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ABSTRACT

Aim To estimate whether large macroeconomic fluctuations in the 2000s affected inequalities in alcohol-related mor-
tality in the Baltic countries and Finland. Design Longitudinal register-based follow-up study. Setting Estonia,
Latvia, Lithuania and Finland. Participants General population in the 35–74 age group.

Measurements Socioeconomic status was measured by the highest achieved educational level and was categorised
using the International Standard Classification of Education 2011 as low (included categories 0–2), middle (3–4), and
high (5–8). Educational inequalities in alcohol-related mortality in 2000–2003, 2004–2007, 2008–2011 and 2012–
2015 were examined using census-linked longitudinal mortality data. We estimated age-standardised mortality rates
and the relative and slope index of inequality. Findings Alcohol-related mortality increased in all countries in 2004–
2007 except among Estonian women and decreased/remained the same from 2008 onward except among Latvian
men. By 2012–2015 alcohol-related mortality was still higher than in 2000–2003 in Finland, Latvia and Lithuania
(women only). Relative inequalities increased across the study period in all countries (significantly in Lithuania and
Latvia). The 2004–2007 increase in relative inequalities was mostly driven by a larger mortality increase among the
low educated, whereas in 2008–2011 and in 2012–2015 inequalities often increased because of a larger relative
mortality decline among the high educated. However, these period changes in relative inequalities and between
educational groups were often not statistically significant. Absolute inequalities were larger in 2012–2015 versus
2000–2003 in all countries except Estonia (decrease). Conclusion In the Baltic countries and Finland, alcohol-related
mortality tended to increase faster among the low educated during a period of economic expansion (2004–2007) and
decrease more among the high educated during a period of economic recession (2008–2011).
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INTRODUCTION

Research has linked macroeconomic fluctuations to both
changes in mortality and socioeconomic inequalities in
mortality [1,2]. In particular, economic change has been
associated with variations in alcohol-related mortality
[3]. An earlier study covering 26 European Union (EU)
countries found that a large rise in unemployment (≥3%)

was associated with a significant increase in deaths from
alcohol abuse [4].

Despite this research, there are still important gaps in
the literature concerning the association between mac-
roeconomic fluctuations and changes in alcohol-related
mortality. For example, until now there has been an ab-
sence of cross-country research on the effects of macro-
economic fluctuations on social inequalities in
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alcohol-related mortality. Rather, studies that have ex-
amined across-time changes in socioeconomic differences
in alcohol mortality have either ignored the economic
context [5], focused primarily on alcohol affordability
[6], or examined the effects of macroeconomic change
within a single country [7], even though relative and
absolute inequalities in alcohol-related mortality vary
within and between countries over time [8]. Moreover,
two studies that have been undertaken to date have sug-
gested that there may be differences in the association
between countries and/or time periods. Specifically, re-
cent research from Spain concluded that the effects of
the great recession on alcohol-attributable mortality
were not worse among those in lower socioeconomic po-
sitions in 2008–2011 [9], whereas an earlier study from
Finland highlighted the greater growth and then smaller
decrease in alcohol-related mortality among
(unspecialised) blue-collar workers in a period of eco-
nomic boom and then recession (1987–1995) [3]. Given
this, understanding how economic cycles might be
linked to socioeconomic inequalities in alcohol mortality
might be important for future efforts to reduce
alcohol-related harm, which has recently been described
as a public health imperative by the World Health Orga-
nisation [10].

The current study examines the association between
macroeconomic fluctuations and educational inequalities
in alcohol-related mortality in the Baltic countries
(Estonia, Latvia and Lithuania) and Finland in 2000–
2015. These countries provide a potentially informative
setting to examine these associations. The Baltic
countries experienced huge macroeconomic changes in
the 2000s: per capita gross domestic product (GDP)
increased more than 4-fold between 2000 and 2008,
while in Finland, per capita GDP more than doubled in the
same period (see Supporting information Fig. S1). In all
countries, the annual growth rate accelerated in the
second half of this period. Subsequently, per capita GDP
decreased sharply following the global financial crisis.
With >20% average reduction in per capita GDP from
2008 to 2009, the Baltic countries were among the most
affected in Europe. In Finland the decrease was ~12%.
Per capita GDP had surpassed its pre-recession levels by
2013 in Estonia and Lithuania but pre-recession levels
had still not been attained in Finland and Latvia by 2015
[11]. A focus on education as a measure of
socioeconomic inequality is warranted given that
previous research in these countries has suggested that
educational differences may exist in both harmful alcohol
consumption [12] and alcohol-related mortality [13].
Research from earlier periods has shown that
alcohol-related mortality is an important component of
total mortality in these countries and that relative and
absolute educational inequalities in alcohol-related deaths

have increased over time [8], with alcohol-related
mortality now making an important contribution to
socioeconomic differences in life expectancy [14].

The aim of this study was to examine changes in
alcohol-related mortality in the Baltic countries and
Finland in the context of large macroeconomic
fluctuations in 2000–2015. We first assessed the
changes in overall alcohol-related mortality and its con-
tribution to all-cause mortality. We evaluated how
alcohol-related mortality changed in different educa-
tional groups and how these changes affected both
absolute and relative inequalities in alcohol-related mor-
tality and their contribution to inequalities in total
mortality.

METHODS

Data

Data for Estonia, Latvia and Lithuania come from longi-
tudinal mortality follow-up studies of population
censuses in 2000 (2001 in Lithuania) and 2011,
encompassing all permanent residents. The censuses in
the Baltic countries combined traditional survey-based
enumeration (the share of coverage varied from 91%
in Latvia to 98% in Estonia) and register-based enumer-
ation [15]. The register-based data did not include infor-
mation about socioeconomic status and were therefore
excluded from the analysis. All individuals were followed
from the census date until the date of death or emigra-
tion or until the end of the follow-up period. The date
and cause of death were linked from national mortality
registries with 95%–98% of deaths being successfully
matched to census records. All data linkages were per-
formed by National Statistical Offices. Data for Finland
were obtained from the longitudinal register-based popu-
lation data file of Statistics Finland covering the total
population during the study period. Data were organised
into four sub-periods to capture periods of distinct
macroeconomic development: 2000–2003 (moderate
economic growth), 2004–2007 (economic expansion),
2008–2011 (recession) and 2012–2015 (stabilisation).
The population exposures were calculated by adding up
the number of person years lived by each individual
within each 5-year age interval during a given period.
Deaths were allocated to age intervals using the age at
death. Data were anonymised and aggregated into mul-
tidimensional frequency tables combining deaths
and population exposures split by study periods and
sociodemographic variables before they were delivered
for research purposes. This study included persons in
the 35–74 age group to achieve optimal accuracy in
determining socioeconomic status and in causes of death
classification.
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Variables

Causes of death were classified using the 10th revision of
the International Classification of Diseases (ICD-10).
Alcohol-related mortality was measured by a combined
group of directly alcohol attributable causes of death in-
cluding mental disorders because of alcohol (ICD-10 code
F10), alcohol-related diseases of the nervous system
(G31.2, G62.1, G72.1), alcoholic cardiomyopathy
(I42.6), alcoholic cirrhosis of the liver (K70), alcohol in-
duced pancreatitis (K85.2, K86.0) and accidental poison-
ing by alcohol (X45). We also included non-alcoholic
liver cirrhosis (K74) because a large proportion of these
deaths can be alcohol-related [16]. Detailed mortality data
for selected alcohol-related causes of death are presented in
Supporting information Tables S1 and S2.

Demographic and socioeconomic data were retrieved
from census records and were coded by Statistical Offices
following a common study protocol. Socioeconomic status
was measured by the highest achieved educational level
categorised using the International Standard Classification
of Education (ISCED) 2011 [17]. Low education refers to
primary and lower secondary education corresponding to
ISCED categories 0–2, middle education includes upper
secondary and post-secondary non-tertiary education (cat-
egories 3–4), and high education covers tertiary education
(categories 5–8).

Analysis

Changes in overall and education-specific alcohol-related
mortality were examined using age-standardised mortality
rates per 100 000 person years (ASMRs), calculated by
using the European Standard Population [18]. Percentage
differences were calculated between consecutive study pe-
riods and between the first and the last period to assess
overall change. Interaction tests were performed between
period and education to assess whether the period effect
differed by educational level, using Poisson regression. Rel-
ative and absolute inequalities in alcohol-related mortality
were measured using the relative index of inequality (RII)
and slope index of inequality (SII) [19]. The RII and SII
are regression-basedmeasures that adjust the relative posi-
tion of each educational group to its share in the popula-
tion, therefore, taking into account differences between
countries or time-periods in the population distribution
by educational level. The relative position is assessed with
educational rank, a cumulative proportion of each educa-
tional group within the educational hierarchy, with 0 (for
the highest educated) and 1 (for the lowest educated) as
the extreme values on the rank order. The age-adjusted
RIIs were calculated with Poisson regression with educa-
tional rank as an independent variable. The RII can be
interpreted as a mortality rate ratio comparing those with

the very lowest educational level to those with the very
highest educational level. The SII per 100 000 person
years measures the absolute mortality rate differences be-
tween the lowest and highest end of the educational hierar-
chy. The SIIs were calculated from the RIIs and the overall
ASMRs by using the formula SII = 2*ASMR*(RII � 1)/
(RII + 1). To assess the magnitude and direction of the po-
tential bias relating to the exclusion of register-based data
from census records in the Baltic countries we performed
a sensitivity analysis for Latvia comparing overall mortality
estimates while excluding and including register-based
data.

All analyses were performed separately for men and
women as an interaction test between gender and the pre-
dictor variables (education and period) indicated that there
was a differential gender effect on the associations between
the predictor variables and alcohol-related mortality (data
not shown). Statistical testing of differences between study
periods was performed for all measurements and exact P
values were added to the tables; the level of statistical signif-
icance was set at P < 0.05. Statistical analyses were con-
ducted using SPSS Statistics for Windows, version 26.0
(IBM Corp. 2019) and STATA 14.2 (StataCorp). The full
study protocol was not pre-registered on a publicly avail-
able platform and therefore, the results should be consid-
ered exploratory.

RESULTS

Characteristics of the study populations are presented in
Tables 1 and 2. In total, the study covered nearly 65 000
alcohol-related deaths and 92 million person years. The
percentage of missing education data was between 0%
and 0.7% and all cases with missing values were excluded
from the analysis. In all countries, the percentage of the
highly educated increased in 2000–2015 and was higher
among women.

In 2000–2003, the ASMRs per 100 000 person years
for alcohol-related mortality ranged from 86.0–149.9
among men to 22.7–49.0 among women and were
highest in Estonia (Tables 1 and 2). Between 2000–2003
and 2004–2007, alcohol-related mortality increased sub-
stantially in all countries, except for Estonian women; the
increase was largest in Lithuania (61% among men; 78%
among women). From 2004–2007 to 2008–2011,
alcohol-related mortality declined in Finland (men only),
Estonia and Lithuania, but increased among Latvian
men. From 2008–2011 to 2012–2015, alcohol-related
mortality continued to decline in Finland, Estonia and
Lithuania. Despite these positive changes, the alcohol-re-
lated ASMRs remained higher in 2012–2015 compared
with 2000–2003 in Finland, Latvia and Lithuania
(women only); the ASMRs had declined in Estonia. In all
countries, the percentage of alcohol-related deaths among
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all deaths slightly increased from 2000–2003 to 2012–
2015, although the increase was statistically significant
only among men in Finland and Latvia.

Among men, alcohol-related mortality increased from
2000–2003 to 2004–2007 in all educational groups in
Finland and Lithuania, whereas in Latvia it increased
among themiddle and loweducated, and in Estonia among
high andmiddle educated individuals (Table 3). In Finland,
Latvia and Lithuania, the percentage increase was largest
among loweducatedmen; in Estonia the increasewas larg-
est among the middle educated. Between 2004–2007 and
2008–2011, alcohol-related mortality decreased among
all educational groups in Estonia, among the high andmid-
dle educated in Lithuania, among the high educated in
Finland, whereas it increased among middle educated
men in Latvia. In Finland and Lithuania, the decline was
largest among the high educated; in Estonia it was largest
among the middle and high educated. From 2008–2011
to 2012–2015, alcohol-related mortality declined in all ed-
ucational groups in Lithuania, among the middle and low
educated in Finland and among the middle educated in
Estonia. Across the whole study period, the low educated
had a less favourable mortality trend compared to the high
andmiddle educated in all countries except in Latvia. Inter-
action tests showed that differential period effects were of-
ten not statistically significant (Supporting information
Table S3).

Amongwomen, alcohol-related mortality increased be-
tween 2000–2003 and 2004–2007 in all educational
groups in Finland and Lithuania, and among the middle
and low educated in Latvia (Table 4). In Finland, the mor-
tality increase was largest among the low educated, in
Lithuania it was largest among the high educated, and in
Latvia among the middle educated. From 2004–2007 to
2008–2011, alcohol-related mortality decreased
significantly among middle educated women in Estonia
and Lithuania. Although themortality changes in all other
groups were not statistically significant, a small increase in
mortality was observed among low educated women in
Finland, Latvia and Lithuania that was in contrast to the
mortality decline seen among the high and middle edu-
cated in these countries. After 2008–2011, alcohol-related
mortality declined in Lithuania in all educational groups,
with the largest decline observed among high educated
women. At the same time, alcohol-related mortality in-
creased among middle educated women in Latvia. Across
the whole study period, high educated women had a more
favourable mortality trend in all countries but Estonia.
With few exceptions, the differential period effects were
not statistically significant (Supporting information
Table S4).

A strong educational gradient in alcohol-related mor-
tality was found in all countries (Table 5). The RIIs, mea-
suring the relative inequalities in mortality between the

very lowest and the very highest educational level, in-
creased in all countries between 2000–2003 and 2012–
2015, although statistically significantly only in
Lithuania and Latvia (among women). In 2012–2015
the RIIs ranged from 4.1–4.2 (among men) to 7.6–8.8
(among women) in the Baltic countries. In Finland, the
RIIs among men and women were 3.6 and 5.4, respec-
tively. The upward trend was interrupted on a few occa-
sions when RIIs declined in 2004–2007 in Estonia and
Latvia (women only), in 2008–2011 in Latvia (men only)
and in 2012–2015 in Finland. Excepting Latvian and Lith-
uanian men in 2008–2011, the changes between periods
were not statistically significant. Absolute inequalities in-
creased between 2000–2003 and 2012–2015 in all coun-
tries but Estonia, where SIIs gradually decreased. In
Finland, Latvia and Lithuania, most of the SIIs increase oc-
curred in 2004–2007; In Finland and Lithuania they
remained approximately the same in 2008–2011 and fell
thereafter. In 2012–2015, SIIs per 100 000 person years
ranged from 49–53 (among women) to 115–139 (among
men) in the Baltic countries. In Finland, the respective SIIs
were 36 and 103. In 2012–2015, alcohol-related deaths
contributed 7% to 15% (among men) and 8% to 11%
(among women) to inequalities in total mortality.

The results from the sensitivity analyses showed
that by excluding register-based records we somewhat
underestimated alcohol-related mortality in Latvia with a
larger effect observed among women (Supporting
information Table S5). At the same time, the effect on
changes between periods was minimal.

DISCUSSION

This study examined changes and inequalities in
alcohol-related mortality in the Baltic countries and
Finland in a period of rapid economic change. When the
economy was expanding alcohol-related mortality in-
creased considerably in most countries in 2004–2007,
whereas it decreased or remained the same during reces-
sion/stabilisation from 2008 onward. Relative educational
inequalities in alcohol-related mortality increased from
2000–2003 to 2012–2015 in all countries (significantly
in Lithuania and Latvia). The increase in relative inequal-
ities in 2004–2007wasmostly driven by a larger mortality
increase among the low educated, whereas in 2008–2011
and in 2012–2015 inequalities often increased because of
a larger relative mortality decline among the high edu-
cated. However, the period changes in relative inequalities
and between educational groups were often not statisti-
cally significant. Absolute inequalities increased by
2012–2015 in all countries except Estonia where they
had gradually decreased.

Before discussing themain findings of this study, several
limitations need to be considered. First, although our
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sensitivity analyses showed that the effect of excluding
register-based records from the analysis had only a mini-
mal impact on overall alcohol-related mortality in Latvia
we cannot exclude the possibility that the effect differed
by educational level. Second, in this study alcohol-related
mortality was measured by causes that are directly attrib-
utable to alcohol and therefore, cover only part of all
alcohol-related deaths. Differences in certification practices
of single alcohol-related causes of deathmay not only ham-
per cross-country comparisons [20] but they may also be
crucial for assessing mortality changes over time [21]. By
combining directly alcohol-attributable causes and includ-
ing non-alcoholic cirrhosis we improved comparability be-
tween countries and over time. Finally, although
macroeconomic changes are likely to affect people’s living
standards and alcohol affordability, we cannot exclude con-
founding because of other temporal changes.

The finding that alcohol-related mortality increased in
a period of strong economic growth and reduced when
the economywas in recession accordswith earlier research
showing a pro-cyclical pattern between economic fluctua-
tions and alcohol-related mortality [3]. Although different
factors might underpin these variations in alcohol-related
harm [22], it is possible that alcohol control policies and
changes in the affordability of alcohol had a major impact
on the observed changes in national and group-specific
mortality. For example, strong economic growth in the
early-mid 2000s [11] and a corresponding growth in sala-
ries [23], increased alcohol affordability markedly in all of
these countries [14,24], and was accompanied by a large
increase in alcohol consumption [24,25]. In some cases,
the growth in affordability of alcohol occurred in the con-
text of the liberalisation of alcohol policies (Lithuania)
[24,26] and reduction in taxes (Finland) [14]. Similarly,
the effects of economic downturn during the 2008 global
financial crisis on affordability and consumption of alcohol
should also be understood in the context of more restrictive
national alcohol policies [24,27–29].

The effects of economic fluctuations on alcohol-related
mortality seemed to be especially detrimental for the
low educated. Specifically, in the period of economic
growth the increase in alcohol-related mortality was
often larger among the low educated, whereas in the reces-
sionary/economic stabilisation period the low educated
more often experienced a smaller decline in mortality com-
pared to their high educated counterparts, with both of
these phenomena contributing to increasing inequalities
in mortality. It is possible that various mechanisms were
underlying these period-specific effects. For example, there
is some evidence that alcohol consumption not only in-
creased more among the lower educated in the 2000s
[30], but that the socioeconomic (educational) gradient
that exists in risky drinking in these countries [12,31]
may have widened for some groups during the period of

economic growth [31,32]. This might have contributed
to the growth in inequality in alcohol-related deaths. It
has also been shown that lower socioeconomic status is as-
sociated with more detrimental alcohol-related health out-
comes (hospitalisation/death) even when the volume/
pattern of drinking is the same as in higher socioeconomic
groups [33], with factors such as poverty [34] and other
adverse health behaviours [35] possibly helping to explain
‘excess’ alcohol-related mortality/harm in lower socioeco-
nomic groups.

Despite the overall improvement after 2008 our results
showed that the mortality decline was often less pro-
nounced or mortality did not decrease in the least edu-
cated. It can only be speculated what underlies this
socioeconomic difference, although various factors might
be involved. For instance, although the recession was
marked by a substantial growth in unemployment in the
Baltic states [11], there is evidence that the least educated
were disproportionally affected by falling employment [36].
This may have been important because research from else-
where has linked unemployment to a significantly in-
creased risk of binge drinking during the recession [37].
Moreover, although reduced affordability may have had a
positive impact on alcohol-related mortality among the
low educated, some of this effect may have been
counterbalanced by other factors. For example, the reces-
sion might have also resulted in increased drinking as a re-
sult of a deteriorating work situation. In particular, wage
cuts and reduced working hours, which were more preva-
lent in industries such as construction and hotels and
catering [38], may have led to psychological distress and
the use of alcohol to self-medicate [22], with previous re-
search showing that binge drinking is more common in
lower socioeconomic groups as a response to stress accu-
mulation [39]. Austerity measures in response to the reces-
sion might have also played a role in the Baltic countries
leading to a fragmentation of the labourmarket while plac-
ing a disproportionally high burden on lower-skilled em-
ployees [40]. Austerity also impacted overall and
equitable access to health care. Unmet medical need was
higher among the lower educated in Latvia [41], where
there was a decrease in the funding of public addiction
treatment facilities during this period [24], which might
help explain why alcohol-related mortality increased
(men) or decreased little (women) after 2007.

CONCLUSION

This study showed that both economic growth and reces-
sion can increase relative educational inequalities in
alcohol-related mortality, but specific mechanisms may
vary between economic cycles and across countries. In
prosperous times mortality tends to increase more among
the low educated whereas in periods of economic turmoil
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the low educated experience a lower reduction in alcohol-
related mortality. Following a sharp increase in absolute
educational inequalities in alcohol-relatedmortality during
economic expansion (excepting Estonia), absolute inequal-
ities have since declined (except in Latvia). Alcohol-related
mortality is still exceedingly high in these countries and is
playing an important role in overall inequalities in mortal-
ity. The high and increasing level of inequalities suggest
that policies directed at reducing factors underpinning ex-
cess alcohol-related mortality among socioeconomically
disadvantaged groups are necessary to further reduce alco-
hol mortality and its socioeconomic gradient.
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