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Abstract 
Objectives: The economic crisis and the resulting austerity in Greece led to a drastic reduction in healthcare spending, 
which has been assumed to have impacted people’s health. This paper discusses official standardized mortality rates in 
Greece between 2000 and 2015. 
Methods: This study was designed to analyze population-level data and collected data from the World Bank, the Or-
ganisation for Economic Co-operation and Development, Eurostat, and the Hellenic Statistics Authority. Separate linear 
regression models were developed for the periods before and after the crisis and were compared.
Results: Standardized mortality rates do not support a previously reported assumption of a specific and direct negative 
effect of austerity on global mortality. Standardized rates continued to decrease linearly, and their correlation to econom-
ic variables changed after 2009. Total infant mortality rates show an overall rising trend since 2009, but the interpretation 
is unclear because of the reduction in the absolute number of deliveries. 
Conclusions: The mortality data from the first six years of the financial crisis in Greece and the decade that preceded do 
not support the assumption that budget cuts in health are related to the dramatic worsening of the overall health of the 
Greek people. Still, data suggest an increase in specific causes of death and the burden on a dysfunctional and unprepared 
health system that is working in an overstretched manner trying to meet needs. The dramatic acceleration of the aging of 
the population constitutes a specific challenge for the health system. HIPPOKRATIA 2022, 26 (3):98-104.
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Introduction 
The economic crisis and the resulting austerity 

in Greece led to a drastic reduction in total healthcare 
spending, both public and private. The target for public 
healthcare spending was to drop below 6 % of the Gross 
Domestic Product (GDP), and this target was intensively 
pursued1. A number of programs on public health have 
been scaled back, and hospital budgets were drastically 
cut, as was pharmaceutical spending2. Some authors 
suggested these cuts directly resulted from International 
Monetary Fund (IMF) policies3. 

This reduction in overall resources invested in the 
health care system has caused a major concern that it may 
reverse a long period of improvements in the health of the 
Greek people4-8. For example, World Health Organization 
(WHO) data suggested that the decrease in infant mortal-
ity that was observed for a long time had been reversed, 
resulting in a 43 % rise in the relevant indicator between 
2008 and 2010, with corresponding increases in neonatal 
and post-neonatal deaths5. A recent analysis of mortality 

rates in Greece concluded that overall mortality increased 
disproportionally because of the combination of popula-
tion aging with austerity. In contrast, age-standardized 
rates manifested a 50 % slowing down of their annual 
reduction rate9.

A significant problem with mortality rates is the fact 
that the Greek population is gradually aging. Therefore, 
raw mortality rates may rise, yet, this does not reflect the 
true mortality rate of the population; it mainly reflects 
its aging. Standardized rates use is necessary to compare 
mortality rates over the years.

The current study aims to present actual standard-
ized mortality rates during 2000-2015, discuss potential 
changes in those rates, and test the hypothesis that the 
economic crisis is causally related to a negative develop-
ment. The time frame for our analysis was selected be-
cause 2015 may be considered a year marking the end of 
the first two phases of the Greek financial crisis (includ-
ing the first half of 2015, which was marked by one elec-
tion and one referendum to decide on whether to agree 
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to the European Union Reform Plan for Greece), after 
which austerity has become embedded both in the opera-
tion of the national economy and the collective conscious 
of the people of Greece.

Methods
This is an analysis of epidemiological-type data avail-

able through official services. The analysis took place in 
2020, and since it included publicly available data and 
used no individual patient data, ethical approval was 
deemed unnecessary.

Economic variables
Data on national GDP were collected from the World 

Bank dataset. Data on per-capita healthcare expenditure 
were obtained from the Organisation for Economic Co-
operation and Development (OECD) dataset. Detailed 
age and gender-specific mortality rates were obtained 
from the Hellenic Statistics Authority (ELSTAT). Unmet 
needs for medical assessment were retrieved from Euro-
stat data. 

Mortality rates
The authors calculated standardized mortality rates 

based on the 2001 standard WHO population10. These 
correspond to a population with standard age and com-
position. The calculation was performed by attributing 
the changing mortality rates in individual gender-by-age 
groups to this standardized population and afterward cal-
culating the resulting total standardized rate. Standard-
izing rates according to this population allows for com-
paring rates across different countries. All the data are 
shown in Table 1, Table 2, and Table 3. 

Processing of data
Initially, the data regarding all variables underwent a 

few transformations (adding constant, natural log, expo-
nent, power, inverse power, mean subtraction, standardi-
zation, and trend subtracting). Afterward, we performed 
smoothing using three years moving average. No trans-
formation produced any meaningful results. That is, it did 
not correspond to some standard distribution or manifest 
a clear trend, and the series seemed too short to trace any 
periodicity in the data with cross-correlation. This judg-
ment was made with a visual inspection of the variables’ 
distributions. In the final dataset, the data were smoothed 
using a 3-year rolling average.

Data analysis
While the reasonable choice of data analysis would 

be Interrupted Time Series Analysis, this demands at 
least ten years before and after the breakpoint. Our data 
needed to be longer for such an analysis. As a result, we 
chose to use Stepwise Forward Linear Regression Analy-
sis (SFLRA) with an arbitrary choice of breakpoint year.

The first step was to inspect the data (Figure 1) visu-
ally. This led to the suggestion that after 2008 there might 
be a change in trends, which could be attributed to a 
direct negative effect of austerity on mortality. In 2008 
there might be a change in the raw mortality rates, while 
in 2010, a change is seen in the trend of unmet needs. 
To test this assumption, we fitted two separate SFLRA 
models, one for the 2000-2008 years and a second for the 
2009-2015 years. Standardized mortality, infant mortali-
ty, and stillborn rate were dependent variables in separate 
analyses, and the economic variables were predictors. To 
compare the outputs of those models, we used regression 
analysis with a standardized death rate as the dependent 

Year GDP per 
capita1

Growth
rate1

Per capita 
health expendi-

ture in USD1

Unmet needs 
for medical 
assessment2

Standardized  
death rate3

Change %  in 
standardized death 
rate from previous 

year3

Unstandardized
Death ratio4

2000 12042.95 3.9 1413 534.88 963.32
2001 12538.18 4.1 1678 484.67 -9.39 946.47
2002 14110.31 3.9 1862 483.04 -0.34 954.38
2003 18477.58 5.8 1957 481.11 -0.40 966.76
2004 21955.10 5.1 2019 474.58 -1.36 959.22
2005 22551.74 0.6 2301 465.64 -1.88 957.99
2006 24801.16 5.7 2558 455.18 -2.25 958.46
2007 28827.33 3.3 2653 462.60 1.63 995.79
2008 31997.28 -0.3 2895 5.4 443.03 -4.23 976.22
2009* 29710.97 -4.3 2878 5.5 436.10 -1.56 976.28
2010 26917.76 -5.5 2696 5.5 426.46 -2.21 981.03
2011 25916.29 -9.1 2378 7.5 421.52 -1.16 998.79
2012 22242.68 -7.3 2219 8.0 425.28 0.89 1052.35
2013 21874.82 -3.2 2175 9.0 400.49 -5.83 1015.98
2014 21673.78 0.4 2099 10.9 395.90 -1.15 1040.93
2015 18007.79 -0.2 2210 12.3 406.64 2.71 1116.07

2000-2010 +123.51% +90.79% -20.27% +1.84%
2005-2015 -20.15% -3.95% -12.67% +16.50%
2010-2015 -33.10% -18.03% -4.65% +13.76%
2014-2015 -16.91% -5.29% +2.71% +7.22%

GDP: Gross Domestic Product, USD: United States dollar, 1: World Bank, 2: Eurostat, 3: Calculated by authors, 4: Hellenic Statistics Authority, *: 
economic crisis begun.

Table 1: Standardized total death rates for both sexes. Percentages correspond to the total percentage (%) change.
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Table 2: Percentage change in specific causes of death that rose during 2015 [by the International Classification of Diseases 
10th Revision (ICD-10) classification codes].

2005-2015 2010-2015 2014-2015
01. Intestinal infectious diseases - - 0.63
07. Other infectious and parasitic diseases and late effects of in-
fectious and parasitic diseases 47.66 177.96 15.88
09. Malignant neoplasm of digestive organs and peritoneum 16.02 13.71 4.04
10. Malignant neoplasm of respiratory and intra thoracic organs 20.12 14.56 2.04
11. Malignant neoplasm of bone, connective tissue, skin and 
breast 17.50 6.49 6.36
12. Malignant neoplasm of genito-urinary organs 22.64 18.36 2.49
13. Malignant neoplasm of other and unspecified sites -2.90 -7.01 3.09
15. Benign neoplasm - 1,922.52 80.68
17. Other and unspecified neoplasm 396.73 364.77 12.03
18. Endocrine and metabolic diseases, immunity disorders 50.79 57.68 4.89
20. Diseases of blood and blood-forming organs 184.88 93.89 8.03
21. Mental disorders 746.77 1,117.38 75.24
22. Diseases of the nervous system 158.93 99.12 18.11
26. Hypertensive disease 211.40 150.09 13.19
27. Ischaemic heart disease -2.41 11.11 1.47
28. Diseases of pulmonary circulation and other forms of heart 
disease -16.34 -21.74 3.59
29. Cerebrovascular disease -15.27 -0.79 1.80
30. Other diseases of the circulatory system 99.98 125.04 18.78
31. Diseases of the upper respiratory tract 77.06 74.01 25.16
32. Other diseases of the respiratory system 79.61 29.60 16.07
35. Diseases of urinary system 158.96 97.46 32.22
36. Diseases of male genital organs 1,011.34 275.49 38.37
44. Congenital anomalies -7.18 -27.60 19.05
45. Certain conditions originating in the perinatal period -1.53 6.28 1.69
46. Signs, symptoms and ill-defined conditions 25.35 5.54 15.67
48. Accidental poisoning -39.47 0.98 55.33
50. Accidental falls 38.31 67.40 42.12
51. Accidents caused by fire and flames -12.10 0.10 56.34
52. Other accidents, including late effects 43.47 29.29 29.48

variable and as predictors the surviving variable in the 
previous models and a dummy variable for condition (0 
for 2000-8 and 1 for 2009-15). In additional SFLRA anal-
yses, the unmet needs variable was used for the models 
corresponding to the years 2009-15 only.

Results
Overall, the visual inspection of standardized rates 

did not indicate a rise in mortality or a slowing reduc-
tion trend after 2009. Interestingly, standardized mortal-
ity manifests a yearly spike in three out of four election 
years after 2005 (2007, 2012, and 2015 but not 2009). 
These spikes disappear after smoothing with a 3-year 

rolling average (Figure 1). Individual rates suggest the 
2015 spike in mortality is more prominent than previous 
ones (Table 1, Figure 1) and concerns 29 out of 56 causes 
of death (51.78 %) (Table 2). 

Standardized death rate
For the standardized death rate, the two linear regres-

sion models returned the following results:
Years 2000-8: The only surviving variable was the 

“per capita health expenditure” (intercept =605.24; b 
=-1.6, adj R2 =0.79, F =16.859, df =2.6, p =0.003).

Years 2009-15: When the same set of variables as for 
the previous years was utilized, then again the only sur-
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viving variable was the “per capita health expenditure” 
(intercept =325.79; b =0.677, R2 =0.87, F =13.855, df 
=2.4, p =0.015). When the variable “unmet needs” was 
included, the model was not significant (p =0.059). 

The SFLRA, which compared the two models, sug-
gested a significant effect of the dummy variable repre-
senting the two models (b =-0.73) and a significant nega-
tive overall effect of “per capita health expenditure” (b 
=-0.32). The difference was highly significant (R2 =0.77, 
F =21.906, df =2.13, p =0.00006)

Infant mortality rate
For the infant mortality rate (Table 3), the two linear 

regression models returned the following results:
Years 2000-8: The only surviving variable was the 

“GDP per capita” (intercept =6.694; b =-0.97, adj R2 

=0.92, F =98.799, df =1.7, p =0.00002).
Years 2009-15: In both analyses, the models were not 

significant.
This made the comparison useless as the models dif-

fered by definition between the two time periods.

Stillborn rate
For the stillborn rate (Table 3), the two linear regres-

sion models returned the following results:
Years 2000-8: The only surviving variable was the 

“per capita health expenditure” (intercept =7.879; b 
=-0.93, adj R2 =0.84, F =43.010, df =1.7, p =0.0003).

Years 2009-15: When the same set of variables as for 
the previous years was utilized, the model was not sig-
nificant. When the variable “unmet needs” was included, 
then this specific variable survived (intercept =7.514; b 
=-1.4, R2 =0.89, F =16.594, df =2.4, p =0.015).

These results make the comparison useless as the 
models differed by definition between the two time pe-
riods.

Discussion 
The main finding of this study

The visual inspection of the data suggested that in 
Greece and despite the economic crisis, standardized 
mortality rates continued to decline after 2009, with the 
decreasing trend that was prevalent before 2009 continu-
ing after the economic crisis emerged without any signs 
of slowing down, except for three yearly spikes that cor-
responded to three out of four election years after 2005 
(2007, 2012, and 2015 but not 2009). The 2015 spike is 
almost twice as big as in 2007 and three times bigger 

Number Rate per 1,000 deliveries

Age in days Age in days

Year N of 
deliveries

Deaths 
<12 months

0-6 7-27 28 days - 
11 months Stillborn

Total still 
born and dead 

within  the 
first year

Deaths     
<12 

months  
rate

0-6 7-27 28 days - 
11 months Stillbornrate

Total still born 
and dead within  

the first year rate

2000 103,274 561 278 123 160 540 1101 5.43 2.69 1.19 1.55 5.23 10.66
2001 102,282 522 235 129 158 588 1110 5.10 2.30 1.26 1.54 5.75 10.85
2002 103,569 530 241 121 168 510 1040 5.12 2.33 1.17 1.62 4.92 10.04
2003 104,420 420 186 96 138 504 924 4.02 1.78 0.92 1.32 4.83 8.85
2004 105,655 429 190 87 152 477 906 4.06 1.80 0.82 1.44 4.51 8.58
2005 107,545 409 190 94 125 421 830 3.80 1.77 0.87 1.16 3.91 7.72
2006 112,042 415 180 101 134 376 791 3.70 1.61 0.90 1.20 3.36 7.06
2007 111,926 397 164 88 145 434 831 3.55 1.47 0.79 1.30 3.88 7.42
2008 118,302 314 130 82 102 392 706 2.65 1.10 0.69 0.86 3.31 5.97
2009 117,433 371 146 92 133 505 876 3.16 1.24 0.78 1.13 4.30 7.46
2010 114,766 436 176 108 152 500 936 3.80 1.53 0.94 1.32 4.36 8.16
2011 106,428 357 143 91 123 431 788 3.35 1.34 0.86 1.16 4.05 7.40
2012 100,371 293 123 66 104 446 739 2.92 1.23 0.66 1.04 4.44 7.36
2013 94,134 347 172 77 98 376 723 3.69 1.83 0.82 1.04 3.99 7.68
2014 92,148 346 165 72 108 353 699 3.75 1.79 0.78 1.17 3.83 7.59
2015 91,847 364 179 81 102 312 676 3.96 1.95 0.88 1.11 3.40 7.36

N: number.

Table 3: Infant mortality and stillborn rates show an overall rising trend since 2009, which, however, is not monotonous. 

Figure 1:  Trends in mortality and “unmet needs” in 
Greece during 2000-2015.
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than in 2012, suggesting that the health system is holding 
itself together but with increasing difficulty. The spikes 
disappear after smoothing the data; however, their tem-
poral relationship with political events is intriguing. This 
is in sharp contrast to the findings of a recent analysis, 
which utilized different raw and standardized mortality 
rates that do not correspond to the official ELSTAT re-
ported data9. However, the piecewise regression analysis 
suggested a disengagement of the variables correlated 
with mortality rates before the economic crises as mortal-
ity rates continued to drop.

In 2015, the rise in mortality rates concerned 29 out 
of 56 causes of death, with the most significant increase 
in benign neoplasms, followed by mental disorders, both 
of which do not constitute final causes of death. These 
were followed by various accidents, diseases of the gen-
ito-urinary systems, circulatory, respiratory, and nerv-
ous systems, as well as infectious and parasitic diseases. 
Deaths due to malignant neoplasms also rose. The eco-
nomic crisis and austerity measures had a different im-
pacts on individual causes of death. This is in accord with 
recent articles in the literature concerning the complex 
and differential impact of austerity on mortality rates in 
Europe11-22 and other parts of the world3,23. However, our 
analysis has different conclusions in comparison to pre-
vious from Greece9, and it agrees with a previous report 
which compared Greece, Iceland, and Finland22. Accord-
ing to the WHO, all causes of mortality are also reported 
to be lower in terms of standardized rates compared to 
Austria, Belgium, Denmark, Finland, France, Germany, 
Portugal, and the USA24.

Total infant mortality (pooled deaths before the age 
of 12 months and stillborn) rates show an overall rising 
trend since 2009 which, however, is not monotonous and 
is highly heterogeneous. According to the OECD, infant 
mortality rates in Greece are continuously improving 
and are consistently better than that of Germany, France, 
Denmark, Austria, Belgium, the Netherlands, Switzer-
land, the UK, Australia, Canada, and the US, which are 
richer countries with more advanced health care systems. 
It has been mentioned in previous publications that the 
WHO data may have indicated that the long-term de-
crease in infant mortality had been reversed, resulting in 
a 43 % rise between 2008 and 2010, with corresponding 
increases in neonatal and post-neonatal deaths5. This rate 
has since stabilized, and the decrease in the stillborn rate 
was reflected in further decreases in the overall infant 
death rate. The critical question is whether this negative 
development in infant mortality rates is genuine or the 
product of the interaction between fewer total deliveries 
and stable rates of deliveries, specifically in couples of 
lower socio-economic status. Also, the piecewise regres-
sion analysis here points to a correlation change with eco-
nomic variables after 2009.

While there were some correlations between econom-
ic variables and mortality rates, they are probably spuri-
ous because decreasing mortality trends are stable, and 
the correlation models changed after 2009. It is important 

to note that, while health spending stabilized after 2013, 
unmet medical needs continued to rise due to barriers to 
access to health care25-28.

What is already known on this topic
There is limited literature on the rise in mortality 

rates due to the recent economic crisis in Europe; how-
ever, it has been reported that a rise in overall mortality 
occurred throughout Europe14, in the UK21,29,30 as well as 
in Spain15,19,20 and Greece9. However, such an effect has 
been strongly disputed for Europe as a whole12 as well as 
for Spain13,17,18, and it seems that the literature ought to be 
more balanced with biased reports11. In Europe, the 2008 
crisis triggered changes and cuts in healthcare systems 
throughout the continent with varying success31. It has 
even been reported that efforts by the staff to compensate 
for budget cuts might put patients at a higher risk; for 
instance, an increase in a nurse’s workload by one pa-
tient increases the likelihood of an inpatient dying within 
30 days of admission by 7 %32. Concerning Greece, the 
single previous report suggesting an increase in mortality 
rates9 utilized problematic unstandardized rates and thus 
failed to consider the population’s changing composition. 
The differences between raw and standardized rates and 
the different conclusions these different calculations lead 
to are shown in Table 1. In that previous study, an annu-
alized reduction of 1.6 % in standardized rates between 
2000-2010 was reported compared to the correct 2.03 
%. For the years 2010-2016, the reported reduction was 
similar to that found in the current study (Table 1). The 
claim of that study that after 2010 the reduction rate of 
standardized rates declined by 50 % is not supported by 
our data and our analysis (Table 1, Figure 1). 

The international experience of the impact of auster-
ity on public health needs to be more extensive and more 
adequately researched and published3. In Costa Rica, 
the marked health improvements experienced during the 
1970s ceased and, in some instances, reversed during the 
economic crisis of the 1980s. In 1982, the Costa Rican 
health sector became the center of a nationwide debate, 
which ended in 1986 without dramatic changes33. Auster-
ity in Brazil was reported to have increased child mortal-
ity23, which is in accord with the general findings of our 
study.

What the current study adds
The Greek healthcare system has been accumulating 

structural problems since its establishment in the early 
1980s. Any effort for its reform during the last several 
years has been focused almost exclusively on reducing 
expenditure horizontally without really examining the 
impact such horizontal cuts might have on population 
needs and the extent to which defined unmet needs could 
be addressed with different funding levels. 

Our analysis does not support the hypothesis of a mas-
sive collapse in the health of the Greek people in terms of 
mortality after the economic crisis started and until 2015. 
However, some data are suggestive of an increase in the 
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burden an unprepared health system that was character-
ized by unregulated overspending has to shoulder and its 
inability to meet the health needs of an aging population, 
which is expected to inevitably further increase in the fu-
ture and be reflected in future (rising) mortality rates. As 
data for the years following 2015 become available, we 
must continue to study the impact of economic crisis and 
economic variables not only on mortality rates but also 
on specific causes of death and population health needs 
if to meet demand with restricted resources eventually. 
This developing picture may reveal whether we face a 
humanistic tragedy or a paradoxical resilience.

Comments
Some authors suggest that healthcare spending 

should not be aggressively targeted by austerity meas-
ures34 mainly because it seems that austerity measures hit 
the sickest hardest35. Tradeoffs may occur not only within 
a single area in public health but also on a broader, more 
abstract level. The most frequently encountered trade-
offs were “insufficient funding for a program versus no 
funding for a program” and prioritizing “current versus 
future need”36. Thus, mental health programs37 and pre-
vention programs are among the first “victims” of auster-
ity. Therefore, it is essential to maintain a strategic com-
mitment to these areas, with an emphasis on providing 
information and support to individuals towards changing 
their lifestyles to avoid lifestyle-related morbidity and 
mortality38. 

The current paper identifies several areas with a ten-
dency for increased mortality which also needs further 
research and probably focused attention. Unfortunately, 
the use of Time series analysis was not possible because 
more extended series of data is needed, and using SFL-
RA with breakpoints was the best possible as data do not 
seem linear but still an arbitrary choice. Also, the visual 
inspection of charts is an inaccurate method, but still, it 
is legitimate with specific advantages and disadvantages. 
In any case, visual inspection was used only for theory 
development, and the theory was tested with SFLRA. 

Although no apparent effect of the austerity measures 
on infant mortality could be detected in this study, there 
were evident effects on unmet needs. However, unmet 
needs are a “soft” outcome derived from self-reporting 
polls, while mortality is the “hardest” outcome of all.

The yearly spikes in three out of four election years 
after 2005 could well be a coincidence, but it is unneces-
sary to be present in all four elections to be meaningful. 
This complete temporal identification is rare in the real 
world and science. It could be an unknown effect of the 
turmoil elections could cause in society in Greece.

Finally, concerning the variables used, GDP and GDP 
growth are related but not identical. GDP also gives a 
measure of baseline, while growth reflects pure change. 
GDP through time also differs from GDP growth through 
time because the second lags one year. Structural multi-
collinearity among variables is the rule rather than the 
exception in this kind of dataset. Interestingly, the results 

lead to the development of different models depending 
on the period and the outcome concerned. This is nei-
ther random nor incomprehensible. For example, one 
peculiarity of the health system in Greece is the high out-
of-pocket payments, which are less in adult severe and 
terminal diseases (thus, GDP health expenditure is im-
portant). However, it is a lot concerning pediatric issues 
(this is why GDP per capita matters in child mortality).

Limitations of this study
The study utilized population-level data; thus, it is 

impossible to go deep beyond a certain point in the analy-
sis of variables, subgroups, and specific cause-and-effect 
relationships. Inevitably the number of observations (cor-
responding to the number of years) is small, limiting the 
power of the statistical analysis.

Unfortunately, as already mentioned, the use of Time 
series analysis was not possible because more extended 
series of data is needed, and using SFLRA with break-
points was the best possible, but still an arbitrary choice. 
Also, the visual inspection of charts is an inaccurate 
method but still legitimate. The variable “unmet needs” 
is a “soft” outcome; it is derived from self-reporting 
polls. Also, concerning the economic variables used, they 
manifest a significant degree of conceptual overlapping. 
However, this structural multicollinearity among vari-
ables is the rule rather than the exception in this kind of 
dataset. 

Furthermore, it is not right to rush to conclude as it is 
not expected that all the consequences in mortality rates 
as a result of economic crisis to be evident in the early 
years of the phenomenon. The latency time of such an 
impact is unknown, and the results could well appear af-
ter even a decade.
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