcohol sales data may also have error due to
unaccounted for changes in reporting practices over time, variation by state, and the time
delay between actual consumption and the publication of state tax records (Haughwout,
2018). Moreover, alcohol sales data will not include unrecorded consumption from illicit
production, importation, and sales. Fortunately, unrecorded consumption is likely minimal
due to substantial decreases in illicit alcohol production in the U.S. since the 1970s (Rehm et
al., 2014). Similarly, cross-state sales are also present but not likely to have a significant
impact on consumption estimates (Ye and Kerr, 2016). However, these factors are a reality
and may introduce inaccuracies into our PCC estimates (Haughwout, 2018). Finally, the
likely errors in each component of the PCC calculation, that is, the alcohol sales figures, the
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%ABYV values, and population estimates, would result in errors in the PCC estimates. Since
these error values are unknown, however, statistical tests of differences between ABV-
variant and ABV-invariant PCC estimates are not feasible. It is noteworthy that the
population estimates and alcohol sales data are also components of the AEDS methodology
such that the same errors are included in our PCC estimates. Further, the errors in the
estimates of components of the PCC calculation beyond the %ABYV values represent other
possibilities for improving the precision of PCC estimates, such that refinements in alcohol
sales figures and population estimates could improve PCC calculations. These refinements,
however, would necessitate changes in the reporting and collection of these data, which
would likely be more cumbersome than including data on annual changes in %ABYV values
of beer, wine, and spirits.

The inclusion of time-varying %ABYV in the calculation of PCC estimates showed increasing
%ABVs for all beverage types, preferences for beverages with higher and increasing %ABY,
and a greater increase in PCC estimates compared to those using time invariant %ABV
values. PCC measures are used to explain changes in alcohol-related mortality (Jiang et al.,
2018) and morbidity (White et al., 2018), for comparison of alcohol use across geographic
regions (Kerr, 2010), the study of alcohol policies (Xuan et al., 2015), the examination of
alcohol use over time, the calculation of global alcohol-attributable fractions, and to inform
news articles about alcohol use in the U.S. (Chevalier, 2018). It is therefore critical that PCC
measures are as precise as possible to ensure that conclusions drawn from the applications of
these measures are accurate and valid. Through the presentation of estimates based on ABV
variation and comparisons to estimates from ABV-invariant methods we suggest that the
inclusion of annual estimates of the %ABYV of alcoholic beverages sold in the U.S. is
necessary to ensure the precision of PCC measures and the accurate detection of changes in
alcohol consumption over time and place.

ACKNOWLEDGEMENTS

This work was supported by the National Institute on Alcohol Abuse and Alcoholism of the National Institutes of
Health (P.M., KO1AA024832, S.C.M.R R01AA023267, W.C. P50AA005595. The authors declare no conflicts of
interest.

Sources of support: NIAAA R01 AA023267 (Roberts), KO1AA024832 (Martinez)

REFERENCES

ADAMS BEVERAGE GROUP 2002 Adams Beer Handbook, Norwalk, CT, Adams Beverage Group.

ADAMS BEVERAGE GROUP 2010 Adams Beer Handbook, Norwalk, CT, Adams Beverage Group.

BEVERAGE INFORMATION GROUP 2011 Beer Handbook, Norwalk, CT, Beverage Information
Book.

BEVERAGE INFORMATION GROUP 2017a Beer Handbook, Norwalk, CT, Beverage Information
Group.

BEVERAGE INFORMATION GROUP 2017b Liquor Handbook, Norwalk, CT, Beverage Information
Group.

BEVERAGE INFORMATION GROUP 2017c Wine Handbook, Norwalk, CT, Beverage Information
Group.

CDC 2017 Multiple Cause of Death 1999-2016 on CDC WONDER Online Database CDC Wonder.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Martinez et al.

Page 13

CHANG K, WU CC & YING YH 2012 The effectiveness of alcohol control policies on alcohol-
related traffic fatalities in the United States. Accid Anal Prev, 45, 406-15. [PubMed: 22269524]
CHEVALIER Z 2018 The 10 States that Consume the Most Alcohol U.S. News & World Report: Best

States. U.S. News and World Report L.P.

CHIKRITZHS TN, ALLSOP SJ, MOODIE AR & HALL WD 2010 Per capita alcohol consumption in
Awstralia: will the real trend please step forward? Med J Aust, 193, 594-7. [PubMed: 21077816]

FRAZER J 2014 Wine Becomes More Like Whisky as Alcohol Content Gets High Scientific
American. Springer Nature America.

GRANT BF, CHOU SP, SAHA TD, PICKERING RP, KERRIDGE BT, RUAN WJ, HUANG B, JUNG
J, ZHANG H, FAN A & HASIN DS 2017 Prevalence of 12-Month Alcohol Use, High-Risk
Drinking, and DSM-1V Alcohol Use Disorder in the United States, 2001-2002 to 2012-2013:
Results From the National Epidemiologic Survey on Alcohol and Related Conditions. JAMA
Psychiatry, 74, 911-923. [PubMed: 28793133]

GREENFIELD TK & KERR WC 2008 Alcohol measurement methodology in epidemiology: recent
advances and opportunities. Addiction, 103, 1082-1099. [PubMed: 18422826]

GRUCZA RA, SHER KJ, KERR WC, KRAUSS MJ, LUI CK, MCDOWELL YE, HARTZ S, VIRDI
G & BIERUT LJ 2018 Trends in adult alcohol use and binge drinking in the early 21st century
United States: A meta-analysis of six national survey series. Alcoholism: Clinical and
Experimental Research, 2018 Aug 6. doi: 10.1111/acer.13859. [Epub ahead of print].

HAN BH, MOORE AA, SHERMAN S, KEYES KM & PALAMAR JJ 2017 Demographic trends of
binge alcohol use and alcohol use disorders among older adults in the United States, 2005-2014.
Drug Alcohol Depend, 170, 198-207. [PubMed: 27979428]

HAUGHWOUT SP A. S. ME 2018 Surveillance Report #110: Apparent per capita alcohol
consumption: National, State, and regional trends, 1977-2016. Rockville, MD: NIAAA, Division
of Epidemiology and Prevention Research, Alcohol Epidemiologic Data System.

HOLMES J, MEIER PS, BOOTH A, GUO Y & BRENNAN A 2012 The temporal relationship
between per capita alcohol consumption and harm: A systematic review of time lag specifications
in aggregate time series analyses. Drug and Alcohol Dependence, 123, 7-14. [PubMed: 22197480]

JIANG H, LIVINGSTON M, ROOM R, CHENHALL R & ENGLISH DR 2018 Temporal associations
of alcohol and tobacco consumption with cancer mortality. JAMA Network Open, 1, €180713.
[PubMed: 30646024]

JOHNSTON, O. M. P, BACHMAN JG, SCHULENBERG JE 2013 Demographic Subgroup Trends
Among Adolescents for Fifty-one Classes of Licit and Illicit drugs, 1975-2012. Ann Arbor, MI:
Institute for Social Research, University of Michigan.

KEHOE T, GMEL G, SHIELD KD, GMEL G & REHM J 2012 Determining the best population-level
alcohol consumption model and its impact on estimates of alcohol-attributable harms. Population
health metrics, 10, 6-6. [PubMed: 22490226]

KERR WC 2008 Ethanol content of beer sold in the United States: variation over time, across states
and by individual drinks In: PREEDY VR (ed.) Beer in Health and Disease Prevention.
Burlington, MA: Academic Press.

KERR WC 2010 Categorizing US State Drinking Practices and Consumption Trends. International
Journal of Environmental Research and Public Health, 7, 269-283. [PubMed: 20195444]

KERR WC, BROWN S & GREENFIELD TK 2004 National and state estimates of the mean ethanol
content of beer sold in the US and their impact on per capita consumption estimates: 1988 to 2001.
Alcoholism: Clinical and Experimental Research, 28, 1524-1532.

KERR WC & GREENFIELD TK 2003 The average ethanol content of beer in the U.S. and individual
states: estimates for use in aggregate consumption statistics. Journal of Studies on Alcohol, 64,
70-74. [PubMed: 12608485]

KERR WC & GREENFIELD TK 2007 Distribution of alcohol consumption and expenditures and the
impact of improved measurement on coverage of alcohol sales in the 2000 National Alcohol
Survey. Alcoholism: Clinical and Experimental Research, 31, 1714-1722.

KERR WC, GREENFIELD TK & TUJAGUE J 2006a Estimates of the mean alcohol concentration of
the spirits, wine, and beer sold in the United States and per capita consumption: 1950-2002.
Alcoholism: Clinical and Experimental Research, 30, 1583-1591.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Martinez et al.

Page 14

KERR WC, GREENFIELD TK, TUJAGUE J & BROWN SE 2006b The alcohol content of wine
consumed in the US and per capita consumption: new estimates reveal different trends.
Alcoholism: Clinical and Experimental Research, 30, 516-522.

KERR WC, PATTERSON D & GREENFIELD TK 2016 State Alcohol Tax Rates Spirits and Wine
Tax Rates for the Control States: 2014 estimates based on retail price impact relative to license
state pricing. Alexandria, VA: National Alcohol Beverage Control Association (NABCA).

KERR WC, SUBBARAMAN M & YE Y 2011 Per capita alcohol consumption and suicide mortality
in a panel of US states from 1950 to 2002. Drug and alcohol review, 30, 473-480. [PubMed:
21896069]

KEYES KM & MIECH R 2013 Age, period, and cohort effects in heavy episodic drinking in the US
from 1985 to 2009. Drug and Alcohol Dependence, 132, 140-148. [PubMed: 23433898]

MOORE AA, WHITEMAN EJ & WARD KT 2007 Risks of combined alcohol/medication use in older
adults. Am J Geriatr Pharmacother, 5, 64-74. [PubMed: 17608249]

NEPHEW TM, YI H-Y, WILLIAMS GD, STINSON FS & DUFOUR MC 2004 U.S. Apparent
Consumption of Alcoholic Beverages Based on State Sales, Taxation, or Receipt Data [NIH
Publication No. 04-5563], Rockville, MD, National Institute on Alcohol Abuse and Alcoholism,
National Institutes of Health, Alcohol Epidemiologic Data System.

NIAAA. 2018 What is a standard drink? [Online]. Available: https://www.niaaa.nih.gov/alcohol-
health/overview-alcohol-consumption/what-standard-drink [Accessed September 7, 2018].

REHM J, KAILASAPILLAI S, LARSEN E, REHM MX, SAMOKHVALOQV AV, SHIELD KD,
ROERECKE M & LACHENMEIER DW 2014 A systematic review of the epidemiology of
unrecorded alcohol consumption and the chemical composition of unrecorded alcohol. Addiction,
109, 880-93. [PubMed: 24467748]

SEIBEL INSTITUTE OF TECHNOLOGY 1994 Survey of Retail Market Beers, Chicago, IL, Seibel
Institute of Technology.

SEIBEL INSTITUTE OF TECHNOLOGY 1995 Survey of Retail Market Beers, Chicago, IL, Seibel
Institute of Technology.

SHERK A, STOCKWELL T, REHM J, DOROCICZ J, SHIELD KD 2017 The International Model of
Alcohol Harms and Policies (InterMAHP): A comprehensive guide to the estimation of alcohol-
attributable morbidity and mortality. Version 1.0 ed. Columbia British, Canada: Canadian Institute
for Substance Use Research, University of Victoria.

SUBBARAMAN MS & KERR WC 2015 Simultaneous versus concurrent use of alcohol and cannabis
in the National Alcohol Survey. Alcoholism: Clinical and Experimental Research, 39, 872-879.

TAPPER EB & PARIKH ND 2018 Mortality due to cirrhosis and liver cancer in the United States,
1999-2016: observational study. Bmj, 362, k2817. [PubMed: 30021785]

TRIAS-LLIMOS S, BIILSMA MJ & JANSSEN F 2017 The role of birth cohorts in long-term trends
in liver cirrhosis mortality across eight European countries. Addiction, 112, 250-258. [PubMed:
27633487]

U.S. CENSUS BUREAU 2011 Intercensal Estimates of the Resident Population by Sex and Age for
the United States: April 1, 2000 to July 1, 2010. Washington, DC.

U.S. CENSUS BUREAU 2012 Census Bureau Releases Estimates of Undercount and Overcount in the
2010 Census. U.S. Census Bureau.

U.S. CENSUS BUREAU 2017 Annual Estimates of the Resident Population for Selected Age Groups
by Sex for the United States, States, Counties, and Puerto Rico Commonwealth and Municipios:
Aprill, 2010 to July 1, 2016. Washington, DC.

WAGENAAR AC, SALOIS MJ & KOMRO KA 2009 Effects of beverage alcohol price and tax levels
on drinking: a meta-analysis of 1003 estimates from 112 studies. Addiction, 104, 179-90.
[PubMed: 19149811]

WAGENAAR AC, TOBLER AL & KOMRO KA 2010 Effects of Alcohol Tax and Price Policies on
Morbidity and Mortality: A Systematic Review. American Journal of Public Health, 100, 2270—
2278. [PubMed: 20864710]

WHITE AM, SLATER ME, NG G, HINGSON R & BRESLOW R 2018 Trends in Alcohol-Related
Emergency Department Visits in the United States: Results from the Nationwide Emergency
Department Sample, 2006 to 2014. Alcohol Clin Exp Res, 42, 352-359. [PubMed: 29293274]

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 March 01.


https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/what-standard-drink
https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/what-standard-drink

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Martinez et al. Page 15

WHO, W. H. O. 2014 Global Status Report on Alcohol and Health. Geneva, Switzerland: World
Health Organization.

XUAN Z, BLANCHETTE JG, NELSON TF, NGUYEN TH, HADLAND SE, OUSSAYEF NL,
HEEREN TC & NAIMI TS 2015 Youth Drinking in the United States: Relationships With Alcohol
Policies and Adult Drinking. Pediatrics, 136, 18-27. [PubMed: 26034246]

YE Y & KERR WC 2016 Estimated increase in cross-border purchases by Washington residents
following liquor privatization and implications for alcohol consumption trends. Addiction
(Abingdon, England), 111, 1948-1953.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Martinez et al.

Spirits
42.0%

41.0% - —i—i—i—i—i—i———i——a—a—a

40.0%

—i— AEDS ABV Spirits
39.0%

—&— New ABV Spirits

38.0%
37.0%

36.0%

Wine

13.2%

i

12.7%

—— AEDS ABV Wine
12.2%
—— New ABV Wine

11.7%

% Alcohol by volume

11.2%

Beer
4.75%

4.70%

4.65%

—— AEDS ABV Beer

4.60%
—@&— New ABV Beer

4.55%

4.50%

i

4.45%

Figure 1.
New estimated %ABV by volume of spirits, wine, and beer compared with Alcohol

Epidemiologic Data System (AEDS) estimates. Note: Y-axis begins at 4.45%, not 0%.
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Per capita consumption of beer, wine, spirits and total per capita consumption in the U.S.
from 2003-2016 based on new %ABV-variant estimates with Alcohol Epidemiologic Data

System (AEDS) estimates for comparison.
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Table 1.

National market shares and %ABYV for each beverage type for selected years
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Super Premium, micro/
specialty, FMBs

Premium
Light
Popular
Malt

Ice

Imported
Craft

Flavored Malt Beverages

Super Premium &
Premium

Table wine

Wine cooler
Champagne & Sparkling
Dessert & Fortified
Vermouth/Aperitif

Straight whiskey
Blended whiskey
Canadian whiskey
Scotch whiskey
Irish whiskey

Gin

Vodka

Rum

Tequila

Brandy & Cognac
Cordials & Liqueurs

Prepared cocktails

market shares (%)

73

17.9
41.7
9.9
2.4
3.2
11.6

market shares (%)

90.2
0.4
4.8
3.9
0.7

market shares (%)

8.4
3.4
9.7
5.7
0.3
6.9
26.2
12.3
4.8
6.2
12.1
4.0

2003

4.88

4.99
431
4.70
6.16
5.71
4.69

2003

11.55
3.25
9.88

16.22

16.32

2003

41.06
40.00
40.00
40.09
40.05
41.86
40.00
38.52
40.00
40.00
23.69
9.71

%ABV

%ABYV  market shares (%)

Beer
2010
%ABV  market shares (%) %ABV
8.4 491
11.4 4.98
52.9 4.28
8 4.73
2.5 6.68
3.6 5.77
12.9 4.65
567 4907
25" 592"
141% 457
Wine
2010
market shares (%) %ABV
91.8 12.41
0.0 3.28
4.8 9.85
3.2 15.04
0.5 16.35
Spirits
2010

market shares (%)

8.0 41.29
2.6 40.00
8.0 40.00
45 40.16
0.7 40.00
5.8 41.79
32.3 40.00
133 38.04
6.1 40.00
5.4 40.00
10.2 26.69
3.1 10.71

2016
market shares (%) %ABV
445 4.31
6.5 471
1.9 6.75
3.0 5.76
16.0 4.63
10.4 5.29
3.9 6.48
13.6 4.96
2016
market shares (%) %ABV
90.7 12.27
0.0 3.20
6.5 10.22
2.3 13.26
0.4 16.30

2016
%ABV market shares (%)
9.5 41.91
24 40.00
7.3 40.00
43 40.08
1.6 40.00
4.6 42.24
33.6 40.00
111 37.89
7.2 40.00
5.7 40.00
10.9 28.43
18 11.89

*
Values are for 2011 when the new beer categories were introduced.
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Average % alcohol by volume for beer, wine, and spirits for selected years for each state

Table 2.

Beer Wine Spirits

State 2003 2010 2016 2003 2010 2016 2003 2010 2016
Alabama 464 458 477 1160 1238 1233 38.08 37.99 37.38
Alaska 469 463 479 1172 1244 1233 36.58 3756 38.32
Arizona 462 458 471 1155 1238 1228 36.97 38.03 38.73
Arkansas 465 461 475 1189 1251 1236 36.59 37.68 38.78
California 464 460 476 1166 1239 1225 37.26 3810 38.74
Colorado 462 457 474 1152 1235 1225 36.29 3745 3824
Connecticut 467 463 482 1159 1236 1226 36.11 37.24 38.05
Delaware 465 462 475 1162 1240 1231 36.31 3749 3836
District Of Col. 471 466 478 1165 1234 1224 3827 3883 39.31
Florida 467 463 476 1155 1234 1226 37.36 3815 38.60
Georgia 467 463 475 1161 1241 1230 37.83 3852 39.00
Hawaii 460 456 469 1142 1224 1218 3713 3796 3851
Idaho 460 456 468 1155 1239 1234 3744 3785 3744
Ilinois 466 463 474 1176 1231 1213 36.21 37.62 38.45
Indiana 465 457 472 1164 1241 1231 36.21 37.36 38.30
lowa 451 446 455 1145 1223 1220 3565 36.12 36.65
Kansas 460 457 477 1149 1232 1222 36.86 37.68 3857
Kentucky 468 466 479 1161 1240 1231 3739 3830 39.19
Louisiana 461 462 473 1188 1249 1227 36.76 37.84 3857
Maine 465 461 485 1154 1229 1222 3479 3583 36.34
Maryland 470 466 479 1169 1240 1232 3711 3796 38.62
Massachusetts 466 463 482 1162 1240 1230 3589 37.14 3797
Michigan 467 463 476 1166 1229 1216 36.78 37.10 37.24
Minnesota 465 463 481 1151 1232 1225 36.84 37.68 38.35
Mississippi 468 464 476 1187 1238 1220 37.60 37.93 37.40
Missouri 463 459 471 1171 1238 1226 36.36 37.40 3841
Montana 466 462 487 1155 1234 1227 37.06 37.46 37.68
Nebraska 464 462 478 1163 1238 1228 3591 37.00 38.28
Nevada 463 461 474 1176 1248 1234 3649 37.72 3847
New Hampshire  4.65 4.62 483 11.69 1242 1234 36.07 36.96 37.33
New Jersey 470 469 482 1160 1237 1228 36.54 37.73 3825
New Mexico 461 464 484 1167 1241 1229 36.30 37.61 38.66
New York 473 469 483 1158 1233 1225 3734 3817 38.69
North Carolina 468 465 478 1204 1262 1241 37.63 37.62 37.64
North Dakota 459 454 465 1158 1233 1222 36.90 37.76 3834
Ohio 465 462 478 11.77 1243 1230 3459 3522 38.23
Oklahoma 460 455 468 1180 1243 1227 38.17 3822 3897
Oregon 468 469 486 1160 1239 1231 3724 3786 37.84
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Beer Wine Spirits

State 2003 2010 2016 2003 2010 2016 2003 2010 2016
Pennsylvania 465 461 474 1175 1243 1226 3596 3640 36.69
Rhode Island 465 464 481 1164 1240 1232 3493 36.66 37.69
South Carolina 469 467 478 1162 1243 1234 38.17 38.60 39.30
South Dakota 459 454 468 1182 1240 1225 36.99 37.86 38.48
Tennessee 465 464 478 1155 1240 1233 3761 3833 39.16
Texas 455 452 465 1161 1235 1223 36.75 37.83 38.48
Utah 460 457 473 1159 1238 1232 36.85 3743 3725
Vermont 469 467 487 1157 1234 1228 36.33 3722 3754
Virginia 468 464 473 1156 1237 1234 3755 37.33 3749
Washington 470 467 484 1162 1237 1232 3720 37.70 38.30
West Virginia 461 454 473 1156 1232 1226 3729 37.20 37.15
Wisconsin 462 461 475 1170 1247 1237 36.74 37.81 38.50
Wyoming 464 460 476 1157 1237 1229 36.15 37.00 37.25
United States 465 460 474 1164 1242 1225 3685 37.68 38.29
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Per capita alcohol consumption estimates (in liters) for each beverage type for each state

Table 3.

Beer Wine Spirits
State 2003 2010 2016 2003 2010 2016 2003 2010 2016
Alabama 472 455 445 066 084 095 185 2.05 229
Alaska 511 487 469 131 205 206 271 442 442
Arizona 559 481 458 127 151 146 246 270 281
Arkansas 423 411 379 050 063 080 192 210 235
California 425 38 391 176 181 217 228 252 282
Colorado 528 475 462 136 176 188 297 356 4.15
Connecticut 373 348 349 181 223 226 263 305 349
Delaware 549 535 485 196 244 269 400 478 642
District Of Col. 549 483 459 304 364 373 538 586 6.17
Florida 524 444 442 151 174 193 299 324 372
Georgia 478 422 404 092 092 092 236 238 253
Hawaii 511 482 515 142 188 208 230 254 278
Idaho 455 414 370 224 334 437 192 254 284
Ilinois 505 477 453 123 146 155 252 262 278
Indiana 442 402 39 074 097 108 216 260 321
lowa 534 524 505 051 066 085 180 248 297
Kansas 457 443 418 057 050 053 195 240 273
Kentucky 412 394 394 052 067 081 198 235 290
Louisiana 556 557 507 089 106 124 250 297 361
Maine 498 484 563 137 152 160 241 282 342
Maryland 413 376 340 112 140 147 269 315 333
Massachusetts 439 411 392 195 229 237 277 293 344
Michigan 471 433 422 091 121 142 244 282 318
Minnesota 488 438 474 101 122 162 316 348 422
Mississippi 555 543 524 043 057 064 222 250 272
Missouri 531 497 465 090 119 137 237 285 344
Montana 622 650 671 116 166 188 251 3.07 345
Nebraska 567 565 531 064 076 080 213 236 256
Nevada 691 588 571 215 224 225 422 428 518
New Hampshire 696 691 7.72 249 313 324 553 639 6.98
New Jersey 383 369 339 173 211 216 273 305 3.30
New Mexico 6.03 488 458 093 116 114 208 259 3.06
New York 376 357 373 139 178 192 214 254 283
North Carolina ~ 4.82 429 431 098 133 160 182 202 227
North Dakota 6.03 578 647 060 092 122 296 420 461
Ohio 530 510 469 077 092 112 130 157 208
Oklahoma 420 449 423 047 068 072 160 208 231
Oregon 482 476 513 163 181 220 239 294 323
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Beer Wine Spirits
State 2003 2010 2016 2003 2010 2016 2003 2010 2016
Pennsylvania 518 532 530 0.78 107 119 174 219 247
Rhode Island 452 423 384 179 206 212 260 316 3.70
South Carolina 554 518 481 080 090 093 264 277 2091
South Dakota 597 592 583 057 090 114 256 327 3.96
Tennessee 506 412 418 061 083 120 182 220 290
Texas 569 523 519 079 106 126 174 209 250
Utah 302 275 255 050 065 070 135 167 1.83
Vermont 537 550 651 180 236 289 220 248 256
Virginia 456 429 403 124 163 179 183 210 231
Washington 427 387 396 162 192 192 236 257 278
West Virginia 485 478 482 035 036 039 134 154 160
Wisconsin 6.05 582 552 1.03 120 149 345 399 438
Wyoming 6.77 522 482 080 098 117 3.06 368 4.10
United States 483 447 440 118 142 159 231 262 298
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Table 4.
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New total per capital alcohol consumption estimates for each U.S. state ranked by % change in new estimate

New total per capita alcohol consumption estimates

AEDS total per capital alcohol consumption estimates

(liters) (liters)
State 2003 2016 % change 2003 2016 % change
North Dakota 9.59 12.29 28.24 9.87 12.49 26.57
Vermont 9.37 11.96 27.62 9.65 11.84 22.80
Idaho 8.72 10.91 25.23 9.07 11.25 24.05
Alaska 9.13 11.18 22.45 9.39 11.32 20.49
Montana 9.89 12.04 21.79 10.08 11.95 18.50
Delaware 11.46 13.96 21.79 12.02 14.28 18.79
Maine 8.76 10.65 21.63 9.19 10.78 17.29
South Dakota 9.10 10.94 20.25 9.31 11.04 18.56
New Hampshire 14.98 17.95 19.86 15.78 18.27 15.78
Oregon 8.84 10.56 19.49 9.08 10.56 16.27
Minnesota 9.04 10.57 16.86 9.37 10.65 13.63
New York 7.29 8.48 16.45 7.48 8.51 13.75
Pennsylvania 7.70 8.96 16.43 7.85 9.05 15.22
lowa 7.65 8.87 15.98 7.98 9.22 15.62
Oklahoma 6.27 7.26 15.74 6.34 7.25 14.33
Kentucky 6.62 7.65 15.55 6.72 7.60 13.05
Hawaii 8.83 10.00 13.34 9.14 10.10 10.53
Connecticut 8.17 9.24 13.06 8.60 9.40 9.34
Indiana 7.32 8.24 12.58 7.55 8.35 10.52
Louisiana 8.95 9.92 10.81 9.19 9.97 8.47
Colorado 9.61 10.65 10.79 10.03 10.82 7.90
Tennessee 7.49 8.28 10.51 7.57 8.23 8.74
Missouri 8.57 9.47 10.42 8.82 9.57 8.49
Michigan 8.05 8.82 9.54 8.26 9.00 8.92
Texas 8.22 8.95 8.87 8.46 9.02 6.69
Rhode Island 8.91 9.66 8.39 9.41 9.84 4.56
Wisconsin 10.53 11.39 8.14 10.88 11.46 5.32
United States 8.31 8.97 7.89 8.55 9.05 5.75
California 8.30 8.90 7.25 8.59 8.97 4.44
North Carolina 7.62 8.17 7.17 7.67 8.19 6.72
Ohio 7.37 7.89 7.09 7.51 7.83 4.16
New Jersey 8.28 8.85 6.86 8.65 8.98 3.82
Massachusetts 9.11 9.72 6.78 9.57 9.86 3.00
Virginia 7.64 8.13 6.33 7.78 8.23 5.77
Alabama 7.23 7.69 6.32 7.31 7.71 5.55
Mississippi 8.19 8.59 4.92 8.21 8.61 4.77
Washington 8.25 8.65 4.92 8.49 8.67 2.10
Kansas 7.09 7.43 4.84 7.28 7.40 1.63
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New total per capita alcohol consumption estimates

AEDS total per capital alcohol consumption estimates

(liters) (liters)
State 2003 2016 % change 2003 2016 % change
Utah 4.86 5.08 4.56 5.01 5.19 3.59
Arkansas 6.66 6.95 4.36 6.81 6.93 1.75
Dist. Of Columbia 13.91 14.50 4.26 14.39 14.72 2.28
West Virginia 6.54 6.81 4.21 6.60 6.77 2.64
Florida 9.75 10.08 3.37 10.04 10.18 1.39
Maryland 7.94 8.19 3.14 8.18 8.27 1.14
Nebraska 8.44 8.68 2.79 8.64 8.60 -0.54
Ilinois 8.80 8.86 0.64 9.08 8.91 -1.85
Nevada 13.27 13.14 -1.03 13.82 13.31 -3.69
New Mexico 9.05 8.78 -2.92 9.28 8.71 —6.06
South Carolina 8.98 8.66 -3.56 9.05 8.55 -5.55
Arizona 9.31 8.86 -4.90 9.59 8.90 -7.28
Wyoming 10.63 10.09 -5.05 10.94 10.31 -5.73
Georgia 8.05 7.50 -6.86 8.18 7.47 -8.75
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