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Preventable mortality related to alcohol use disorders is
an important aspect of public health and health policy (see
Room, Babor, & Rehm, 2005). Most deaths caused by addic-
tive substances are generally related to smoking; however,
the number of deaths caused directly by alcohol (in this arti-
cle without external causes) is also relatively high. From the
point of view of public health, these deaths are preventable
and, in many cases, also premature (Detels et al., 2015).

Examining preventable mortality in individual diagnoses
is a methodologically complex process, which is one of the
reasons why these concepts do not appear in many analyt-
ical epidemiological studies. Substance dependence is an
important risk factor for various diseases, which should
be taken into account in addressing preventable mortality.
Given the possibility of explicitly defining these diagnoses,
we have decided to examine their impact on life expectan-
cy through the potential gains in life expectancy concept
(PGLE), which eliminates the causes of death for defined
diagnoses. These facts formed a platform for defining the
main goal of the paper, which is to examine the impact of
selected socio-economic factors on the potential gain in life
expectancy when the causes of death associated with the
use of alcohol are excluded.

Knowledge of the extent of (preventable) mortality and its
regional distribution (e.g. Piontek & Kraus, 2018) is a pre-
requisite for the development of effective public policies at
the regional, national, and international levels. Likewise,
this problem presents a challenge for addictological servic-
es, both residential and outpatient, for the health and so-
cial systems, and the management of the interface between
these systems.

In the international context, there are a number of studies
that deal with this issue. In summary, the topic is dealt with
by Rehm et al. (2006), Martins et al. (2015), and, in a region-
al context, by Onyeka et al. (2015) and Rehm and Probst
(2018), for example. Studies are usually conducted at the
national level in relation to a particular addictive substance
or in relation to a specific risk group. Alcohol use is one of
the most common causes of death among adolescents (see
e.g. Johnston et al., 2018; Leal & Jackson, 2018).

A recent article by Imtiaz, Probst, and Rehm (2018) shows
that while mortality rates for the major causes in the US are
declining, the rate of substance abuse-related deaths is ris-
ing. The use of alcohol, certain drugs, and illegal addictive
substances plays a major role in the development of life ex-
pectancy. Authors who are concerned with this health crisis
point out that this phenomenon is disproportionately pres-
ent in people with a lower socio-economic status.

A study from Canada (Rehm et al., 2007) shows that 40,000
people died in Canada in 2002 as a result of substance
abuse, with a considerable number of such deaths (4,258)
being attributed to smoking and alcohol consumption.
A smaller, but still significant, part of the total (1,695) was
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associated with the use of illicit drugs. It was also found
that addiction can be attributed to the use of addictive sub-
stances for 3.8 million nursing days in hospitals, again in
connection with the use of tobacco. Specifically for alcohol,
see e.g. Rehm et al. (2009).

The situation in Australia is documented by Loxley et al.
(2004). From a long-term perspective, the issue of prevent-
able alcohol mortality in Italy was dealt with by Corrao et
al. (2002). They found that about 68,000 and 42,000 deaths
were attributed to alcohol consumption in 1983 and 1996
respectively, mostly from haemorrhagic stroke, liver cirrho-
sis, cancer, and injuries. The situation in the Scandinavian
countries is described in papers by Westman et al. (2015)
and/or Koch et al. (2015). Khaltourina and Korotayev (2008)
dealt with the situation in the Russian Federation on the
basis of the assumption that a reduction of alcohol-relat-
ed problems in Russia may have strong effects on the de-
cline in mortality. Ikeda et al. (2012) addressed preventable
mortality in Japan and concluded that smoking and alcohol
were responsible for a significant part of preventable mor-
tality there.

Our database consists of three datasets. The mortality da-
taset in the Slovak Republic is provided by the National
Health Information Centre (Ndrodné centrum zdravotnickych
informdcii) of the Slovak Republic. In order to quantify pre-
ventable mortality caused by the use of alcohol and ille-
gal drugs, we used a dataset of the population data from
the Statistical Office of the Slovak Republic (Statisticky iirad
Slovenskej republiky). The socio-economic factor dataset
comes from Eurostat. We analysed the time period from
2001 to 2015.

The concept of avoidable mortality is an indicator of the
health status of the population. It measures the quality
and efficiency of the healthcare system and public health.
Avoidable mortality provides a specific and comprehen-
sive view of the quality of healthcare. Our research is
based on avoidable mortality as defined by the European
Commission. According to this study, avoidable mortality
consists of two sub-groups: amenable mortality and pre-
ventable mortality.

Behavioural disorders resulting from drug use relate to
preventable mortality. There are two groups of behaviour-
al disorders (Office for National Statistics, 2012). The first
comprises diseases associated with alcohol use, excluding
external causes, and the second group consists of disorders
associated with the use of illegal drugs. Alcohol use disor-
ders consist of the following diagnoses: F10 — Mental and
behavioural disorders due to use of alcohol, G31.2 — Degen-
eration of nervous system due to alcohol, G62.1 — Alcoholic
polyneuropathy, 142.6 — Alcoholic cardiomyopathy, K29.2
— Alcoholic gastritis, K70 — Alcoholic liver disease, K73 —
Chronic hepatitis, not elsewhere classified, K74.0 — Hepatic
fibrosis, K74.1 — Hepatic sclerosis, K74.2 — Hepatic fibrosis
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with hepatic sclerosis, K74.6 — Other and unspecified cir-
rhosis of liver, and K86.0 — Alcohol-induced chronic pan-
creatitis. Our dataset of the deaths in the Slovak Republic
consists only of the codes of three-character categories; we
omitted four-character diagnoses. Therefore, in the case of
alcohol use disorders, we analysed only the following three
diagnoses: F10, K70, and K73. As for the behavioural disor-
ders linked to illegal drug use, they are all three-character
diagnoses, so we analysed all of them.

To fulfil the objective of the paper, we estimated a linear
panel model with a dependent variable of the potential
gain in life expectancy (PGLE) and socio-economic fac-
tors as explanatory variables. We analysed the impact of
four socio-economic factors: Gross Domestic Product per
capita (GDP), the average nominal monthly wage, the un-
employment rate, and the level of education in the region,
which is given as the percentage of employees with ter-
tiary education.

The PGLE is calculated as the difference between life ex-
pectancy with cause i eliminated and life expectancy for
all causes. It is given by equation (1), where PGLE™® means
the potential gain in life expectancy with the cause of death
i eliminated, e_is the life expectancy for all causes of death,
and e ' denotes life expectancy with the cause of death
i eliminated (Arias et al., 2013).

PGLE =¢]' —e, )
Life expectancy e is derived from abridged life tables for
all causes of death for five-year age groups x, x €0, 1, 5, 10,
.., 90, 95. The group probability of death g_for age group
x with the length of the age group being n is computed by
equation (2), where a represents the distribution of deaths,
which is set at .a_= 2.5, on the basis of the assumption of
random distribution of deaths in the age group (Jones et al.,
2007). The variable ym_is the observed death rate given as
m_= D [ K,where D_is the number of deaths and K is

nx nx/nx’

the mid-year population size.

n.,m.

nqx 1+ﬂmX (n_nax) (2)
Using the group probability of death g in equation (3), the
number of survivors /_is calculated. The number of survi-
vors [ expresses the number of persons who survive the be-
ginning of the next age interval. The original population 10 is
set as 10 = 100,000 (Greville, 1977). Then the proportion of
deaths in the age group (,d,) is computed with equation (4).

lx+n = lx (1 “n qx ) (3)

n X X xX+n (3)
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In the next step, we calculate the total time in years lived
between two indicated birthdays, called person-years lived
L. explained by equation (4).

I’ILJC z(lx +IX+I’I)/2 (4)
The sum of all the person-years lived ,L represents the per-
son-years of remaining life 7, mathematically expressed
by equation (5).

T.,=L.+L,. +...+Lgs (5)

Finally, on the basis of equation (6) the life expectancy e, is
calculated as the ratio of the person-years of remaining life
T and the number of survivors /.

e, =T /1, )

To calculate the life expectancy with the cause of death
eliminated i, we need to build abridged life tables by elim-
inating the cause of death i. The process is similar to that
in the case of the abridged life table for all causes of death,
with several exceptions. The probability of death for the
age group x with the length of the age group n with the
cause of death eliminated i (,g,") is given by equation (7)
(Tsaietal., 1978).

i
n Dx_an

—i 1_ D

w9 TP T (7)

Other exceptions are presented in equations (8), (9), and (10).

nLos = los + 155495 /2 ®)

nT9_5i = a'n L;S (9)
_%95:n los

nLos (10)

The effects of socio-economic factors on the potential gain
in life expectancy by eliminating alcohol-related behaviour-
al disorders are estimated using a linear panel model ex-
pressed by equation (11), where y, is a dependent variable,
a, and g, are regression coefficients, and u, denotes a ran-
dom disturbance term with a mean of 0. The index i = 1,
..., n marks an individual index, in our case regions in the
Slovak Republic and ¢ = 1, ..., T represents the time index
(Croissant & Millo, 2008). We did not look into the impact of
socio-economic factors on the potential gain in life expec-
tancy through the elimination of disorders associated with
the use of illegal drugs because of the lack of deaths caused
by these disorders.
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vi =a; + Bl x, +u an
We estimated three linear panel models Model, a Fixed Ef-
fects Model, and a Random Effects Model. To decide which
model is the most appropriate, we applied tests commonly
used in the linear: a Pooling panel model estimation pro-
cess. The analysis and all the outputs are produced in the
R Software environment (R Core Team, 2017).

The analysis consists of three parts. In the first part, we pro-
vide an overview of the diseases associated with alcohol use
in Slovak districts. Second, we analyse the impact of these
disorders on the expected life length in Slovak regions. The
third part addresses the effects of socio-economic factors
on the PGLE by complete elimination of the diseases asso-
ciated with alcohol use.

3.1 Situation in Slovak districts

The development of deaths caused by diseases associated
with alcohol use shows a growing trend for both sexes. In
2001, more than 20 men in 100,000 died of diseases con-
nected with alcohol use. The number of men who died had
increased to more than 28 in 2015. The numbers of wom-
en who died were significantly lower. In 2001, there were
only about five women in 100,000 who died of diseases as-
sociated with alcohol use. This figure grew to almost eight
in 2007. Then it dropped slightly, to less than six in 2013.
In 2015 it rose again, to eight women in 100,000. The de-
velopment of the number of deaths caused by the diseases
associated with alcohol use is shown in Figure 1.

The regional distribution of deaths caused by the disorders
associated with alcohol use among men in 2001 is depicted
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Figure 1| The number of deaths caused by alcohol use disorders
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in Figure 2. The area that was most affected was the south-
ern part of the Slovak Republic. There are three regions with
a standardised death rate of over 50. The lowest number of
deaths caused by alcohol use disorders was in the central and
southeastern parts of the Slovak Republic. In these regions,
the standardised mortality rate was below ten in 2001.

In 2015, the standardised mortality rate increased in almost
all districts. The highest figure was recorded in the Myjava
district in the western part of the Slovak Republic, followed
by other districts situated mainly in the southern part. The
lowest standardised mortality rate was in districts in the
north, in what is called the Orava region. The 2015 situation
for men is presented in Figure 3.

The highest number of women who died of diseases caused
by alcohol use disorders was reported in the Cadca district,
in the northern part of the country, in 2001. It was almost
25 women in 100,000. The second highest mortality was in
the Detva district in the central part, followed by the Stara
Lubovna district in the northeastern part of the Slovak Re-
public. In nearly half of all the districts, the standardised
mortality rate was close to zero. These regions are mainly
situated in the eastern and northern parts of the country.
This is shown in Figure 4.

The standardised mortality rate caused by diseases associ-
ated with alcohol use has grown for women, too. It is visible
in Figure 5, where the number of districts with a standard-
ised mortality rate close to zero decreased in 2015. In the
same year, the highest mortality rate was in the Puchov dis-
trict in the north. Three groups of districts with high levels
of the standardised mortality rate caused by alcohol use dis-
orders can be identified. The first group consists of districts
in the northern part of the Slovak Republic, while the sec-
ond comprises districts in the southwest. The last group in-
volves districts in what is known as the Gemer region in the
east of the central part of the country. A high mortality rate
is also observed in the Trebisov district in the southeast.

3.2 Life expectancy

There are also major disparities among the regions in the
Slovak Republic as regards life expectancy. Life expectan-
cy with the complete elimination of alcohol use disorders in
the more developed regions in the western part is higher
than in the less developed regions in the east. This applies
to all the years under study — see Table 1. A positive aspect
of the analysis is that life expectancy with the complete
elimination of alcohol use disorders increased during the
study period.

The growth of life expectancy with the complete elimina-
tion of alcohol use disorders may result from two facts. The
first fact is an increasing life expectancy for all causes of
death which is the consequence of a healthier lifestyle, bet-
ter healthcare, etc. The second effect may be an increasing
number of deaths caused by the disorders associated with
alcohol use, the elimination of which leads to an increase in






78 ADIKTOLOGIE

ORIGINAL ARTICLE

Year Regions
ba tt tn za bb po ke

2001 75.193 73.811 75.043 73.442 73.804 72.825 73.968 72.977
2002 75.547 73.743 74.979 73.853 73.971 73.167 74.321 72.965
2003 75.633 74.099 74.711 73.758 74.215 73.260 74.267 72.885
2004 75.768 74.260 75.532 74.378 74.439 73.555 74.702 73.252
2005 75.764 74.779 75.089 74.140 74.256 73.545 74.557 73.579
2006 76.167 74.719 75.744 74.236 74.586 73.906 74.846 73.695
2007 76.824 74.898 75.477 74.435 74.568 73.956 74.795 73.857
2008 77.055 75.441 75.972 74.562 74.594 74.585 75.190 74.305
2009 77227 75.728 76.068 75.061 75.119 74.777 75.776 74.483
2010 77262 75.937 76.669 75.453 75.663 74.892 75.784 74.704
201 77.866 76.245 77.192 75.638 76.160 75.701 76.457 75.191
2012 78.065 76.758 77.367 75.722 76.273 75.688 76.575 75.528
2013 78.178 76.747 77.869 76.428 76.514 76.241 76.759 75.777
2014 78.714 77.035 78.078 76.226 77.165 76.737 77.136 76.326
2015 78.573 77027 78.202 76.316 76.835 76.225 76.507 76.319

Table 1| Life expectancy (in years) at birth (age 0) with the complete elimination of alcohol use disorders, by Slovak regions
Note: ba — Bratislava region, tt — Trnava region, tn — Trenin region, nr — Nitra region, bb — Banské& Bystrica region, po — PreSov region, ke — KoSice region

Year Regions
ba tt tn za bb po ke

2001 0.093 0.193 0.202 0.234 0.139 0.233 0.177 0.108
2002 0.087 0.175 0.193 0.312 0.124 0.177 0.157 0.123
2003 0.152 0.180 0.146 0.222 0.162 0.233 0.154 0.120
2004 0.176 0.159 0.133 0.217 0.145 0.178 0.124 0.147
2005 0.224 0.218 0.187 0.21 0.150 0.222 0.154 0.130
2006 0.247 0.272 0.198 0.260 0.149 0.190 0.160 0.191
2007 0.267 0.222 0.229 0.277 0.223 0.263 0.189 0.220
2008 0.254 0.262 0.212 0.262 0.273 0.272 0.179 0.233
2009 0.265 0.270 0.216 0.318 0.252 0.230 0.157 0.186
2010 0.294 0.263 0.188 0.236 0.264 0.241 0.187 0.239
201 0.215 0.304 0.245 0.235 0.235 0.198 0.137 0.230
2012 0.276 0.272 0.197 0.238 0.229 0.260 0.194 0.185
2013 0.192 0.261 0.199 0.219 0.279 0.227 0.178 0.245
2014 0.180 0.259 0.202 0.219 0.343 0.273 0.218 0.244
2015 0.211 0.389 0.273 0.283 0.327 0.274 0.192 0.265

Table 2 | Potential gain in life expectancy (in years) at birth (age 0) with the complete elimination of alcohol use disorders, by Slovak regions
Note: ba — Bratislava region, tt — Trnava region, tn — Tren¢in region, nr — Nitra region, bb — Banska Bystrica region, po — PreSov region, ke — KoSice region

life expectancy with the complete elimination of alcohol use
disorders. This can be measured by the PGLE as shown in
Table 2. 1t is obvious that the PGLE with the complete elimi-
nation of alcohol use disorders grew in all the regions during
the time period under consideration. It means that all the
regions are burdened by alcohol use disorders to a greater
degree than in the past. In 2015, the most affected regions
were the Trnava region, the Zilina region, and the Nitra re-

gion. These regions belong among the more developed re-
gions in the Slovak Republic. The lowest PGLE was in 2015
in the Presov region, which is one of the least developed re-
gions. On the other hand, the second lowest PGLE was in
the Bratislava region, which is the most developed one. It is
necessary to add that there are several national health in-
stitutions in Bratislava, which implies better availability of
specialised healthcare for people who live there.
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Fixed Effects Model (1)

Random Effects Model (2)

Pooling Model (3)

Estimate Estimate Estimate
Intercept - -10.22742 *xx -10.64882 *xx
Log(GDP) 0.07792 0.08248 0.13411
Log(WAGE) 0.74102 * 1.01634 xx 0.97894 *Hx
Log(UNEM) -0.10942 0.05288 0.08280
Log(EDU) -0.31559 -0.62436 *xX -0.65754 xHX
R-Squared 0.43672 0.41011 0.39543

Table 3 | Estimated coefficients of linear panel models for alcohol-related diseases

Note: ***, ** and * denote significance levels of 1, 5, and 10 per cent respectively. GDP denotes gross domestic product per capita, WAGE is the average wage,
UNEM represents the unemployment rate, and EDU is the percentage of employees with tertiary education. The Poolability test for individual cross-sectional effects
showed that all coefficients, excluding intercepts, are not equal for individual effects (F = 3.152***) or for time effects (F = 2.639***). On the basis of the F test, both
individual effects (F = 6.998%**) and time effects (F = 2.233**) are statistically significant. The Pesaran CD test confirmed that our model is not affected by the cross-
sectional dependence (Z = 1.0116). Wooldridge's test for unobserved individual effects did not indicate any existence of serial correlation (Z = 1.581). In compliance
with the Hausman test, the fixed effects model (1) should be preferred (Chi-squared = 5.175).

3.3 Impact of socio-economic conditions

We estimated a linear panel model to quantify the impact of
socio-economic conditions on the PGLE with the complete
elimination of alcohol use disorders. We analysed the ef-
fects of four socio-economic factors: GDP per capita, the av-
erage nominal monthly wage, the unemployment rate, and
the level of education measured by the share of employees
with tertiary education.

We built three models: (1) a Fixed Effects Model, (2) a Ran-
dom Effects Model, and (3) a Pooling Model. The tests that
were performed suggest that the Fixed Effects Model (1) is
the most appropriate one. In that model, only the average
nominal monthly wage is statistically significant. The esti-
mated coefficient is positive, which means that an increase
in the average nominal monthly wage in the region leads to
an increase in the PGLE with the complete elimination of
alcohol use disorders. The impact of other socio-economic
factors is not statistically significant. (Table 3.)

As shown by both our study and several international stud-
ies, preventing alcohol-related mortality is an important
public health issue. The main aim of this paper was to an-
alyse the impact of socio-economic conditions on the po-
tential gain in life expectancy in the event of the complete
elimination of disorders associated with alcohol. We also
conducted an analysis of regional disparities.

The analysis of regional differences provides us with much
valuable information and unfortunately confirms the con-
centration of health problems in regions that can be de-
scribed as structurally disadvantaged. The diagnosis ex-
amines their social gradient, whereby an increase in the
average nominal wages in the region leads to an increase
in the PGLE by eliminating alcohol use disorders, which
in turn promotes health inequalities between population
groups and regions. In 2001, the lowest PGLE was 0.093,
in the Bratislava region. The highest PGLE was in the Nitra
region. The situation changed in 2015, when the PreSov re-
gion was the region with the lowest PGLE. The highest PGLE
was 0.389, in the Trnava region.

This confirms the importance of the study of the social and
economic determinants of health and the importance of
the study from the regional perspective. Therefore, solv-
ing these problems cannot be viewed only from a national
perspective or from the view of international policy docu-
ments. Emphasis must be given to the regional as well as
socio-economic conditions.
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