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Abstract

This article investigates alcohol consumption attributable burden of diseases. The present
study considers the overall effect of Human Development Index (HDI), Socio Demographic
Index (SDI) and Gross Domestic Product (GDP) for income to measure how these variables
impact Global Burden of Diseases (GDB), bringing a different perspective to the results.
Data from over 177 countries mainly including European, Asian, North American, South
American, African and Australian regions were analysed from 2000 to 2019. A Panel regres-
sion technique was applied, and Fixed Effects (FE) and Random Effects (RE) estimations
were chosen to derive outcomes of the Hausman test. The findings reflected that alcohol
consumption (wine, beer, spirit and other alcohol) has a positive significant relationship with
the Global Burden of Diseases (GBD) globally and in the African continent excluding North
America and South America. Human Development Index (HDI) have a negative impact on
GBD on all countries. Particularly HDI have a negative impact on GBD in African continent
except other continents. Also, in the African continent and globally, GBD has a significant
positive and in Europe, a significant negative impact on the Socio Demographic Index (SDI).
The findings demonstrate the overall picture of the impact of alcohol consumption and other
variables on GBD and provide suggestions on how these variables should be tackled in the
future to reduce GBD. This is the initial empirical study that investigates the impact of alco-
hol consumption, analysing the combined effect of HDI, SDI and income on the GBD of con-
tinent wise and globally.

Introduction

Liquor is devoured around the world at numerous events at social gatherings and occasions.
People are delighted by drinking socially and moderately from wine to beer and spirit. Since
the year 2000, more increased alcohol consumption globally is observed except the World
Health Organizations (WHO) European region which stands the same where current drinkers
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are estimated to pass more than 2.3 billion worldwide [1]. Reflecting on current ratings of alco-
hol consumption, objectives for decreasing misuse of alcohol at the global level are difficult to
be accomplished [2].

With changes in human’s perception towards alcohol, it can be inferred that the burden on
illness attributable to alcohol has expanded. Lately, according to significant discoveries, more
than half of the population in Europe, America and Western Pacific districts consume liquor
and even young adolescents below 15 years of age are used to liquor as a substance [1]. These
kinds of key discoveries probably have given rise to more deliberations about the subject of
liquor utilisation and the burden of illnesses where most suggestions aim to devise approaches
and charges concerning the negative consequences of liquor consumption. Nowadays, alco-
holic beverages have ended up being a more common substance consumed in everyday sched-
ules of populaces in many social orders and accessible anytime universally. Improvement of
culture, economy, executed and upheld alcohol related policies and easy access to alcoholic
beverages are the impressive components that influence liquor consumption [1].

Global Burden of Diseases (GBD) is a tool that gives full view of what disables and kills
human across the countries, age, time and sex, expressed in health loss from hundreds of dis-
eases, injuries, and risk factors in terms of quantity. This measurement is beneficial for the
health care framework and it provides examined insights into this type of information that can
assist in making choices to overcome certain harms that are caused [3]. GBD gives information
over 195 nations and regions for more than 350 illnesses from the year 1990 onwards permit-
ting comparison over time [3]. Alcohol utilisation may be a hazard substantially impacting on
the burden of diseases [4]. Regarding alcohol consumption levels, findings are unavailable to
confirm that alcohol is attributable for decreased health loss [5]. Approximately 7.2% of males
and 2.2% of females are being influenced individually by GBD for misusing liquor [1]. Over
300 diseases and harmful conditions were identified by the WHO due to irresponsible alcohol
consumption patterns [1].

The main objective of this study is to investigate the long-term relationship between global
alcohol consumption and GBD between the years 2000 and 2019 continent wise and globally.
A deep study of the correlation between alcohol consumption and GBD within the above men-
tioned period, and how the global intention of sustainable development goal in reducing global
alcohol consumption will be discussed subsequently. This study has been conducted due to
two specific reasons. First, this research study covers 177 countries worldwide including all
five continents using recent data collected over the past 20 years. Hence, the study is compre-
hensive (wide coverage of countries and to the best of the researcher’s knowledge, so far stud-
ies have not focussed on this topic under the variables selected in the present study) and
timely. In addition, a separate analysis is conducted for each continent with the global level
analysis which further enhances the significance of the study. The second reason is that the
variables selected for the analysis are unique compared to those considered in previous studies.
In contrast, education, poverty and other major measurements which count the level of
human development were considered as variables in prior studies.

The present study considers the overall effect of Human Development Index (HDI), Socio
Demographic Index (SDI) and Gross Domestic Product (GDP) for income to measure how
these variables impact GDB, bringing a different perspective to the results. As such, in a nut-
shell, considering the above mentioned variables give insights into the real and holistic situa-
tion globally as well as the situation continent wise.

This article contains the introduction in the first section which describes the background
study of this research. Then, the second chapter explains the literature review and contains a
synopsis of relevant literature. Data and methodology are detailed in the third chapter with
details of summary statistics for key variables and then the relationship is discussed between
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the variables like beer, wine, spirit, other alcohol consumption, HDI, SDI, and GDP on GBD.
The fourth chapter contains results and a discussion of data analysis. The fifth chapter con-
cludes with highlights and limitations of the research.

Literature review

Alcohol consumption, as an independent variable plays a major role that affects the dependent
variable of GBD. Consumption of alcohol leads to negative outcomes and is a prevalent world-
wide main issue which significantly affects economic growth negatively. Income levels of
countries have also affected alcohol consumption which is attributable to GBD. Many
researchers have conducted studies regarding alcohol consumption and its attributable dis-
eases taking into account countries, continents and the globe in the past but not for recent
years.

Several social factors have been recognised as having an impact on alcohol consumption
levels and patterns, as well as the severity of alcohol-related disorders in communities. Drink-
ing alcohol is linked to a higher risk of mental and behavioural disorders, including alcohol-
ism, significant non-communicable illnesses including liver cirrhosis, certain malignancies,
cardiovascular diseases, and injuries from violence, traffic and conflicts. Below are continent-
wide highlights based on the literature review.

Empirical substantiations from Africa

In East Africa Middleton, Mmbaga [6] among males, a substantial part of Oesophageal Squa-
mous Cell Carcinoma would be eliminated by abstention from or minimising alcoholic con-
sumption. Leslie, Ahern [7] observed in South Africa variables that influence to reduce
alcohol-related harms and dependency that offered new opportunities for improving popula-
tion health. Furthermore WHO [1], among confirmed 39,000 deaths due to alcoholism in
South Africa, the vast majority were men.

Coates, Kamanda [8] conducted major discrepancies in mortality rate for both communica-
ble diseases and non-communicable diseases based on socio economic variables across seven
health and demographic surveillance systems in Sub-Saharan Africa. It has been proved that
the increasing use of any type of alcoholic beverage in African countries can lead to significant
growth on GBD and impact spirits and alcoholic beverages more than others.

Empirical substantiations from Asia

Sornpaisarn, Shield [9] proved that five middle-income countries in the South-East Asian
region (Cambodia, Myanmar, Vietnam and Timor-Leste) globally stand on outright increase
in adult alcohol per capita consumption. In India due to alcohol attributable health such as
cancers, liver diseases and road traffic accidents, it is expected 593 million life years would be
lost in four decades between the years 2011 and 2050 [10]. A few articles studied how middle-
income South-East Asian countries contributed to alcohol related GBD. Nevertheless, further
research studies need to be conducted in depth to identify how income levels vary with alcohol
consumption and its attributable harm.

The risk of all types of cancer and cause of death in women and men were positively con-
nected to heavy drinking [11]. The people in the habit of drinking alcohol had a notable
increased risk of oral cancer with an odds ratio of 1.56 in the Hunan province of China [12].
Consumption of alcohol is more likely to develop non-communicable diseases among men
having low socio economic status [13]. Findings of Jayathilaka, Selvanathan [14] on association
of consumption of alcohol and poverty through an econometric model have demonstrated
alcohol consumption, particularly illegal alcoholic beverages have a positively affect the poorer
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who are near to poverty line. Furthermore, it will be a value addition if researchers can incor-
porate socio demographic characteristics as variables including varying income levels regard-
ing alcohol related GBD.

Empirical substantiations from Europe

Poikolainen and Alanko [15] used Auto Regressive Distributed Lags model to find out log of
non-spirit consumption and the log of spirit consumption and alcohol related deaths that were
significantly co-integrated. In England in the year 1996, around 75,000 cases were recorded
due to alcoholic liver disease, road traffic fatalities, suicide mainly affected alcohol attributable
deaths among young people [16]. Rehm, Taylor [17] affirmed a high alcohol consumption in
the WHO European region which was 12.1 litres of pure alcohol per capita and averagely
higher than 100% upper considering the global consumption. Regarding the European conti-
nent, past research clearly indicated a significant impact of alcohol consumption on GBD.
However, those researches were not up to date and lacked a clear explanation on how alcohol
consumption and GBD vary, and which alcoholic beverages. Further, how HDI affected
regarding alcohol attributable diseases was not under the scope of these studies.

Education, remunerated work, income, or a combination of these characteristics are com-
monly used to determine socioeconomic status. Studies by Kuntsche, Rehm [18] found a link
between excessive drinking and educational attainment. Binge drinking is influenced by socio-
economic factors.

Empirical substantiations from North America

In Canada, Ramstedt [19] observed a less geographical association in alcohol attributable cir-
rhosis. A peak in overall alcohol consumption occurred close to 1975 increased up alcohol
related mortality and thereafter underwent a substantial decline until the 1990s as per Ram-
stedt [19]. The overall impression, nonetheless, is that, as a general rule, consumption and
mortality are closely linked.

Over the past four decades, economic factors had limited direct effect on alcohol intake
because these are Granger-caused by social or demographic changes in the United States [20].
The study on the United States based on data from 1999-2003 concluded long term and cur-
rent income levels were linked to a higher likelihood of abstinence and human development,
while current income would have indicated the link between long term income variance and
adult alcohol consumption behaviours [21]. Cerda, Johnson-Lawrence [21] further contained
that while alcohol consumption may be more susceptible to short-term changes in the social
environment, as a consequence, long-term income patterns may indirectly impact alcohol
consumption.

Empirical substantiations from Oceania

Selvanathan and Selvanathan [22] confirmed that in 1982, Australians consumed around 10
litres of pure alcohol per person which later fell closer to 7 litres per person. In contrast, beer
consumption per capita has risen fourfold since 1975, peaking at 140 litres in 1975 and falling
to a low of 93 litres in 1999; wine consumption has quadrupled, while spirits consumption has
remained constant. The findings revealed that, while income and prices have a considerable
impact on alcohol consumption patterns, the growing older population in Australia too is a
significant contributor. However, in the Oceanian continent, further up to date and timely
research studies should be developed on how alcohol consumption contributes to GBD. Socio
demographic characteristics and income level have been considered as key variables regarding
alcohol consumption and GBD.
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Empirical substantiations from global

Degenhardt, Charlson [5] revealed that alcohol and drug usage causes a substantial burden of
diseases worldwide, varying considerably between countries and being strongly connected
with social development. East Asia, South Asia, Eastern Europe, and Tropical Latin America
have had the highest number of alcohol-attributable Disability Adjusted Life Years (DALYs),
while East Asia, high income North America, South Asia, and Eastern Europe had the highest
number of drug-attributable DALY [5]. Justifying the alcohol attributable GBD, increased
risk of many other health outcomes, including unintentional injuries and suicide, cancers and
cirrhosis, represent a large portion of the GBD attributable to drug usage where chronic hepa-
titis C was a significant contributor [5].

With the use of the Multivariate Log-normal Mixture Poisson Distribution model, Man-
they, Shield [2] discovered alcohol consumption per capita expanded globally from 59% in
1990 to 65% in 2017. It is expected to increase by 17% over the next 13 years, reaching 7.6 litres
in 2030. In addition, European countries had a markedly drop in alcohol consumption com-
pared to the several lower and upper middle-income countries in 2017 [2]. These findings
align with the study conducted by Manthey, Shield [2]. Here, the findings confirmed that alco-
hol consumption in each continent and country varied along with their income levels.

Moreover, using econometric research, Zhang, Cao [23] discovered that approximately
819,435 deaths have occurred due to liver cancers in the world and alcohol consumption
related to liver cancer mortality slightly dropped by 0.17% per year during their period of
study. Moreover, after the year 2008, these researchers have noticed a significant rise in alcohol
consumption and beverage types related to liver cancer mortality. Stein, Cruz-Lemini [24]
employed the Multivariate model for studies in the developing world. Thus, it revealed that
regular heavy drinking has a significant impact on the weight of alcohol in the cirrhosis burden
at a population level.

Although several studies on the impact of alcohol consumption on GBD have been selected
continents or regions, no comprehensive study encompassing all continents has been found in
the literature. Also, no research deeply analyses the alcohol consumption, HDI, SDI, income as
independent variables on dependent variable which is GBD globally and continent wise. In
this context, further studies confirm that rising alcohol consumption is likely, which in turn,
can intensify the overall burden of diseases in future.

Methods

The data set contained observations about different cross sections across time, since the data
analysis was done through panel regressions. Data from 2000 to 2019 for 177 countries and ter-
ritories were collected under the variables GBD, beer, wine, spirit, other alcohol, HDI, SDI,
and GDP. Data collection spanned for 51 African countries and territories, 47 Asian Coun-
tries, 37 European countries, 20 North American countries, 12 South American countries, and
10 Countries and territories in Australian continent. Data file used for the study is presented
in S1 Appendix and the study has employed Stata, statistical software for the data analysis.
Table 1 represents data sources and variables.

The main objective of this research is to investigate the impact of different types of alcohol
varieties (wine, beer, spirit, and other types), total alcohol consumption, HDI, SDI and GDP
on GBD. The linear model developed according to the past literature [25] is indicated below.
The conceptual framework was developed (also aligns with the research proposal) whilst tak-
ing into account alcohol consumption (wine, beer, spirit, and other types), HDI, SDI, and
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Table 1. Data sources and variables.

Variable
GBD

WINE

BEER

SPIRIT

OTHER

ALCOHOL

HDI

SDI

GDP

Definition

Global Burden of Disease (DALY per
100,000)

Wine consumption (Recorded per capita
consumption litres of pure alcohol)

Beer consumption (Recorded per capita
consumption litres of pure alcohol)

Spirit consumption (Recorded per capita
consumption litres of pure alcohol)

Other alcoholic beverages consumption
(Recorded per capita consumption litres of
pure alcohol)

Human Development Index (Composite
indices)

Socio Demographic Index (Composite
indices)

Income (GDP per capita current US $)

Source: Compiled by authors.

https://doi.org/10.1371/journal.pone.0270998.t001

Source

Institute for Health Metrics and Evaluation https://
vizhub.healthdata.org/gbd-results/

World Health Organization Data https://www.who.
int/data/gho/data/themes/topics/topic-details/
GHO/levels-of-consumption World

United Nations Development Programme Data
Centre https://www.hdr.undp.org/en/indicators/
137506

Institute for Health Metrics and Evaluation https://
ghdx healthdata.org/record/ihme-data/gbd-
2019-socio-demographic-index-sdi-1950-2019
World Bank Open Data https://data.worldbank.
org/indicator/NY.GDP.PCAP.CD

GDP as the independent variables and the GBD as the dependent variable.

GBD,, = , + , WINE, + B,BEER, + B,SPIRIT, + §,OTHER ALCOHOL, + f3,HDI,

+ BsSDI, + B,GDP, + ¢,

(1)

The above static linear model can be used to measure the impact of GBD in selected conti-
nents such as Africa, Asia, Europe, North America, Oceania, and South America for a long
period like 20 years. Normally, the other alcohol types of category include illegal alcohol types
and various types of alcohol unique to some countries and territories which do not fall under
the categories such as wine, beer or spirits. As usual, HDI, SDI and GDP represent respective
regions. Here, the relevant country is denoted by i and ¢ shows the year taken into consider-
ation. g;, shows the standard error of the above equation.

Among the independent variables in Eq 1, high correlation may cause the issue of multicol-
linearity particularly between HDI, SDI and GDP. Multicollinearity does not result in biased
estimated coefficients. Multicollinearity or the small sample size may raise similar concerns,
thereby, both tend to increase sampling variances. Increasing the sample size [26, 27] is the
best way to minimise multicollinearity. With large sample sizes (> 100), normality assumption
violation may not result in major issues [26, 28]. The present study used a large sample with
177 countries, which is likely to mitigate multicollinearity related concerns and normality

assumptions and strengthen credibility of findings.

Since the data set have a variability and it changes across time with a country-specific
impact, panel data approach is the most suitable model for data analysis. Three potential esti-
mations models of balanced panel data regression were used namely Pooled Ordinary Least
Square (POLS), Fixed Effects (FE) and Random Effects (RE) models [29]. To explore the
impact of distribution GBD, study applied POLS model of panel data regression as shown in
Eq 1. In panel regression analysis, time fixed effect captures the unobserved effects of variables
that are constant across countries but can vary over time. Panel data analysis also suggests the
application of the random effects model. The rationale is that the individual-specific country
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effect or variation across countries are assumed to be a random variable that is uncorrelated
with the GBD. These three models will be used to compare the applicability of the desired
model by using F testing, Lagrange multiplier testing and Hausman tests [29]. After obtaining
the hypothesis test results of each test methods, the best model is selected following a sensitiv-
ity analysis. F test will be used to select the best model among POLS and FE. The Lagrange
Multiplier’s test will be conducted with POLS and RE to select the model suitable for the next
step. Hausman’s test will be performed for RE and FE to find the best model out of them.

All the variables were used under a standard approach. To reduce inconsistency of the size
of variables, the constant factors applied for each variable is adapted accordingly with the stan-
dard approach. With the purpose of minimising the issue related to heteroscedasticity, data
were changed into robust standard errors.

Results

Averagely 1,365 of DALYs would be encountered a year globally due to alcohol related health
conditions as per information sorted and data. This could be mainly addressed through elimi-
nating alcohol consumption. According to Table 2 which illustrates summary descriptive sta-
tistics for the key variables, average GBD for the global is 1394.309 (DALY per 100,000);
highest value recorded for the European. As well as GBD, Europe records the highest spirit
and beer consumption, which is 2.631 and 3.907 (Recorded per capita consumption litres of
pure alcohol), respectively. Asian continent has the highest HDI even though it has high level
of alcohol consumption. Furthermore, African continent reports the lowest averaged GDP per
capita considered to all the continents where also notable lower SDI and HDI rates were
reported in the continent.

Fig 1 illustrates mean variations of dependent and independent variables of this study
between 2000 and 2019 at the continent level. Analysis of GBD attributable to alcohol reveals
that European continent has a significant increased GBD attributable to alcohol than other
continents where it also reveals higher intake of wine, beer and spirits among Europeans than
other regions. Asian consumption of wine and beer is the lowest of all the continents while
consumption of spirit states is much higher than Oceanian and African continents. Beer con-
sumption of Oceanian countries which was higher than in Asia and Africa in early 20’s has sig-
nificantly decreased later resulting in the similar decreasing trend in spirit consumption in
South American continent countries within the same period. Consumption of other alcoholic
beverages (Fig 1F) of all continents have low mean when compared to consumption of wine,
beer and spirits. African continent countries with the lowest human development among all
are having considerable amount of higher alcohol consumption trends (Fig 1A). European
continent shows a higher amount of GBD attributable to alcohol in comparison to other conti-
nents where countries such as Ukraine, Belarus, Lithuania, Hungary and Estonia of European
region are among the highest GBD. This trend has been decreasing in recent years, where the
countries in the continent make stronger economies in the meantime. Compared to other con-
tinents, Oceania region records the lowest amount of GBD due to alcohol.

Graphs depicting means of wine consumption (Fig 1B), beer consumption (Fig 1C) and
spirit consumption (Fig 1D) are presented below. Accordingly, European countries which
have a higher standard of socio demographic development should pay more attention on poli-
cies and taxes to maintain decreased levels of their alcoholic beverage consumption.

Mean HDI graph (Fig 1F) and Mean SDI (Fig 1F) graph show how the key dimensions of
human development and socio-demographic development vary across the world regions.
Higher human development and socio-demographic development are estimated in other con-
tinents than in the European continent, as the latter comprises of strong economic nations.
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Table 2. Summary descriptive statistics for the key variables.

Variables
Countries GBD Wine (Recorded | Beer (Recorded per | Spirit (Recorded Other Alcohol HDI SDI GDP (GDP
(DALYs per capita capita per capita (Recorded per (Composite | (Composite | per capita
per consumption litres | consumption litres | consumption litres | capita consumption indices) indices) current US
100,000) of pure alcohol) of pure alcohol) of pure alcohol) litres of pure $)
alcohol)
Global Obs. | 3540 3518 3518 3518 3517 3485 3540 3523
Mean | 1365.71 0.980 1.886 1.435 0.545 0.680 0.584 11970.43
SD 1021.72 1.520 1.770 1.537 1.470 0.161 0.188 17911.22
Min. | 73.80 0 0 0 0 0.262 0.088 111.93
Max. | 8926.97 6.680 8.62 8.810 11.110 0.957 0.929 154919.20
Africa Obs. | 1020 1020 1020 1020 1020 1007 1020 1011
Mean | 1191.17 0.32 1.076 0.416 1.245 0.512 0.402 2284.03
SD 788.43 0.716 1.330 0.719 2.182 0.118 0.143 3124.89
Min. | 129.55 0 0 0 0 0.262 0.089 111.93
Max. |3791.90 5.180 6.410 4.620 11.110 0.804 0.724 22942.61
Asia Obs. | 940 935 935 935 935 920 940 937
Mean | 1031.16 0.251 0.762 1.293 0.293 0.697 0.606 11243.60
SD 1196.08 0.577 0.945 1.632 1.257 0.123 0.158 16805.38
Min. |73.80 0 0 0 0 0.350 0.188 138.43
Max. | 8926.97 3.980 4.720 8.810 8.220 0.938 0.880 154919.20
Europe Obs. | 740 728 728 728 728 734 740 740
Mean | 2211.15 3.137 3.915 2.553 0.389 0.852 0.788 28585.59
SD 1067.74 1.586 1.621 1.408 0.824 0.063 0.068 23870.15
Min. | 717.21 0.170 0.290 0.550 0 0.671 0.569 635.70
Max. | 5778.88 6.680 8.620 8.360 6.890 0.957 0.929 118823.60
North Obs. | 400 395 395 395 395 393 400 400
America | \ean | 129839 | 0.508 2.484 2.585 0.097 0.727 0.621 11717.88
SD 396.91 0.683 1.267 1.459 0.120 0.102 0.125 13442.41
Min. | 466.07 0.010 0.100 0.120 0 0.442 0.350 542.33
Max. | 6219.92 3.950 5.400 7.380 0.500 0.929 0.873 65279.53
Oceania Obs. | 200 200 200 200 200 195 200 200
Mean | 754.65 0.732 1.648 0.547 0.180 0.180 0.564 9834.07
SD 339.22 1.276 1.432 0.515 0.382 0.140 0.155 15956.23
Min. | 304.84 0 0.030 0 0 0.450 0.328 491.83
Max. | 1353.37 3.870 5.070 2.070 1.260 0.944 0.840 68156.63
South Obs. | 240 240 240 240 239 236 240 235
America | \ean | 1432.52 1.056 2.760 1.774 0.069 0.730 0.602 6468.50
SD 441.66 1.485 1.036 1.067 0.155 0.057 0.057 4218.39
Min. | 761.98 0 0.850 0.300 0 0.616 0.474 904.23
Max. | 2664.97 5.320 6.850 6.570 0.890 0.851 0.759 18703.86

Note: SD represent Standard Deviation. Source: Authors’ calculations from Stata output.

https://doi.org/10.1371/journal.pone.0270998.t002

Though difference levels can be noted continent wise, the trend of development in human
development dimensions and socio-demographic development could be seen within every
continent through the years as there is no setback in development. Here, the North American,
South American and Oceanian countries show similar human development trend that go
hand in hand. Asian countries too fall under a similar category in terms of both human and
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Fig 1. Continent wise averaged variables from 2000 to 2019. Source: Authors’ illustration based on the data.
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socio-demographic development though some nations have low income levels with consider-
able inflation while several countries are strong with high economic conditions. African conti-
nent tends to have the lowest human development dimensions and socio-demographic
development when compared to other continents.

Variations of mean income in terms of mean GDP per capita among continents worldwide
are presented in the graph (Fig 1H). This displays strong economies of the European countries
with the highest GDP values. Having several countries with strong economies in the North
American and Oceanian continent resulted in higher GDP values throughout the period con-
sidered for the study, eventhough these are less than the GDP values in the European region.
Though most countries in the Asian region have fragile economic conditions, it is indicated
that several Asian economies hold strong and steady to that of North American and Oceanian
continents. Same as in socio demograpic development and human development, African con-
tinent indicate low economic status and it is non growing nor shrinking in the periods shown.
Furthermore, sensitivity analysis was conducted to explore the presence of any specification or
multicorrelation issues of HDI, SDI and GDP. Detail results are presented in S2 Appendix and
confirmed keeping those three variables together in the model would not lead to any consider-
able specification or mulicorrelation issues.

Results of panel data model specification tests for Eq (1) are presented in Table 3. Consider-
ing the findings of Poolability F test and Breusch-Pagan LM test for all the countries and conti-
nents reject the null hypothesis. Rejection of POLS model at a 1% significance level means that
it is not the finest approach for current analysis. Thus, Hausmen test is employed to carry out
the selection between FE and RE models. Test for the all countries, African, European, North
American and South American continents has rejected the null hypothesis where RE model
indicates that estimations result from FE model are more efficient than RE model. However,
the tests on Asian and Oceanian could not reject the null hypothesis, thus indicated that esti-
mation result of RE model is more efficient than FE. Thus, FE model could used for all coun-
tries, African, European, North American and South American continents, while Asia and
Qceania continents, were continued with the RE model. Based on the test results, FE and RE
models were used separately for the continents.

Table 4 above illustrates the effect of wine, beer, spirit, other alcohol, HDI, SDI and GDP
on GBD in a global and continent level, presenting the coefficients, standard errors and signifi-
cance levels in a statistical summary. According to the overall R* values on global and regional
levels, over 40% of variation in GBD can be explained and fits the model for all countries and

Table 3. Specification tests for panel data models.

Region Tests

F test LM Test Hausman Test (Sigmamore)
Hy: POLS H,: POLS Hy: Random Effect
H;: Fixed Effect H,: Random Effect H,: Fixed Effect

All countries 193.66"** 24249.19%** 65.40"**

Africa 259.71%** 6652.89%* 37.32%**

Asia 197.85** 6380.54*** 10.32

Europe 205.27*** 4307.42°** 44.40"**

North America 23.00%** 703.34*** 14.14**

Oceania 170.72 *** 821.28*** 9.20

South America 254.53 *** 959.09%** 17.18***

Note: The symbols *, ** and *** represents 10%, 5% and 1% significance level, respectively.

https://doi.org/10.1371/journal.pone.0270998.t003
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Asian and Oceanian regions. Over 20% of variation in GBD in the African and European
regions fits the model where data explain less variations in GBD in North America and South
America.

Discussion

Statistical results for global context of both FE and RE panel data regression indicate that wine,
beer, spirit, other alcohol and SDI have a positive influence on GBD at a significance level of
1%. Shield, Manthey [30] conducted a global level study for comparative risk assessment
which identified the disproportionate effect of HDI on alcohol attributable burden. It confirms
that HDI has a negative significant influence on GBD. Highly significant and positive coeffi-
cients of wine, beer and spirit conclude that irrespective of the geographical region, increased
consumption of wine, beer, spirit can cause increased disease burden in a country. Similarly,
Degenhardt, Charlson [5] have identified that alcohol could cause substantial disease burden
globally under descriptive statistics where it varies between countries. Higher negative signifi-
cant HDI coefficients indicate cause of higher human development impact to decrease disease
burden levels.

Looking at the statistical results continent wise, GBD of African region is found to be highly
significantly and positively influenced by the spirit consumption. With regard to countries
with low HDI, particularly countries in sub-Saharan Africa with low HDI recorded indicate a
higher burden of disease attributable to alcohol [30]. Comparably, this study shows negative
influence of HDI in both FE and RE models which are highly significant at the 1% significance
level on GBD. Compared to other variables in RE and FE estimates, consumption of wine,
beer and other alcoholic beverages only have a considerable significant positive effect on GBD.
Kuteesa, Seeley [31] have also supported this finding related to alcohol stating that despite the
pattern and local context, harmful drinking is common among Africans. Further, this situation
has led to adverse consequences where poverty and work environment considered as key driv-
ers of alcohol consumption.

FE and RE estimates of Asian continent suggest beer and spirit has a positive and statisti-
cally significant effect on GBD. However, prevalence of alcohol dependence is quite low in
Asian continent relatively to other continents [32]. However, according to analysis of Sornpai-
sarn, Shield [9], trends of five South-East Asian countries are among 12 countries with the
most increasing alcohol consumption globally. Asia as a continent with more low and middle
income countries and been in economic developments may have directly and indirectly
impacted the increased alcohol consumption and increased alcohol attributed harm particu-
larly in South-East Asian region; moreover, heavy episodic drinking is attributable to disease
burden in Asia [9, 30]. Considerable number of countries in Asia consuming spirits and beer
significantly impact GBD where other variables do not significantly impact GBD in the same
region.

Alcoholic consumptions including beer and other alcoholic beverages indicate positive and
highly significant effect, where wine consumption has a positive and considerable effect on
GBD for European continent in both RE and FE estimates. According to the latter, hard liquor
does not have a significant effect on alcohol attributable disease burden. In terms of alcohol
attributable deaths, years of life lost and DALYs, Europe has the highest alcohol attributable
burden of diseases compared to other regions [17]. Though the consumptions of alcoholic bev-
erages in Europe have been decreasing over last decades, decrease in drivers on disease related
burden have been caused due to advancement of social, economic, cultural and demographic
determinants [33, 34]. According to the results, countries that have high development of socio
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demographic have a negative influence on burden of diseases. However, data of the study only
explains variations of 24.5% and 31.4% of GBD through FE and RE estimates, respectively.

Estimation for North American continent of SDI from FE estimates and GDP from both
FE and RE estimates variables are positive and significant towards GBD. As such, it could be
explained that the development of sociodemographic environment and increase of GDP per
capita have an effect on increasing GBD in North America. A study conducted by Degenhardt,
Charlson [5] stated that North America is highly accounted for the drug use attributable
DALYs while alcohol attributable DALY is less. This means that there aren’t any significant
impact of wine, beer, spirit and other alcohol on burden of disease in North America on GBD.

Oceanian continent only shows significant coefficients for beer consumption with a posi-
tive and significant influence towards GBD in both FE and RE estimates. Spirit consumption
has a considerable effect on GBD. Study of Selvanathan and Selvanathan [22] answered for the
estimates of higher significance through price elasticity. In Australia, beer price being inelastic
and spirits being price elastic, where it held 60% of continent’s population. This study also con-
cluded that when affordability of alcohol is increased, the consumption also increased. This
explained why GDP considered as income is positively significant on GBD in both FE and RE
estimates.

Based on the estimated models, coefficient of wine is highly significant for both RE and FE
in global level taking African and European continent into consideration. Beer in global con-
text have a highly significant positive influence on GBD for both RE and FE model in the Euro-
pean and Oceanian continents while considerably and positively significant on African and
Asian continents. Spirits as a hard liquor have a highly significant coefficient in Africa on both
RE and FE estimates and somewhat positively significant in Asian and Oceania continents,
which have overall effect on significance in the global context. Moreover, the other alcohol has
a significant effect on GBD at 5% in the global context considering its significance in African
and European regions in both RE and FE models. HDI and SDI affect the GDB negatively and
positively, respectively on both HDI and SDI, which have higher coefficient values together are
highly significant on the effect on disease burden in the global context. Here, HDI of the Afri-
can continent is significant in both RE and FE estimates. Higher significant effect of GDP on
GBD have not been estimated on global context when considering other variables.

Conclusion

Many previous empirical studies have shown that alcohol consumption and its misuse can
have an unfavourable influence on the economic conditions, social, health and productivity
exposure of communities. The present study is the first of its kind to be conducted in countries
across all continents using the panel data analysis method. It focusses on the overall effect of
HDI, SDI and GDP for income to measure how these variables impact GBD globally and the
impact beyond.

The study further examines the percentage or weight of global consumption of beer, wine,
spirit and other factors that contribute to alcohol consumption, both globally and continent
wise. A Panel regression technique adopted in this research covered 177 countries and territo-
ries for a period of around 20 years from 2000 to 2019, applying the RE model with FE model
after a Hausman test.

The results of this article further reveal the importance of the independent variables HDI,
SDI, GDP, and alcohol consumption (wine, beer, spirit and other alcohol) affecting GBD.
These conclusions led to both positive and negative outcomes as well as mixed outcomes. Sta-
tistical results for the global context of both FE and RE panel data regression indicate that in
terms of wine, beer, spirit and other alcohol consumption, SDI has a positive and HDI has a
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negative influence on GBD at a significance level of 1%. Highly significant and positive coeffi-
cients of wine, beer, spirit and other alcohol conclude that irrespective of the geographical
region, increased consumption of wine, beer, spirit and other alcohol can cause increased dis-
ease burden in a country.

Considering the impact of wine, beer, spirit and other consumption on GBD, the continent
of Oceania have the greatest impact from beer consumption, while the continent of Africa has
the greatest impact from the spirit and other alcohol consumption. For example, in the Ocea-
nian continent, countries like New Zealand and Australia contribute to beer consumption on
a large scale. FE and RE estimates of the Europe and the African continents suggest wine con-
sumption has a positive significant effect on GBD. One of the species seen here is the SDI,
which has the highest incidence of GBD in North America. Income does not have a major
impact on the GBD, and the African continent has a negative significant impact on the HDI.

Perhaps in countries like Sri Lanka, income is not a variable that significantly impacts alco-
hol consumption and GBD. Another point is that in Sri Lanka, alcohol consumption can be
seen mostly in terms of illicit liquor. This situation can be common for countries in the South
Asian region. Hence, future studies can include more unique variables in terms of regions for
a meaningful analysis.

This study has some limitations, as the missing data of 15 countries were dropped from the
analysis. Periods of 2020 and 2021 were not considered since data was not available to be
retrieved during the study period. Only the data available in databases were retrieved. The
study employed HDI, SDI, GDP and global consumption of wine, beer, spirit and other alco-
hol types for independent variables as other related variables that might impact could not be
considered due to lack of availability of reliable data sources. This study investigations were
limited only to identify the unidirectional impact, but bio direction impacts may occur as well.

Alcohol as a whole, has been proven to be harmful to developed countries, especially in
developing countries. Further studies confirm that it may increase its benefaction to the overall
burden of disease in future. Moreover, previous researchers have estimated how the global
alcohol consumption patterns varied country wise and globally. In this study, researchers aim
to investigate the impact of global alcohol consumption on GBD while analysing the combined
effect of HDI, SDI and GDP for the world regions continent wise. Further, by analysing these
data, we expect to propose approaches that are beneficial and interventions to minimise and
control alcohol consumption that are attributed to GBD.
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