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Background
Recent studies suggest an increasing trend of certain con-
ditions attributable to alcohol in North America [1, 2]. 
For instance, studies from both Canada and the United 
States (US) have found an increasing number of liver cir-
rhosis deaths during the past two decades [3, 4]. Most 
alarmingly, liver cirrhosis deaths appear to be occurring 
among younger cohorts than in the past [2]. Given the 
link between chronic liver disease and heavy alcohol use 
[5], it is reasonable to postulate that the rising trend of 
liver disease is mirrored by that of alcohol use disorder 
(AUD).

AUD is diagnosed according to criteria in the Diagnos-
tic and Statistical Manual of Mental Disorder Fifth Edi-
tion (DSM-5). As per the World Mental Health Survey, 
AUD has an estimated lifetime prevalence of 13.8% in 
the US [6, 7]. In Canada it has been estimated that 21% 
of Canadians consume more alcohol than what is recom-
mended in Canada’s Guidance on Alcohol and Health 
[8, 9]. Consequently, AUD and alcohol-associated liver 
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Abstract
Objective To evaluate the trend of alcohol use disorder (AUD) mortality as a percentage of all-cause mortality in 
Canada and the United States (US) between 2000 and 2019, by age group.

Results Joinpoint regression showed that AUD mortality as a percentage of all-cause mortality significantly increased 
between 2000 and 2019 in both countries, and across all age groups (i.e., young adults (20–34 years), middle-aged 
adults (35–49 years), and older adults (50 + years)). The trend has been levelling off, and even reversing in some cases, 
in recent years. The average annual percentage change differed across countries and between age groups, with a 
greater increase among Canadian adults aged 35–49 years and among adults aged 50 + years in the US. Over the 
past two decades, AUD mortality as a percentage of all-cause mortality has been increasing among all adults in both 
Canada and the US.
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disease is on the rise in both Canada and the US, with 
the significant increases occurring in the last two decades 
[2, 10]. The life expectancy trends in both countries have 
demonstrated a gradual increase followed by some stag-
nation in the past decade [11], consequently it is impor-
tant to look at the specific contributions of different 
causes of death to further understand what contributes to 
these trends. Moreover, AUD can be seen as an indica-
tor of the contribution of alcohol as a risk factor, as it is 
linked to many disease and other causes of death [12, 13].

In this short report, we aimed to evaluate the trend of 
AUD mortality as a percentage of all-cause mortality in 
Canada and the US, by age group (young adults, 20–34 
years; middle-aged adults, 35–49 years; and older adults, 
50 + years). It was hypothesized that AUD mortality as a 
percentage of all-cause mortality has been an increasing 
over time.

Methods
Data
We obtained AUD mortality and all-cause mortality for 
Canada and the US between 2000 and 2019, for both 
sexes, separated by 5-year age groups (e.g., 0–4 years, 5–9 
years, 10–14 years, 15–19 years, etc.) from the Institute 
for Health Metrics and Evaluation (IHME). The IHME 
provides publicly available data as a part of the Global 
Burden of Disease Study {Global Burden of Disease Col-
laborative Network, 2019 #34} with estimated data for 
diseases, injuries and risk factors from 1990 to 2019. 
For the present study we wanted to focus on the trends 
in AUD as a part of all-cause mortality at the turn of the 
century (see also [1, 10]). Based on the GBD Study coding 
scheme, AUD as a cause of death is composed of a group 
of ICD codes which include: E24.4, F10, G31.2, G62.1, 
R78.0, X45-X45.9, X65-X65.9, Y15-Y15.9, Z81.1 [11]. Our 
primary measure of interest was AUD mortality rate as 
a percentage of all-cause mortality, as previous work has 
simply demonstrated that trends of alcohol-attributable 
deaths (such as liver cirrhosis) have increased. As a sensi-
tivity analysis, we also analyzed the raw number of deaths 
due to AUD, and the trends in all-cause mortality (pre-
sented in Supplementary Material). To prepare compa-
rable analyses for both countries (despite differences in 
legal drinking ages), we limited our analyses to those 20 
years of age and older as the number of deaths provided 
were in 5-year age groups. As well, we aimed to distin-
guish trends in younger cohorts, thus, we collapsed the 
age categories into three age groups; 20–34 years (young 
adults), 35–49 years (middle-aged adults), and 50 + years 
(older adults).

Analysis strategy
We conducted a joinpoint regression analysis using the 
joinpoint program of the National Cancer Institute [14]. 

Joinpoint regression uses an iterative method to model 
segmented linear trends in time series data; the number 
of inflection points or “joinpoints” is determined via suc-
cessive permutations in which an additional point and 
linear segment is added, and retained only if it results 
in a lower Bayesian Information Criterion (BIC). As per 
the recommendations of the authors of the program, we 
set a maximum of three joinpoints based on our sample 
size [15]. The output of the program is the annual per-
centage change (APC) for each linear segment, as well 
as an overall average annual percentage change (AAPC). 
As well, to determine if the countries differed in trends, 
we conducted a moderated linear regression to test for 
interactions of country effects with year or age. The linear 
regression was conducted in R version 4.3.1 [16].

Results
In Canada, there were a total of 22,508 AUD deaths. The 
fewest number of AUD deaths occurred among young 
adults (1,196 deaths), followed by middle-aged adults 
(5,127 deaths), and the most deaths occurred among 
older adults (16,185 deaths). In the US, there were a total 
of 234,319 AUD deaths. Similar to Canada, the fewest 
number of AUD deaths in the US occurred among young 
adults (18,633 deaths), followed by middle-aged adults 
(74,395 deaths), and the most deaths occurred among 
older adults (141,292 deaths).

Overall, in Canada there was an increasing general 
trend for AUD mortality as a percentage of all-cause mor-
tality for each age group (see Fig. 1 and see Table 1), with 
the largest average annual percentage increase in young 
adults (AAPC = 1.87, 95% CI: 1.39, 2.36). As well, across 
all age groups there was a marked increase between 
the mid 2000s and the mid 2010s (young adults, APC 
(between 2005 and 13) = 4.88, 95% CI: 4.42, 5.33; mid-
dle-aged adults, APC (between 2006 and 13) = 3.55, 95% 
CI: 2.85, 4.26; and older adults, APC (between 2007 and 
14 = 3.61, 95% CI: 3.33, 3.90), followed by a slight decline 
into 2019 (although the final segment of the youngest age 
group flattened out).

Similarly in the US, there was a general increase in 
AAPC in all age groups (see Table  1), with the larg-
est average annual percentage increase in older adults 
(AAPC = 2.33, 95% CI: 2.22, 2.44). In US data, there was a 
consistent increase in AUD deaths as a percentage of all-
cause mortality from 2000 until the mid 2010s in young 
adults and older adults with no joinpoint (APC = 4.46 
(95% CI: 4.07, 4.84) and APC = 3.11 (95% CI: 3.04, 3.17), 
respectively). Meanwhile in middle-aged adults there 
was a lower magnitude increase between 2001 and 2006 
(APC = 1.37, 95% CI: 1.03, 1.71) followed by a steeper 
increase between 2006 and 2011 (APC = 2.12, 95% CI: 
1.44, 2.80). AUD deaths as a percentage of all-cause mor-
tality showed a decline into 2019 for all age groups.
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Comparing the AAPC between countries for each 
age group, there was no significant differences between 
slopes for young adults (overlapping CIs), however Can-
ada demonstrated a higher AAPC for middle-aged adults 
(1.51 (95% CI: 1.16, 1.87), compared to 0.68 (95% CI: 0.26, 
1.1) in the US), and in contrast, the US showed a higher 
AAPC for older adults (2.34 (95% CI: 2.23, 2.44), com-
pared to 1.8 (95% CI: 1.65, 1.95) in Canada, see Table 1).

Discussion and limitations
An overall increasing trend in AUD mortality as a per-
centage of all-cause mortality from the year 2000 to 2019 
is evident across all age groups in Canada and the US, 
with a steeper AAPC observed for middle-aged adults 
in Canada, and for older adults in the US. The rising rate 
of AUD mortality as a percentage of all-cause mortality 
may be viewed as an indicator of the rise in the heavy 

Fig. 1 Joinpoint regression analysis of percentage AUD of all-causes of mortality, raw data (black dots), with joinpoint model estimates (blue line) and 
joinpoints (blue squares) for both sexes across 3 age categories (20–34, 35–49, and 50+)
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drinking and AUD incidence [17]. Under this premise, 
because AUD can cause chronic harm in the form of 
increased risk of cancers and liver disease, the increase 
in AUD mortality as a percentage of all-cause mortality 
among young adults is a particular point of concern. As 
well, when comparing the AUD deaths as a percentage of 
all-cause mortality to the trends in life expectancy, there 
is a clear stagnation of life expectancy in both coun-
tries beginning around 2010, meanwhile the AUD trend 
increased into the mid 2010s (see [11]). The fact that our 
measure of AUD trends continued to rise and precede 
the stagnation, could suggest that the AUD deaths had an 
impact on overall life expectancy. Interestingly we found 
a brief decline from 2015 onward across countries and 
age groups. We hesitate to speculate as to why this is the 
case, however based on the supplementary analysis of all 
deaths, there appears to be a declining trend in the raw 
number of deaths for both countries among young and 
middle-aged adults (but not older adults). This broader 
declining trend could in part explain the period of decline 
that was observed for AUD mortality as a percentage of 
all-cause mortality.

The limitations of this work include the fact that it is 
only a descriptive analysis, and captures a specific set of 
causes of death (grouped according to IHME) known to 
be attributable to AUD. We speculate that trends of cer-
tain 100% alcohol-attributable disease morbidity, such as 
alcohol-related liver cirrhosis, and AUD are similar, how-
ever, stronger causal evidence between rising AUD and 
other alcohol-related health conditions would indicate 
that alcohol consumption trends precede these mortality 
rates. As well, there is data only until 2019, and though 

there is a decline from peak levels, it is unclear how the 
slope has changed within the past 5 years, especially con-
sidering the impact of the COVID-19 pandemic and the 
increase in alcohol consumption seen in various coun-
tries [18]. As stated above, although a downward trend 
was observed toward the latter years, the levels remain 
much higher than in the 2000s. In some jurisdictions 
during the COVID-19 pandemic, AUD mortality rose 
quite substantially, while in others, there was a decrease 
in self-reported alcohol consumption [19–22].

AUD carries a heavy burden on society, especially 
since treatment rates are notoriously low due in part to 
the stigma around AUD. As well, the capacity to identify 
those suffering from AUD is also a challenge. The ris-
ing trend of AUD mortality as a percentage of all-cause 
mortality, equally across age groups, suggests that alcohol 
control policy must be updated. Alcohol control policies 
are meant to attenuate or invert rising trends in alcohol-
attributable disease, however based on our results the 
current policies in North America are ineffective. Future 
research should be aimed at understanding why these 
trends continue to rise, especially among young adults, 
given that many of the harms of even light to moder-
ate alcohol use have come to light [9, 23, 24]. Efforts 
should be made to increase the provision of resources 
and treatment for those affected by this disorder, as well 
as alcohol-control measures which limit the overall con-
sumption in society, as level of consumption and AUD 
are highly associated [25–27].

Table 1 Joinpoint analysis of AUD as a percentage of all-cause mortality for both sexes (by age group and country)
Age group Segment number Segment Years APC [95%CI] t-value p-value AAPC [95%CI] t-value p-value

Canada 20–34 0 2000–2005 1.92 [1.19,2.66] 5.94 < 0.0001 1.87 [1.39,2.36] 7.67 < 0.0001
1 2005–2013 4.88 [4.42,5.33] 24.86 < 0.0001
2 2013–2017 -3.09 [-4.64,-1.51] -4.40 0.002
3 2017–2019 0.12 [-3.05,3.39] 0.08 0.935

35–49 0 2000–2006 1.9 [1.21,2.59] 6.04 < 0.0001 1.51 [1.16,1.87] 8.33 < 0.0001
1 2006–2013 3.55 [2.85,4.26] 11.22 < 0.0001
2 2013–2019 -1.19 [-1.86,-0.51] -3.83 0.002

50+ 0 2000–2007 1.5 [1.28,1.72] 14.95 < 0.0001 1.8 [1.65,1.95] 23.82 < 0.0001
1 2007–2014 3.61 [3.33,3.9] 27.99 < 0.0001
2 2014–2019 -0.29 [-0.66,0.09] -1.67 0.121

USA 20–34 0 2000–2011 4.46 [4.08,4.84] 25.99 < 0.0001 1.33 [0.49,2.17] 3.13 0.002
1 2011–2014 0.82 [-4.4,6.32] 0.34 0.743
2 2014–2019 -4.94 [-6.08,-3.79] -9.15 < 0.0001

35–49 0 2000–2006 1.38 [1.03,1.72] 9.14 < 0.0001 0.68 [0.26,1.1] 3.19 0.001
1 2006–2011 2.12 [1.45,2.8] 7.17 < 0.0001
2 2011–2014 0.9 [-1.73,3.6] 0.77 0.463
3 2014–2019 -1.7 [-2.15,-1.24] -8.43 < 0.0001

50+ 0 2000–2015 3.11 [3.05,3.18] 103.58 < 0.0001 2.34 [2.23,2.44] 42.96 < 0.0001
1 2015–2019 -0.52 [-1.01,-0.03] -2.28 0.038
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