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Child mortality indicators have historically been high in the Baltic States, and have decreased
substantially over the last two decades, with the most rapid decline observed in Estonia. Prior re-
search suggests there may be economic factors contributing to this. The primary objective of this
study was to expand on the previous research by investigating the relationship between age spe-
cific child mortality indicators and macroeconomic indicators with the intent of developing a better
understanding of the possible short- and long-term effects of global economic downturn on child
mortality in the Baltics. Analysis was performed for the years 2008 to 2018, focusing on the after-
math of the global financial crisis of 2008. Significant associations were found for GDP and
under-5 and 5—14 mortality in all Baltic States. Healthcare expenditure was associated with lower
under-5 and 5—-4 mortality in Estonia, but higher under-5 mortality in Latvia. Unemployment was
associated with higher under-5 and 5—4 mortality in Lithuania. Factors related to healthcare
spending policies in Estonia may have been a major factor in the country’s success in rapidly de-

creasing child mortality.
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INTRODUCTION

Child mortality is a key indicator of population health and
social development. Despite substantial progress since
2000, an estimated 4.8 million children still die before their
fifth birthday each year, including more than 2 million new-
borns (UNICEF, 2024). These deaths are largely prevent-
able and remain unequally distributed between countries. A
growing body of evidence shows that infant and child mor-
tality are shaped not only by proximate clinical and behav-
ioural factors but also by broader social and economic con-
ditions. Socioeconomic disadvantage, including poverty and
social exclusion, is consistently associated with higher risks
of neonatal and child death, and recent work from high-
income countries demonstrates persistent inequalities across
social and ethnic groups even in settings with universal
health coverage (Reboucas et al, 2022). These patterns un-
derscore the importance of understanding how macro-level
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determinants — such as national income, labour-market
conditions, public spending and income distribution —
translate into differences in survival for infants and chil-
dren.

Macroeconomic conditions may influence child mortality
through multiple pathways. Higher national income, typi-
cally measured as gross domestic product (GDP) per capita,
is associated with lower infant and under-5 mortality, partly
by enabling investments in health systems, education and
basic infrastructure (Ray et al., 2018). Several studies have
reported that economic downturns and recessions, charac-
terised by falling GDP and rising unemployment, are fol-
lowed by deteriorations in neonatal, post-neonatal and un-
der-5 mortality, particularly in poorer countries and where
social protection is weak (Marutappu et al., 2017). At the
same time, health expenditure as a share of GDP is an im-
portant marker of societal commitment to health: higher
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current health spending is generally linked to reductions in
child mortality, although the strength of this association
varies across income groups and regions (Owusu et al.,
2021; Samarawickrama et al., 2025).

Beyond average national wealth and spending, the distribu-
tion of resources within societies also appears to matter for
child survival. Income inequality, commonly summarised
by the Gini coefficient, has been associated with higher in-
fant, under-5 and adolescent mortality in both wealthy na-
tions and low- and middle-income countries, even after ac-
counting for GDP (Collison et al., 2007).

More recent regional analyses likewise report that greater
income inequality is linked with higher neonatal mortality
in the Americas, suggesting that unequal growth may limit
the benefits of economic development for the most vulner-
able children (Sanhueza et al., 2024). Unemployment repre-
sents another critical macroeconomic indicator, determining
the security of livelihoods for families with children. Rising
unemployment may increase child mortality through path-
ways involving reduced household income, food and hous-
ing insecurity, caregiver stress, and cuts to social and health
services, although empirical findings for specific age groups
and regions remain mixed (Marutappu et al., 2017).

Clearly, child and infant mortality is shaped by more than
clinical care. Given these considerations, investigating how
infant and child mortality respond to macroeconomic indi-
cators such as GDP, healthcare expenditure, unemployment
and income inequality is essential for designing effective,
equity-oriented policies. Such analyses can help to clarify
whether improvements in child survival are driven primarily
by economic growth, by deliberate investments in health
and social protection, or by how fairly resources are distrib-
uted across the population.

Examining potential associations is of particular interest in
areas undergoing rapid economic and social change, such as
the Baltic States, where understanding the macroeconomic
determinants of infant and child mortality can inform strate-
gies to sustain progress and reduce avoidable inequalities in
child health. The region has experienced periods of robust
economic expansion alongside deep economic contractions,
including the 2008-2010 financial crisis and the more re-
cent COVID-19 shock. These fluctuations have been ac-
companied by shifts in unemployment rates, public expen-
diture priorities, and widening or narrowing income
inequality. While the Baltics share a broadly similar politi-
cal and geographic context, their macroeconomic trajecto-
ries and investment patterns have differed in meaningful
ways, potentially producing distinct impacts on child health
outcomes.

Previous analyses by Ebela et al. (2013) and Salber et al.
(2019) have demonstrated associations between the mac-
roeconomic status of the Baltic states and infant mortality
since the independence from the former Union of Soviet So-
cialist Republics (USSR). However, the study by Ebela et
al. (2013) analysed the time period from 1995 to 2010 and
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did not take into consideration the long-term consequences
of the 2008 financial crisis which devastated the Baltic
economies, while the study by Salber ez al. (2019) analysed
the time period 2010 to 2016, excluding the more immedi-
ate economic consequences of the global financial crisis.
Taking this into consideration, the current study analyses
these factors starting from 2008 with the beginning of the
Latvian financial crisis and ending with 2018, thus fully en-
compassing the entire period of the financial crisis, the eco-
nomic downturn that followed, and the gradual recovery of
the Latvian economy under the mitigative measures that
were implemented.

In 1995, only four years into the independence from the
USSR, child mortality rates were significantly higher than
the EU average (Fig. 1). Through commendable efforts di-
rected both from within the countries as well as those com-
ing internationally from the outside, all three managed to
dramatically lower their rate of under-five mortality to less
than 10 per 1000 live births by 2006. Although Lithuania
and Estonia had roughly the same child mortality in 1995,
the rapid progress made in Estonia since is astonishing. Es-
tonia had dropped its under-5 mortality below the EU aver-
age by 2010. The decrease in under-5 mortality in Latvia
and Lithuania was consistent but slower, reaching the EU
average about a decade later (World Bank, 2024).

The goal of this study is to further investigate the relation-
ship between rates of mortality and macroeconomic indica-
tors, and to build upon the pre-existing body of research
into macroeconomic indicators and their effect on child
mortality. This is done by analysing child mortality rates
stratified by age groups in the three Baltic states of Latvia,
Estonia, and Lithuania covering the time period from 2008
to 2018, which is a time frame of particular interest repre-
senting recent economic history.

Based on previous research conducted by our team, this
analysis will focus on macroeconomic parameters that are
likely to be associated with child mortality: total GDP, GDP
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Fig. 1. Child mortality rates in the Baltic States (1995-2018). Data source:
UNICEF, 2024.
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per capita, rate of unemployment, total healthcare expendi-
ture and the Gini coefficient. By investigating for a poten-
tial link with these indicators, it can be determined if they
continued to play a role in influencing child mortality in the
Baltic states between 2008 and 2018. Furthermore, by com-
paring the results of the current analysis with that of pre-
vious studies covering 1996 to 2016, we can see how finan-
cial and economic initiatives undertaken during the crisis
and its aftermath may have affected child mortality.

MATERIALS AND METHODS

Data was collected from national and international statisti-
cal databases. National mortality data was sourced from da-
tabases maintained by departments of state for each of the
three Baltic countries (Latvijas Centrala statistikas par-
valde, Lietuvos Statistika and Eesti Statistika). Additional
data was obtained from reputable opensource databases
maintained by the World Health Organisation (WHO), the
World Bank, and the Organisation for Economic Co-
operation and Development (OECD).

Values for the three Baltic States were obtained for the time
period from 2008 to 2018: perinatal, neonatal, infant mor-
tality and under-5 mortality (per 1000 live births), mortality
among children aged 5-14 years (per 1000 children, hereaf-
ter, 5-14 mortality), total GDP, GDP per capita, total
healthcare expenditure (HCE), rate of unemployment and
Gini co-efficient.

Multiple linear regression analysis was used to examine
possible associations between each mortality indicator (de-
pendent variable) and macroeconomic indicators. Model fit
was assessed using the ANOVA F-test, and individual pre-

dictors were evaluated using regression coefficients (B),
95% confidence intervals, and p-values. Analysis was re-
peated for each country. A p-value of less than 0.05 was
considered statistically significant. Statistical analysis was
performed using IBM SPSS Statistics Software version 26.

RESULTS

Several statistically significant associations were found be-
tween age specific child mortality indicators and mac-
roeconomic factors in all three Baltic states. Statistically
significant associations are shown in Table 1.

Total GDP and GDP per capita were both significantly as-
sociated with under-5 and 5-14 mortality in all three coun-
tries.

Healthcare expenditure was associated with under-5 mortal-
ity in Latvia. Healthcare expenditure was inversely associ-
ated with under-5 mortality and 5-14 mortality in Estonia.
A borderline significant association was found between
healthcare expenditure and neonatal mortality in Estonia
(p = 0.049).

In Lithuania, under-5 and 5-14 mortality were associated
with the rate of unemployment but were not associated with
healthcare expenditure. In Estonia, however, the opposite
was observed — under-5 and 5-14 mortality were associ-
ated with healthcare expenditure but not with unemploy-
ment.

No other associations were found for perinatal, neonatal and
infant mortality with socioeconomic factors in the Baltic
countries. As presented in Figures 2, 3 and 4, perinatal, neo-
natal, and infant mortality indicators exhibited a continuous

Table 1. Statistically significant associations between mortality indicators and macroeconomic factors

Mortality indicator Country Macroeconomic factors
Total GDP GDP per capita Healthcare expenditure Unemployment
Neonatal mortality Estonia B=0.00,t=1.73, B =-0.00,t=-1.84, B=-0.12,t=-2.58, B=-0.17,t=-0.37,
B=1529,p=0.15 B=-16.39,p=0.13 B =-0.72, p = 0.05*% B=-0.08,p=0.73
Under-5 mortality Latvia B =0.002, t=10.35, B =-0.003,t=-16.74, B=0.15t=4.41, B=-0.26,t=t=-2.19,
B=1.90,p <0.01 B =-2.35p<0.01 B=0.36,p =0.01 B =-0.05, p=0.08
Lithuania | B =0.001, t=5.47, B =-0.003,t=7.02, B =0.03,t=-0.98, B =0.56,t=3.64,
B=5.33,p<0.01 B=-6.18, p <0.01 B=-0.11,p=0.37 B =0.20,p =0.02
Estonia B =0.004, t = 8.54, B =-0.006, t =-9.08, B =-0.08,t=-5.23, B =0.10,t=0.63,
B=17.28,p<0.01 B=-18.49,p <0.01 B=-0.33,p <0.01 B =0.03, p=0.56
5-14 Mortality Latvia B =0.000, t=7.27, B =-0.001, t=-13.0, B=0.01,t=1.29, B =0.02,t=0.56,
B=1.75p<0.01 B=-2.39,p <0.01 B=0.14,p=0.25 B =0.02, p=0.60
Lithuania | B =0.000, t =4.24, B =-0.001, t=-4.98, B=0.03,t=1098, B =0.25,t=2.86,
B=7.62,p=0.01 B =-8.09,p <0.01 B=0.41,p=0.10 B=0.28,p=0.04
Estonia B =0.001,t=5.61, B =-0.002, t =-6.02, B =-0.022,t=-3.61, B=0.04,t=0.61,
B=15.62,p<0.01 B=-16.87,p <0.01 Bf=-0.32,p =0.02 B=0.04,p=0.57

Neonatal mortality, under-5 mortality expressed per 1000 live births, 5—14 mortality expressed per 1000 children aged 5 years. GDP — gross domestic prod-
uct, total in millions of Euros or per capita, healthcare expenditure — total healthcare expenditure as percentage share of GDP, unemployment — rate of unem-

ployment as percentage of total population.

B - unstandardised coefficient, t — t-value, p — standardised coefficient, p — p-value.

*p-value of 0.049.
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Total GDP vs Perinatal, Neonatal & Infant Mortalities in Latvia (2008 - 2018)
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Fig. 2. Total GDP and perinatal, neonatal, and infant mortality in Latvia.
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Total GDP vs Perinatal, Neonatal & Infant Mortalities in Lithuania (2008 - 2018)
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Fig. 3. Total GDP and perinatal, neonatal, and infant mortality in Lithuania.

downward trend from 2008 to 2018 that was not signifi-
cantly affected by the rapid decline and subsequent gradual
recovery of GDP across the three Baltic States.

DISCUSSION

GDP and mortality indicators. Strong associations were
observed between GDP and under-5 mortality in all three
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Baltic States, which reaffirms the findings of the previous
studies published by Ebela et al (2013) and Salber et al
(2019). Higher GDP per capita was associated with lower
mortality rates.

Salber et al (2019) described a statistically significant asso-
ciation between GDP and perinatal mortality for 2010 to
2016 in Latvia and Estonia, as well as infant mortality in
Latvia alone during that same time period, while we ob-
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Total GDP vs Perinatal, Neonatal & Infant Mortalities in Estonia (2008 - 2018)
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Fig. 4. Total GDP and perinatal, neonatal, and infant mortality in Estonia.

served no such associations for 2008 to 2018. This could in-
dicate that the association was present for several years and
not for the entire time period, with dilution of the observed
effect over 11 years as opposed to 7 years.

It is reassuring that perinatal, neonatal, and infant mortality
seem not to be tied to macroeconomic factors in the Baltic
states, with the singular exception of a borderline significant
association observed for neonatal mortality in Estonia. De-
spite the shrinking of the Baltic economy due to economic
crisis, infant and perinatal mortalities did not increase sig-
nificantly and in some years even decreased. This indicates
that maternal and new-born health programmes and support
systems function well despite economic instability.

There are certain drawbacks to using GDP to assess overall
prosperity of the average citizen, and the GINI coefficient
helps to account for differences in wealth distribution,
which could be masked by the single metric provided by the
concept of GDP. However, we were not able to find an as-
sociation between differences in wealth distribution (GINI)
and mortality indicators for the studied time period as well
as in previous studies.

Healthcare expenditure and mortality indicators. When
interpreting the effects of GDP, it is important to also ana-
lyse healthcare expenditure, as countries with comparatively
lower GDP may have higher healthcare expenditure and
vice versa.

Previous studies described correlations between healthcare
expenditure and under-5 mortality in the three Baltic States,
as well as for perinatal mortality in Lithuania. Curiously,
our analysis confirmed this finding for Latvia and Estonia,
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but not Lithuania. When looking at the nature of the asso-
ciation, in Estonia higher healthcare expenditure was
associated with a decrease in under-5 mortality, 5—14 mor-
tality, and a borderline significant decrease in neonatal mor-
tality (p = 0.049). For Latvia, the association with under-5
mortality was significant but higher expenditure was not as-
sociated with a decrease in mortality.

The low mortalities recorded in Estonia and the apparent
difference between the other two Baltic states can be attrib-
uted, at least partially, to Estonia’s healthcare spending
policies. During the 11 years examined, Estonia spent an
average of 6.2% of its GDP on health care while during that
same time Latvia spent an average of 5.8% and Lithuania
spend an average of 6.5%. Despite this, Estonian under-5
mortality has been substantially lower than both Latvia and
Lithuania since 2005. In 2018, it was roughly 70% lower in
Estonia when compared to Latvia and Lithuania. As such,
research into how Estonian healthcare structure and policies
have translated into such low mortalities would be invalu-
able.

Unemployment and mortality indicators. When it comes
to unemployment, the study by Salber er al (2019) found as-
sociations between infant and under-5 mortality in both Lat-
via and Lithuania. In our study unemployment was associ-
ated with mortality only in Lithuania, reconfirming the
previously identified relationship with under-5 mortality
and additionally with 5-14 mortality. No relationship was
found for unemployment and child mortality indicators in
Latvia. This could mean that the effects of unemployment
in Latvia were more contained than in Lithuania, with less
significant effects on mortality indicators over a longer time
period.



Understanding why unemployment is linked to child mor-
tality in Lithuania but not the other Baltic States would re-
quire further investigation, with explanations likely found in
differences in welfare systems during this time period. Pos-
sibilities include differences in the generosity and accessi-
bility of unemployment benefits, child care subsidies and
social assistance. Long-term effects could be associated by
differences in the success of mitigative measures imple-
mented at a national level, including the efficacy of social
transfer and targeted family support, buffering children
from adverse effects. Unemployment can also affect child
mortality through psychosocial mechanisms, with house-
hold stress increasing the risk of neglect and child injury,
with older children (5-14 years) arguable more vulnerable
to external causes of death.

The lack of association found between unemployment and
infant mortality is commendable, indicating that the support
system for infants and maternal health was stable and was
not as affected by the increase in unemployment. Overall,
the effects of unemployment on child mortality in Latvia
seem to have been more contained than in Lithuania, with
less long-term consequences.

Wider implications and ramifications. All things consid-
ered, it is highly likely that the mortality of children older
than one year of age will remain tied, either directly or indi-
rectly, to the economic status of the Baltic States for the
foreseeable future and that reasonable preparation should be
considered to proof health services against severe economic
downturns. Since 2018, immense progress has been made
when it comes to child mortality indicators, with more re-
cent aggregated data from 2023 showing that under-5 mor-
tality is below the EU average (3.8 per 1000 live births) in
all three Baltic States, yet differences remain, with rates of
2.11 in Estonia, 2.96 in Latvia and 3.38 per 1000 live births
in Lithuania (UNICEF, 2024; World Bank, 2024).

Taking into account the previous analyses conducted on this
topic, as well as the results of the current analysis, it would
be useful to conduct a comparable evaluation of the time
following 2018, with particular attention to the years of the
COVID-19 pandemic.

CONCLUSIONS

The main findings of the analysis for the time period be-
tween 2008 and 2018 were:

1. Total GDP and GDP per capita was associated with un-
der-5 and 5-14 mortality Latvia, Lithuania and Estonia,
but not with perinatal, neonatal and infant mortality.
Overall, higher GDP per capita was associated with
lower mortality in these categories.

2. Higher healthcare expenditure was associated with lower
under-5 and 5-14 mortality in Estonia, yet in Latvia it
was associated with higher under-5 mortality (higher ex-
penditure did not result in a reduction of under-5 mortal-

ity).

3. Higher unemployment rates were associated with higher
under-5 and 5-14 mortality in Lithuania.

Factors relating to healthcare spending policies in Estonia
could be an important explanation for the country’s success
in rapidly decreasing child mortality indicators. It would be
of additional interest to investigate, in depth, any differ-
ences in healthcare spending policies between the Baltic
States. A continuation of the analysis of the years following
the studied time period, also addressing any potential effects
of the COVID-19 pandemic, would be valuable.

SUPPLEMENTARY MATERIALS

Supplementary Tables (Tables S1-S21).
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BERNU MIRSTIBAS TENDENCES SAISTIBA AR MAKROEKONOMISKIEM FAKTORIEM BALTIJAS VALSTIS (2008-2018)

Bérnu mirstibas raditaji Baltijas valstis vesturiski bijusi augsti, taCu p&dgjo divu desmitgazu laika tie buitiski samazinajusies, ar visstraujako
kritumu Igaunija. Iepriekigjie pétijumi liecina, ka o tendenci varétu ietekmét ekonomiskie faktori. ST pétijuma galvenais merkis bija
paplasinat iepriekS€jos pétijumus, analiz§jot sakaribas starp bernu mirstibas raditajiem un makroekonomiskajiem raditajiem, lai labak
izprastu globalas ekonomiskas lejupslides iesp&jamo istermina un ilgtermina ietekmi uz b&rnu mirstibu Baltijas valstis. Analize tika veikta
par periodu no 2008. lidz 2018. gadam, ipasu uzmanibu pievérSot 2008. gada globalas finansu krizes sekam. Visas Baltijas valstis tika
konstatetas statistiski nozimigas saistibas starp iekSzemes kopproduktu (IKP) un mirstibu bérniem lidz 5 gadu vecumam, ka arl bérniem
vecuma no 5 lidz 14 gadiem. Lielaki veselibas apripes izdevumi bija saistiti ar zemakiem mirstibas raditajiem beérniem lidz 5 gadu
vecumam un vecuma no 5 lidz 14 gadiem Igaunija, savukart Latvija tie bija saistiti ar augstaku mirstibu bérniem lidz 5 gadu vecumam
(lielaki veselibas apruipes izdevumi nemazinaja mirstibu Latvija). Bezdarba limenis bija saistits ar augstakiem mirstibas raditajiem b&rniem
lidz 5 gadu vecumam un vecuma no 5 lidz 14 gadiem Lietuva. Faktori, kas saistiti ar veselibas aprupes finanséSanas politiku Igaunija,
iesp&jams, bijusi nozimigs iemesls valsts panakumiem strauja bernu mirstibas samazinaSana.
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