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National, regional, and global burdens of disease from
2000 to 2016 attributable to alcohol use: a comparative risk
assessment study

Kevin Shield, Jakob Manthey, Margaret Rylett, Charlotte Probst, Ashley Wettlaufer, Charles D H Parry, Jirgen Rehm

Summary
Background Alcohol use has increased globally, with varying trends in different parts of the world. This study
investigates gender, age, and geographical differences in the alcohol-attributable burden of disease from 2000 to 2016.

Methods This comparative risk assessment study estimated the alcohol-attributable burden of disease. Population-
attributable fractions (PAFs) were estimated by combining alcohol exposure data obtained from production and
taxation statistics and from national surveys with corresponding relative risks obtained from meta-analyses and
cohort studies. Mortality and morbidity data were obtained from the WHO Global Health Estimates, population data
were obtained from the UN Population Division, and human development index (HDI) data were obtained from
the UN Development Programme. Uncertainty intervals (Uls) were estimated using a Monte Carlo-like approach.

Findings Globally, we estimated that there were 3.0 million (95% UI 2-6-3-6) alcohol-attributable deaths and
131-4 million (119-4-154-4) disability-adjusted life-years (DALYs) in 2016, corresponding to 5-3% (4-6-6-3) of all
deaths and 5-0% (4-6-5-9) of all DALYs. Alcohol use was a major risk factor for communicable, maternal, perinatal,
and nutritional diseases (PAF of 3-3% [1-9-5-6]), non-communicable diseases (4-3% [3-6-5-1]), and injury
(17-7% [14-3-23-0]) deaths. The alcohol-attributable burden of disease was higher among men than among women,
and the alcohol-attributable age-standardised burden of disease was highest in the eastern Europe and western,
southern, and central sub-Saharan Africa regions, and in countries with low HDIs. 52-4% of all alcohol-attributable
deaths occurred in people younger than 60 years.

Interpretation As a leading risk factor for the burden of disease, alcohol use disproportionately affects people in low
HDI countries and young people. Given the variations in the alcohol-attributable burden of disease, cost-effective
local and national policy measures that can reduce alcohol use and the resulting burden of disease are needed,
especially in low-income and middle-income countries.
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contrast, alcohol use has increased in several Asian
countries, most notably in India and Vietnam, albeit

from substantially lower levels of use than in Europe.” In
China, there has been a substantial net increase in

Introduction

Alcohol use has been identified as one of the ten leading
risk factors for the burden of disease in all global
comparative risk assessments to date."” There have been

a series of global initiatives to reduce the harmful use of
alcohol, including WHO'’s global strategy to reduce the
harmful use of alcohol,’ the inclusion of the reduction of
harmful alcohol use as one of the targets within the
Noncommunicable Disease (NCD) Global Monitoring
Framework, and alcohol use being addressed in the
Sustainable Development Goals.* Nevertheless, alcohol
use globally has not decreased over the past three
decades, and predictions forecast an increase in use until
at least 2030.°

Even though the global trend in alcohol use shows an
overall increase, trends have varied in different parts of
the world.’ For example, alcohol use has declined in many
European countries, a trend first observed in western
European countries, and more recently also observed
in eastern European countries, including Russia.® By
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alcohol use since 1990, with periods of stagnation and
decline for various reasons, such as alcohol policies.®
Another important region is sub-Saharan Africa, where
alcohol use has increased and is now about equal to the
global average.’

Such shifts in use have been accompanied by similar
shifts in the burden of disease and rates of mortality.*
Furthermore, with the continued high ranking of alcohol
use as a risk factor,” it is important to understand which
regions and populations are disproportionately affected
and to what degree in order to prioritise the implement-
ation of evidence-based policies. Additionally, previously
published estimates of the alcohol-attributable burden of
disease have various methodological limitations which
might have resulted in negative policy implications.’
Accordingly, we aimed to describe the alcohol-attributable
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Research in context

Evidence before this study

We manually searched WHO's Global Health Observatory and
the Institute for Health Metrics and Evaluation’s research
articles database for publications on the burden of disease
attributable to alcohol published between Jan 1, 2000,

and Aug 1, 2019, in English. Alcohol is a leading contributor
to the global burden of disease. Previous estimates of the
alcohol-attributable burdens of disease enabled cross-country
comparisons of alcohol use and its harms using data on
alcohol sales, the prevalence of drinking and abstention, and
self-reports of use, combined with corresponding relative risk
functions. However, the alcohol-attributable burden of
disease estimates from the 2017 Global Burden of Disease
Study (GBD) have several limitations: estimates of liver
cirrhosis are based on an aetiological model rather than a risk
factor approach; HIV/AIDS is excluded from the estimations;
the age-modification of the relative risk of ischaemic events is
not considered; the effects of heavy episodic drinking are not
taken into account; and the increased disease risk for former
drinkers is not accounted for.

Added value of this study
This study improves estimates of the global alcohol-attributable
burden of disease by addressing the limitations of GBD 2017.

burden of disease from 2000 to 2016 and to derive
conclusions for effective alcohol policies, including treat-
ment policies.

Methods

Study design

This comparative risk assessment study assessed the
alcohol-attributable burden of disease for each of 2000,
2005, 2010, 2015, and 2016, which we modelled using
a Levin-based population-attributable fraction (PAF)
method® Dbased on the theoretical minimum risk
exposure level being defined as lifetime abstention from
alcohol.” In-depth details of these methods are in
appendix 1 (p 7).

Alcohol exposure data

Alcohol exposure data were obtained from multiple
sources. Drinking status data, namely the prevalence
of past-year drinkers, former drinkers, and heavy episodic
drinkers, specific to age (categories 15-19 vyears,
20-24 years, 25-34 years, 3549 years, 50-64 years, and
65 years and older), sex, country, and year were obtained
from a modelling study of population surveys.’ To correct
for the undercoverage of alcohol use as measured by
population surveys, average daily alcohol use among
drinkers was modelled by combining data from surveys
on alcohol use among current drinkers with data on
alcohol per capita.” Details of the sources of alcohol per
capita data, the applied model for describing the

Although the estimates of GBD 2017 and those of the present
study are similar at the global level, our study suggests that the
global alcohol-attributable burden of disease (when measured
in disability-adjusted life-years) might be greater than
previously thought. This study found that the alcohol-
attributable burdens of disease in the sub-Saharan Africa

and eastern Europe regions are considerably higher than were
estimated by GBD 2017. Furthermore, the results of this study
indicate that alcohol is a leading risk factor for communicable
diseases in addition to non-communicable diseases and injuries.

Implications of all the available evidence

Variations in the estimates of the alcohol-attributable burdens
of disease indicate that a large proportion of these burdens is
preventable through the implementation of cost-effective
policies. Although such policies have been implemented in
some countries in the eastern Europe region (eg, Russia),
resulting in large increases in life expectancies, alcohol policies
remain underdeveloped in the sub-Saharan Africa region,
where most countries have not done research on the
effectiveness of alcohol policies, and where only 16 of

46 countries have national or subnational alcohol strategies.

distribution of alcohol use, and the model’s assumptions
are reported in appendix 1 (p 10).

Relative risk estimates

Relative risk (RR) estimates were obtained from multiple
sources; the RR estimates used to estimate the alcohol-
attributable burden of disease were selected by the
WHO Technical Advisory Group on Alcohol and Drug
Epidemiology. Selection criteria for RR estimates
included whether the respective study’s meta-analyses
modelled the continuous dose-response risk relationship
between alcohol and cancer using up-to-date data
that controlled for confounding factors, used lifetime
abstainers as the reference group (rather than non-
drinkers), and matched WHO-reported disease and
injury categories. For Belarus, Estonia, Latvia, Lithuania,
Moldova, Russia, and Ukraine, RRs from the Russian
cohort study by Zaridze and colleagues® were used to
account for the unique drinking patterns observed in
these countries, differences in risk-taking disposition,
and the contexts of alcohol consumption.*” The sources
and formulas of the RR functions are in appendix 1 (p 15).

Mortality, morbidity, and population data

Data on mortality, years of life lost (YLL), and morbidity
(vears lived with disability [YLD] and disability-adjusted
life-years [DALYs]) were obtained from WHO’s Global
Health Estimates; data were available by year, country, age,
and sex, as well as by cause of mortality and morbidity.
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Alcohol-attributable burden Population-attributable fraction ~ Age-adjusted alcohol-attributable  Percentage change in the age-
burden per 100 000 people adjusted alcohol-attributable burden
per 100 000 people since 2000
Deaths (thousands) DALYs (millions)  Deaths DALYs Deaths DALYs Deaths DALYs
All causes 2967-8 131-4 5:3% 5-0% 38-6 1741-7 -17-9 -14-5
(2606-4t03552-7) (119-4t0154-4) (4-6106-3) (4-6t05:9) (33-9t046-1) (15827t02045-8) (-27-3to-121) (-22-5t0-9-4)
Communicable, maternal, 361.9 13-9 33% 1-9% 4.7 184-4 -15.5 -15-2
perinatal and nutritional (205-6 to 615-8) (7-5t0 23.5) (1-9t0 5-6) (1-0t03-2) (2:7t0 8.0) (99-7 to 311.5) (-36-4to5-4) (-36-9to0 6-1)
conditions
Tuberculosis 2363 9.9 18-3% 19-2% 31 1317 -141 -11.8
(74-6 to 456-6) (3-2t018:6) (5-8t035-3) (6-21036-1) (1-0to 6:0) (42-7t0247-4) (-40-3t0 9-4) (-37-8t010-5)
HIV/AIDS 30-4 17 3-:0% 2-8% 0-4 224 -30-2 -30-8
(22:8t0567) (12t03-1) (23t056) (21t05-2) (03t00-8)  (16:8t0421) (-47-4t016:8)  (-47-9t017-4)
Lower respiratory infections 952 23 32% 1-8% 12 30-4 -13-0 -15-2
(48-5t0177-6) (13t04-3) (1-6 to 6:0) (1-0t033) (0-6t02-2) (16-6 to 555) (-28-:0t0 6:5) (-321t0 4-5)
Non-communicable diseases 17431 65-4 4-3% 4-2% 22-4 861-0 -19-3 -14-6
(1476-2t02080-5) (59-7t073-2) (3-6t05-1) (3-8t04-7) (19-1t026-7) (787-4t0 962-9) (-30-1t0-13-9)  (-24-8t0-10-1)
Malignant neoplasms 430-2 12.0 4-8% 4-9% 55 1569 -55 -59
(329-6 to 451-5) (9-0t012-4) (371050 (37t05-1) (42t058)  (117-3t0162:0) (312t0-9-9)  (-33-9t0-11-2)
Lip and oral cavity cancer 522 1.7 313% 313% 07 217 16-1 182
(35-2t053-1) (11to1.7) (21-1t031-8) (19-8t031-3) (0-5t0 0-7) (13-7t021-7) (-30-2t0 8:6) (-34:7t0 9:9)
Other pharynx cancers 386 12 34-9% 35:4% 05 156 122 92
(266 t0 40-1) (0-8t01-2) (241t0363)  (23-9t0365) (03t005)  (10-5t016-1) (-29-9t0 7:0) (3450 4-2)
Oesophagus cancer 829 2.2 19-3% 20-0% 11 282 -6-2 -9.8
(55-3t0 857) (1.5t02-2) (12:9t020-0) (13-5t0 20-5) (0-7to11) (19-1t0 29-0) (-47-0to-7-6) (-48-5t0-11-6)
Colon and rectum cancers 92:6 22 11-7% 11-6% 12 288 -14-2 -13:5
(737t0109-1) (1-8t02:6) (93t0137) (9-2t013-6) (09to14)  (22:8t033:6) (-250t0-14-0)  (-25:3t0-14-0)
Liver cancer 1014 2:8 12:2% 11.9% 13 369 1.8 -07
(54-1t0 140-4) (1.5t03-9) (6-5t016-9) (62t016-4) (07t01.8) (19-0 to 50-8) (-29-4to-0-7) (-333to-2:6)
Breast cancer 420 14 7-2% 7-3% 05 182 -20-1 -17-6
(27-9t0 42°3) (09t01:3) (4-8t07-2) (4-6t07-1) (04t005)  (11-5t017-6) (-36-6t0-15-9)  (-37-5t0-14-8)
Larynx cancer 205 0-6 22:3% 22:6% 03 75 -251 -273
(15-0 to 24-4) (0410 07) (163t026:5)  (16:5t026:6) (02t003)  (5:5t08-8) (-427t0-271)  (-452t0-29:3)
Diabetes mellitus -35-1 -1.7 22% -2:5% -0-4 -21.6 5.8 5.0
(-54-2t03-4) (-2:5t0 0-0) (-3-4t00-2) (-3:9t00-1) (-07t00-0)  (-32:8t007) (-149-1t034-9)  (-93-4t0 60-4)
Alcohol use disorders 1456 185 100-0% 100-0% 19 246-4 -30-8 -17-3
(1456 t0 145-6) (18-5t018:5) (100-0t0100-0)  (100-0t0100-0) (1-9t019)  (246-410246-4) (30-8t0-308)  (-17-3to-17-3)
Epilepsy 16-4 14 12:0% 9-8% 02 19-2 15 22
(13-7t021-6) (12t01.9) (10-0t0 15-7) (83t0127) (0-2t0 0-3) (16-2t0 25-0) (-17-4t0 19-8) (-142t019-4)
Cardiovascular diseases 569-6 12:6 (85 32% 31% 72 163-0 -37-5 -363
(328410 874-9)  t0187) (1-8t0 4-9) (2110 4-5) (42t011:0) (1107 to 241-6) (-533t0-215)  (-52-6t0-19-4)
Hypertensive heart disease 665 15 7-4% 8.0% 0-8 19:6 152 100
(52:8t0 87-2) (12t02-0) (59t09-7) (6:4t010-3) (0-7to11) (15-7t0 25:5) (-12-5t0 42.7) (-14-6 t0 34-8)
Ischaemic heart disease 250-8 41 2:7% 2:0% 31 525 -54-2 -60-2
(13-6 t0 467-5) (0:0t07-8) (0-1t0 5:0) (0-0t03-8) (01t057)  (-0-4t099-3) (-937t0-39-0)  (~100-5 to -44-0)
Ischaemic stroke -59-3 -1-4 -2:1% -2:3% -07 -18-2 390 64-2
(-119-9t0 53-8) (-2-5t0 0-6) (-4-3t01.9) (-4-0t0 0-9) (-15t007)  (31-4t07-1) (-783-4t0992-3) (-1002-2t01074-7)
Haemorrhagic stroke 287.0 75 9-7% 9-9% 37 97-8 -16-9 -12:6
(212-8t0394-2) (56t010-2) (72t013-3) (7-4t013°5) (27t050)  (72:9t0133-2) (-32:6 0 1-0) (-29-0t0 5-4)
Cardiomyopathy, 247 09 6-6% 7-3% 03 113 111.5 112-7
myocarditis, endocarditis (24-9t0 68-8) (0:9t027) (6:7t018-4) (73t022:7) (0:3t0 0-9) (11-4t0 35-8) (-69:9t0238-2)  (-72-2t0275-4)
Digestive diseases 6164 225 24-4% 253% 81 2971 11 2:6
(561-4t0714-1) (20-5t0 26-0) (222t0282)  (231t029-2) (73t093)  (270-8t0343-0) (-97t012:2) (-92t0143)
Cirrhosis of the liver 5881 215 46-9% 47-4% 77 2834 15 31
(5317 to 683-4) (19-4t0 24-8) (42:4t0545)  (429t0548)  (70t08:9)  (256:6t03275) (-9-8t0127) (-9-210 150)
Pancreatitis 282 1.0 24-4% 26-5% 0-4 136 -59 -6-5
(21:5t039-3) (0-8t01-4) (18-6t034-0)  (20-2t036-8) (03t00:5)  (10-4t018.9) (-142t0 47) (-15-0t0 3-8)
(Table continues on next page)
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Alcohol-attributable burden Population-attributable fraction ~ Age-adjusted alcohol-attributable  Percentage change in the age-
burden per 100 000 people adjusted alcohol-attributable
burden per 100 000 people since
2000
Deaths (thousands) DALYs (millions) ~ Deaths DALYs Deaths DALYs Deaths DALYs
(Continued from previous page)
Injuries 862-8 521 17-7% 17-5% 11-4 696-3 -16-3 -14-1
(697-2t01125-2)  (42-3t0 67-5) (143t023-0)  (14-2t0227)  (9-2t014-9) (563-9to 902-8) (-20-3t0-11-7)  (-17-9t0-9-9)
Unintentional injuries 629-0 397 183% 18-4% 83 5289 -9-7 -87
(504-8t0854-6)  (32:0t053-1) (147t024-9)  (14:9t0247) (67t0113)  (426-8t0708-4) (-141to-47)  (-12:5t0-4-6)
Road injury 370-8 222 26-4% 26-9% 49 2979 2.9 16
(270-3t0 553-3) (16-2t033-1) (19-3t039-5) (19-6 to 40-1) (3:6t07-4) (217-1t0 443-5) (-12t0 83) (-21to 6:5)
Poisonings 12.7 0-6 11.9% 10-2% 0-2 8:6 -39:6 -393
(87t018-1) (0-4t0 0-9) (81t017-:0) (7-0t014-5) (01t002)  (5-8t0121) (-44-6t0-353)  (-43-6t0-354)
Falls 794 6-0 12:0% 15-8% 1.0 791 4.5 -4-2
(51-6 t0 1165) (4210 8:3) (7-8t017-6) (10-9t0 21-8) (07to15)  (54-6t0109-5) (-57t013-1) (-10-8t0 0-9)
Fire, heat, and hot 17-2 12 11-2% 11-0% 0-2 156 -43-0 -33-4
substances (12:9t023-3) (0-9t0 1-6) (8-5t015:3) (8-0to 14-9) (0-2t0 0-3) (11-4t021-1) (-482t0-382)  (-38:6t0-29-2)
Drowning 381 1.9 11-8% 9-4% 05 25.4 -29.8 -31.6
(25:0t0 54-2) (12t027) (7-8t016-8) (6-1t013-4) (03t007)  (16-6t036-3) (-382t0-23-9)  (-39-7t0-26-1)
Exposure to mechanical 215 2:0 14-3% 15-0% 03 26-4 -21-4 -14-6
forces (13-4t031.0) (13t02:8) (8:9t0207) (9-5t021-1) (02t00-4)  (16:8t037:1) (-29-0t0-16-6)  (-20-4t0-10-8)
Other unintentional 893 57 141% 13-0% 12 76-0 -30:0 -227
injuries (60-4 to 125-9) (3-8t0 8:0) (9-5t019-9) (87t018-3) (0-8t01-6) (50-8 to 107-0) (-36:5t0-25-4)  (-28-8t0-18-4)
Intentional injuries 2339 12:5 16-1% 15-2% 31 167-4 -29.9 -27-6
(114-810360-9) (6-0t019-4) (7-9t0 24-8) (7210 23-6) (15t04-8) (79710 261.0) (-43-6t0-238)  (-41-5t0-21-9)
Self-harm 147-0 70 18:5% 18:7% 19 939 -286 -27-9
(79-6 t0 220-5) (3-8t010:5) (10-0t027-8)  (10-0t027:9) (11t02:9) (50-3t0 140-5) (-40-3t0-22:9)  (-40-0t0-22:5)
Interpersonal violence 86-8 55 182% 17-5% 12 735 -321 =273
(34-0t0 140-1) (21t0 8-8) (7-1t029-4) (67t028-3) (0-5t01.9) (28-3t0119-2) (-50-9to-25-1)  (-45-6 to-21.0)
Numbers in parentheses are 95% uncertainty intervals. DALYs=disability-adjusted life-years.
Table: Global alcohol-attributable burden of disease in 2016, by cause, and the change in this burden since 2000

For the human development
data tool see http://hdr.undp.
org/en/data

For the WHO road traffic deaths
database see https://www.who.
int/gho/road_safety/mortality/
en/]

e54

Mortality and morbidity due to alcoholic cardiomyopathy
have not been estimated by WHO and are contained in
the larger category of cardiomyopathy, myocarditis,
and endocarditis mortality and morbidity. Accordingly,
alcoholic cardiomyopathy mortality and morbidity were
estimated using the methods of Manthey and colleagues®
(appendix 1 p 8). Estimates of motor vehicle deaths due to
alcohol use were stratified into those involving the driver
and those involving others (ie, deaths of drivers and deaths
of people other than the driver) based on the fractions of
motor vehicle deaths that involved drivers and those that
involved people other than the driver as obtained from the
WHO road traffic deaths database.

Population data by country, age, sex, and year
were obtained from the UN Population Division
(2017 revisions).” Age-standardised rates were estimated
on the basis of the WHO standard population.” To match
age-standardisation data, deaths, YLLs, YLDs, and
DALYs were aggregated into 5-year age groups starting at
0 years up to 84 years, and a final category of 85 years
and older. Consequently, the alcohol PAFs were applied
to mortality and morbidity age groupings, which were
encompassed within the alcohol PAFs’ age groupings.
Data were aggregated by the GBD regions® to assess

regional differences. GBD regions were chosen rather
than the WHO regional groupings because the GBD
regions were constructed for public health purposes and
not for administrative purposes.” Furthermore, data
were aggregated by the 2016 human development index
(HDI) categories as obtained from the UN Development
Programme human development data tool.

Estimates of uncertainty

Estimates of uncertainty (95% uncertainty intervals [Uls])
were constructed using 1000 simulated estimates using
a Monte Carlo-like approach (appendix 1 p 76). From these
simulated estimates, the 2-5th and 97-5th percentiles
were used to construct the 95% Uls.

Results
In 2016, an estimated 3-0 million (95% UI 2-6-3-6)
deaths and 131-4 million (119-4-154-4) DALYs were
attributable to alcohol globally, representing 5-3%
(4-6-6-3) of all deaths and 5-0% (4-6-5-9) of all DALYs
(table).

The global alcohol-attributable burden of disease was due
primarily to premature mortality (106-6 million [95% UI
95-3-127-7] YLLs; 5-7% [5-1-6- 8] of all YLLs) rather than
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Age-standardised deaths
attributable to alcohol consumption
per 100000 people

I >785

I >539-785
I >371-539
[ >27.9-371
>145-279
[18.9-145
<89

I No data (not estimated)
[ Not applicable
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Percentage of deaths
attributable to alcohol
78

B >6-2-7-8
B >51-6-2
[ >41-51
[>23-41
1223
[J<12

[l No data (not estimated)
[ Not applicable

© ae

Figure 1: Burden of alcohol-attributable deaths globally in 2016, by country

morbidity (24-8 million [22-8-28-3] YLDs; 3-4% [3-1-3-8]
of all YLDs; appendix 1 p 98).

Alcohol was a large contributor to the burden of
communicable, maternal, perinatal, and nutritional
conditions, with 0-4 million (95% UI 0-2-0-6) alcohol-
attributable deaths (3-3% [95% UI 1-9-5-6] of total) and
13-9 million (7-5-23-5) alcohol-attributable DALYs,
(1-9% [1-0-3-2] of total); to the burden of NCDs, alcohol
contributed 1-7 million (1-5-2-1) deaths (4-3% [3-6-5-1]
of total) and 65-4 million (59-7-73-2) DALYs (4-2%
[3-8—4-7] of total); and to the burden of injuries, alcohol
contributed 0-9 million (0-7-1-1) deaths (17-7%
[14-3-23-0] of total) and 52-1 million (42-3-67-5) DALYs
(17-5% [14-2-22-7] of total). Furthermore, 0-19 million
(95% UI 0-14-0-30) deaths and 11-6 million (8-7-18-7)
DALYs were attributable to the drinking of others
(ie, alcohol-attributable motor vehicle accident injuries
inflicted on people other than the drunk driver).

At the regional level, the alcohol-attributable age-
standardised death rates were highest in the eastern Europe
and western and southern sub-Saharan Africa regions, and
lowest in the north Africa and Middle East region (figure 1).
Similar to the alcohol-attributable death rates, the alcohol-
attributable age-standardised rates for DALYs were highest
in the eastern Europe, western, central, and southern sub-
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Saharan Africa, and central Asia regions, and lowest in the
north Africa and Middle East region (figure 2). At the
country level, the alcohol-attributable age-standardised
death rates were highest in Moldova (224-1 per 100000),
Belarus (174-5 per 100000), Russia (171-3 per 100000),
Lithuania (163-7 per 100000), and Nigeria (164-6 per
100000). Similarly, the age-standardised rates of alcohol-
attributable DALYs were highest in Russia (7224-7 per
100000), Moldova (70729 per 100000), Belarus (6410-2 per
100000), Lithuania (6183-7 per 100000), and Nigeria
(6157-1 per 100000; appendix 2).

The largest contributors to the alcohol-attributable
burden of disease varied by geographical region. In the
eastern Europe region (the region with the highest
alcohol-attributable burden), ischaemic heart disease
was the largest contributor, with 47-1% of all alcohol-
attributable deaths and 25-7% of all alcohol-attributable
DALYs. In western sub-Saharan Africa (the region
with the second highest alcohol-attributable burden of
disease), liver cirrhosis was the largest contributor to the
alcohol-attributable burden of disease, contributing to
26-7% of all alcohol-attributable deaths and 22-3% of all
alcohol-attributable DALYs (figure 3).

In 2016, countries with a low HDI had the largest
age-standardised rates of alcohol-attributable deaths (67-5

See Online for appendix 2
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Figure 2: Burden of alcohol-attributable DALYs globally in 2016, by country
DALYs=disability-adjusted life-years.

per 100000) and alcohol-attributable DALYs (28726 per
100000), followed by countries with a very high
HDI (41-8 per 100000 for alcohol-attributable deaths and
2017-9 per 100000 for DALYs), countries with a medium
HDI (35-8 per 100000 for alcohol-attributable deaths and
1582-9 per 100000 for DALYs), and countries with a high
HDI (32-7 per 100000 for alcohol-attributable deaths and
1448-2 per 100000 for DALYs; figure 4). The largest
contributing causes to the alcohol-attributable absolute
burden of disease varied by HDI grouping. In low HDI
countries, the leading cause of alcohol-attributable deaths
was liver cirrhosis (22-2% of alcohol-attributable deaths)
and the leading cause of alcohol-attributable DALYs was
road injuries (21-3% of alcohol-attributable DALYs lost).
In very high HDI countries, ischaemic heart disease was
the leading cause of alcohol-attributable deaths (18-8% of
alcohol-attributable deaths) and alcohol use disorders
were the leading cause of alcohol-attributable DALYs
(16-4% of all alcohol-attributable DALYs lost).
Alcohol-attributable deaths mostly occurred at young
ages, with 52-4% of all alcohol-attributable deaths
occurring in people younger than 60 years. Stratified by
sex, 57-4% of alcohol-attributable deaths in men and
39-3% in women occurred at ages younger than 60 years.

The alcohol-attributable PAF for deaths was the highest
among the age group 30-34 years, with 13-7% (95% UI
12-0-16-6) of deaths attributable to alcohol within this
age group (figure 5). Among men, the alcohol-attributable
PAF was highest for ages 25-29 years, with 18-4% of all
deaths in this age group attributable to alcohol; whereas
for women, the alcohol-attributable PAF was highest for
ages 4044 years, with 6-6% of deaths attributable to
alcohol among this group. The alcohol-attributable
causes of death varied by age; among people 0-39 years
of age, unintentional injuries (42-4% of all alcohol-
attributable deaths) and self-harm (10-0%) were the
leading causes of alcohol-attributable deaths, among
people aged 40-59 years, liver cirrhosis (25-6%) and
unintentional injuries (18-8%) were the leading causes
of alcohol-attributable deaths, and among people aged
60 years and older, ischaemic heart disease (20-9%) and
malignant neoplasms (17-7%) were the leading causes of
alcohol-attributable deaths (appendix 1 p 78).

In 2000, 2-5 million (95% UI 2-3-3-1) deaths and
114-5 million (105-3-137-1) DALYs globally were
attributable to alcohol, representing 4-9% (4-4-5-9) of all
deaths and 4-2% (3-9-5-0) of DALYs globally. According
to WHO'’s Global Health Estimates, from 2000 to 2016,
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Figure 3: Age-standardised rates of alcohol-attributable deaths and DALYs, by cause and region
DALYs=disability-adjusted life-years.
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the alcohol-attributable age-standardised rates decreased
by 17-9% for deaths and 14-5% for DALY, less than the
relative decreases in the age-standardised rates of all
deaths of 23-7% and all DALYs lost of 25-2%. Stratified
by sex, the alcohol-attributable age-standardised rates for
deaths and DALYs decreased less among men (by 14-5%
for deaths and 13-1% for DALYs) than in women
(decreases of 26-0% for deaths and 18-8% for DALYs;
appendix 1 p 98; appendix 2. According to WHO’s Global
Health Estimates, alcohol-attributable age-standardised
rates for deaths and DALYs declined less than the
respective rates for all deaths and DALYs (among men,
decreases of 23-4% for deaths and 24-6% for DALYs, and
among women, decreases of 24-8% for deaths and
26-1% for DALYs [age-standardised rates]).

These estimates differ from the latest GBD estimates
of the alcohol-attributable burden of disease for the
same year’ To understand these differences, we
examined differences in the underlying mortality and
DALY estimates, and in the PAFs (appendix 1 p 101).

Discussion

Alcohol use continues to be a major risk factor for the
global burden of mortality and disease, and is a leading
risk factor for communicable diseases, NCDs, and
injuries. Although the alcohol-attributable age-standard-
ised rates for mortality have decreased since 2000, these
decreases were lower in magnitude than the respective
decreases in non-alcohol-attributable mortality. Further-
more, substantial gender, age, and geographical temporal
differences exist in the alcohol-attributable burden of
disease, with the alcohol-attributable burden of disease
being higher in countries with low HDI than in countries
with high HDI. These differences in the alcohol-
attributable burden of disease should have implications
for the prioritisation of alcohol control policies.

Our study’s findings are limited by various factors.
The methods assumed no lag time between exposure
and outcome, except for the assumption of a 10-year lag
between exposure and cancer outcomes. As such, the
exposure data ranged from 1990 to 2016, and outcome
data ranged from 2000 to 2016. This introduces errors
due to changes in the measurement of exposure,
mortality, and morbidity. If these changes led to
measurement improvements, then older data might be
less reliable than more recent data.

This study did not include the alcohol-attributable
burden resulting from major depressive disorders or
dementia despite these outcomes being causally related
to alcohol,® because the causal effect of alcohol on these
diseases is difficult to quantify through epidemiological
studies. Furthermore, this study did not include
poisonings related to alcohol, except direct alcohol
poisonings. For example, one in five opioid overdose
deaths and one in four benzodiazepine-related overdose
deaths in the USA involved alcohol; however, despite
alcohol being a contributory cause, by coding
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Figure 5: Percentage of deaths attributable to alcohol use in 2016, by age and sex

convention these deaths are not considered alcohol
attributable.

The results of different meta-analyses vary greatly,
demonstrating that the assumptions of a meta-analysis
markedly affect the resulting RRs. This study assumed
that the RRs used in the estimates were applicable globally,
an assumption underlying all meta-analyses (with the
exception of countries in the eastern Europe region
where Russia-specific RRs were used).” The assumption
of globally applicable RRs is questionable. Alcohol RRs for
injuries are dependent upon differences in risk-taking
disposition.” Different genetic dispositions also might
affect the RRs. For example, variants of those genes
that lead to a slower metabolisation of the carcinogen
acetaldehyde are more prevalent in Asian populations.?
As a result, global alcohol RRs for developing oesophageal
cancer underestimate the risk for Japan by a factor of 2
and China by a factor of 1. 5.” Furthermore, the RRs might
depend on synergistic effects between alcohol and other
risk factors; alcohol has a synergistic effect with hepatitis
B virus and hepatitis C virus infection for the development
of liver cirrhosis and liver cancer,” with tobacco for head
and neck cancers,” with other drug use for injuries,” and
with socioeconomic status for numerous causes of
mortality.” Indeed, the co-occurrence of these risk factors
with alcohol use depends, in part, on the per capita
economic wealth of a nation.”

The presented Uls probably underestimate the true
error. This is because of the unavailability of error
estimates for the global health estimates of mortality
and morbidity. Furthermore, the presented estimates do
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not account for the contribution of systematic errors
(eg, errors introduced by the assumption that there are
globally applicable RRs) to the overall measurement
uncertainty.”

The large burden of disease caused by alcohol and the
observation that global health gains due to decreases in
alcohol-attributable deaths lag behind total mortality gains
indicate the need for the implementation and
strengthening of alcohol policies. In particular, despite
having an overall low volume of alcohol consumption,’ the
alcohol-attributable burden of disease was highest in
countries with a low HDI, and in particular in countries in
the sub-Saharan Africa region. The high alcohol-
attributable burden of disease in the sub-Saharan Africa
region was driven by infectious diseases, liver cirrhosis,
and injuries. Cirrhosis-related deaths doubled in the sub-
Saharan Africa region between 1980 and 2010, with most
incident cases (about 70%) attributable to hepatitis B virus,
hepatitis C virus, and alcohol use.” However, independent
of the cause, alcohol use can worsen the course of any liver
condition. For example, in a large French hospital study,
most liver complications in patients with hepatitis C virus
infection were attributable to alcohol.* Treatment of liver
cirrhosis is unavailable in most parts of sub-Saharan
Africa, because of a shortage of hepatologists and gastro-
enterologists, interventional radiologists, hepatobiliary
surgeons, and pathologists.”” The costs related to liver
transplants preclude the use of this form of treatment in
most sub-Saharan Africa countries, except South Africa.

Despite the overall high level of alcohol-attributable
burden of disease, alcohol policy development in the sub-
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Saharan Africa region seems to have been overlooked,;
only 30 of the 46 countries in the region where alcohol
use is not banned have national or subnational alcohol
policies, 17 countries have no regulations covering the
use of media to advertise or promote alcohol use, and
eight countries have no minimum legal purchasing
age for on-premises beer sales.” Furthermore, seven
countries in this region do not have blood alcohol content
limits while driving, and just over a half of the countries
in the region (24 countries) perform random breath
testing.”” The implementation of alcohol policies in
this region is complicated by the scarcity of empirical
evidence on the effectiveness of both alcohol control
measures and interventions in low-income and middle-
income countries. This scarcity of policy research hinders
the successful adoption of evidence-based practices as
research conducted in high-income countries might
not be transferable to low-income and middle-income
country contexts.”

Increases in adult per capita consumption of alcohol
and heavy episodic drinking have been observed in east
Asia, south Asia, and southeast Asia (eg, China, India,
and Vietnam), and such increases have been linked to
economic development.’ Correspondingly, this study
observed increases in the alcohol-attributable age-
standardised rates of deaths for these regions. These
increases are problematic because any health gains in
these regions are being offset, in part, by increases in the
alcohol-attributable burden of disease.** Furthermore,
alcohol consumption is projected to increase in these
regions, which might lead to additional increases in the
alcohol-attributable burden of disease. Thus, alcohol use
in these regions, as well as globally, presents a barrier to
sustainable development.**

The eastern Europe region, which has a high overall
volume of alcohol consumption’ and a high prevalence of
heavy episodic drinking, had the highest alcohol-
attributable burden of disease, with the main contributors
being alcohol use disorders, cardiovascular diseases, and
injuries. However, alcohol control policy measures have
been implemented in the eastern Europe region and have
resulted in marked downward shifts in mortality and
the burden of disease.” In particular, restrictions on and
regulations addressing alcohol marketing and availability,
increases in alcohol excise taxes, the establishment of and
increases in minimum unit prices, and regulations to
decrease unrecorded consumption in Russia since 2004 led
to increases in life expectancy of 9 years for men and
6 years for women between 2003 and 2018.* The WHO
SAFER alcohol control initiative and best buys report”
provide further information on alcohol policies.

The successful formulation and implementation of
alcohol policies is complex and dependent upon numerous
factors. However, changes in alcohol consumption and
harms have also occurred because of non-policy factors.
For example, in Europe, changes in advertising media,
increased popularity of non-alcoholic beverages, economic

factors, homogenisation of behaviours across Europe, and
changes in public opinion from alcohol being a healthy
drink to a drink that causes health harms have affected the
levels and patterns of consumption.”

Despite an increase in alcohol use globally, this study
observed that the global alcohol-attributable burden of
disease decreased between 2000 and 2016.° However,
globally, health gains attained through improvements
in the alcohol-attributable burden of disease have pro-
portionally not kept pace with total health gains.
Accordingly, alcohol remains a leading risk factor for
the global burden of disease with increasing relative
importance. Given the high global alcohol-attributable
burden of disease, and, in particular, in the sub-Saharan
Africa region, this study supports the development
and implementation of country-specific alcohol control
policies in order to further reduce the alcohol-attributable
burden of disease in the near future.
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