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Abstract:  The scope of this paper is to study the mortality and health trends in some 
European populations with the appliance of the first exit time theory. Five countries of 

Europe were chosen for that reason as they have recently experienced significant 

economic problems: Greece, Italy, Spain, Portugal and Ireland. Based on a life table 

analysis, several mortality and health indicators were estimated. Overall, mortality 
declined in all the populations studied and health status improved. However, in 2012, 

significant differences still existed among them.  
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1  Introduction  
According to the first exit time theory (Jansen and Skiadas [16], Skiadas and 

Skiadas [29]), the health state and the vitality of an organism can be estimated 

from the available population-death data sets. It is based on the idea that the 

health of an individual follows a stochastic process and death comes when 

health falls below a limit, a barrier as it is called in the first exit time theory. The 

health state is the opposite of mortality and the health state function is the 

opposite of the mortality function. 

 

Five European populations were chosen in order for the first exit time theory to 

be applied: Greece (EL), Italy (IT), Spain (ES), Portugal (PT) and Ireland (IE). 

But the economic crisis they faced after the American one started in 2007 (FCIC 

[11]) is unquestionable as can be judged from the EUROSTAT data (Tables 1 

and 2).  

 

It has to be noted that, with the exception of Ireland, the economic levels of the 

countries studied were below the European Union (EU) and Euro area (EA) all 

the time. Economic growth was observed in all of them from 2000 until 2008 

(2007 for IE), especially in Ireland, Greece and Spain. After 2008 (2007 for IE) 

a significant decrease in GDP was observed. Greece faced the biggest problems: 



GDP per capita decreased by 19% from 2008 until 2012. Ireland comes next, (-

15,9%), though it kept its position above EU and EA levels, followed by Spain, 

Portugal and Italy (Table 1).  

 

Table 1. Gross domestic Product (GDP). Current prices, Euro per capita. 
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EU 19600 2008 25900 32,1 26500 2,3 

EA 22100 2008 29000 31,2 29300 1,0 

IE 28300 2007 44700 58,0 37600 -15,9 

EL 13100 2008 21600 64,9 17500 -19,0 

ES 16100 2008 24300 50,9 22600 -7,0 

IT 21800 2008 27600 26,6 27000 -2,2 

PT 12500 2008 16900 35,2 16100 -4,7 

EU: European Union; EA: Euro-area, excluding Lithuania. Source: 
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nama_gdp_c&lang=en (last update 

8/12/14) 

Table 2. Unemployment rates in the years contained in Table 1. Annual 

averages. Both genders. Not seasonally adjusted data.  
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EU 8,9 2008 7,0 -21,3 10,5 50,0 

EA 8,7 2008 7,6 -12,6 11,3 48,7 

IE 4,2 2007 4,7 11,9 14,7 129,7 

EL 11,2 2008 7,8 -30,4 24,5 214,1 

ES 11,9 2008 11,3 -5,0 24,8 119,5 

IT 10,0 2008 6,7 -33,0 10,7 59,7 

PT 5,1 2008 8,7 70,6 15,8 81,6 

EU: European Union; EA: Euro-area, excluding Lithuania. Source:  

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=une_rt_a&lang=e

n (last update 7/1/15). 

 

The economic crisis was addressed politically (see for example the European 

Stability Mechanism, http://www.esm.europa.eu/) and several austerity and 

reform programs were carried out either with the involvement of the Troika 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nama_gdp_c&lang=en
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=une_rt_a&lang=en
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=une_rt_a&lang=en
http://www.esm.europa.eu/


(Greece, Ireland and Portugal; IMF [13], [14], [15]) or not (Spain [1] and Italy, 

[30]). These developments left their marks clearly on the socio-economic 

environment of these countries. Unemployment rates increased 214% in Greece, 

130% in Ireland, 120% in Spain and by a lesser degree in the other countries 

(between 2008 and 2012). In 2012 they were about 25% in Greece and Spain 

and lower – though still higher than the EU and EA average – in the other 

countries. Also, the people at risk of poverty increased in all of them between 

2009 and 2012 etc. (ELSTAT [10]; see also Thomson et al. [31]). 

 

The main question addressed in this paper is the examination of mortality and 

health trends of the populations of these countries before and during the ongoing 

economic crisis.   

 

2  Data and methods 
 

Following the first exit time theory the so called Ski-1995 6 parameters model 

was used in which the death probability density function g(x) is given by: 

 

Ὣὼ Ὧὼ  Ὡ  ρ 

 

where Hx is the health state in age x 

 

Ὄὼ ὥρ ὥὼτ ὦЍὼ ὰὼς ὧὼσ ς 

 

and k, a1, a, b, l and c are parameters which should be estimated. Skiadas and 

Skiadas ([24], [25], [26], [27], [28]) and especially Skiadas [26] discuss in detail 

the health state theory and Skiadas [26] has also produced an Excel sheet for the 

calculations. In its original form, death and population data are introduced in the 

sheet and after the normalization of the g(x) distribution in order to sum 1 and 

for different countries to be comparable, all the parameters are automatically 

calculated with a non linear regression model according to Skiadas [23]. Then 

the Excel solver was used for the final estimation of the parameters, in a way 

that the sum of squared errors of the fit to be minimized.  The fit was excellent 

for most of the ages of the human life span - though some minor deviations were 

observed because of the mortality excess for ages 15 to 30. Thus, the original 

program was modified in order to further contain two seriatim Gompertz 

functions. Afterwards, Excel solver was used once again and in that way the 

coefficient of determination of the fitted mortality curve was perfect (R
2
=1 and 

in few cases R
2
=0.999). 

 

In fact during the analysis several models of curve fitting were applied in the 

data (Gompertz, Weibull and some simplified exit time models) but none of 

them approached the perfect fit obtained with the ski-1995 6 parameters model. 

For example, it was found that in the older ages the Gompertz model had an R
2
 

that was quite lower than the model used here because it is not as flexible as the 



Ski-1995 one and for some of the indicators it gave false results. In our opinion 

the Ski-1995 6 parameters model has three important properties. The first one is 

that gives a quite clear picture of the health status of the populations and it 

permits the calculation of several health indicators that will be discussed later. 

The second one is that it can be used in parallel with the health state analysis in 

order for several life table indicators to be calculated. The third property is that 

it can be seen as a sensitive and reliable data fitting method in life table analysis 

which produces perfect or almost perfect fits. In this paper, because of the 

maximum coefficient of determination that was achieved only the results from 

the fitted data will be discussed. 

 

The death distribution curve is a bimodal one. In the past, the first mode 

corresponded to very high infant mortality and the second one to old age 

mortality (see for example Lexis [19]). In the modern era however, mortality is 

concentrated at older ages in most countries (Canudas-Romo [5]) and this 

triggered the development of various hypotheses in order to model and explain 

old-age mortality. For example, the mortality shifting hypothesis  suggests that 

the old age mortality pattern retains its shape as it shifts towards higher ages 

through time (Bongaarts and Feeney [2] [3], Bongaarts [4]). In the 

rectangularization hypothesis, the human survival curve becomes more 

rectangular as mortality levels decrease (see Wilmoth and Horiuchi [32]; Robine 

[22]; see also Cheung at al. [8]). Closely linked with that notion, is the concept 

of compression of mortality which is based on the simple premise that mortality 

is being compressed when a given proportion of deaths takes place in a shorter 

interval as before (Kannisto [18]). Several indicators have been proposed and 

used in the literature in order to evaluate these suggestions. For example, 

Kannisto [18] has proposed 4 methods for measuring the compression of 

mortality, among them the well known C-family indicators, C10, C25 and C50, 

which are defined as the narrowest age intervals in which 10, 25 and 50% of all 

deaths occur. Additionally, Wilmoth and Horiuchi [32], used the inter-quartile 

range of life table ages at death in order to study the rectangularization of 

survival curves, discussing at the same time several other indicators (see also 

Robine [22]; Paccaud [21]; Egidi and Spizzichino [9]).  

 

These indicators were used in parallel with several measures of longevity: the 

mean length of life, which corresponds to life expectancy at birth, the median 

age at death and the modal age at death (see for example Canudas-Romo [6]; 

Horiuchi et al. [12]), along with the life expectancy at a certain but advanced 

age like that of 65 (e65) plus 65 years (e65+65) etc. It must be noted that life 

expectancy at birth and the median age at death as measures of longevity are 

affected by the infant, child and reproductive-adult mortality and also that e65 

tends to underestimate old age mortality shifts. On the contrary the modal age at 

death is considered to be a better indicator of mortality shifts and longevity, as it 

is determined only by old-age mortality, taking also into consideration that the 

current extension of human longevity in low mortality countries results from the 

improvements in old age survival (see Horiuchi et al. [12]). In this paper, the life 



expectancy at birth and age 65 (expressed as e65+65) were calculated from the 

fitted data from the life table. The modal (M) and the median age at death were 

calculated from the death density function distribution (g(x)) along with the g(x) 

at modal age with the appliance of the formula (1) with decimal precision.  

 

Additionally 4 fixed age points were estimated from the same distribution: the 

age at the 10
th
 and 90

th
 percentiles and the inter-percentile range, and the 

analogous 25
th
 and 75

th
 quartiles and inter-quartile range.  

 

 

Fig.1. The left 

and right 

inflexion points, 

modal age at 

death, and death 

rate speed 

(g’(x)) Spain, 

males, 2000. x 

axis: age 

 

 

Fig.2. The left 

and right 

inflexion points, 

modal age at 

death, and 

acceleration of 

death rates 

(g’’(x)). Spain, 

males, 2000. x 

axis: age 

 

 

Also, three new indicators were proposed (Figures 1 and 2). The left inflexion 

point (LIP) of the death density distribution corresponds to the age at which the 

maximum speed (g’) of death rates is observed; i.e. it corresponds to the age at 

which the human health is rapidly burdened. After that age the death rate speed 

is gradually reduced and tends to be 0 at the modal age of death while the death 

density function reaches its peak. The left inflexion point can be easily 

estimated from the g(x) distribution of ages of one or more decimal precision 

with the appliance of formula (1) as the age at which the maximum difference of 

two subsequent g(x) values is attained. Before the left inflexion point the 



maximum acceleration of death rates is observed. The acceleration is calculated 

as the difference of two subsequent death rate speed values. The acceleration is 

positive before the age at maximum speed, but after its maximum it declines in 

order to be 0 in the LIP. In other words death rates at the older ages accelerate 

up to a time point and in that way the loss of vitality accelerates too. That result 

in the elevation of the death rate speed, whose maximum is attained at the left 

inflexion point. After the LIP acceleration becomes negative as the relative 

curve has an inverted “bath-tub” form (Figure 2) and death rate speed decreases 

and reaches a minimum which corresponds to the right inflexion point (RIP). At 

the same time g(x) values decrease. After the RIP acceleration becomes positive 

and the death rate speed increases up to some age and then remains stable. The 

age distance between the left and the right inflexion points (RIP-LIP) will be 

used as an estimation of the width of mortality curve at older ages.  

 

 

Figure 3. The 

health state 

function of 

the 

population 

up to the zero 

health age. 

Spain. Males, 

2000. 

 

 

The health indicators are based on formula (2) by which the health state function 

distribution (Hx) of the population is calculated. This distribution increases up 

to an age which corresponds to the maximum health and then decreases at the 

older ages to reach the zero health point (Figure 3). It is seen that in the 

increasing phase of human health a disturbance is observed after the age of 15 

and later on until about the 30s, which is connected with the excess of mortality 

at those ages which was discussed before. Several measures can be taken on this 

curve, in order for different populations to be compared. The Total Health State 

(THS) of the population can be estimated as the sum of H(x) values before the 

zero health age point and the Hmax will correspond to the maximum value of 

health that was attained during the life course. The age at zero health will also 

be discussed along with the expected healthy age, which represents the age close 

to the maximum health state. Also the Total Life Healthy Life Expectancy at 

birth (HLEB (Total)) which represents the expected life free of all disabilities 

will be discussed (for the calculations see Skiadas & Skiadas [24], [26]). 

 

Finally the deterioration function will be used, which represents a measure of 

the curvature of the health state function and can be used to find how fast the 

health state function changes (see Skiadas and Skiadas [26], [27]  for the 

calculations). As seen in Figure 4, the deterioration function is high in the first 

years of life and reaches its minimum when the adult development has been 



completed. After its minimum point the “vitality” starts to disintegrate and it 

increases to its maximum level, to the time point in which the deterioration of 

the physical repair mechanism becomes maximum. After the age of maximum, 

the deterioration decreases to asymptotically low levels, what is called mortality 

leveling-off [26].   

 

 

 

 

 

Figure 4. The 

deterioration 

function. Spain. 

Males, 2000. 

 

Data come from the human mortality database (http://www.mortality.org/) for 

Portugal and Spain for the years 2000-2012 and for Italy and Ireland for the year 

2000-2009. Also the Eurostat database was used 

(http://ec.europa.eu/eurostat/data/database) for Greece (2001-2012), Italy (2012) 

and Ireland (2010-2012) 

 

3  Results  
3.1 Mortality indicators  

 

The analysis of mortality indicators and their temporal trends indicate that 

despite the general decrease of mortality observed in the 5 countries, significant 

differences still existed among them in 2012 (Figure 5). In the male population, 

life expectancy at birth (LEB) trends and differentials indicate that Portugal, the 

poorest country of the Euro area (see Table 1), had the highest mortality levels 

all the time. However, LEB increased linearly and quite rapidly there and the 

country finally converged with Greece, as LEB increased by more than 4 years 

between 2000 and 2012. Ireland ranked in the second position of higher 

mortality countries at the beginning of the century but because of a sharp and 

linear increase trend of LEB in the first years followed by a stepwise one later, it 

attained the 3
rd

 lowest mortality in 2012, gaining by that time more than 4.5 

years in LEB. During the last years of the study, after the spread of the 

economic crisis in the Euro area, any improvements in LEB levels were halted 

in Ireland. The same happened in Greece after 2010 where LEB decreased 

slightly in 2012.  

 

 

 

http://www.mortality.org/
http://ec.europa.eu/eurostat/data/database
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Fig. 5. Life expectancy at birth, e65+65 and median age at death.  

 

The gains between 2001 and 2012 were less than two years there, being the 

smaller ones among the countries studied. Actually, Greece and Spain had many 

similarities as countries of lower mortality until 2006, when Ireland also 

converged with them. After 2006, a divergence trend is observed. In Spain the 

LEB improvements were more rapid and the country converged with Italy, 

which had the lowest mortality of all the others studied. The total gains in LEB 

between 2000 and 2012 were about 3 years in Italy and 3.6 in Spain. In the 

female population two groups of countries are observed. Spain and Italy were of 

rather lower mortality than the others all the time (gains in LEB between 2000 

and 2012 about 2 and 3 years respectively). Greece - originally in the middle 

zone of mortality ranking - because of its moderate mortality transition (LEB 

increase 2001-2012: about 1.5 years) finally converged with Portugal and 

Ireland where - despite their worse original positions - LEB improvements were 

more rapid (more than 3 and 3.5 years respectively). In all the countries during 



the last years of the study the previous mortality trends were halted and 

mortality changes became either minimal or negative.  

 

If life expectancy at 65+65 is taken into consideration as a life span indicator, 

some differences are observed in comparison to the temporal patterns described 

by the LEB. The most important one is that in males a tighter grouping of 

Greece, Italy and Spain, as countries of higher longevity is observed for the first 

years of the study. After 2006, Italy and Spain started to differentiate and they 

gradually grouped apart from Greece. Portugal and Ireland and especially the 

latter, followed different courses and tended to converge with Greece, even 

though Portugal kept a more distant position in 2010 and 2012.  Similarly, in 

females the most diverse country on the eve of the 21
st
 century was Ireland, and 

Greece and Portugal had many similarities. Soon enough these countries 

converged. Spain overtook Italy in 2012, with which it previously clustered 

tightly. During the last years of the study, a general trend of halting of the 

improvements or even a minor decrease was observed in all countries and in 

both genders. A broadly similar picture emerges from the temporal trends of the 

median age at death in females, while in males the observed pattern is more 

similar to that of the life expectancy at birth.  
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Fig. 6. Modal age at death (M) and death density at modal age at death. 

 

A marginal decline of longevity is also obvious in 2012, as the modal age at 

death (M, Figure 6) decreased slightly in Greece (for both genders), Italy and 

Portugal (females). Besides that and with some minor exceptions, males’ M was 

progressively sliding towards older ages since the beginning of the 20
th

 century. 



Portugal, which initially was placed in an intermediate position, experienced an 

almost linear improvement, followed by Ireland which was placed originally 

quite apart, both converging with Greece in 2012. During that course Ireland 

had the greater gains in the modal age at death (+5.1 years), followed by 

Portugal (+3.3), Italy and Spain (+2.7 years) and Greece (+1.7 years between 

2001 and 2012). As could be expected then the lower mortality countries at the 

beginning of the century had smaller overall gains in M than those of the higher 

mortality.  

 

The only exception is Greece where the observed improvements were more 

moderate. An additional difference is found there concerning the pattern of old 

age mortality, as the temporal fluctuations observed in the density of deaths at 

modal age [g(modal age)] were minor; i.e. the maximum of the death 

probability density function distribution did not change much over time (0.037-

0.038) while at the same time the age at which this maximum is achieved was 

shifting towards older ages. In all the other populations, even if for some years 

the Greek pattern may be followed, the general trend is of the elevation of the 

peak of the death probability density function distribution in parallel with the 

increase of modal age at death.  

 

In females, Italy and Spain, where modal age at death follows a stepwise but 

finally increasing trend, are clearly distinguishable. Similar increasing trends are 

found in the other countries. The gains they had in 2012 are lower than those of 

males: +3.3 years in Ireland, +2.2 in Portugal, about 1.5 in Italy and Greece and 

+1.8 in Spain. During the last years of the study any improvements became 

minimal or even reversed. Despite their grouping as the countries with the 

highest longevity, Italy and Spain had significant differences in the height of the 

peak of the death probability density distribution. Spain resembles Greece in 

both levels and temporal trends. In other words, females from Greece attain 

similar values in the peak of the death density distribution but, at the same time, 

at younger ages than Spain as M reveals. Italy attains the similar modal age at 

death with Spain in the majority of the years studied but the relevant death 

distribution peak is always lower.  

 

Modal age at death trends in Portugal, in their turn, follow up to a time point 

those of Greece, and afterwards M becomes higher but in any case lower than in 

Spain and Italy. A similar stepwise increase is observed in the g(modal age), but 

its levels are always lower than the other countries discussed so far. Finally, 

Ireland, where originally M was low, converged quite randomly with Greece 

and Portugal, and after 2008 overtook Greece. The g(modal age) there even if it 

is in general improving order remains quite lower than all the other countries.  

 

Conclusively, despite the general improvement of the modal age at death up to a 

time point which is observed in all countries, significant differences are found 

among them not only concerning the age at which the death distribution retains 

its maximum but also the mortality levels at that age. 



 

   

 

 

 

 

 

Fig. 7. The left (LIP, lower limit of 

the bars), the right (RIP, upper limit) 

inflexion points and the range among  

them (RIP-LIP). 

(y axis) per year.  

White bars: males.  

Grey bars: females 

The left and right inflexion points are quite informative for the shape of the 

mortality curve in the older ages (Figure 7). Because in females mortality 

transition has moved ahead considerably more than in males, the left and right 

inflexion points are located at higher age and their age distance is shorter, which 

means that the shape of the death density distribution at the older ages is 

narrower in them than in males. Additionally, both the LIP and RIP, even with 

some fluctuations, tend to slide over time towards higher ages in all populations 

in both genders. This happens at a slower rate concerning the right inflexion 

point; i.e. the age at which the minimum death rate speed is observed is 

increasing very slowly. In both genders the most important increase in the RIP 

is found in Ireland, which had the highest mortality in 2000, followed by 

Portugal, Spain and to a lesser degree Greece and Italy. However, despite the 



differential overall improvements, in 2012 still significant differences existed 

among the countries. In males, Italy is clearly differentiated from the group 

formed by Spain and Greece, where the age at right inflexion point is lower. 

Beneath this group Portugal and Ireland are located. In females a greater 

variability is observed, though Italy and Spain are clustered together and apart 

from the other countries. Similarly, in the originally higher mortality countries 

the left inflexion point is moving with time towards older age faster than the 

others and the males have greater gains than females during that course. As a 

result males tended to converge in 2012, while in females the same grouping as 

the right inflexion point is observed. Within the two genders, as a result of the 

differential trends in the age location of the two points the relevant distance 

between them tends to decrease over time. The only exception is found in the 

males of Greece where the age distance fluctuated over time between the 16.3 

and 17 years, even though a minor decrease was observed during the last years 

of the study. It seems then that the death density function distribution becomes 

narrower over time and in females this is even more pronounced.   

 

                 Males    Females 

 
Fig 8. Age at the first maximum acceleration of death rate (g’’). 

 

These pattern shifts are accompanied by changes in the acceleration of the death 

rates (Figure 8), which have their age maximum (g’’) before the left inflexion 

point and in fact signal the acceleration of the health burden processes and the 

maximization of the death rate speed some years later. All the populations by 

the end of the study, converged to similar values at the age where the g’’ 

maximum is achieved.  In females, in Spain and Portugal that age remained 

quite stable between 2000 and 2012 and the other countries gradually converged 

as longevity was increasing. A hypothesis for further research can be set up 

here: as mortality transition moves forwards the age at maximum g’’ will be 

stabilized? Needless to say of course, additional evidence is needed in order for 

this hypothesis to be further examined and evaluated.  

 

If the  quartiles and percentiles of the whole mortality curve will be taken into 

consideration a similar picture described above concerning the right and left 

inflexion points is obtained and only some important findings will be discussed 

here (Figure. 9). In both genders the age at 10
th
 percentile (p10) and at the 25

th
  

quartile (q25) are increasing faster than the relevant ages at the 90
th
 percentile 



(p90) and 75
th
 quartile (q25) this results in a limited shortening of inter-quartile 

and inter-percentile range, i.e. a compression of mortality is observed if 

especially the inter-quartile range is taken into consideration. An exception is 

found in males of Greece, where the age at 10
th
 percentile does not change much 

through time but the 90
th
 quartile increases somewhat and as a result the inter-

percentile range increases between 2001 and 2012. A second exception is found 

in males of Ireland with the almost parallel increase of p10 and p90 results a 

limited decrease of the inter-percentile range. The ages at all quartiles and 

percentiles are always higher in females and the relevant range shorter. 

 

 

 

 

 

 

 

Percentile range, males 

Percentile range, Females 

Quartile range, males 

Quartile range, females 

 

Fig 9. The inter-percentile and inter quartile range. 
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Fig. 10. Differences (females-males) between the two genders in life expectancy 

at birth and e65+65 and median and modal age at death.   
 

Between the two genders the gap in LEB, modal and median age at death 

mainly tends to decrease over time (Figure 10). The greater differences in LEB 

among the two genders are found in the Iberian Peninsula. Italy and Greece 

follow a stepwise but decreasing course and for most of the time are placed 

above Ireland. However, Greece has the smallest differences concerning the 

modal age at death and the e65+65 indicator, with minor variations through 

time, as is the case with the median age at death. In fact the gender gap on the 

e65+65 indicator, with the exception of Ireland and despite some temporal 

variations, does not change much through time.  

 

 

3.2 Health indicators 

 

The age at minimum deterioration, i.e. of the onset of “vitality” disintegration in 

adulthood is located somewhere around 40 years of life in the male population, 

though some variations are observed among the countries (Figure 11). Clearer 

trends are observed at the age of maximum deterioration, which in general and 

despite some variations is in increasing order in all of them. Ireland, Portugal 

and Greece had the greater increase (4.8, 1.7 and 1.6 years respectively) during 

that course. It seems then that the health of the older people was gradually 

improved in all the countries studied; however it must be noted that Ireland was 

originally placed quite apart from the other countries but gradually converged 

partially with them in 2012. The age distance between the ages of minimum and 

maximum deterioration tends to enlarge slightly by time and the more important 



improvements are observed in Ireland. In 2012 this distance is between 33 and 

34 years. In females, the temporal trend pattern is quite similar to that of males. 

However, the ages of minimum and maximum deterioration are lower than in 

males. In contrast, females have consistently better health than males, as 

revealed by the temporal trends of the Total Health State Indicator (Figure 12).  

 

 

 

 

 

 
 

Fig. 11. The minimum (lower limit 

of the bars), the maximum 

deterioration age (upper limit) and 

the range among them (y axis) per 

year.  

 

White bars: males.  

Grey bars: females 

 

Generally speaking, the total health of all populations and both genders becomes 

better as mortality declines over time. In males, the first years of the 21
st
 century 

Greece, Spain and Italy, due to their lower mortality, were closely grouped 

together as the countries of quite higher total health than that of Ireland and 

Portugal.  

 



            Males                                 Females  

 

 

 

 

 
Fig. 12. Health states indicators in the countries studied.   

 

Afterwards because of the differential temporal trends under held by all of them, 

two groups were formed. Ireland – which had the greatest total health gains 

even if in the last years of the study any improvements were halted - with Spain 

and Italy were clearly distinguishable from Portugal and Greece, the group of 

lower health populations. Meanwhile, Portugal had greater gains than Greece, 

where after 2010 there were no improvements in the health status at all. In 

females, Spain and Italy had the best health all the time. Greece was originally 

placed in an intermediate position and the health improvements observed there 

were not as rapid as in Portugal and Ireland. In Greece after 2007 and in Spain 

after 2010 the THS remained quite stable. Portugal converged with Greece in 

2012. In Ireland THS decreased in the last two years of the study. It has to be 

noted that the analysis of health status trends in national populations conceals 



the peripheral differences that may exist within the sub-populations of a 

country, as found in a relevant analysis for Greece (Zafeiris and Skiadas, [33]), 

a fact that must be taken into consideration for further research.  

 

In any case the form of the health state distribution, besides its total ‘length” 

(THS), also has other differences among the populations studied (Figure 12). 

First of all, despite their original differences in the THS, the males from Italy 

and Ireland achieved the highest health status (Hmax) of all the others. Greece 

was very close to them in 2003 but later on no significant improvements were 

observed and in 2012 it had the 4
th
 worst position among the five countries 

studied. In Spain Hmax increased linearly attaining in 2012 an intermediate 

position. Males from Portugal had the worst maximum health status all the time. 

Besides the overall improvements observed over time there, after 2008 these 

were halted and Hmax fluctuated close but beneath the Greek levels.  Hmax 

temporal trends were quite different in the female population of the countries 

studied. Following a rather variable but generally increasing course, the best 

maximum health was found in Greece until 2011. Afterwards Hmax decreased 

and Spain, the second best country with maximum health, overtook Greece. 

Italy had the 3
rd

 highest maximum health the first years of the study followed by 

Portugal. However, the latter attained 3
rd

 position after 2008 and tended to 

converge with Spain and Greece. Finally women from Ireland had, with few 

exceptions, the worst maximum health of all the others and by the end of the 

study they had diverged a lot. Between the two genders, females all the time 

have higher values of Hmax. 

 

The second important difference found in the health status distributions is of the 

expected healthy age of the populations studied (Figure 12). Unlike the Hmax 

distribution, originally males of Italy, Greece and Spain constitute a group of 

populations with the highest expected healthy age, followed by Portugal and 

Ireland. After 2008 the expected healthy age stabilizes in all populations around 

40 years. Ireland had the most noticeable gains of all the other countries, as 

from the worst and most distant position it had in 2000 it fully converged with 

Spain and Italy in 2012. The other countries had more moderate gains. In 

females, Italy and Spain are clearly differentiated as the countries with the best 

expected healthy age, were an almost linear but very slow improvement is 

observed, which was halted during the last years of the study to values around 

the 42-43 years. Greece and Portugal had an intermediate position and after 

2009 expected healthy age was very close to 42.3 years in both of them. Ireland 

had the worst expected healthy age all the time but because of the observed 

improvements it converged with Greece and Portugal in 2012. Finally females 

have higher expected healthy age than males.  

 

A similar grouping of the countries to the one based on the expected healthy age 

is found for the age at zero health, which, originally comes later in life in the 

male population of Greece, Italy and Spain, albeit these countries had smaller 

improvements than the others (Figure 12). Any improvements were either halted 



or reversed slightly in the last years of the study there. Once again the greatest 

increase was observed in Ireland. By the end all the countries converge 

somewhere between 85 and 86 years. In females, the grouping of Spain and 

Italy remains, though Greece is positioned far away, following a stepwise 

increase of age at zero health. Ireland soon converged with Portugal and Greece. 

After 2006 Greece tends to be placed more distantly and in the worst positions. 

As in males, in all countries age at zero health was either halted or reversed 

slightly in the last years of the study.  
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Fig. 13. Healthy life expectancy (Total).   

 

Finally, the temporal rends of the healthy life expectancy of males are not as 

clear as those described above, as great fluctuations are observed over time 

(Figure 13). In Italy HLEB (Total), with some minor exceptions, was very close 

to 61 years until 2004 when it reached a maximum of 62.5 years. Afterwards 

HLEB (total) shortens. In Spain, it increases slightly to 60 years in 2008 and 

then fluctuates around there. In Greece, which is the country with the second 

worst HLEB (Total) after Portugal, it was somewhat shorter. Ireland, despite 

having for the first years of the study the worst LEB, at the same time had the 

second longest healthy life. After 2008 it converged with Italy and Spain. 

Females of Greece while originally having the healthiest length of life gradually 

converged with the other countries and in 2012 HLEB (Total) shortened 

significantly.  In Italy female healthy life increased slightly until 2004 and then 

fluctuated above 63 years. During the last years of the study it decreased. In 

Ireland and Portugal a more complicated scheme persists through time, but in 

2012 they converged with Italy and Greece to lower levels than in the past.  

 

Conclusions 
Based on the mortality indicators used in this paper an obvious decline of 

mortality is observed in all the countries studied. As the mean and median and 

e65+65 length of life revealed, the lower mortality countries had experienced a 

greater increase of longevity than the others.  The death density distribution had 



significant differences among the two genders and the countries. Modal age at 

death was sliding towards older ages up to a time point but at the same time it 

was quite variable among the countries, a fact that refers also to the mortality 

levels attained at that age. Also over time, as the left and right inflexion points 

revealed, the death distribution became narrower in both genders and this 

pattern was accompanied by changes in the acceleration of death rates. Both the 

left and right inflexion points and the analysis of inter-quartile and inter-

percentile range revealed that a trend towards a compression of mortality was 

observed through time. However, sometime after the eve of the economic crisis, 

any improvements were halted if not slightly reversed, as for example found in 

the modal age of the female population of Greece, Italy and Spain. In fact, 

Greece gained a special place in the analysis of both mortality and health, 

because of its special patterns and its more moderate transition.  

 

During the last years of the study the observed variability in mortality levels 

among the countries studied was significant, despite the overall improvements. 

Health indicators confirm this picture. Important differences were originally 

found in the maximum and minimum deterioration ages of human health and 

over time the populations tended to converge. The Total health was increasing at 

the same time, but after a time point in some countries the improvements were 

halted. The variability was also significant in the Hmax and remained so by the 

end of the study. The expected healthy age increased and gradually stabilized, as 

happened with the age at zero health. Finally, the Healthy life expectancy 

followed a rather differentiated course as it exhibited several fluctuations 

irrespective of the temporal trends of life expectancy at birth.  The differences 

found among the countries studied and the temporal trends of mortality and 

health observed may be attributed to the socio-economic differences which 

existed among and within them especially in the era of economic crisis and the 

analogous inequalities in health or to other factors like lifestyle, consumption of 

alcohol, smoking, environmental reasons etc. (for the socioeconomic and health 

inequalities see for example Mackenbach et al. [20], Karanikolos et al. [17]). A 

further study is connected with the isolation of these factors and the evaluation 

of their impact on the mortality and health differentials observed and also with 

the exploration of regional differences which existed within the countries 

studied.  
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