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Abstract: There is a strong association between education and mortality. However, the relationship
between education and avoidable mortality is understudied in Serbia. In this study, data on education
from the 2022 Census and vital statistics covering 2015-2019 are combined to examine whether human
capital at the municipality level is associated with avoidable mortality (amenable and preventable)
across 162 municipalities. Education was measured by age/sex standardized mean number of years of
schooling of persons aged 25+. Mortality was classified with avoidable cause lists and age-standardized.
Descriptive mapping was conducted, spatial autocorrelation was tested, mortality was assessed using
Moran’s | index, and log-mortality models were estimated with ordinary least squares and spatial
econometrics techniques. Residuals, Lagrange-multiplier tests, likelihood-ratio tests, information criteria,
and parsimony were used in modeling decisions. Amenable and preventable mortalities were studied by
estimating a stacked mixed-effects model with municipality-level random intercepts. Education and
avoidable mortality have a strong regional component in Serbia, but the cores of both phenomena did
not match. Higher standardized mean years of schooling were concentrated near major cities, while
avoidable mortality was high in the northern parts of Vojvodina. Once adjusted for region and degree
of urbanization, municipal education was significantly negatively associated with mortality. A one-year
higher age/sex standardized mean schooling level was associated with an approximately 10% reduction
in the rate of avoidable mortality, which was the most pronounced for amenable and the weakest for
preventable deaths. For Serbia, higher area-level education is most strongly associated with mortality
sensitive to healthcare intervention.
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1. Introduction

Avoidable deaths, which can be prevented through early treatment and preventive actions,
are used as useful benchmarks for judging whether the healthcare needs of a country are
met (Kossarova et al., 2009; Nolte & McKee, 2011). The distribution of avoidable deaths is
rarely homogenous within a particular state, and educational attainment is consistently
associated with premature mortality (Hummer & Lariscy, 2011; Mackenbach et al,, 2008).
However, when it comes to Serbia, the connection between these two spheres is rarely
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explored since they are investigated independently: one concerns human capital, and the
other one is an indicator of health system efficiency.

1.1. Education, avoidable mortality, and the amenable—preventable distinction

The fact that education is strongly associated with mortality represents one of the oldest and
most persistent findings in population health. While the association is substantial in high-
income countries, exists independently of the effect of income and occupational class, and
experimental analyses indicate that at least some portion of the relationship is causal, and
not only selectivity-driven (Hayward et al., 2015; Lleras-Muney, 2005), the functional form is
non-linear as it is characterized by higher returns to education around threshold levels of
attainment (Montez et al, 2012). However, it persists across nearly all major causes of
mortality (Hummer & Lariscy, 2011). The underlying mechanisms of the protective effect of
education are less well-understood. There are three primary pathways that have been
proposed: material advantages, healthy behavior profiles, literacy and risk assessment skills
of the better-educated which allow them to make use of the acquired information (Cleland
& van Ginneken, 1988; Rogers et al., 2013; Todd et al., 2016).

The scale of the education—-mortality gap is not constant across Europe and changes
both spatially and temporally (Mackenbach et al, 2013). In the comparative analyses
conducted by Mackenbach and colleagues, it was demonstrated that relative mortality
differences were small in some regions of southern Europe and unusually large in the Nordic
countries, while being the largest and constantly growing in the post-socialist east
(Mackenbach, 2006, 2017; Mackenbach et al,, 2008). The transition in the former socialist
countries was marked by large inequalities in survival by education, mediated through
increased mortality due to circulatory disease and external factors, alcohol consumption and
mental stress (Kalediene & Petrauskiene, 2005; Leinsalu et al.,, 2009; Marmot & Bobak, 2005;
Vandenheede et al.,, 2014; Walters & Suhrcke, 2005). The case of Serbia is situated within this
regional context, but is comparatively poorly studied in that context: it is faced with a
relatively high premature mortality burden concentrated largely in cardiovascular and
neoplastic diseases (Penev, 2003; Santric Milicevic et al, 2009; Vlajinac et al., 2008),
worsened by rapidly increasing age structure and pronounced regional differences
(Kokotovi¢ Kanazir et al., 2026; Marinkovi¢ & Andelkovi¢, 2026). In comparative terms, life
expectancy at birth in Serbia was 76.0 years in 2019, about five years below the European
Union average of 81.1 years (Eurostat, 2026).

The measure encompasses deaths, below a certain age ceiling, from conditions which
are considered avertable given the existing scientific knowledge and technology and
includes both treatable (those that can be avoided with timely treatment) and preventable
causes (those that can be avoided using non-medical interventions; Kossarova et al., 2009;
Nolte & McKee, 2011). When combined, these lists are regarded as a widely used benchmark
for the evaluation of the performance of the health-care system (Gavurova & VagasSova,
2017; Gay et al.,, 2011; Hoffmann et al,, 2013), even if the definitions themselves are somewhat
arbitrary and open to discussion (Simonato et al, 1998). Avoidable mortality is widely
measured in Serbia: in recent years, it comprised the majority of gains in life expectancy,
while the total burden remained high compared to western Europe, with preventable causes
accounting for larger inequalities than amenable conditions, particularly among men
(Marinkovi¢, 2022).
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According to the fundamental causes theory, negative health outcomes are buffered by
socioeconomic status because of its flexible resource basis (knowledge, money, influence,
advantageous social networks), which may be applied to any particular problem of an era.
As a result, the inequality in health would be expected to be the greatest in situations when
effective means of avoidance exist and need to be actively employed (Link & Phelan, 1995;
Phelan et al., 2010). The prediction of the theory—that greater inequalities will occur for
preventable rather than treatable causes—was confirmed in the US (Phelan et al., 2004) and
has been demonstrated for European countries as well (Mackenbach et al., 2015).

A geographical approach is made necessary by autocorrelation between mortality and
area-level deprivation, by which the allocation of health care resources is also influenced
(Lorant et al.,, 2001). Pronounced clustering of population and mortality indicators at the
municipal level was identified in the geographical analysis conducted in Serbia (Nikitovi¢ et
al., 2016), while wide variations in education-population outcome associations in different
locations were found by spatial regression (Lovi¢ Obradovi¢ & Vojkovi¢, 2021). In general,
north—south and center—periphery regional disparities have existed in the country for a long
time (Joksimovi¢ & Goli¢, 2017; Mileti¢, 2006). However, spatial measures of education and
avoidable mortality by cause have not been combined in any study conducted in Serbia.

1.2 The present study

All these components are incorporated in this research, in which the 2022 Census is used in
combination with aggregate vital statistics data from 2015 to 2019 (pre-pandemic years) to
determine the co-location pattern of educational achievement and avoidable mortality in
Serbian municipalities. Spatial clustering is examined, and the relationship between the level
of human capital at the municipal level and three mortality rates—total avoidable, health-
care treatable (amenable), and preventable mortalities—are assessed. Throughout the
paper, human capital—a broader construct that also encompasses skills, competences, and
health—is operationalized through its most consistently recorded and internationally
comparable component at the area level, educational attainment, expressed as the age/sex
standardized mean number of years of schooling (Barro & Lee, 2013). To our knowledge, this
is the first study for Serbia to examine spatial clustering, municipal educational attainment,
and cause-specific avoidable mortality jointly.

2. Data and methods

2.1. Data sources

All datasets used have been provided by the Statistical Office of the Republic of Serbia
(SORS, 2022, 2023). The level of educational attainment was based on information about the
2022 Census of Population, Households, and Dwellings, by single years of age, sex, and the
highest achieved level of education for every individual residing in a particular municipality.
Mortality figures were acquired by linking deaths by municipality of residence, sex, age, and
underlying cause of death classified according to the tenth revision of the International
Classification of Diseases. Persons under observation were calculated using the data of
official annual population estimate by age and sex. Data concerning Kosovo and Metohija
are not included in either census or vital statistics.

In the current study, an ecological design is followed, i.e., one in which the units of
analysis are populations defined by administrative territories rather than individuals
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(Morgenstern, 1995). Since the indicators of interest (education and mortality) were
measured at the municipal level, no individual-level inferences can be drawn.

Educational attainment therefore refers to 2022, whereas mortality refers to 2015-2019.
Completed education of persons aged 25 and over is largely fixed by early adulthood and is
changed at the municipal level only slowly, through cohort replacement and migration; as
the 2022 Census is the first one conducted after 2017, it is the closest available measurement
of the educational structure that prevailed during the mortality period. The implications of
this temporal mismatch are revisited among the limitations.

2.2. Spatial units

The municipality appears to be the proper administrative level at which the two types of
data should be disclosed and at which regional policy on health and development can be
implemented, and hence its use as the unit of analysis is justified. Six statistical
municipalities, operating as subdivisions inside urbanized entities (the inner municipalities of
Ni$, as well as Vranjska Banja and Sevojno), do not have separate boundaries on the maps
and cannot be used as cause-specific rates due to small cell sizes, and therefore are
aggregated within their parent municipalities.

The rare occasions when deaths and populations were provided using different
administrative levels for the same region, namely, the city of Novi Sad, were harmonized in
order to match the numerators and denominators to the same geographic entity. After
these aggregations and harmonization, the analytical data set comprised 162 municipalities.

2.3. Measuring human capital

Educational attainment varies across generations, and municipalities with larger
proportions of older residents tend to have lower overall attainment in Serbia (Kokotovi¢
Kanazir et al., 2024). Family-related barriers to continued schooling are also documented
by research in rural Serbia, including attitudes discouraging women'’s education beyond
primary school (Cveji¢ et al., 2010). That is why unstandardized municipal mean years of
schooling may reflect differences in age—sex composition as well as differences in
educational attainment within age—sex groups.

In order to disentangle those two variables, each attainment level was converted to years
of education it represents (Barro & Lee, 2013). Then an age/sex standardized average
number of attained years of education was calculated in relation to the national population,
providing comparable municipalities with different age/sex composition. This variable will be
used as the main exposure variable. However, as many differences might be masked by one
aggregate value, two composition-related exposure variables were kept for sensitivity
analyses: percentage of population aged 25 or more with higher education and percentage
with primary education at most. Attainment was evaluated among population 25+ years old,
since this age corresponds to the common denominator for completed education, and
younger people were still enrolled in educational institutions, so that complete information
about their attained level of education could not yet be obtained. These and other variables
used in the study are listed and described in Table 1.
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Table 1. Variables used in the study and how they were calculated or obtained.

Variable

How it is calculated or obtained

Standardized mean
years of schooling
(years)

Tertiary education (%)

Primary education or
less (%)

Age-standardized
avoidable mortality

Age-standardized
amenable mortality

Age-standardized
preventable
mortality

Urban population (%)

Distance to primary
care (km)

Distance to secondary
care (km)

Distance to tertiary
care (km)

Completed education is converted to years of schooling for adults aged
25+ with known education in the 2022 Census. Municipal averages are
standardized to the national age—sex distribution.

Number of adults aged 25+ with tertiary education divided by all adults
aged 25+ with known education, multiplied by 100; calculated from the
2022 Census.

Number of adults aged 25+ with no schooling, incomplete primary or
completed primary education divided by all adults aged 25+ with known
education, multiplied by 100; 2022 Census.

Deaths before age 75 from amenable or preventable causes, counted once,
using official death records and annual population estimates for 2015-2019.
Age-specific deaths/person-year rates are standardized to the 2013
European Standard Population and expressed per 100,000 person-years.

Deaths from causes amenable to timely and effective health care, applying
cause-specific age limits below 75. Calculated for 2015-2019 using the
same age-standardization method; deaths per 100,000 person-years.

Deaths from causes preventable through public-health action, applying
cause-specific age limits below 75. Calculated for 2015-2019 using the
same age-standardization method; deaths per 100,000 person-years.

Urban-settlement population divided by total population, multiplied by
100, from official 2019 estimates. For merged municipalities, percentages
are weighted by the 2022 population aged 25+ with known education.

Shortest straight-line distance from an interior point calculated from each
municipality’s boundary to the nearest primary-care health center, using
geocoded health-facility locations.

Shortest straight-line distance from an interior point calculated from each
municipality’s boundary to the nearest general hospital, using geocoded
health-facility locations.

Shortest straight-line distance from an interior point calculated from each
municipality’s boundary to the nearest tertiary-care clinical center, using
geocoded health-facility locations.

2.4. Avoidable mortality

The avoidable deaths list was based on the established list of avoidable causes (Nolte &
McKee, 2011); furthermore, there is another distinction made within the list between
avoidable deaths that can be influenced by health care, and those that could have been
prevented by broad public health actions or policies. The two lists intersect, meaning that an
individual cause could be both amenable and preventable, thus, the definition of avoidable
mortality was taken to include all deaths from the two lists without repetition, while deaths
amenable and preventable were calculated separately, which resulted in larger numbers of
the two than the sum of avoidable deaths. Finally, the three measures were used as separate
measures because different processes by which the two types of mortality are influenced
should be implied by the distinction between amenable and preventable deaths, whereby
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the differences in the educational gradient can be analyzed. Following the rules associated
with the classification, the avoidable deaths were calculated only for people under the age
of 75, and each cause was limited to the corresponding age group.

The mortality period considered mainly refers to 2015-2019, that is, before the COVID-19
pandemic. Death counts and person-years were summed over these years in order to
provide stabilization of municipality-specific cause-specific death rates without taking into
account pandemic effects on the primary analysis. However, for sensitivity analysis purposes,
a secondary pooled data set referring to 2020-2021, the pandemic period, was created by
using the same procedures of harmonization at the municipal level, avoidable deaths
classification, age criteria (under 75 years), period-specific denominator, and direct age-
standardization approach.

Age adjustment was done directly to the European Standard Population 2013 (European
Commission, Statistical Office of the European Union, 2013) for each mortality outcome
using the same set of weights regardless of the particular cause. Since only people in the
appropriate age brackets are affected by each specific cause, differences in age ranges are
accounted for during the classification step, so every rate is then age-adjusted using the
common age brackets under 75. All rates were calculated as deaths per 100,000 person-
years, and approximate confidence intervals of 95% are provided based on direct
standardization variances.

2.5. Statistical analysis

The analysis consisted of three stages. In the first stage, the joint distribution of education and
each of the three mortality outcomes was characterized, and pairwise correlation between
them was provided on the basis of rank correlation, a non-parametric measure. Next, all
variables were checked for global spatial autocorrelation (Moran's I) due to the expected
spatial structure in the data. Local spatial patterns were also identified using the local Moran’s
| statistic, by which High-High, Low-Low, High-Low, and Low-High clusters are identified for
each variable in the map using 999 conditional permutations. If the two-sided p-value based
on conditional simulations fell below 0.05, a municipality was assigned to the corresponding
cluster. For the computation of Moran'’s |, a first-order queen contiguity matrix was used, row-
standardized such that every municipality has at least one neighbor. As a robustness check,
the five nearest neighbors method was additionally used. The logarithm of each mortality rate
was modeled depending on standardized schooling. In the main specification, urbanization
was controlled for (percentage of each municipality’s population living in settlements
classified as urban) since service supply and local population characteristics are affected by it.
Additionally, region was controlled for (four NUTS-2 statistical regions: Belgrade, Vojvodina,
Sumadija and Western Serbia, and Southern and Eastern Serbia). Since one of the most likely
explanations of the effect under consideration could be the supply of services, on the basis of
the geocoded national register of health institutions, distances to primary (health centers),
secondary (general hospital), and tertiary (clinical-center) health institution in kilometers were
calculated and controlled for in the alternative specification. Note that confounding by age
composition is substantially reduced, although not eliminated entirely, as both the dependent
and the explanatory variable are standardized by age.

OLS estimation was performed first, and residuals were examined for spatial dependence
using Moran’s | and Lagrange-multiplier (Rao score) tests for lag and error dependence
(Anselin, 1988a; Anselin et al., 1996). Wherever significant spatial dependence was found,
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SAR, SEM, and SDM models were estimated with the help of robust score tests (Anselin,
1988b; Elhorst, 2014). Where necessary, the appropriate model was chosen with the help of a
likelihood ratio test of nested models compared to SDM, Akaike information criterion (AIC),
and parsimony in case of similar AIC values (Elhorst, 2014; LeSage & Pace, 2009). In the SAR
models, a regression coefficient does not represent the marginal effect since a municipality’s
health outcome is determined by the schooling of the neighboring municipalities as well,
due to the spatial lag term. For this reason, estimates for the direct effect, indirect effect, and
total impact of education on each outcome are provided with bootstrapped confidence
intervals, which are defined as 95% simulation intervals of 1,000 simulated draws and
interpreted as the total impact (LeSage & Pace, 2009; Ruttenauer, 2022). To examine directly
the relationship between education and amenable vs. preventable mortality, these two
variables were stacked in a single equation and the interaction between education and
mortality outcome was added. This model is estimated using linear mixed models with
municipality random intercept since two correlated observations are provided by each
municipality and municipality-clustered standard errors (Bates et al., 2015). It is thereby
ensured that the within-cluster correlation of mortality rates is taken into account in the
variance of the interaction term. The distribution of municipal death counts was checked,
and the effects were recomputed and local clusters re-identified using smoothed rates for
sensitivity analysis (Clayton & Kaldor, 1987; Marshall, 1991). To conduct the sensitivity analysis
for the period of the pandemic, the ordinary least squares model with log rates was
recalibrated using the pooled rates from 2020 and 2021, taking into consideration the same
educational risk factor, urbanization, and region fixed effect.

For all the statistical analysis and visualizations, R (Version 4.5.2; R Core Team, 2025) was
used. All the data and R code necessary for reproduction of the analysis and figures are
included in an open repository: https://osf.io/7wq86/

3. Results

3.1. The two geographies

There is significant geographical variation in educational attainment across Serbia (Table 2).
Standardized years of education range from around 9.0 to 14.9—an interval of more than
five years when adjusted for age and gender—uwith the higher values largely confined to the
municipalities around the metropolitan centers of Belgrade and Novi Sad, and the lower to
the rural areas of the east and southeast. Similarly, there is considerable variation in
avoidable mortality in Serbia, although it tends to be greater, both absolutely and relatively:
in the municipality ranked last in the indicator, around 2.8 times as many avoidable deaths
are recorded as in the one that fares best (roughly 690 against 250 deaths per 100,000) with
comparable contributions from amenable and preventable diseases. While the highest levels
of education are found clearly in the cities (Figure 1a), the problem of avoidable mortality is
most severe in Vojvodina—not among the less educated rural areas of the east, but rather
among those municipalities in the north that score mid-way in terms of educational
attainment (Figure 1b). While it is true that the areas with higher educational attainment tend
to have fewer avoidable deaths, the areas with high rates of avoidable mortality sit close to
the middle of the educational distribution: the highest tercile of avoidable mortality has a
median of 10.4 standardized years of schooling, against 10.7 years for all municipalities.
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Table 2. Descriptive statistics for the 162 municipalities.
Variable Mean SD Min Median Max

Mean years of schooling (age—sex

standardized, 25+) 10.85 0.99 9.04 10.70 14.93

Tertiary education (%) 17.14 9.98 5.70 15.05 67.84
At most primary education (%) 31.00 1.43 2.35 32.12 63.96
Urban population (%) 44.04 27.90 0.00 4533 100.00
Distance to nearest primary facility (km) 7.03 5.69 0.26 6.05 51.44
Distance to nearest secondary facility (km) 19.39 9.67 1.25 20.17 44.50
Distance to nearest tertiary facility (km) 53.85 30.85 1.02 51.00 144.35
Avoidable mortality (ASR) 418.8 775 248.6 401.4 691.8
Amenable mortality (ASR) 2819 58.1 145.6 268.8 469.8
Preventable mortality (ASR) 268.5 51.7 1731 259.9 4579

Note. Age-standardized rates (ASR) are per 100,000 person-years (direct method, 2013 European Standard
Population, ages <75).

A B

0 50 km 0  50km
Years Deaths per 100,000
) person-years
Nodala s e ———— Nodals  ———
10 11 12 13 14 300 400 500 600

Figure 1. Standardized mean years of schooling (A) and age-standardized avoidable mortality,
2015-2019 (B), by municipality.
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As could be expected, the “double advantaged” combination, which includes higher
educational levels and low mortality, dominates in the Belgrade core while the “double
disadvantaged” combination, with low educational level and high mortality, represents an
easily recognizable pattern of municipalities in eastern parts and certain areas of the center
(Figure 2). The above-mentioned distribution of patterns is in line with recent municipality-level
analysis of human capital in Serbia, in which strong differences between various regions with
regard to human capital have been highlighted, where a significant concentration of people
with higher education has been shown for Belgrade and Novi Sad while Southern and Eastern
parts of Serbia are significantly behind (Kokotovi¢ Kanazir et al., 2024).

High

Medium

Avoidable mortality

Low

Low Medium High

Education

No data

L 4

0 50 km
Figure 2. Bivariate classification of municipalities by education (terciles) and avoidable mortality (terciles).

3.2. Spatial structure

The global spatial autocorrelation values are highly significant for each variable (Moran's |
varies between 0.49 and 0.59, with all p values < 0.001), meaning that both education and
mortality are neither evenly spread across Serbia nor randomly distributed but form regional
clusters. With 999 local permutations, and p < 0.05 significance level, high levels of
education correspond to the region around Belgrade, while the high mortality cluster can be
found in the northern part of Vojvodina (Figure 3). The two cluster geographies therefore
overlap only partially, and the regression analysis that follows is motivated by this mismatch,
since the education gradient cannot be separated from the regional structure shared by the
two variables on the basis of the maps alone.
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Local cluster

I High-high B Low-low [ High-low I Low-high [ Not significant "] Nodata
Figure 3. Local Moran's | clusters of avoidable mortality (A) and educational attainment (B).

3.3. The education gradient and the amenable—preventable contrast
As a measure of bivariate association, it is indicated by the rank correlation coefficient that

the link between the two variables is negative (p = —-0.28) and moderately strong. The
relationship between education and amenable mortality is stronger (p = -0.34) than that
between education and preventable mortality (p = —0.10) which, by itself, lacks statistical

significance. Once urbanization and regional dummies are accounted for, however, there is a
clear, significant negative gradient in each outcome (Table 3). In the ordinary residuals,
spatial autocorrelation persists (Moran's | = 0.15, p < 0.001), and according to Lagrange-
multiplier tests, the preferred choice is a lag structure instead of the more complex spatial-
error structure (no substantive improvement over the SAR model was provided by the SDM;
likelihood-ratio p > 0.08), so the spatial-lag model was used to fit the data instead (spatial
autoregressive parameter in the range p = 0.40-0.43; Table 3).

Table 3. Education coefficients and model diagnostics, by outcome and specification
Coefficients and fit

Outcome Spec. B SE p p/A AlC Pseudo-R?

Avoidable OLS -0.081 0.020 < 0.001 — -2011 0.50
SAR -0.060 0.018 0.001 0.415 -215.1 0.56
SEM -0.065 0.019 < 0.001 0.389 -209.1 0.55

SDM -0.050 0.021 0.015 0.364 -215.8 0.57
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Table 3. Education coefficients and model diagnostics, by outcome and specification (continued)
Coefficients and fit

Outcome Spec. B SE p o/A AIC Pseudo-R?
Amenable OLS -0.090 0.023 < 0.001 — -143.8 0.45
SAR -0.067 0.022 0.002 0.399 -156.0 0.52
SEM -0.073 0.023 0.001 0.390 -152.1 0.51
SDM -0.055 0.025 0.026 0.336 -157.0 0.53
Preventable OoLS -0.069 0.022 0.002 — -162.8 0.42
SAR -0.052 0.020 0.01 0.427 -177.3 0.50
SEM -0.052 0.022 0.017 0.438 -173.1 0.49
SDM -0.041 0.023 0.076 0.398 -175.1 0.50
Spatial diagnostics (OLS residuals) and test-down (entries are p-values unless noted)
Outcome I\Ijleosr:j:?I LM-lag LM-error RObLljaS; LM- RObeUritolr'M_ LR ?ADF’;A ve
Avoidable 0.152 < 0.001 0.002 0.002 0.138 0.096
Amenable 0.155 < 0.001 0.002 0.019 0.340 0.083
Preventable 0.164 < 0.001 0.001 0.003 0.109 0.392

Note. f is the coefficient on standardized schooling for log mortality; in SAR/SDM it is not the marginal
effect (see Table 4); p/A is the spatial autoregressive (SAR, SDM) or error (SEM) parameter.

A one-year increase in age-sex-adjusted average years of schooling was linked to a
decrease in avoidable mortality by about 9.7% (see Table 4). In the joint mixed model, the
effect of education on preventable mortality is found to be statistically significantly weaker
than the effect on amenable mortality (interaction p < 0.001).

Table 4. Impacts of standardized schooling and the amenable—preventable gradient contrast

SAR impacts of +1 year of schooling on log mortality

Total % change

1 (o) H (o) (o)
QOutcome Direct (95% SI)  Indirect (95% SI)  Total (95% Sl) (95% S) p (total)
. ~0.062 0,040 ~0.102 ~97%

Avoidable .\ hag _0.024] [-0.081, -0.013] [-0.172, ~0.041]  [~15.8%, —4.0%] 0.002
~0.070 0,042 ~0.112 ~10.6%

Amenable 113 Z0.027] [-0.093, ~0.014] [-0192, ~0.044]  [~17.4%, —4.3%] 0.003
_ _ _ _ 0,

breventable 0.054 0.036 0.090 8.6% 0020

[-0.095, -0.011] [-0.090, -0.007] [-0.177, -0.022] [-16.2%, —2.1%]

Amenable vs preventable gradient (stacked linear mixed model, random intercept by municipality, REML)

Term Estimate SE p
Education slope, amenable (reference) -0.104 0.022 39x10°®
Education x preventable (difference) +0.048 0.009 34 x107

Note. Values in brackets are 95% simulation intervals from 1,000 draws; % = 100-(exp(total) - 1). The
interaction (a weaker gradient for preventable than for amenable mortality) is robust to municipality-
clustered standard errors (p ~ 1079).
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The effect size is reduced by a mere 12-24% when the distance to the closest primary,
secondary, and tertiary health-care center is included while the distance terms are
insignificant. The gradient between years of schooling and avoidable and amenable
mortality is essentially equal across men and women, although the same cannot be said for
preventable mortality, for which a gradient is exhibited among men (=7.7% per year, p =
0.002) and to a lesser degree among women (-4.8%, p = 0.08). In the descriptive pandemic-
period sensitivity check, the adjusted schooling coefficient was more negative in 2020-2021
than in 20152019 for avoidable mortality (B = -0.104 vs. -0.081) and especially for
amenable mortality (B = —-0.125 vs. —0.090), while the preventable-mortality coefficient was
essentially unchanged (B = -0.070 vs. -0.069). Consistent with the above results, the same
conclusions are yielded when tertiary-education share and/or primary-education share are
used as exposure, as they are when a spatial-error model with five nearest neighbors is
used. Cause-specific deaths are not few in number—the lowest municipality has 27
preventable and 34 amenable deaths over five years, with no empty cells—and the ordering
of gradient magnitudes and most of the local clusters are preserved under empirical-Bayes
smoothing (although more uncertainty around the gradient estimates is introduced: the
classification as local clusters is maintained for approximately 81-85% of municipalities).

4. Discussion

Both education levels and avoidable mortality in Serbia are strongly regionalized (Mileti¢,
2006; Nikitovi¢ et al., 2016), but their regional cores do not overlap. Human capital is
concentrated in metropolitan Belgrade, while the burden of avoidable mortality is highest on
the northern plain. Educational and mortality maps are related, but separate, and the former
should not be used as a stand-in for the latter without losing information, which is
consistent with the non-perfect concordance between deprivation and mortality found in
previous research (Joksimovi¢ & Goli¢, 2017; Lorant et al., 2001).

After accounting for regionalization, urbanization, and service structure, there is an
inverse association between education and avoidable mortality. The estimated effect
corresponds to a gradient-like relationship previously observed between human capital and
life expectancy (Lleras-Muney, 2005; Mackenbach et al., 2008).

Cardiovascular and neoplastic mortality has been above normal on the northern plain for
decades, and, as already noted, cardiovascular mortality is particularly socially graded
(Mackenbach et al., 2000). A high-salt diet (reported for Novi Sad and Serbia as a whole;
Milesevic et al., 2023; Trajkovi¢-Pavlovi¢ et al., 2015), along with alcoholism and smoking and
the demography of an aging, depopulating rural hinterland, could contribute to this
phenomenon—a complex mix of environmental and demographic risks not easily captured
by education alone. These patterns suggest that the excess mortality observed in Vojvodina
may partly reflect localized risk environments (rather than solely a deficit in human capital)
though this interpretation remains tentative, as the present analysis did not directly measure
environmental or behavioral exposures.

The education—amenable mortality association is steeper than the education—preventable
mortality association. Such a pattern is at variance with straightforward expectations based on
fundamental cause theory according to which socio-economic advantage is more protective
against preventable diseases because in cases like these knowledge matters most
(Mackenbach et al., 2015; Phelan et al., 2004). A stronger link with preventable causes would be
expected if the effects of area-level human capital on avoidable mortality operated primarily
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via behavior (smoking, alcohol consumption, dietary choices, etc.). There appears to be an
emphasis on curative services, where health literacy and social capital are required for them to
be used correctly (Baker, 1999; Jansen et al., 2018; Miller, 2016). Interpreting the finding as an
area-level association and not one involving individuals, it is concluded that better survival
outcomes are achieved in more-educated municipalities in the context of a similar health-care
system. This hypothesis aligns with the persistence of educational gradients in cancer stage at
diagnosis and survival despite universal access to healthcare services (Al-Rammahy et al., 2024;
Booth et al., 2010; Gornick et al., 2004; Hussain et al., 2008). As cancer currently constitutes the
leading contributor to avoidable mortality in Serbia (lli¢ & lli¢, 2018), any disparities in
amenable mortality rates are taken to reflect inequalities in curative service utilization rather
than poor health-system performance. Amenable mortality is, in fact, determined by disease
incidence, accumulated exposure to risk factors, screening prevalence, diagnostic and
certification procedures, and, finally, the sociodemographic composition of the area. Thus, the
steeper amenable mortality gradient is consistent with, but does not prove, disparities in
curative services use. The contrast is also informative in the Serbian context, where at the
national level the larger inequalities have been reported for preventable rather than amenable
causes (Marinkovi¢, 2022); area-level and individual-level gradients need not coincide, and
contextual features of service use may be captured at the municipal scale that are not captured
in individual-level comparisons. Departures from the straightforward fundamental-cause
prediction are not unusual in Europe, as the relation between education and cause-specific
mortality varies considerably across populations, and in the post-socialist east, a heavy burden
of behavioral risk is combined with health systems in which effective, rather than nominal,
access still differs across social groups (Gavurova & Vagasova, 2017; Leinsalu et al., 2009;
Mackenbach et al., 2015). That the gradient is barely attenuated by distance to health-care
facilities points in the same direction: what appears to matter is not the physical availability of
services but their timely and appropriate use (early presentation, participation in screening,
referral, and adherence) all of which are conditioned by health literacy and social resources
(Baker, 1999; Jansen et al., 2018; Miller, 2016).

The problem of double-disadvantaged regions of the east (with high mortality rates due to
educational deprivation) and high mortality northern regions of Vojvodina (where education is
not low) represent two separate challenges by which two separate solutions are required. Since
there is no effect of proximity to healthcare facilities on mortality rates and the presence of the
amenability-dominance gradient in this region, it is assumed that there must be another
important variable affecting this outcome. No support for the expansion of the facility network
as a remedy is given by our results, since facility proximity was unrelated to mortality; they are
more consistent with demand-side measures, such as patient recall initiatives and outreach
programs aiming to increase awareness and educate citizens. A plausible strategy for
amenable diseases would be cancer screening in regions characterized by lower levels of
education, targeting cancers which can be effectively cured (such as breast, cervix, colon).
These are, however, hypotheses that follow from area-level associations and would have to be
tested directly, rather than conclusions established by the present design.

Excess mortality in northern Vojvodina may be better addressed through population-
wide preventive programs, given the lifestyle and behavior patterns characteristic of this
region, including excessive consumption of salt in diet, alcohol consumption, smoking and a
generally aging depopulated area. It is suggested by the male-specific gradient that
particular attention be paid to sex-specific prevention of injury and alcohol abuse disorders.
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Municipal associations are no guarantees of personal ones (Schwartz, 1994; Wakefield &
Lyons, 2010). In turn, individual-level associations may be obscured or exaggerated by area-
level indicators of SES status (Lokar et al., 2019; Shih et al., 2023). The associations themselves
might be biased by some area characteristics, for example, service delivery, income levels, and
selection of individuals into Belgrade's metropolitan area. This process is well-known and
documented in the case of Belgrade (Filipovi¢ et al., 2022). Education is measured in the 2022
census, while deaths occur in 2015-2019, but as schooling levels are largely formed in early
adulthood, mostly past education levels are captured by the 2022 measure for persons over
the age of 25. Also, associations are specific to a particular zoning and might be changed
under alternative zoning strategies (modifiable areal unit problem; Parenteau & Sawada, 2011).

Mortality and education have been standardized to different reference populations
(European Standard Population of 2013 and national age-sex distribution, respectively). The
risk of small number bias and distortions caused by the age structure is reduced by pre-
pandemic five-year aggregation and direct standardization, yet area-level associations are
thereby not equated with individual-level causal relations.

5. Conclusion

Two distinct geographies are described by education and avoidable mortality in Serbia:
educational attainment clusters around Belgrade and Novi Sad, whereas avoidable mortality
clusters in the north of the country, in Vojvodina. Neither map can be substituted for the other,
which matters for the way regional health inequalities in Serbia are described and monitored.
Net of region and urbanization, one additional standardized year of schooling was associated
with roughly a 10% lower rate of avoidable mortality, and the gradient was steepest for
amenable and weakest for preventable deaths. This ordering runs contrary to what the
fundamental cause theory would lead one to expect and is, in our view, the main contribution
of the study, since it is thereby suggested that in Serbia, area-level human capital is linked
most closely to the deaths that can be averted by timely health care. These are associations
between areas rather than between individuals, and causation is not established by them.
Individual-level linkage of education and cause of death, decomposition by specific causes,
and direct measurement of screening and treatment use are the natural next steps for testing
the mechanisms that can only be hypothesized in this study.

The ecological design and the temporal mismatch between the 2022 education measure
and 2015-2019 mortality data remain important limitations and individual-level or causal
interpretation is thereby precluded. In future research, individual educational attainment
should be linked with cause-specific mortality, and screening, treatment use, and other
mechanisms of effective access to care should be directly examined. From a practical
perspective, the distinct spatial patterns of educational disadvantage and avoidable mortality
suggest that educational indicators alone should not be relied on in regional health and
development policies, but that both local human-capital conditions and area-specific mortality
profiles should be considered.
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