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Abstract: (1) Background: To explore the effects of the 2008 economic crisis on maternal, perinatal and
infant mortality in Greece and the socio-economic determinants associated with them; (2) Methods:
The annual rates of stillbirth (SBR), perinatal mortality (PMR), infant mortality (IMR), neonatal
mortality (NNMR), post-neonatal mortality (PNMR), low birth weight (LBW), and maternal mortality
(MMR) were calculated for the years 2000-2016. Average Annual Percent Changes (AAPC)
were calculated by the period before and after 2008. The expected rates of 20092016 and the
observed-to-expected rate ratios (RR) were calculated. Correlation and multiple linear regression
analyses were used to test the impact of socio-economic variables on health outcomes; (3) Results:
A reverse in downwards trends of PNM, IMR, and NNMR is observed since 2009. All observed
values of 2009-2016 were found significantly higher than the expected ones by 12-34%. All indicators
except SBR were found negatively correlated with GDP and DHI. A positive correlation was found
between IMR, NNMR, and LBW and long-term unemployment, and no association with public
health expenditure; (4) Conclusions: Economic crisis was associated with remarkable adverse effects
on perinatal outcomes and infant mortality, mainly determined by long-term unemployment and
income reduction. The findings stress a need for interventions to protect maternity and child health
during crises.
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1. Introduction

Greece was severely affected by the economic crisis of 2008 and the subsequent austerity measures
applied since 2011. Between 2009 and 2014, the GDP per capita reduced by 23.6% [1], while the
unemployment rate from 9.5% increased to 27.5% [2]. Public health expenditure reduced by 43.8%
between 2010 and 2014 [3], while the average disposable household income decreased by 24.3% [4],
diminishing the availability of resources for out-of-pocket payments.

The dramatic deterioration of socio-economic conditions affected several aspects of the population’s
health [5-7]. Adverse effects on perinatal parameters [6-10] and infant mortality have also been
investigated [11-13]. Studies based on early data from Greece, had controversial findings, recording
elevated stillbirth rates but not significant changes in infant mortality [8,11]. Subsequent studies
observed significant adverse effects on both perinatal parameters [9,10] and infant mortality [12,13],
although they did not provide an estimation of the magnitude of that impact. Data from other affected
European countries also found elevated low birth weight rates in the post-crisis period [14,15], but the
findings of the impact on infant mortality remained controversial [15-17].

Studies exploring the mechanisms through which economic conditions affect children’s health
suggest that malnutrition, infections, insufficient immunization, an increase of risky behaviors of
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parents, as well as changes in cohort composition may explain the effects on health outcomes [18-20].
Other studies suggest that economic stress has direct physiological effects, including a direct impact
on the levels of several hormones and biomarkers, affecting fetuses and resulting in adverse
outcomes [21-25]. On the other hand, harsh economic conditions are associated with reduced
access to appropriate healthcare and with a deterioration of the maternal, neonatal, and infant care,
which may be responsible for the deterioration of the corresponding health outcome [18,26-28].

Focusing on Greece, several studies found increased levels of anxiety and stress in the Greek
population after the economic crisis [29-31], as well as significant changes in health behaviors and
self-rated health and mental health [12,31,32]. Although none of the studies was specifically oriented to
investigate stress in pregnant women or the psychological and health conditions in families with babies,
these studies support the likelihood that economic stress may have affected the health of pregnant
women and infants.

The socio-economic determinants of the observed effects have little been studied. In times of
economic growth, socio-economic factors seem to be in developed countries of less importance for
perinatal and infant health [33-35], but it is questionable whether that is true in times of financial
crises. Studies from the USA and Argentina documented an increased risk of adverse birth outcomes in
deprived and unemployed populations during the recession [36,37]. In Europe, a study on the effects of
austerity policies applied in several countries found a positive association of these policies with elevated
low birth weight rates in Greece, Portugal, and Spain [15]. Another study exploring the association
of perinatal outcomes with the Human Development Index in Spain found that poor education and
material deprivation worsened the negative impact of recession [38]. These studies provide indirect
evidence about the impact of financial crises on perinatal outcomes and infant health. However,
the direct association of the particular health outcomes with the main socio-economic effects of a
financial crisis, including income reduction and unemployment, have not been extensively investigated.

This study aims to explore the effects of the 2008 economic crisis on perinatal outcomes, maternal
and infant mortality in Greece and the possible correlation of these effects with critical socio-economic
variables affected by the crisis.

2. Materials and Methods

Study design. This is an ecological study, using longitudinal data and applying a quasi-experimental
design. We calculated and compared the health outcomes of the “exposed” to the 2008 financial crisis
period with the ones of the previous “non-exposed” to the crisis period. The method uses as a control
group in the same population before the impact of the financial crisis.

Source of data. The study is based on data obtained from the national vital statistics of Greece,
including all live births, stillbirths, birth weight of live births, perinatal deaths, infant deaths by
age, and maternal deaths, from 2000 to 2016. For international comparisons, we used data of the
years 1996-2016, obtained from the World Health Organization (WHO) European Health for All
Database [39].

Indicators. Considering that economic crisis may affected at a different degree the various
parameters of perinatal and infant health, we calculated the annual rates of seven indicators: (i) Stillbirth
rate (SBR) defined as the number of stillbirths per 1000 births; (ii) perinatal mortality rate (PMR),
defined as the number of stillbirths and infant deaths within 7 days from birth per 1000 births; (iii) infant
mortality rate (IMR), defined as the number of deaths within 365 days from births per 1000 live births;
(iv) neonatal mortality rate (NNMR), expressing as the number of deaths within 28 days from birth per
1000 live births; (v) post-neonatal mortality rate (PNMR), defined as the number of deaths within 28
to 385 days from birth per 1000 live births; (vi) low birth weight rate (LBW), defined as the number
of births with a birth weight less than 2500 gr, regardless of gestational age, per 100 live births;
(vii) maternal mortality rate (MMR), representing the number of maternal deaths within 42 days
of pregnancy termination due to complications of pregnancy, childbirth, and the puerperium per
100,000 live births.
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Period identification. We applied Jointpoint regression analyses to identify the point of manifestation
of the crisis effects on each of the study indicators. The Jointpoint regression identified 2008 as the
turn-point of the slope in PMR, NNMR, and IMR. No turn-point was identified in the curve of SBR,
PNMR, and MMR. Based on these regression results, we set the cut-point at the end of 2008 and we
analyzed the data in two periods, 2000-2008 and 2009-2016

Trend analysis. We calculated the annual values of all indicators for the years 2000-2016 and we
computed the Average Annual Percent Change (AAPC) by period, with Jointpoint Regression Program.
In addition, we tested the significance of crisis impact on each indicator with Interrupted Time Series
analyses (ITS), using an Autoregressive Integrated Moving Average model (ARIMA 1,0,0) with the
crisis effect as a dummy variable.

Estimation of excess mortality. Based on the pre-crisis trends of perinatal and infant mortality
indicators, we calculated the expected rates of each indicator for the post-crisis period (2009-16), using a
logarithmic regression model, and we compared them with the observed ones. The model achieved an
R? value of 0.75 in SBR, 0.87 in PNR, 0.85 in IMR, 0.90 in NNMR, and 0.59 in PNMR. The R? values in
LBW and MMR were as low as 0.13 in LBW and 0.02 in MMR. Comparisons between observed and
expected rates were performed by calculating the observed-to-expected rate ratios (RR) and their 95%
confidence intervals (95% CI).

International comparisons. Using data obtained from the WHO European Health for All Database
of the years 1996-2016, we explore the trends of perinatal and infant mortality in six other European
countries also affected by the economic crisis; Ireland, Portugal, Spain, Italy, Hungary, and Poland.
For each country, the AAPC of PMR and IMR during 2000-2008 and 2009-2016 were calculated.

Social determinants. We explored the correlation between the study indicators and five socio-
economic variables affected by the crisis; (i) Gross Domestic Product (GDP) per capita, (ii) Disposable
Household Income (DHI) per capita, (iii) unemployment rate, as a percentage of the economically
active 15-64 years old, (iv) long-term unemployment rate, over twelve months of unemployment and
(v) public hospital expenditure per capita.

Statistical analysis. Time trends and estimation of excess mortality were performed as described
above. Correlation and regression analyses were based on the annual values of all dependent and
independent variables, which were calculated by region, reaching 221 observations per variable.
After testing for normality of variable distribution with Kolmogorov—-Smirnov tests, Spearman’s
correlation coefficient was used. In addition, the impact of the independent variables was tested with a
multiple linear regression model. The model that better fitted was the one that included the following
independent variables (i) change (%) of GDP, (ii) DHI per capita, and (iii) long-term unemployment
rate. Statistical analyses were performed with the Jointpoint Regression Program and SPSS.

3. Results

3.1. Trends of Indicators

During 2000-2016, 1,779,541 live births, 7504 stillbirths, 6895 infant deaths, 29 maternal deaths,
and 157,183 low birth weight births occurred in Greece. The average observed rates and trends are
exhibited in Table 1, while all annual rates of all indicators are included in Supplementary Table S1.
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Table 1. Trends in perinatal and infant mortality in Greece, and expected rates 2009-2016.

Stillbirth Perinatal Low Maternal Infant Neonatal Post-Neonatal
Rate Mortality Birthweight Mortality Mortality Mortality Mortality
Rate Rate Rate Rate Rate Rate
Average rate
2001-2004 497 7.01 82.64 2.89 4.57 3.09 1.48
2005-2008 3.60 5.07 83.74 2.22 3.41 2.29 1.12
2009-2012 4.26 5.60 97.78 2.50 3.32 2.15 1.16
2013-2016 3.71 5.53 93.50 0.81 3.88 2.71 117
AAPC (%)
2000-2008 =5.02* -5.65* 1.87 12.46 * -7.26*% -8.21* -1.90 *
2009-2016 -1.34* 0.91 0.35 12.46 * 3.68 * 4.66* -1.90*
ITS results
t 4.01 11.42 3.68 0.75 7.39 7.85 3.80
14 <0.01 <0.001 <0.01 - <0.001 <0.001 <0.01
Average observed and expected rates 2009-2016
Observed (O) 4.0 5.6 94.7 2.5 3.6 24 1.2
Expected (E) 32 43 84.7 1.3 2.8 1.8 1.0
O/E Rate Ratio 1.25 1.28 1.12 1.86 1.26 1.34 1.12
95% CI 1.19-1.31 1.22-1.34 1.11-1.13 0.89-3.90 1.19-1.33 1.25-1.43 1.02-1.23

AAPC = Average Annual Percent Change. ITS: Interrupted Time Series Analysis. * p < 0.05 significantly different
from zero.

The AAPC during the post-crisis period reversed from —5.7% to 0.9% in PMR, from —7.3% to 3.7%
in IMR, and from —8.2% to 4.7% in NNMR. No significant change of the AAPC was detected in PNMR
and MMR. In LBW, a step-change in 2009 was observed without further increasing trends, resulting in
an average rate of 2009-2012 by 16.8% higher than 2005-2008 (95% CI 16.3-17.3%). ITS analyses found
a significant change after 2008 in the slopes of PNM, IMR, NNMR, and PNMR.

3.2. Observed and Expected Rates

Based on the trends from 2000 to 2008, we calculated the expected rates of all indicators for the
years 2009-16 (Figure 1). All observed values were found significantly higher than the expected ones
(Table 1). The average observed rate was higher than the expected by 28% (95% CI 22-34%) in PNM,
by 26% (95% CI 19-33%) in IMR, 34% (25-43%) in NNMR, 12% (2-23%) in PNMR and 12% (11-13%)
in LBW. In MMR, the increase is calculated to 86%, however was found marginally not significant
(95% CI -0.11% to 390%).

Perinatal deaths per 1000 births

y =-1.657In(x) + 8.61
R?=0.867
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Figure 1. Observed and expected Perinatal Mortality and Infant Mortality rates in Greece, 2009-2016.
3.3. International Comparisons

Exploring the trends of perinatal mortality in other European countries affected by the financial
crisis, significant changes were observed in most of them. Table 2 summarizes the AAPC by country
and period, while Supplementary Table S2 provides a summary description of the main socio-economic
consequences of the crisis in these countries. The negative pre-crisis AAPC of perinatal mortality
reversed to positive in Portugal and Spain and reduced significantly in Ireland, Hungary, and Poland.
The AAPC of infant mortality showed a significant reduction in Ireland, Portugal, Italy, and Hungary
and a not significant slowdown in Spain and Poland.

Table 2. Average Annual Percent Change (AAPC) of perinatal and infant mortality in European
countries affected by the economic crisis (1996-2008, 2009-2016).

Perinatal Mortality Infant Mortality
1996-2008 2009-2015 * 19962008 2009-2016
AAPC 95%CI AAPC 95%CI AAPC 95%CI AAPC 95%CI
Ireland —-5.64 (~7.44,-3.81) -1.33 (-3.80,1.19) —4.53 (—5.40, —3.66) —2.46 (-2.74, -2.19)
Portugal -5.40 (—6.35, —4.43) 5.78 (0.13,11.75) —-6.76 (=7.10, -6.42) —1.42 (-1.73, -1.10)
Spain -3.06 (-3.41, -2.72) 0.14 (-0.88,1.17) -3.01 (-3.28, -2.75) -2.72 (-3.22,-2.21)
Italy -2.90 (—4.45, -1.31) —4.62 (=5.21, —4.03) *-2.49 (-3.18, -1.79)
Hungary -3.01 (-3.82, -2.19) -1.23 (-3.13,0.71) -5.28 (=5.51, -5.06) *-2.39 (=291, -1.88)
Poland -6.72 (—16.56, 4.28) —-0.94 (=5.44,3.77) -5.63 (=6.39, —4.87) *—4.74 (=5.65, -3.82)

* 2016 data not available.

3.4. Social Determinants

Exploring the association of the study indicators with the aforementioned socio-economic variables
in Greece, a significant negative correlation of all indicators with per capita GDP and per capita DHI
was found, excluding SBR (Table 3). In addition, a significant positive correlation of IMR, NNMR,
and LBW with long-term unemployment rate was observed. No association was found with public
hospital expenditure.
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Table 3. Spearman’s p correlation coefficient and p-value of the correlation between perinatal and
infant mortality indicators and socioeconomic variables.

SBR PMR NNMR PNMR IMR LBW

Gross Domestic Product per capita Spearman’sp  -0.122  -0.242 -0.307 -0.267 -0.372 -0.149
P 0079 0000 0000 0000 0000  0.032
. . Spearman’sp  -0.078 -0.208 -0.289 -0.194 -0.326 -0.151
D le Household I
isposable Household Income per capita p 0262 0003 0000 0005 0000  0.030
Unemblovment rate Spearman’sp  -0.080 0012 0097 —0.049 0057 0454
Py P 0252 0859 0164 0483 0416  0.000
Long-term unemplovment rate Spearman’s p  —0.021 0.085 0.175 0.066 0.171 0.365
& Py P 0768 0220 0012 0343 0013  0.000
Hospital expenditure per capita Spearman’s p 0.02 -0.062  -0.12 0.042 -0.097 0.049
piiat exp percap P 0838 0535 0224 0671 0329  0.622

SBR: Stillbirth rate; PNM: Perinatal mortality rate; NNMR: Neonatal mortality rate; PNMR: Post-neonatal mortality
rate; IMR: Infant mortality rate; LBW: Low birth weight rate.

Multiple linear regression analyses found significant results in all dependent variables excluding
SBR (Table 4). The B coefficient of Change (%) of GDP per capita varied from —0.375 in LBW to —0.213
in IMR, meaning that a 1% reduction of GDP per capita is associated with a rise by 0.375 of LBW,
by 0.253 of PNM, and by 0.213 of IMR. The B coefficient of DHI per capita ranged from —0.258 in LBW
and —0.234 in IMR to —0.122 in PNM, indicating an increase of LBW of 0.258 and IMR by 0.234 for
every 1000 euros reduction of DHI per capita. The B coefficient of long-term unemployment varied
from 0.332 in LBW to 0.118 in PNM, indicating the corresponding impact on each variable.

Table 4. Multiple linear regression analyses results.

SBR PMR NNMR PNMR IMR LBW

Model F-value 2.63 6.19 10.27 2.78 10.33 3791
p 0.051 <0.001 <0.001 <0.05 <0.001 <0.001
Adjusted R? 0.023 0.07 0.118 0.025 0.119 0.349
Change (%) of Gross Domestic Product ~ Standardized B coefficient ~ 0.175 -0.253  -0.241 0.041 -0.213  -0.375
per capita Std. error of B 0.016 0.021 0.014 0.008 0.018 0.012
Disposable Household Income per Standardized B coefficient —-0.055 -0.122 -0.182 -0.200 -0.234 -0.258
capita Std. error of B 0.053 0.027 0.046 0.046 0.057 0.037
Long-term unemployment rate (%) Standardized B coefficient ~ —0.200 0.118 0.203 —-0.042 0.146 0.332
J pioy Std. error of B 0.048 0.025 0.038 0.021 0.023 0.030

SBR: Stillbirth rate; PNM: Perinatal mortality rate; NNMR: Neonatal mortality rate; PNMR: Post-neonatal mortality
rate; IMR: Infant mortality rate; LBW: Low birthweight rate.

4. Discussion

The financial crisis of 2008 and the consequent austerity policies applied in health have been
associated with a rise in mortality of several conditions [40,41]. A review of 2014 on the crisis effects on
child health reported three studies with mortality outcomes from Europe, one from Canada, and one
from sub-Saharan African countries [16]. The review reports that no influence was found on infant
mortality in Spain and the overall child mortality in Canada [42]. However, several studies had
different findings. A study based on early data from Greece reported a raised stillbirth rate but no
significant changes in infant mortality [11]. Two more recent studies found an elevated risk for low
birth weight [9,10] and one of them for stillbirth [9]. In Portugal, a 20-25% increase in LBW during
2008-2014 has been reported, with an average annual increase of 3.1% vs. an average decline of
4.2% from 2000-2007 [14]. A study on perinatal outcomes in European countries found a positive
association of low birth weight rate with the implementation of austerity measures in Greece, Portugal,
and Spain [15]. Based on the last available data, we also found a significant increase in stillbirth rate,
low birth weight rate, and perinatal mortality, both in Greece and other affected European countries,
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which accords with the above studies. These gradually accumulated findings provide evidence that
the financial crisis did affect perinatal outcomes. However, the final magnitude of the impact is
not described only by the percent change of rates, but also of the duration of impact. Therefore,
a meaningful question is how long that impact is extended, and the answer in that requires later data.
That point is discussed below.

The findings regarding infant mortality are more controversial. According to an international
report of 2014, “there is no evidence of an overall increase in infant mortality rates after the crisis in
countries such as Greece, Italy, Portugal, and Spain, although the share of low birth weight babies has
increased in Greece” [43]. However, some later studies provided different findings. A study on the
medium-term effects of the crisis in Greece reported a rise in infant mortality [12], and another found
that infant mortality was associated with the residence and Human Development Index [13]. A more
recent study on infant mortality trends in European countries pointed out a change in the slope of
IMR of affected countries after 2008, with a reverse in downwards trends in Ireland and Greece and a
significant slowdown in Spain, Portugal, and Hungary [17]. In the present study, which is based on
the last available European data, we found significant changes in the AAPC of IMR in most of the
affected countries, which agree with the above findings. Assessing the overall evidence, we observe
that studies based on early data found no effect or weaker effects than the later ones, probably because
of a lag in effect manifestation at a statistically significant level.

Focusing on Greece, the study findings indicate an association of financial crisis with significant
adverse effects on PNM, IMR, and NNMR. The correlation coefficients found do not support a very
strong correlation and the results of the regression analysis show that the model can explain only
11.8% to 34.9% of the observed variability. However, although statistical analysis results impose certain
reservations in supporting causality, it is remarkable that throughout the entire study period, no one
indicator has returned to the last pre-crisis levels. The effects seem to be prolonged until 2016, probably
because their determinants are also prolonged until that time, as discussed below. The estimation of the
possible impact until 2016 shows that the observed rates in stillbirths, perinatal mortality, infant and
neonatal mortality were higher than the expected ones by 25-34% over an 8-year period, and 12%
in PNMR and LBW. Infant and neonatal mortality seem to be more susceptible to socioeconomic
changes, although the impact on them was manifested with a delay compared with perinatal outcomes.
The extension of the effects for so many years reveals a different magnitude of what a first reading
of rate changes provides. In fact, the country returned at an infant health level several years back.
The findings cannot be generalized; they are directly associated with the aforementioned dramatic
socio-economic effects in Greece. Considering the findings in all seven countries, we should conclude
that the economic crisis affected perinatal outcomes and infant health in the European countries at a
different degree, according to the magnitude and duration of the socio-economic effects of the recession
in each country.

Exploring the literature, two models of crisis impact on perinatal and infant health have been
proposed [44]: A physiological model, which defines physiological pathways connecting economic
conditions with health outcomes [21-25], and a healthcare model, which investigates the health
outcomes in relation to the access to adequate and appropriate healthcare [26-28,44]. The design of the
present study does not permit the investigation of possible physiological pathways connecting the
economic crisis with health outcomes. It mainly permits the exploration of possible associations with
socio-economic parameters that may affect health outcomes. Therefore, the main hypothesis which is
investigated in the study is that socio-economic conditions produced by the prolonged economic crisis
may affect perinatal and infant health, either through physiological pathways or through affecting
the access to timely and appropriate healthcare. However, in the case of Greece, factors related to
unhealthy behaviors seem to have a smaller impact, because unhealthy behaviors such as smoking and
alcohol consumption did not increase during the crisis [12,29-32,45], while food consumption changed
to a rather favorable direction [45,46]. Exploring abortions as a possible factor that may affect perinatal
health, there are no data supporting an increase. Available data covering the period until 2012 show no
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significant changes in abortion rate [47]. Another factor that could affect outcome trends is changes in
the cohort composition of pregnancies. Indeed, the age distribution of pregnant women demonstrated
some significant changes. The average maternal age at birth increased gradually from 29.1 years in
2000 to 30.6 in 2008 and finally to 31.1 years in 2016 [48]. The percentage of births from mothers
over 35 years, which in 2001 was 14.2%, increased to 20.9% in 2008 and finally to 30.8% in 2016 [48].
Comparing the periods 2001-8 and 2009-16, the absolute number of these births increased by 35%,
while the percentage of births from mothers under 19 years reduced from 3.2% to 2.6%. Most studies,
though not all, found an association between advanced maternal age and low birth weight and the
risk of perinatal death [19,49,50]. However, this parameter cannot explain by itself the findings of the
present study, because the increase of the average maternal age was already observed before the crisis
onset when all perinatal rates were steadily declining. The further increase recorded after 2009 may
have an impact, but it cannot explain the reverse of the downward trend slope.

Social determinants. Considering the above exploration of other possible factors that could explain
the trends, the findings support an association of perinatal and infant health outcomes with the main
socio-economic parameters affected by the crisis. GDP and income reduction, as well as long-term
unemployment, were found to be the major socio-economic determinants of the adverse perinatal
outcomes and elevated infant mortality. Although similar correlations have been found in certain
studies [35,51,52], it is important to understand the nature of association in each particular case. In the
case of Greece, the majority of births take place in private hospitals. According to a WHO report,
even during the crisis period, and specifically during 2013-2015, a percentage of 61.6% of all births took
place in private hospitals and only 38.4% in public ones [53]. Probably this is a reason for the lack of
correlation between perinatal outcomes and public hospital expenditures. Nevertheless, that element
makes income a critical determinant of the access to maternal and child health services for the large part
of the population seeking care in the private sector. The dramatic reduction of the average household
income by 24.3% [4] inevitably raised barriers in receiving the appropriate care in private settings.
On the other hand, in the Greek social insurance system, health benefits are directly associated with
employment status. Long-term unemployment over twelve months results in loss of health insurance
benefits, including access to contracted private health services, outpatient medication, and full free
access to public hospitals [54]. Consequently, the combination of high long-term unemployment
and income reduction inevitably results in a restriction in health service access, for large parts of the
population. Understanding that association is critical for the planning of appropriate interventions;
the findings underline a need to develop programs and interventions aiming to protect maternity and
child health in those parts of the population suffering high long-term unemployment or critical economic
constraints. Besides, the findings question the effectiveness of the overall health insurance policy on
maternity and child protection, because it reveals to be insufficient under the current social conditions.
We should not overlook that even eight years after the crisis eruption, the perinatal and infant mortality
rates have not yet returned to the pre-crisis levels. Considering that in 2019, unemployment remains
in Greece at almost 17%, the long-term-unemployment at 13% [2], and the per capita GDP by 23%
lower than in 2008 [1], we should acknowledge that the main socio-economic determinants of the
adverse outcomes have not changed significantly. The perspective of a new financial crisis after the
COVID-19 pandemic and the risk of a resurgence of high long-term unemployment rates restores
the risk for a new worsening. Therefore, the planning of public health programs aiming to provide
appropriate mother-and-child healthcare to the unemployed remains a priority. Community-based
programs have been proved effective in protecting maternity and child health in vulnerable groups.
A Cochrane review evaluating the effectiveness of community-based care packages to protect maternity
and child, found a possible effect in terms of a reduction in maternal mortality, neonatal mortality,
infant mortality, stillbirth rate, and perinatal mortality, resulting to a reduction varying from 19% to
25% [55]. The decline in perinatal and early infant mortality could be achieved by improvements in
prenatal care, prevention and improvements in the medical care of infants with birth defects, access to
appropriate neonatal healthcare services, and improvements in the overall infant healthcare [55,56].
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On the other hand, the specific conditions in Greece set questions about the appropriateness of the
model of maternal and child health protection of Greece. If health policy wants not to ignore the fact
that 61.6% of births take place in private settings, it should include measures supporting pregnancy
and birth independently of the ownership of health services. Limiting the support only in providing
access to public hospitals, under the current conditions, seems inadequate to address the problem
when 61.6% of births take place in private hospitals.

Limitations. The ecological nature of the study sets several limitations. Firstly, there are no data about
the underlying causes of each death to directly link deaths with economic crisis effects. The findings
are exclusively based on time trends of aggregated data. Secondly, the association with long-term
unemployment and income reduction is also based on aggregated data and statistical correlations. We
do not have individual data to attribute outcomes directly to these parameters. Thirdly, the study
design does not allow identifying the mechanisms, which produce adverse effects. Fourthly, the use
of projections to forecast expected values is a method that also has certain limitations. Although we
selected a projection model that does not result in unacceptable values and provides sensible and
conservative results, there is no way to ensure that the forecasts would happen. Besides, as in any
projection, we do not know the combined impact of other not-explored determinants on the projected
rates. Finally, it should be noted that the study findings are not directly comparable to those from other
studies, because of different designs or methods used.

5. Conclusions

Considering all the above limitations, the study findings indicate a remarkable impact of the
economic crisis on adverse perinatal outcomes and infant mortality, extended until 2016, and mainly
determined by long-term unemployment and income reduction. The findings have obvious health
policy implications, stressing a need for interventions aiming to protect maternity and child health
especially in unemployed and people under critical income constrains.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/18/6606/s1.

Author Contributions: Conceptualization, C.Z.; formal analysis, C.Z.; methodology, C.Z. and C.C.; writing—
original draft, C.Z.; writing—review and editing, C.Z. and C.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Acknowledgments: We thank Hellenic Statistical Authority (ELSTAT) for providing the data.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Hellenic Statistical Authority. Per Capita Figures: GDP and National Income. ELSTAT 2019. Available
online: https://www.statistics.gr/en/statistics/-/publication/SEL33/- (accessed on 24 February 2020).

2. Hellenic Statistical Authority. Labour Force Survey Yearly Time Series Since 1981. ELSTAT 2019. Available
online: https://www.statistics.gr/en/statistics/-/publication/SJO03/- (accessed on 24 February 2020).

3. Hellenic Statistical Authority. System of Health Accounts (SHA). ELSTAT 2019. Available online: https:
/[www.statistics.gr/en/statistics/-/publication/SHE35/- (accessed on 24 February 2020).

4. Hellenic Statistical Authority. Regional Household Accounts. ELSTAT 2019. Available online: https:
/[www.statistics.gr/en/statistics/-/publication/SEL60/- (accessed on 24 February 2020).

5. Laliotis, I; Ioannidis, J.; Stavropoulou, C. Total and cause-specific mortality before and after the onset of the
Greek economic crisis: An interrupted time-series analysis. Lancet Public Health 2016, 1, e56—e65. [CrossRef]

6. Global Burden of Disease 2016 Greece Collaborators. The burden of disease in Greece, health loss, risk factors,
and health financing, 2000-2016: An analysis of the Global Burden of Disease Study 2016. Lancet Public Health
2018, 3, €395-e406. [CrossRef]

7. Parmar, D.; Stavropoulou, C.; Ioannidis, ]J. Health outcomes during the 2008 financial crisis in Europe:
Systematic literature review. BMJ 2016, 354, i4588. [CrossRef] [PubMed]


http://www.mdpi.com/1660-4601/17/18/6606/s1
https://www.statistics.gr/en/statistics/-/publication/SEL33/-
https://www.statistics.gr/en/statistics/-/publication/SJO03/-
https://www.statistics.gr/en/statistics/-/publication/SHE35/-
https://www.statistics.gr/en/statistics/-/publication/SHE35/-
https://www.statistics.gr/en/statistics/-/publication/SEL60/-
https://www.statistics.gr/en/statistics/-/publication/SEL60/-
http://dx.doi.org/10.1016/S2468-2667(16)30018-4
http://dx.doi.org/10.1016/S2468-2667(18)30130-0
http://dx.doi.org/10.1136/bmj.i4588
http://www.ncbi.nlm.nih.gov/pubmed/27601477

Int. |. Environ. Res. Public Health 2020, 17, 6606 10 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Vlachadis, N.; Kornarou, E. Increase in stillbirths in Greece is linked to the economic crisis. BM] 2013,
346, £1061. [CrossRef] [PubMed]

Zografaki, I.; Papamichail, D.; Panagiotopoulos, T. Adverse effect of the financial crisis in Greece on perinatal
factors. Eur. J. Public Health 2018, 28, 1116-1121. [CrossRef]

Sdona, E.; Papamichail, D.; Ragkou, E.; Briana, D.; Malamitsi-Puchner, A.; Panagiotopoulos, T. Greek
economic crisis and impaired perinatal parameters: Experience from a public maternity hospital. J. Matern.
Fetal. Neonatal. Med. 2018, 31, 2371-2375. [CrossRef]

Michas, G.; Varytimiadi, A.; Chasiotis, I.; Micha, R. Maternal and child mortality in Greece. Lancet 2014, 383,
691-692. [CrossRef]

Filippidis, F.; Gerovasili, V.; Millett, C.; Tountas, Y. Medium-term impact of the economic crisis on mortality,
health-related behaviours and access to healthcare in Greece. Sci. Rep. 2017, 7, 46423. [CrossRef]
Siahanidou, T.; Dessypris, N.; Analitis, A.; Mihas, C.; Evangelou, E.; Chrousos, G.; Petridou, E. Disparities
of infant and neonatal mortality trends in Greece during the years of economic crisis by ethnicity, place
of residence and human development index: A nationwide population study. BM] Open 2019, 9, e025287.
[CrossRef]

Kana, M.A ; Correia, S.; Peleteiro, B.; Severo, M.; Barros, H. Impact of the global financial crisis on low birth
weight in Portugal: A time-trend analysis. BM] Glob. Health 2017, 2, €000147. [CrossRef]

Rajmil, L.; Taylor-Robinson, D.; Gunnlaugsson, G.; Hjern, A.; Spencer, N. Trends in social determinants
of child health and perinatal outcomes in European countries 2005-2015 by level of austerity imposed by
governments: A repeat cross sectional analysis of routinely available data. BM] Open 2018, 8, e022932.
[CrossRef]

Rajmil, L.; Fernandez de Sanmamed, M.].; Choonara, I.; Faresjo, T.; Hjern, A.; Kozyrskyj, A.L.; Lucas, PJ.;
Raat, H.; Séguin, L.; Spencer, N.; et al. International Network for Research in Inequalities in Child Health
(INRICH). Impact of the 2008 economic and financial crisis on child health: A systematic review. Int. J.
Environ. Res. Public Health 2014, 11, 6528-6546. [CrossRef] [PubMed]

Onambele, L.; Martin-Rodriguez, L.S.; Niu, H.; Alvarez-Alvarez, I.; Arnedo-Pena, A.; Guillen-Grima, F.;
Aguinaga-Ontoso, I. Mortalidad infantile en la Unién Europea: Analisis de tendencias en el periodo
1994-2015. An. Pediatr. 2019, 91, 219-227. [CrossRef]

Reno, R.; Hyder, A. The evidence base for social determinants of health as risk factors for infant mortality:
A Systematic scoping review. J. Health Care Poor Underserved 2018, 29, 1188-1208. [CrossRef] [PubMed]
Kenny, L.C.; Lavender, T.; McNamee, R.; O'Neill, S.M.; Mills, T.; Khashan, A.S. Advanced maternal age
and adverse pregnancy outcome: Evidence from a large contemporary cohort. PLoS ONE 2013, 8, e56583.
[CrossRef] [PubMed]

Dehejia, R.; Lleras-Muney, A. Booms, Busts, and Babies” Health. Q. J. Econ. 2004, 119, 1091-1130. [CrossRef]
Carlson, K. Fear itself: The effects of distressing economic news on birth outcomes. J. Health Econ. 2015, 41,
117-132. [CrossRef]

Bruckner, T.A.; Cheng, Y.W.; Singh, A.; Caughey, A.B. Economic downturns and male cesarean deliveries:
A time-series test of the economic stress hypothesis. BMC Pregnancy Childbirth 2014, 14, 198. [CrossRef]
Viluma, L. Do caesarian delivery rates rise when the economy declines? A test of the economic stress
hypothesis. Econ. Hum. Biol. 2020, 36, 100816. [CrossRef]

Van den Berg, G.; Modin, B. Economic Conditions at Birth, Birth Weight, Ability, and the Causal Path to
Cardiovascular Mortality. IZA DP No. 7605. Available online: http://ftp.iza.org/dp7605.pdf (accessed on
7 April 2020).

Michaud, P.C.; Crimmins, E.; Hurd, M. The Effect of Job Loss on Health: Evidence from Biomarkers.
Labour. Econ. 2016, 41, 194-203. [CrossRef]

Institute of Medicine (US) Committee on the Consequences of Uninsurance. Health-Related Outcomes for
Children, Pregnant Women, and Newborns. In Institute of Medicine (US) Committee on the Consequences of
Uninsurance. Health Insurance is a Family Matter; National Academies Press: Washington, DC, USA, 2002.
Available online: https://www.nap.edu/login.php?record_id=10503&page=https%3A%2F%2Fwww.nap.
edu%2Fdownload%2F10503 (accessed on 14 May 2020).

WHO. Who Recommendations on Antenatal Care for a Positive Pregnancy Experience; WHO: Geneva, Switzerland,
2016. Available online: https://apps.who.int/iris/bitstream/handle/10665/250796/9789241549912-eng.pdf
(accessed on 7 April 2020).


http://dx.doi.org/10.1136/bmj.f1061
http://www.ncbi.nlm.nih.gov/pubmed/23423369
http://dx.doi.org/10.1093/eurpub/cky078
http://dx.doi.org/10.1080/14767058.2017.1342803
http://dx.doi.org/10.1016/S0140-6736(14)60251-8
http://dx.doi.org/10.1038/srep46423
http://dx.doi.org/10.1136/bmjopen-2018-025287
http://dx.doi.org/10.1136/bmjgh-2016-000147
http://dx.doi.org/10.1136/bmjopen-2018-022932
http://dx.doi.org/10.3390/ijerph110606528
http://www.ncbi.nlm.nih.gov/pubmed/25019121
http://dx.doi.org/10.1016/j.anpedi.2018.10.022
http://dx.doi.org/10.1353/hpu.2018.0091
http://www.ncbi.nlm.nih.gov/pubmed/30449742
http://dx.doi.org/10.1371/journal.pone.0056583
http://www.ncbi.nlm.nih.gov/pubmed/23437176
http://dx.doi.org/10.1162/0033553041502216
http://dx.doi.org/10.1016/j.jhealeco.2015.02.003
http://dx.doi.org/10.1186/1471-2393-14-198
http://dx.doi.org/10.1016/j.ehb.2019.100816
http://ftp.iza.org/dp7605.pdf
http://dx.doi.org/10.1016/j.labeco.2016.05.014
https://www.nap.edu/login.php?record_id=10503&page=https%3A%2F%2Fwww.nap.edu%2Fdownload%2F10503
https://www.nap.edu/login.php?record_id=10503&page=https%3A%2F%2Fwww.nap.edu%2Fdownload%2F10503
https://apps.who.int/iris/bitstream/handle/10665/250796/9789241549912-eng.pdf

Int. |. Environ. Res. Public Health 2020, 17, 6606 11 of 12

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Wilson-Mitchell, K.; Rummens, J.A. Perinatal outcomes of uninsured immigrant, refugee and migrant
mothers and newborns living in Toronto, Canada. Int. J. Environ. Res. Public Health 2013, 10, 2198-2213.
[CrossRef] [PubMed]

Drydakis, N. The effect of unemployment on self-reported health and mental health in Greece from 2008 to
2013: A longitudinal study before and during the financial crisis. Soc. Sci. Med. 2015, 128, 43-51. [CrossRef]
[PubMed]

Economou, M.; Madianos, M.; Theleritis, C.; Peppou, L.E.; Stefanis, C.N. Increased suicidality amid economic
crisis in Greece. Lancet 2011, 378, 1459. [CrossRef]

Zavras, D.; Tsiantou, V.; Pavi, E.; Mylona, K.; Kyriopoulos, ]. Impact of economic crisis and other demographic
and socio-economic factors on self-rated health in Greece. Eur. J. Public Health 2013, 23, 206-210. [CrossRef]
[PubMed]

Filippidis, ET.; Schoretsaniti, S.; Dimitrakaki, C.; Vardavas, C.I.; Behrakis, P.; Connolly, G.N.; Tountas, Y.
Trends in cardiovascular risk factors in Greece before and during the financial crisis: The impact of social
disparities. Eur. ]. Public Health 2014, 24, 974-979. [CrossRef]

Baker, P; Hone, T.; Reeves, A.; Avendano, M.; Millett, C. Does government expenditure reduce inequalities in
infant mortality rates in low- and middle-income countries? A time-series, ecological analysis of 48 countries
from 1993 to 2013. Health Econ. Policy Law 2019, 14, 249-273. [CrossRef]

Barbeiro, EM.; Fonseca, S.C.; Tauffer, M.G.; Ferreira, S.S.; Silva, D.; Ventura, PM.; Quadros, ].I. Fetal deaths in
Brazil: A systematic review. Rev. Satide Piiblica 2015, 49, 22. [CrossRef]

Lardellli, P; Blanco, ].I.; Delgado-Rodriguez, M.; Bueno, A.; Luna, ].D.; Galvez, R. Influence of socioeconomic
and health care development on infant and perinatal mortality in Spain 1975-86. |. Epidemiol. Comm Health
1993, 47, 260-264. [CrossRef]

Finch, B.K.; Thomas, K.; Beck, A. The Great Recession and adverse birth outcomes: Evidence from California,
USA. Popul. Health 2019, 9, 100470. [CrossRef]

Cruces, G.; Zmann, P.G.; Calva, L.F. Economic Crises, Maternal and Infant Mortality, Low Birth Weight and
Enrollment Rates: Evidence from Argentina’s Downturns. World Dev. 2012, 40, 303-314. [CrossRef]
Larroca, G.T.; Arevalo-Serrano, J.; Duran Vila, A.; Recarte, M.P.P.,; Hernandez, 1.C.; Pierna, A.S.; Bonelli, S.L.;
de Leon-Luis, ]. Human Development Index (HDI) of the maternal country of origin as a predictor of
perinatal outcomes—A longitudinal study conducted in Spain. BMC Pregnancy Childbirth 2017, 17, 314.
[CrossRef]

WHO—Regional Office for Europe. European Health for All Database. Available online: https://gateway:.
euro.who.int/en/datasets/european-health-for-all-database/ (accessed on 10 March 2020).

Glonti, K.; Gordeev, V.S.; Goryakin, Y.; Reeves, A.; Stuckler, D.; McKee, M.; Roberts, B. A systematic review
on health resilience to economic crises. PLoS ONE 2015, 10, e0123117. [CrossRef] [PubMed]
Margerison-Zilko, C.; Goldman-Mellor, S.; Falconi, A.; Downing, ]J. Health Impacts of the Great Recession:
A Critical Review. Curr. Epidemiol. Rep. 2016, 3, 81-91. [CrossRef]

Ariizumi, H.; Schirle, T. Are recessions really good for your health? Evidence from Canada. Soc. Sci. Med.
2012, 74, 1224-1231. [CrossRef] [PubMed]

OECD/European Union. “Infant Mortality”, in Health at a Glance: Europe 2014; OECD Publishing: Paris,
France, 2014. [CrossRef]

Puthussery, S. Perinatal outcomes among migrant mothers in the United Kingdom: Is it a matter of biology,
behaviour, policy, social determinants or access to health care? Best Pr. Res. Clin. Obs. Gynaecol. 2016, 32,
39-49. [CrossRef] [PubMed]

Hellenic Statistical Authority. Household Budget Survey (after 2008). Available online: https://www.statistics.
gr/en/statistics/-/publication/SFA05/- (accessed on 10 June 2020).

FAO. Food Balance Sheets. Available online: http://www.fao.org/faostat/en/#data/FBS (accessed on
10 June 2020).

Johnston, W. Historical Abortion Statistics, Greece. Available online: http://www.johnstonsarchive.net/
policy/abortion/ab-greece.html (accessed on 5 June 2020).

Hellenic Statistical Authority. Live Births by Event Year, Mothers Age and Child’S Birth within Marriage or
Out of Wedlock (1980-2018). Available online: https://www.statistics.gr/en/statistics/-/publication/SPO03/-
(accessed on 10 June 2020).


http://dx.doi.org/10.3390/ijerph10062198
http://www.ncbi.nlm.nih.gov/pubmed/23727901
http://dx.doi.org/10.1016/j.socscimed.2014.12.025
http://www.ncbi.nlm.nih.gov/pubmed/25589031
http://dx.doi.org/10.1016/S0140-6736(11)61638-3
http://dx.doi.org/10.1093/eurpub/cks143
http://www.ncbi.nlm.nih.gov/pubmed/23093716
http://dx.doi.org/10.1093/eurpub/cku028
http://dx.doi.org/10.1017/S1744133118000269
http://dx.doi.org/10.1590/S0034-8910.2015049005568
http://dx.doi.org/10.1136/jech.47.4.260
http://dx.doi.org/10.1016/j.ssmph.2019.100470
http://dx.doi.org/10.1016/j.worlddev.2011.07.014
http://dx.doi.org/10.1186/s12884-017-1515-1
https://gateway.euro.who.int/en/datasets/european-health-for-all-database/
https://gateway.euro.who.int/en/datasets/european-health-for-all-database/
http://dx.doi.org/10.1371/journal.pone.0123117
http://www.ncbi.nlm.nih.gov/pubmed/25905629
http://dx.doi.org/10.1007/s40471-016-0068-6
http://dx.doi.org/10.1016/j.socscimed.2011.12.038
http://www.ncbi.nlm.nih.gov/pubmed/22365938
http://dx.doi.org/10.1787/health_glance_eur-2014-11-en
http://dx.doi.org/10.1016/j.bpobgyn.2015.09.003
http://www.ncbi.nlm.nih.gov/pubmed/26527304
https://www.statistics.gr/en/statistics/-/publication/SFA05/-
https://www.statistics.gr/en/statistics/-/publication/SFA05/-
http://www.fao.org/faostat/en/#data/FBS
http://www.johnstonsarchive.net/policy/abortion/ab-greece.html
http://www.johnstonsarchive.net/policy/abortion/ab-greece.html
https://www.statistics.gr/en/statistics/-/publication/SPO03/-

Int. |. Environ. Res. Public Health 2020, 17, 6606 12 of 12

49.

50.

51.

52.

53.

54.

55.

56.

Londero, A.P; Rossetti, E.; Pittini, C.; Cagnacci, A.; Driul, L. Maternal age and the risk of adverse pregnancy
outcomes: A retrospective cohort study. BMC Pregnancy Childbirth 2019, 19, 261. [CrossRef]

Huang, L.; Sauve, R.; Birkett, N.; Fergusson, D.; van Walraven, C. Maternal age and risk of stillbirth:
A systematic review. CMA] 2008, 178, 165-172. [CrossRef]

Sugai, M.K.; Gilmour, S.; Ota, E.; Shibuya, K. Trends in perinatal mortality and its risk factors in Japan:
Analysis of vital registration data, 1979-2010. Sci. Rep. 2017, 7, 46681. [CrossRef]

Scharber, H. Do unemployed women give birth to infants with higher rates of Infant Mortality and Low
Birthweight? JHSB 2014, 55, 265. [CrossRef]

WHO—SCUC Greece. Decrease in the Raised Trend of Caesarian Sections in Greece. Policy Paper No 10.
Athens, 2016. [Greek]. Available online: https://www.moh.gov.gr/articles/ministry/grafeio-typoy/press-
releases/4509 (accessed on 8 April 2020).

European Commission. Assessment of the Social Impact of the new Stability Support Programme for
Greece. Commission Staff Working Document, SWD (2015) 162. Brussels, 2015. Available online: https:
//ec.europa.eu/info/sites/info/files/economy-finance/ecfin_assessment_social_impact_en_0.pdf (accessed on
8 April 2020).

Lassi, Z.S.; Bhutta, Z.A. Community-based intervention packages for reducing maternal and neonatal
morbidity and mortality and improving neonatal outcomes. Cochrane Database Syst. Rev. 2015, 3, CD007754.
[CrossRef]

Almli, L.; Ely, D.; Ailes, E.; Abouk, R.; Grosse, S.D.; Isenburg, ].L.; Waldron, D.B.; Reefhuis, ]. Infant Mortality
Attributable to Birth Defects—United States, 2003-2017. MMWR 2020, 69, 25-29. [CrossRef] [PubMed]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1186/s12884-019-2400-x
http://dx.doi.org/10.1503/cmaj.070150
http://dx.doi.org/10.1038/srep46681
http://dx.doi.org/10.1177/0022146514547328
https://www.moh.gov.gr/articles/ministry/grafeio-typoy/press-releases/4509
https://www.moh.gov.gr/articles/ministry/grafeio-typoy/press-releases/4509
https://ec.europa.eu/info/sites/info/files/economy-finance/ecfin_assessment_social_impact_en_0.pdf
https://ec.europa.eu/info/sites/info/files/economy-finance/ecfin_assessment_social_impact_en_0.pdf
http://dx.doi.org/10.1002/14651858.CD007754.pub3
http://dx.doi.org/10.15585/mmwr.mm6902a1
http://www.ncbi.nlm.nih.gov/pubmed/31945037
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Trends of Indicators 
	Observed and Expected Rates 
	International Comparisons 
	Social Determinants 

	Discussion 
	Conclusions 
	References

