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Abstract  

In the recent decades, a significant demographic shift is underway, with 

increasing life expectancy and falling fertility rates, causing a change in the age 

structure of populations. This introduces a problem for the sustainability of many 

modern social systems, which rely on funds from the economically active population 

to pay for the increased expenses of the elderly population. Over the last few decades, 

two scenarios that would alleviate the problem have been proposed. One is the 

compression of morbidity or healthy ageing, which assumes that a large part of the 

gains in life expectancy will be spent in good health, thus reducing the pressure on the 

healthcare system. The other being the concept of death-related costs hypothesis which 

assumes that a large portion of the older populations healthcare costs is tied to the death 

of the individual, which would mean that the increasing life expectancy would just shift 

the existing healthcare expenses to older age at the same rate as the increase in life 

expectancy. 

This thesis provides information on the situation in the Czech Republic, and 

whether any of these scenarios are present in the data from the last 20 years, which 

could be relied on to improve the healthcare system financing in the following years. 

The analysis of the average Czech healthcare expenditures by age does indicate that 

death-related costs might play a significant role in Czechia, but this needs to be 

confirmed by further research on the topic The second analysis of SHARE data did not 

provide any evidence that the levels of disability have changed between the years 2007 

and 2013. On the contrary, an increase in the proportion of women with ADL 

limitations was found. 
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Abstrakt  

V současnosti probíhá velká demografická změna, kdy rostoucí doba dožití a 

nízká míra plodnosti mění věkové složení obyvatelstva. To představuje problém pro 

udržitelnost sociálních systémů, včetně zdravotnictví, které je financováno 

prostřednictvím odvodů ekonomicky aktivního obyvatelstva a ve větší míře je 

čerpáno staršími, již neaktivními, obyvateli. V posledních několika dekádách se 

objevily dvě teorie, které by tento problém zmenšily. Jedna je teorie komprese 

morbidity, či zdravého stárnutí, která předpokládá, že přírůstky v očekávaném dožití 

budou z větší části stráveny v dobrém zdravotním stavu, což by financování 

zdravotního systému ulevilo. Druhá je teorie zdravotních nákladů spojená se smrtí, 

která přepokládá, že velká část zdravotních nákladů je u starých lidí spojená 

s posledním obdobím života před smrtí a tak by se zvyšující doba dožití projevila jen 

posunutím těchto výdajů do pozdějšího věku. 

Tato práce poskytuje informace k současné situaci v České republice a jestli 

se některý z těchto scénářů objevuje v českých datech za posledních 20 let. V práci se 

jsou provedeny dvě analýzy, první zkoumá průměrné zdravotní výdaje u občanů 

starších 50 let. Výsledky nejsou jednoznačné, ale podporují hypotézu nákladů 

spojených se smrtí. Druhá zkoumá data z Evropského průzkumu SHARE a nenachází 

důkazy, že by mezi lety 2007 a 2013 došlo u staršího obyvatelstva ke snížení omezení 

u aktivit denního života (ADL). Naopak u žen je detekováno zvýšení daných 

omezení. 
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1 Introduction 

In recent centuries, life expectancy has been steadily increasing with the growth 

accelerating in the last few decades. Just in the last 30 years, the worldwide average 

life expectancy increased by approximately 7.6 years to 72.6 in 2018 (World Bank, 

2020a) and this trend is expected to continue although at a slower pace. Together with 

the falling fertility rate, this results in a significant demographic shift where older 

people represent a growing portion of the population. This could present a serious 

challenge for society especially in many developed countries, such as the Czech 

Republic, as a common principle among them is the provision of at least basic health 

care services to each citizen free of charge (or significantly discounted) at the point of 

delivery. The funds required for this service are mainly raised from people in their 

active working years and if these people gradually form a smaller and smaller portion 

of the population it could endanger the stability of this system as it would 

simultaneously decrease the relative income and increase the relative expenditures of 

the system since the demand for health on average increases with age (OECD and 

European Observatory, 2019). This has incited a discussion about the extent of the 

problem. One of the hypotheses that would lessen this problem is called healthy ageing 

and suggests that the onset or severity of chronic illnesses and disabilities will, through 

advancements in preventative medicine, promotion of healthy lifestyle, prevention, and 

other factors, be pushed to later years along with the increase in life expectancy 

resulting in a larger portion of life being spent in good health, a state called 

compression of morbidity. This would have a noticeable positive impact on the future 

sustainability of the healthcare system and would be an important factor to consider 

when compiling healthcare policies and modeling future healthcare expenditures 

projections. 

However, not many studies on the link between health and ageing focusing on 

data from the Czech Republic have been published. This poses several problems which 

this thesis aims to alleviate. One is that the knowledge of the current situation is an 

important requirement to introduce effective policy changes. Publishing data 

concerning the future sustainability of the countries healthcare system can also attract 

more attention to it and serve as a stimulus for the government to allocate more 

resources to the problem. Lastly this thesis aims to provide data on the current situation 

in this topic to inform authors building projection models on future healthcare 
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expenditures in the Czech Republic which use the scenario of healthy ageing, and also 

provide evidence about its importance for those who do not.  

To evaluate the health development of the older population in The Czech 

Republic this thesis aims to assess these three hypotheses: 

• Relative healthcare expenditures for the older population are decreasing over 

time, indicating compression of morbidity. 

• There are no significant differences in health changes of the older population 

between men and women. 

• The levels of disability are decreasing in the older population over time, 

indicating compression of morbidity. 

To test these hypotheses this thesis works with two sets of data. First are 

assessed the average healthcare expenditures grouped by age and sex for the years 2000 

to 2019. This dataset is analyzed by the Mann-Kendall test for trend detection to find 

whether the relative healthcare expenditures for the older population are decreasing 

over time, therefore providing evidence for the first hypothesis and any differences 

between the genders would indicate an answer to the second hypothesis. Second, the 

Survey of health, ageing, and retirement in Europe is analyzed to find if there are any 

changes in the levels of disability and chronic diseases present amongst older Czech 

citizens between the years 2007 and 2013. The results are then used to evaluate the 

third hypothesis. 

The analysis of Czech healthcare expenditure data from 2000 to 2019 provided 

mixed results on whether there was a change in relative health expenditures amongst 

older citizens. It was estimated that for both men and women in their fifties, there was 

a statistically significant decrease in their healthcare costs. Between 60 and 80 no 

significant change was found and the expenditures were increasing for people over age 

80. This suggests that the healthcare costs shifted to higher ages along with the 

increased life expectancy indicating there are significant death-related costs. 

The study of the SHARE data on functional limitations of older Czech citizens 

did not find any significant changes between the years 2007 and 2013 in the proportion 

of men suffering from ADL or IADL limitations, or in women’s IADL limitations, but 

a significant increase in the proportion of women suffering from ADL was detected. 

The causes of this increase are unclear, but one reason could be that it is the effect of 

the economic crisis which deepened the inequalities between men and women. 
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The second chapter of this thesis provides a background on the current 

demographic shift and its causes. This is followed by a chapter on the history and 

current state of healthcare expenditures. The fourth chapter introduces the concepts 

which will be used to assess the results of the analyses and provides information on 

relevant literature on the topic. The fifth chapter presents the datasets which will be 

used for the analysis and establishes the methodology. Following this are the results, 

the discussion around them, and finally the conclusion. 
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2 Demographics 

For most of human history, population size was bound by high mortality which 

meant that the growth was very slow. This changed approximately 200 years ago 

mainly due to advancements in knowledge and technology which gradually began to 

reduce mortality and the population has started to grow at an ever-increasing pace 

(Roser, 2017a). This brought many challenges but also allowed for an unprecedented 

economic growth and further scientific advancements. Eventually, the fertility rates 

began to reflect the falling morbidity rates and increase in life expectancy and began 

to decrease. This, however, introduced a new challenge in ageing population which has 

profound effects in many areas of our society including health care, the way that 

families function, work and retirement patterns, economic growth, or the government's 

ability to provide adequate resources for the elderly. This chapter provides an overview 

of population development. Although the analysis in this thesis works with data 

concerning the Czech Republic, the contents of this and the next chapter offer the 

historical and future development from a more general perspective by including data 

from the rest of the world to provide the reader with a wider context. Likewise, while 

the analytical focus of this thesis is on the older population, namely their health, the 

increasing lifespan, and the medical costs, a large portion of this chapter is also 

dedicated to the falling fertility rates because it is the combination of these two factors 

that causes the demographic shift that places such large pressure the healthcare system 

sustainability. The first part talks about the historical development leading up to the 

current state, then section two provides possible causes for these events and section 

three offers an overview of the current state and the possible future progression. 

2.1 Historical development 

In the past women had on average significantly more children than today. While 

the exact figure differed across time and location, for most of our history, the average 

number of children per woman did not fall below 5 and often exceeded it (Roser, 

2017a). Worldwide this remains the case up until approximately 1965 after which the 

fertility rate per one woman begins to rapidly decline as we can see in Figure 1. The 

value was about 2.4 worldwide in 2018 and remained on a slight downward slope but 

there are significant differences between countries based largely on the level of their 

socio-economic development. For instance, the fertility rate in 2018 in sub-Saharan 

Africa was approximately 4.69 while the same average statistic for the more developed 

European Union member countries was 1.54 (World Bank, 2020b). 
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Figure 1: Children per woman 

 

Source: (World Bank, 2020b) 

The fall in fertility rate substantially reduced the annual growth of the global 

population from about 2.1% in the 1960s to under 1.1% in 2019 (World Bank, 2020b) 

and continues to slowly decline indicating that the population will reach a new 

equilibrium in which it will be controlled by the fertility rate rather than high child 

mortality as it was in the past. As the fertility rate differs depending on the region, so 

does the growth rate. We see the largest growth mainly in poorer countries in central 

Africa, southern Asia, and South America, while the weakest growth or even slight 

decline is present in the highly developed countries in, amongst others, Europe and 

North America (Roser, 2017a). 

Life expectancy has improved in the past few decades not only because of 

falling child mortality but also because of improvements on the opposite side of the 

human lifespan. Just as with child mortality largest improvements can be seen in the 

more developed, richer countries where living standards and medical expenditures are 

higher. We can see this in Figure 2 that shows the average life expectancy at age 65. 

In the year 1950, a 65-year-old European could expect to live on average for 13.34 

more years while 65 years later in 2015 the average European aged 65 could expect to 

live for approximately 18.82 additional years, almost a five and a half year increase 

over 65 years. The same statistic for an average 65-year-old living in Sub-Saharan 

Africa is 9.86 in 1950 and 12.81 in 2010 marking approximately a 3-year increase, just 

over half of the average Europeans. 
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Figure 2: Life expectancy at age 65 

 

Source: (United Nations, 2019) 

2.2 Causes of the Demographic Shift 

These substantial and rapid demographic changes have a large impact on many 

socio-economic areas and thus it is important to find their triggers. Many studies have 

been published on the topic of decreasing fertility and these identify mainly three 

causes (Roser, 2017a). One is the empowerment of women through education, 

increased labor participation, an increase in social standing, and other means. Another 

is the increase in health care quality and accessibility resulting in a large decline in 

child mortality. And finally, the increasing costs of raising children coming with the 

change in children’s status in society and the decrease of child labor. 

The longer lifespan is also caused by many different factors including 

expanding medical knowledge and technology, better nutrition, or improved sanitation. 

Due to new scientific discoveries, we are not only continually finding new treatments 

for conditions that ail us, but also their causes and ways how to prevent or at least delay 

said conditions.  

2.2.1 Women’s empowerment 

As suggested above the effect of empowerment of women on the fertility rate 

is produced mainly by growing female education attainment, increasing participation 

in the labor market and sequential rise in social status. The data on the relationship 

8.00

10.00

12.00

14.00

16.00

18.00

20.00

1950 -
1955

1955 -
1960

1960 -
1965

1965 -
1970

1970 -
1975

1975 -
1980

1980 -
1985

1985 -
1990

1990 -
1995

1995 -
2000

2000 -
2005

2005 -
2010

2010 -
2015

2015 -
2020

World       Sub-Saharan Africa       Europe Czech Republic



Demographics  7 

between mean years of schooling for females of reproductive age and the number of 

children per woman show a strong negative correlation between the two of them. For 

instance, in Malaysia over the 60 years from 1950 to 2010, the average years of 

education for women aged 15 to 45 increased from roughly 2 to 9.4 years while the 

fertility rate per woman decreased from about 6.7 to 2.3. (Roser, 2017a) Similar 

findings can be found for many different countries and even various regions within 

those countries. Naturally, this only shows a correlation between these two variables; 

to establish a causal relationship, controlled studies on the topic have been made both 

from the macro and micro perspectives. A macro study by Fabrice Murtin (2013) 

analyzed the impact of years of schooling on health care, represented by a crude death 

rate, child mortality, and GDP per capita, in several countries across the years 1870 to 

2000. Murtin finds primary education is the most important variable out of the factors 

he studied. He concludes that by his calculations increasing schooling from 0 to 6 

reduces the fertility rate by 40% to 60%. However, Murtin acknowledges that a 

shortcoming of his study is that the model does not include female labor participation 

and since that it is often highly correlated with the level of education it could be part 

of the reported educational effect. Becker, Cinnirella, and Woessmann (2010) focused 

their study on 19th century Prussia, and through an instrumental-variables model in 

which they controlled for other factors such as income, life expectancy, or the level of 

urbanization they found a negative causal relationship between education and fertility 

rates even before the big demographic transition. They also found that the causal 

relationship goes both ways and fertility rates also have an impact on education. 

Micro studies that focus on individual women and preferably some external 

factor that impacts the length of schooling provide further evidence for the causal link 

between education and the number of children women have. To prove this link Osili 

and Long (2008) studied the impact of Nigeria’s federal government education 

program called Universal Primary Education (UPE). This program was introduced in 

1976 and provided tuition-free primary education, added one year to it, and supplied 

funds to build new primary schools and classrooms to increase accessibility. During 

the seven years of the program’s operation, the number of primary school children 

more than tripled from 4.4 to 13.7 million. The authors found that increasing primary 

schooling by one year leads from 0.26 to 0.48 fewer children being born per woman 

below 25 years of age. This is a substantial 11% to 19% reduction so increasing 

schooling is an effective method to reduce the fertility of young women. Breierova and 

Dufalo (2004) used data from a school building program that took place in Indonesia 

between the years 1973 and 1978. Their aim was to determine the relationship between 

male and female education and the number of children for women below 25 and child 

mortality. Using an instrumental variables model to account for the endogeneity of 
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some variables in the model they confirm previous studies that additional schooling 

decreases early fertility and also lowers child mortality. They found that while child 

mortality is influenced similarly by both male and female education, fertility is more 

influenced by female education. These studies are based on older data, but these 

disparities are still present. in countries that have or have had on average 5 or more 

children per woman. In Figure 3 we can see the average number of children divided by 

the mother’s education level in some of the countries with present fertility of 4 or more. 

Figure 3: Number of children, by mother’s education in high fertility countries 

 

Source: (Roser, 2017a) 

While this graph shows the negative relationship between the number of 

children per woman and their education for poorer countries, the same link can be seen 

in more developed European countries including the Czech Republic (Impicciatore, et 

al., 2020).There are many proposed explanations for this causal relationship. A 

theoretical framework was proposed by Gary Becker in An Economic Analysis of 

Fertility (1960). Becker treats demand for children as for any other good and part of 

the costs of having children is the opportunity cost which grows with mother’s 

education and thus the demand for children declines. As mentioned, some studies also 

link education with better child health and mortality which is another factor affecting 

birth rates. Some authors also point out that an educated population allows for social 

progress which often leads to changes in collective norms such as the role of women 

(Becker, 1960). 
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The second element of women’s empowerment that significantly affects the 

fertility rate is their participation in the labor market. Historically, on average, a large 

portion of the population worked in the agricultural sector which is very physically 

demanding and thus favored men. Female involvement in the labor force began to grow 

with industrialization and technological advancement which created new job 

opportunities that increased demand and opened new possibilities. As stated above also 

women’s education rose in the 20th century which further increased the demand for 

female workers. Additionally, during the last century, there was large social pressure 

from women’s rights activists who demanded female equality. All of these factors 

enhanced women’s work participation rates. The heightened labor demand again 

increased the opportunity costs of having children, similarly to improved education, 

and thus negatively influenced the demand for children. (Roser, 2017a) The causal link 

between the two variables was studied by many researchers including Mishra and 

Smyth (2010) who found a negative causal relationship from female labor force 

participation to total fertility rate in data from OECD countries from 1985 to 2005 but 

also observed the opposite negative influence of having more children on work 

participation from 1995 to 2005. 

2.2.2 Child Mortality 

Another important factor influencing the number of children women have is 

child mortality (deaths of children under 5 years old). For much of human history, the 

infant (under 1 year old) and youth (under 15 years old) mortality rates were 

exceedingly high. Volk and Atkinson (2013) conducted a meta-analysis of studies on 

the topic and after examining more than 60 infant and youth mortality rates they 

estimate that historically more than a quarter of children did not survive their first year 

and only about a half of them reached 15 years of age. Moreover, these rates persisted 

with only slight improvements up until the beginning of the 20th century when they 

began improving initially at first in the more developed countries and only in the last 

few decades in almost all parts of the world. From 1990 to 2015 child mortality under 

5 decreased by half from 12.7 to 6.3 million in part due to the effort initiated by United 

Nations Millennium Development Goals declaration which was signed by member 

states in the year 2000. 
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Figure 4: Child mortality per 1 000 live births 

 

Source: (World Bank, 2020c) 

The link between child mortality and fertility rate was studied by Luis Angeles 

(2010) who found a negative causal link between child mortality and both gross and 

net fertility with fertility adjustments lagging about 10 years behind mortality changes. 

The most cited reason for the link between these two variables is that the high rate of 

child mortality introduces increased uncertainty about how many children will survive 

to a productive age and people thus have more children to compensate for the expected 

losses. 

2.2.3 Cost of raising a child 

As mentioned above in the past a large portion of the population worked in 

agriculture which is low-skilled work and so children could start working from a young 

age, making child labor very common. This meant that children became a “net asset” 

relatively early on which is one of the major reasons why fertility was so high in the 

past. The situation changed with the onset of technological progress and the resulting 

structural transformation of the economy. Hazan and Berdugo (2002) found that this 

shift increased the wage disparity between parental and child labor, thereby lowering 

its importance. Technological progress also demanded higher levels of education 

which as previously stated allowed for social and moral norms to change including 

society's outlook on child labor. Parents began to substitute child work with education. 

The aforementioned decline in child mortality also contributed to this result as with the 

decreased uncertainty of their child’s survival parents started to invest not only more 

monetary resources into their children but also a large amount of time and effort. All 
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these factors formed a self-enforcing cycle that intensified over subsequent 

generations. Higher costs of raising a child meant parents desired fewer children which 

lowered total fertility. 

2.2.4 Adult life expectancy increase 

Life expectancy has improved for all ages in the past century. The 

“foundational stones” for this change were laid by the enlightenment, an intellectual 

movement that propagated logic, reason, and the scientific approach which enabled 

considerable advancements and discoveries in all fields of human inquiry including the 

medical field. These findings had a major impact on both individual and societal health. 

The germ theory proposed by Louis Pasteur in the 19th century caused a change in 

people’s behavior and promoted the importance of sanitation thereby reducing the 

spread of infectious diseases, Alexander Fleming’s discovery of penicillin greatly 

diminished the impact of bacterial infections, and discoveries are being made at an 

increasing rate. Some of the largest improvements in the past decades were made in 

the treatment of cardiovascular diseases and diabetes as according to Mathers et. al. 

(2014) these advancements account for the largest increase in life expectancy at age 

60. In their study, they analyzed a dataset from high and middle-income countries 

during the period from 1980 to 2011 and found that the reduction in mortality from 

cardiovascular diseases and diabetes accounted for a three-year increase in average life 

expectancy at 60 for men and 4.3 years for women. For men, the second largest gain 

of 2 years was from the reduction in tobacco-caused mortality while for women this 

type of mortality actually rose and resulted in a loss of 0.2 years. The next cause of 

death with the largest improvement for both genders was cancer-related mortality 

which resulted in an average gain of 0.3 years for men and 0.8 years for women. The 

authors emphasize the fact that these figures are calculated using data from wealthier 

countries. While cardiovascular diseases and cancers are the largest causes of death in 

the developed parts of the world, the poorer regions suffer mainly from morbidity 

related to infectious diseases. Thus, in these areas decreasing the spread of illnesses 

such as malaria or AIDS is currently significantly more important. In the conclusion 

Mathers et. al. (2014) attribute about half of the overall decrease in mortality in rich 

countries to an increase in effectiveness and coverage of healthcare and half to 

improvements in exposure to risk factors, particularly tobacco and blood pressure. 

Many studies on the topic cite the link between life expectancy and income for 

individuals or GDP on a state level. While the positive correlation between the 

variables can be clearly seen from the data, there does not seem to be a consensus in 

the literature about the causality. Cutler et. al. (2006) in their study on the determinants 

of mortality in England and Wales, downplay the importance of income, stating that 
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historically, both health and income are predominantly improved with new ideas and 

technology and one might not cause the other. Some authors instead find the 

differences in health are linked to the individual’s social status (Marmot, et al., 1991), 

(Macintyre, 1997). Based on the current trends Cutler et. al. (2006) find no indication 

that the flow of health-enhancing knowledge and technology will slow, but this will 

probably continue to widen the health related differences between rich and poor people 

and this should be reflected in new public policies. They however proclaim the hope 

that the health of everyone, no matter their social status will continue to improve, and 

the advancements made first available to the wealthier people will eventually also 

benefit the poorer population. They conclude that while the determinants of mortality 

are not always clear “Knowledge, science, and technology are the keys to any coherent 

explanation.”  

 

2.3 Current state and future projections in demographics 

All factors individually and in combination, as they often amplified each other, 

caused substantial and when compared to past population dynamics, a very rapid 

increase in total life expectancy at all ages. While the reduction in child mortality, along 

with other aforementioned influences, caused a significant decrease in fertility rates, 

meaning fewer children are being born, the reduction in adult mortality resulted in an 

increased lifespan. The outcome of combining these two trends is that older people 

make up an increasing portion of the population. While as discussed above, this trend 

is most prominent in the more highly developed and richer regions, almost all countries 

in the world are starting to experience it, and eventually, this demographic 

transformation will almost certainly take place everywhere. We can see this in Figure 

5 which shows the World Bank data on the percentage of people in the population aged 

65 or older. While during the almost 60 years from 1960 to 2019 this proportion rose 

on average by nearly 11%, from 9.53% to 20.46%, in the European Union countries, 

the world’s average is 4.1% and there was no growth at all in Sub-Saharan Africa where 

the ratio remained at around 3%. In 2019’s revision of the United Nation’s (UN) World 

Population Prospects, the authors project that this trend will continue and by 2050 one 

in six people in the world (16%) will be over 65. In Europe and North America where 

the transition started earlier, the proportion could be as high as one in four. 
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Figure 5: Percentage of people aged 65 and older 

 

Source: (World Bank, 2020d) 

Traditionally the consumption of healthcare by older people has been financed 

by transfers from younger people who are participating in the workforce. The growing 

percentage of older in the population means that the ratio of people in their productive 

years to older people who rely on them is shrinking. This introduces major financial 

problems on the responsible support mechanisms. In Europe or Latin America, older 

people rely largely on public transfer systems which means the pressure falls upon the 

state and this will in time make the current taxation and benefits system unfeasible if it 

remains unchanged (United Nations, 2019b). In other parts of the world, where public 

transfers are relatively low, the pressure falls upon the relatives or society if there are 

none or are not able or willing. This problem is challenging, and its mitigation requires 

carefully crafted public policies. While there is no single best policy response that 

would work for all countries the UN organization provides some general guidelines in 

their 2019 World Population Ageing brief to help countries reach the UN Sustainable 

Development Goals. Firstly, to secure more funds the authorities should implement 

family-friendly programs such as affordable childcare or flexible job opportunities 

which would increase parental job participation rates. And for the same reason, 

governments should remove any age barriers to employment. Secondly, states should 

invest in education including life-long learning which can improve productivity and 

maintain or even improve economic growth even as the population ages. Thirdly, they 

should promote retirement savings to improve financial independence. And finally, 

some of the UN’s other recommendations are promoting a healthy lifestyle and 
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prevention and collecting and analyzing data to detect potential problems and improve 

future policies. 

For better visualization of the shift in demographics, we can turn to Figure 6 

which shows a population pyramid and its development from 1950 to 2100. The graph 

shows the age distribution age starting from 0 at the base and rising to 100 at the top. 

The width of the pyramid shows the number of people, separated by sex, in the 

respective age cohort. The darkest pyramid in the middle of the graph represents the 

population distribution in 1950. From the shape of the visualization, we can see where 

it got its name. The wide base is caused by the high fertility rate, which was present at 

that time. Then there is a sharp narrowing that represents the high child mortality, 

followed by a more gradual thinning of the pyramid signifying a continuous risk of 

death throughout life. The same visualizations depicted in lighter shades of blue and 

green, map the development up to 2018 and those in shades of yellow are UN’s medium 

population projections up to 2100. The sharp narrowing present in early childhood 

gradually recedes showing the decline in child mortality and the disproportional 

widening of the “pyramid” towards the top illustrates the decrease in adult mortality 

and the resulting increase in lifespan and change in the age distribution of the 

population. 

Figure 6: The demography of the world population from 1950 to 2100 

 

Source: (United Nations, 2017) medium population variant, visualization by (Roser, 2019) 

To end this chapter let us take a brief look at the size of the whole population 

and where it is headed. As said at the start of this chapter for most of human history, 
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the population was limited by high mortality rates and the growth was very slow. This 

changed only very recently, about 200 years ago, when mortality rates began to 

gradually decline, and the population growth accelerated and continued to rise until 

about 1965 when the fertility rates began to drop as a consequence of the factors 

discussed earlier in this chapter. This diminished the population growth rate and this 

trend continues. However, while the percentage growth has been falling in recent 

decades, due to longer lifespans the annual nominal growth rate has been stagnating 

between 80 and 90 million for about the last 40 years. The UN in its projections expects 

that this is only a temporary state and the population size will reach an equilibrium at 

the start of the 22nd century with approximately 11 billion people, about 3.3 billion 

more than the last figure from 2019.  

 

Figure 7: Historical and future development of world population 

 

Source: (United Nations, 2019a) medium population variant, visualization by (Roser, 2019) 
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3 Healthcare financing 

 

A common principle of many highly developed countries is the provision of at 

least basic healthcare services to each member of the society free at the point of entry 

or at a substantially discounted price. As a result, healthcare expenditures represent a 

significant share of public spending in these countries. This is usually funded through 

taxation or mandatory payments to healthcare insurance companies from the 

economically active part of the population. However, as discussed in the previous 

chapter, the population is currently in the middle of a demographic shift that threatens 

these mechanisms. As people get older, their demand for health care on average 

increases and with the lifespan increasing the number of senior citizens will rise and 

will form a larger portion of the population (WHO, 2011), (Medici, 2011). This means 

that healthcare expenditures will rise and simultaneously there will be relatively fewer 

people in their active years who fund these systems. This chapter will focus on 

healthcare expenditures, their past development, their present state; and finally, their 

possible future projections. As the main analysis of health expenditures in this thesis is 

done on data from the Czech Republic, a brief overview of the Czech healthcare system 

will be provided at the end of this chapter. 

3.1 Development of healthcare expenditures 

Today access to healthcare has become a human right in most developed 

countries. Their citizens have usually grown so accustomed to this integral part of 

modern society that it can be easy to forget that it has become this way only relatively 

recently. In the Middle Ages, health was considered a gift from God, and Death and 

disease His punishment for the sins of the individual or his community. (Sundin, et al., 

2007) It was only after the era of enlightenment when the authorities started to have 

ambitions in the healthcare sector. The earliest data about public healthcare 

expenditures come from the end of the 19th century from some European countries. 

The national health expenditure at the start of the 20th century was very minor. 

In the countries that had some form of health insurance the public health expenses on 

average formed less than 0.5% of GDP in 1910 and grew only very gradually to 0.5%-

1% in the 1930 (Tanzi, et al., 2000). During this period, the main component of 
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healthcare was not treatment but income insurance, a payment for those who were 

unable to work due to health-related causes (Ortiz-Ospina, et al., 2017). 

The healthcare costs started to rise more sharply during and after World War II 

with the discovery and spread of new technologies, techniques, and findings in the 

medical field, such as antibiotics, organ transplants, or vaccine improvements (Roser, 

et al., 2017b). Figure 8 shows total healthcare expenditures as a percentage of GDP for 

several European countries and the United States. We can see that from 1970 healthcare 

costs have been steadily rising with the previously mentioned advances in the field of 

medical knowledge and technologies. For most countries in the developed world, 

medical expenses have been rising at a similar pace, the US being an exception with 

its health costs increasing at a significantly faster rate. 

Figure 8: Total health expenditure as a percentage of GDP 

 

Source: (OECD, 2021) 

Another factor raising healthcare expenses during the second half of the 20th 

century was the increasing health coverage often initiated by the state through 

government programs like the NHS in the UK.  Many European countries achieved 

full universal coverage over just a few decades and recent evidence suggests that in 

some cases it can be achieved in less than ten years (United Nations, 2014). The rise in 

health protection during the 20th and start of the 21st century is shown in Figure 9, 

where we can see the very rapid increase for example in China or Rwanda. The quick 

adoption of healthcare coverage in some African countries also proves that it can be 

accomplished in very early developmental stages. 
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Figure 9: Health protection coverage as a percentage of the total population 

 

Source: (United Nations, 2014) 

In United Nation’s 2014 Human development report they list several benefits 

of adopting universal coverage. It helps to reduce the inequality in a society and lowers 

uncertainty as even middle-class families and individuals can fall into financial 

problems when faced with an unexpected health crisis. It also increases the social 

solidarity of the middle-class and the wealthy as they are more willing to fund the 

system, be it through taxation or mandatory health insurance, when the coverage is 

universal rather than when it is only targeting the poor social class (United Nations, 

2014). Also, while it is true that universal healthcare coverage requires large amounts 

of funding, it is not a one-sided relationship. In the 2004 Report by the Mexican 

Commission on Macroeconomics and health, the authors argue that improved 

healthcare provides many economic benefits. One is the improvement in productivity 

resulting from the improved health condition, it also prevents losses in production 

caused by worker illness. Additionally, education is also improved for the same reasons 

which leads to further economic growth.  

An important source of healthcare financing in low- and middle-income 

countries is also external funding from more developed countries. Referred to as 

Development Assistance for Health (DAH) these funds are monitored by the Institute 

for Health Metrics and Evaluation (IHME) and their development from 1990 can be 

seen in Figure 10. They estimate that while DAH was approximately $40 billion in 

2017 which accounts for only about 0.2% of global health spending, it was critical for 

low-income countries as it made around 27.5% of their health spending. This is due to 

the vast difference between the health expenses between high- and low-income 
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countries. For illustration, the per capita health expenditures in high-income countries 

in 2017 was $5307 while for low-income countries it was only $37.5. The DAH is also 

important for managing specific diseases as a large portion of the funds are directed in 

particular towards illnesses like HIV or malaria (IHME, 2020).  

Figure 10: Development assistance for health by the source of funding 

 

Source: (IHME, 2020) 

3.2 Current state of healthcare expenditures 

Certainly, one of the largest factors in health expenses today is the global 

pandemic of COVID-19, but since it is still ongoing and the data from last year have, 

in most instances, not yet been properly evaluated, the effects of the pandemic will not 

be discussed in this thesis. An overview of the most recent data on health expenditures 

expressed as a percentage of GDP around the world in the year 2018 is shown in Figure 

11. Large differences can be seen across different regions. If we move from lowest to 

highest the average health spending in South Asia is around 3.5% of GDP, the same 

figure for Africa is about 5%, Latin America jumps to 8% of GDP, the average in 

Europe is approximately 10% of GDP and the most is spent in North America with The 

US spending 17% of their GDP on health (World Bank, 2021). Naturally, as the 

mentioned regions are quite large, there are large differences even within them. For 

example, the expenditures in the south and east Africa are at around 6% of GDP while 

in western and central Africa it is only about 4%. In Europe, there are still differences 
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between the western and eastern countries with the average expenditures being lower 

by about 3% in the east. 

Figure 11: Healthcare expenditures (% of GDP) 

 

Source: (World Bank, 2021), 2018 data 

Achieving universal health coverage, including financial risk protection, and 

easy access is currently one of the UN’s Sustainable Development Goals (SDG) but, 

similarly to expenditure levels, there are still large disparities in various parts of the 

world. African countries have the lowest health coverage rates often not even 

exceeding 10% (Barasa, et al., 2021). On the other end, almost all the highly developed 

countries in Europe, North America, Australia, and some others have universal 

coverage or are very near to it. A small exception being the US with only 90% coverage 

(OECD, 2019b). 

When analyzing a country's health expenditures, it is also important to know 

where the funds come from. The two main sources are government and private 

expenses with a subset of out-of-pocket spending. The portion of private healthcare 

spending for most European countries is somewhere between 20% and 30% with 

Switzerland and Poland where slightly less than 70% of healthcare expenses come from 

private sources. From the highly developed countries another country with large 

private spending is the US and together with Switzerland the private expenses are high 

not only proportionally but also nominally. In 2018 the private spending per capita was 

highest in Switzerland at $6789 followed by the US with $5268 and then with a large 

gap was Australia with $1678. These countries also had high out-of-pocket 

expenditures in 2018 with Switzerland again being the first at $2762 and the US third 
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with an average of $1148 (World Bank, 2021). Even though the inhabitants of these 

two highly developed countries are on average relatively wealthy, these high health 

expenses put a lot of pressure on affected individuals, especially if they come from the 

poorer classes. 

As mentioned, one of the UN’s health SDG is for healthcare to be affordable 

and not bring serious hardship on those in need, and for this reason, they track the 

proportion of population spending more than 10% (25%) of household consumption or 

income on out-of-pocket health care expenditure. Understandably, this indicator 

reaches its highest values in less developed economies with weaker social support 

systems. Taking the most recent data from 2015, Latin America was in the worst 

situation with 15.1% (2.5%) of the population affected, Asia had 13.4% (3.6%), and 

Africa had 9.3% (1.9%). And the number of people facing financial hardships resulting 

from health expenses is expected to rise (WHO and The World Bank, 2019). The 

statistic for more developed Europe was about 6.5% (1%) in 2010 but there were 

significant differences within it with south-eastern countries and those with high levels 

of out-of-pocket health care payments faring significantly worse. 

An interesting country in relation to the healthcare expenditure statistics 

mentioned above is the US as with one of the highest per capita health expenditures, 

the US is at the forefront of the healthcare system sustainability problem. Particularly 

since the government increased its participation with the Affordable Care Act (ACA, 

informally known as Obamacare). Simultaneously it seems to fall behind in commonly 

used health statistics such as life expectancy or avoidable mortality (OECD, 2019c). 

Papanicolas et al. (2018) recently studied the question of why US healthcare is so 

expensive while being behind in many health indicators such as infant mortality (5.8 

deaths per 1000 live births in the US compared to 3.6 per 1000 in 11 other studied 

countries). The authors found two main factors which drive the difference between the 

US and other developed countries. One is that many healthcare providers and producers 

are effectively monopolists, as there are no restrictions on the prices of services or 

salaries and the legal environment in the pharmaceutical sector is very protective for 

brand-name drugs. The other is high healthcare costs at the beginning and end of life. 

The US is in comparison more generous with neonatal care and on the other end, the 

US has high family mobility which means that elderly people often require more care 

from the medical system as other family members often live far away and cannot look 

after them, putting more pressure on the healthcare system. 
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3.3 Future projections 

As the Covid-19 pandemic has shown, accurately forecasting healthcare 

expenditure is a nearly unachievable goal. Even if no health crisis has manifested there 

are still many variables that introduce uncertainty into the projection. Nevertheless, 

creating these estimates is still worthwhile as they can be used as a guide for policy 

changes and how health expenses would behave under different scenarios. For this 

purpose, the OECD produced a set of healthcare expenses forecasts up to 2030 for all 

its member states (Lorenzoni, et al., 2019). 

The authors first provide a baseline scenario without any policy changes in 

which they include estimates of factors such as income elasticity of health care, 

productivity constraint, or demographic effects. In this scenario, the authors estimate 

that health expenditures will continue to rise but at a slightly lower rate than at the start 

of the century till 2015. This would mean that the average health expenses of OECD 

members would rise from around 8.8% of GDP in 2015 and reach about 10.2% by 

2030. About half of this growth can be assigned to the income effect when growing 

income raises the demand for healthcare, about a quarter comes from demographic 

changes, such as an increasing life expectancy and an ageing population, and the rest 

can be assigned to low relative productivity in the health sector and a time effect which 

accounts for other factors like technological change. 

After evaluating the baseline scenario, the authors then estimate four alternative 

scenarios which would result from specific policy changes. The first two scenarios are 

“enhanced productivity” and “low productivity” in healthcare where policies like better 

incorporation of new technologies and estimating their cost-effectiveness or shifting 

tasks, where appropriate, to a less specialized staff are or are not implemented. The 

other two scenarios are “full cost control” and “cost pressure” where cost containment 

policies either are or are not implemented. The estimation of these alternative scenarios 

was done through careful manipulation of some of the model’s variables which would 

likely change as a result of the hypothetical situations. From comparing the 

development of the health expenditures in these different scenarios, the authors 

concluded that the rise of health spending to GDP is essentially inevitable, but there 

are some policies like effective health promotion, disease prevention strategies, and 

regulation of pharmaceuticals and new technologies, that can substantially limit the 

growth. 

The rise in other developed countries is expected to be similar but for the low-

income countries, it will mostly depend on their level of health coverage 

implementation. For more information about healthcare financing in low-income 
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countries along with detailed data visualizations, the reader can visit the website of the 

Institute for Health Metrics and Evaluation (Lorenzoni, et al., 2019). 

Another approach to healthcare costs analysis and future projections that is used 

by the Ministry of finance in the Czech Republic is one analyzing healthcare 

expenditure by age profiles (Bělohradský, 2018). This method also uses a baseline 

scenario to which it then adds other possible demographic scenarios, but it also adds 

the scenarios that directly change the shape of the healthcare expenditure profiles. 

These scenarios are discussed in greater detail in the following chapter and are later 

used to evaluate the analyses results. 

3.4 Healthcare system in the Czech Republic 

The healthcare system in the Czech Republic offers universal coverage, good 

levels of accessibility, and good financial protection to its citizens. The country is 

located in the center of Europe and also its health indicators fall close to the EU average 

between the newer member countries in eastern Europe and the economically stronger 

western countries (OECD and European Observatory, 2019). Healthcare expenditure 

in 2018 was at approximately 7.6% of GDP compared to about 9.9% EU average 

(World Bank, 2021). The system is financed mainly from mandatory insurance 

deducted directly from wages of the economically active population and these funds 

are then used to pay for the various health-related costs through many schemes like pay 

for service. This system means that private health spending is very low at about 18% 

in 20018 and consists mostly of copayments for pharmaceuticals, medical devices, or 

spa treatments of direct payments for over-the-counter medicine (OECD and European 

Observatory, 2019). Even the maximum level of copayments is limited and so very few 

households spend more than 10% (25%) of their income on out-of-pocket healthcare 

spending. The last available data from 2010 set this number at 2.2% (0.5%) (World 

Bank, 2021). However, as this system is highly dependent on the balance of actively 

working people that provide the funding and its benefactors, it is very vulnerable to 

changes in the ratios between these groups and today's ageing population presents a 

significant challenge (OECD and European Observatory, 2019).  

Life expectancy in Czechia is converging to the EU average over the last 20 

years but with about 79.1 years in 2019, it is still 2 years lower than the EU average of 

81.1 years (World Bank, 2021). There are also substantial levels of education 

inequality, especially for men, as in 2016 the difference in life expectancy between a 

man with a lower and higher education was 11 years (OECD and European 

Observatory, 2019). The levels of accessibility are very good and even surpass the EU 
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average, but more emphasis should be given to the area of illness prevention as the 

number of preventable deaths resulting from, among others, higher levels of obesity or 

alcohol consumption is still above the EU average (OECD and European Observatory, 

2019),  

Overall, the quality of healthcare in the Czech Republic is fairly high and it is 

improving in recent years, but there are areas such as illness prevention and health 

promotion where large advances can be made (OECD and European Observatory, 

2019). Financially it is so far balanced but it is vulnerable to the current trend of an 

ageing population and significant reforms and policy changes are needed for the system 

to continue and be sustainable in the future. 
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4 Literature review 

As noted in previous chapters life expectancy has been steadily rising in most 

regions of the world. In Europe, it has risen by 6.3 years to 81 in 2018 just over the 

previous 30 years and it is expected to continue growing in the following decades 

(World Bank, 2021), (United Nations, 2019a). In the Czech Republic, the life 

expectancy growth was even faster with 7.6 years gained during the same time period 

(World Bank, 2021). Along with reduced birth rates, this poses a threat to the financial 

stability of many social security systems. A key question in this contest is whether the 

additional years are spent in good or bad health. If older people are living longer, but 

the severity of their diseases or their onset also gets pushed back, then the pressure on 

healthcare systems could be significantly diminished. On the other hand, if additional 

years were gained mainly through medical advancements that extended the life of ill 

individuals while not improving their health, the consequences for the healthcare 

system would be much more severe. This chapter provides information and relevant 

literature on the link between health and ageing, basic concepts in this area, how we 

measure them, and what the literature suggests about the link between health and 

ageing so far. 

4.1 Ageing and health status 

The relationship between the increase in lifespan and the levels of functional 

limitations or disability is often discussed using three basic theories or scenarios: 

“expansion of morbidity”, “compression of morbidity” and “dynamic equilibrium”. 

These scenarios have vastly different outcomes when concerning both the healthcare 

system and its financing and the wellbeing of the older population. It is therefore 

important to try to determine which scenario the population is in when considering 

introducing new policies for the healthcare system. An overview of these scenarios can 

be seen in Figure 12. 
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Figure 12: Scenarios of ageing 

 

Source: (Rechel, et al., 2020) 

• Expansion of morbidity 

Expansion of morbidity was the first of these theories to be put forward. It was 

introduced in 1977 by Ernes Gruenberg in his work “The Failures of Success” in which 

he argues that before the Second World War people weakened by chronic diseases or 

maimed from other sources often died from common infections, but the subsequent 

technological progress reversed that situation, adding years mainly to frail individuals 

and thus the added years of life are spent in poor health. This state is depicted as 

scenario B in Figure 12. A less severe version of this scenario (scenario E, Figure 12) 

called the relative expansion of morbidity is one where the onset of diseases is pushed 

to a later age but at a slower rate than the increase in life expectancy thus a larger 

portion of life is spent in poor health when compared to the situation before. This 

situation would result in increased demand for healthcare services and thus increase 

pressure on the financial sustainability of the system (Rechel, et al., 2020). 

• Compression of morbidity 

This theory was presented by Fries (1983) that with the right policies the 

extended lifespan can also be accompanied by a delayed onset of diseases and the 

relative period spent with disabilities can be decreased. He defined the absolute 

compression of morbidity (scenario C, Figure 12) as the situation where the absolute 
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number of years spent in disability compared to the baseline scenario is decreased. 

Scenario E in Figure 12 presents a situation in which the number of years spent in 

disability has increased along with the increased lifespan, but by such a small amount 

that the relative portion of life spent in disability has decreased. This scenario could 

also be described as healthy ageing and would lead to decreased healthcare costs, thus 

alleviating the concerns coming from ageing population (Rechel, et al., 2020). 

• Dynamic equilibrium 

The third theory of dynamic equilibrium originates from a paper by Manton 

(1988) in which the author highlights the importance of the severity of the diseases.  

He writes that if chronic diseases still have the same incidence and still there is an 

increase in life expectancy it can be achieved in two ways. Either the lethal results can 

be delayed while not affecting the basic rate of progression of the disease or directly 

the progression itself can be slowed lessening the disease’s severity. The latter would 

thus result in an increased lifespan while the overall levels of disability would not 

increase. Another version of dynamic equilibrium sometimes used in literature defines 

it as an intermediate between expansion and compression of morbidity (Robine, et al., 

2020). The consequences for the healthcare systems would also be somewhere between 

those of expansion and compression of morbidity (Rechel, et al., 2020).  

Like all models these scenarios are a simplification and reality tends to be more 

complicated in disability trajectories but they are a good approximation for judging the 

current development. Dynamic equilibrium could also be combined with one of the 

other scenarios where, for example, the decrease in the severity of illnesses will not be 

enough to offset the effect of a longer lifespan resulting in expansion of morbidity. 

Very important when determining what scenario, if any, a country is in today in, is also 

the method used to measure the morbidity (Rechel, et al., 2020). 

An important related concept is that healthcare costs are not so significantly 

related with age, but rather with the people's proximity to death, and since age and time 

of death are closely correlated, the link between age and increased healthcare costs 

could be, at least partly, a spurious one (Raitano, 2006). This concept is commonly 

referred to as the death-related costs hypothesis (Lubitz, et al., 1993). If confirmed this 

concept would fall into the scenario of compression of morbidity since the increase in 

life years would also cause the shift in the healthcare costs towards later ages. 

4.1.1 Measuring morbidity 

When deciding how to measure morbidity the term should first be properly 

defined but different dictionaries do not agree on its description and its meaning in 
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literature often also varies. Sometimes it is simply defined as the number of chronic 

conditions of an individual and sometimes it is a broad concept covering everything 

that detracts from health-related quality of life (Fries, et al., 2011). Thus, the opposite 

approach is adopted here by first exploring all the previously used measuring strategies 

and deciding which method is the most appropriate for measuring health in old age. 

The first distinction is between subjective and objective measures of health. 

Subjective measures of health rely on self-reporting, while objective measurements 

come from tests and examinations. Both approaches have their strengths and 

weaknesses. The results are often more comparable when obtained through objective 

procedures, but that method is comparatively much more expensive and thus used less 

often, which also limits its accuracy when measuring the effects of a condition that 

fluctuates over time. Self-reported measurements are gathered easier usually with a 

much lower cost but are often less comparable between different groups or across time 

(Rechel, et al., 2020). 

Self-reported health has been traditionally measured using three main strategies 

(Chatterji, et al., 2015). The first was questioning about the self-perceived general state 

of health on a 5-point rating scale. While this metric proofed to be meaningful when 

studying mortality in cohort studies, it lacked specificity and how do different 

dimensions of health contribute to different outcomes. This led to the second strategy 

of asking many questions across several health domains that were believed to capture 

the most variance in health. The third strategy is to measure health indirectly by asking 

about an individual’s limitations in activities of daily living (ADL), such as bathing or 

getting out of bed, and in instrumental activities of daily living (IADL), such as 

shopping for groceries or preparing a hot meal. Spector & Fleishman (1998) also found 

that ADL and IADL can be used in combination to obtain a meaningful measure of 

functional disability. Which of the measures obtained can be best used to evaluate the 

health status of older individuals is still being debated. 

While it has been well established that the prevalence of chronic disease rises 

sharply with age in the later stages of life (Barnett, et al., 2012), there are some 

problems with using this metric as an indicator of health status (Rechel, et al., 2020). 

One is that people in different countries, of different socioeconomic statuses or with 

various levels of education have different access to healthcare which could make 

comparisons difficult. Comparing the data on chronic diseases is also difficult across 

time as the guidelines for their diagnoses can change between the studied times. 

Patients may also not be aware of their chronic conditions or report them incorrectly. 
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Finally, the same chronic disease can have vastly different health implications for 

different individuals based on how well its managed (Chatterji, et al., 2015). 

Due to these limitations, some authors argue that an older person’s health is 

better defined by being able to perform several common tasks or actions (Chatterji, et 

al., 2015), (Lindgren, 2016). ADL and IADL still fit into the broader definition of 

morbidity but some authors using this concept talk rather of changes in the levels of 

disability or “compression of functional decline” (Gore, et al., 2018). Gore et al. also 

argue that breakdowns in IADL and ADL usually follow specific patterns with people 

losing the ability to do the more complex tasks first and gradually fail in more basic 

tasks such as moving or eating. Further research on this progression could help with 

early detection and prevention. The model of functional decline is illustrated in Figure 

13. The rectangular dotted line represents the ideal ageing process where no functional 

decline is present up until the time of death. To achieve the compression of functional 

decline, the goal is to move from the original state represented by trajectory one to a 

more desirable trajectory two where a larger portion of the individual's life is spent 

with lower levels of limitations, but without adding significantly to life expectancy. 

(Gore, et al., 2018) 

Figure 13: Compression of functional decline 

 

Source: (Gore, et al., 2018) 

There are also combined measurements of health such as the frailty index, 

developed by Rockwood et. Al in 2006, that combines both functional limitations like 

difficulty with walking or taking medication, with information about chronic diseases 

and also tests of cognitive functions like, for example, recalling what day it is or the 
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passage of a memory test. All these factors are then aggregated to one number 

representing the overall state of health of the individual. However, this approach 

necessitates a lot of information on each subject and the collection of the data is thus, 

comparatively to the other methods, quite resource intensive. 

Additionally, there are aggregated indicators that combine information on 

mortality and non-fatal health outcomes in a single number that represents a whole 

target population. The main ones used are health-adjusted life expectancy (HALE) 

which estimates the expected number of ‘healthy’ years of life in a given population, 

and its converse disability-adjusted life years (DALY) which estimates the sum of 

years of life lost due to both early death and years lived with disability weighted by the 

severity of the disability (Rechel, et al., 2020). Both of these measures were developed 

by WHO and are used in a study of the global burden of disease which started in 1990 

and is continually updated with information on the level of mortality and disability 

coming from major diseases, injuries, and other risk factors in different regions of the 

world. (Rechel, et al., 2020). Another widely used aggregated indicator named Health 

Life Years (HLY) is published by Eurostat. HLY statistic is similar to HALE as it 

represents the expected number of years a person is expected to live without self-

perceived health limitations. The key difference is that while the calculation of HALY 

includes factors such as chronic diseases and other health conditions, HLY is based 

solely on self-reported limitations in ordinary activities (Bogaert, et al., 2018) which 

is, as argued above, a better measurement of real health status. 

Levels of disability are also sometimes measured directly by examining 

healthcare expenditures, often by studying healthcare age-related cost profiles. These 

profiles show the average healthcare expenditures in one year by person’s age. An 

example of an average healthcare cost profile for men in the year 2016 in the Czech 

Republic is shown in Figure 14 along with the estimated effects of the previously 

mentioned scenarios.  
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Figure 14: Healthcare expenditure profile by age 2016 (Men) and possible 

scenarios 

 

Source: 2016 age expenditure profile (blue line) by CZSO, possible future scenarios by author 

The expenditure profile for 2016 is drawn by the solid blue line and has a 

typical J shape, starting with relatively high expenses for newborns and very young 

children, decreasing to about the 20 to 24 age cohort and then again steeply rising till 

about 70 to 74 when the expenditures start to plateau. The same plot for women has a 

similar shape with the exception that there is a distinct increase in expenditures, in 

comparison with men, approximately between the ages 20 and 45 corresponding with 

their childbearing age. 

All dashed and dotted lines simulate the effects of the relevant scenarios, as 

described by Bělohradský (2018), in a hypothetical future year. The numerical 

expenditure values displayed on the horizontal axis are not relevant for these scenarios, 

as factors like inflation, income effect, or technical development are almost certain to 

move the whole profile higher in the subsequent years. Rather the shape of these cost 

profiles is the key characteristic. All the scenarios follow the original profile up until 

the older ages at which point some of them diverge. It is also assumed that between the 

original year and the year of the future scenario life expectancy continues to increase. 

The red dashed and dotted line represents the expansion of the morbidity scenario and 

keeps following the original cost profile meaning that all the additional life years 

gained are spent in poor health only postponing the fatal factors. The green dashed line 

depicts the compression of morbidity scenario in which a larger portion of the gained 
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life expectancy is spent in good health lowering the healthcare costs of the younger age 

cohorts. Finally, the black dotted line shows the effect of the death-related costs 

scenario where the whole expenditure curve for older people is getting shifted to the 

right along with the increasing life expectancy. All these scenarios are also important 

as they are often used for future projections of healthcare costs (Bělohradský, 2018). 

For example, in the Czech Republic a 2019 model on future healthcare expenditures 

by Bryndová et al. used these scenarios as it was based on the methodology by 

Bělohradský, but during its conception the value of the parameters on the level of 

compression of morbidity was debated by the team including the author of this thesis. 

On the other hand, a model by the Czech Fiscal Council (2019) on future healthcare 

costs projections treats the age specific cost profiles as constant, not allowing for any 

changes based on the mentioned scenarios, which introduces uncertainty about the 

outcomes (Czech Fiscal Council, 2019). 

4.2 Latest evidence on the link between health and 
ageing 

In a recent systematic review by Chatterji et. Al (2015) of studies on whether 

the additional years gained in life expectancy are spent in good or bad health, the 

authors concluded that the outcomes of the study largely depend on the health 

measurements used and the economic development of the studied country. Studies 

using disability-related measurements like ADL or IADL were more likely to report 

findings of compression of morbidity, while those focusing mainly on trends chronic 

disease prevalence often reported the opposite expansion of morbidity scenario 

(Chatterji, et al., 2015). The authors note that a likely explanation for these 

discrepancies is that chronic diseases are often well managed and don’t cause 

additional limitations. Compression of morbidity was also more frequently found in 

high-income countries like the USA, while low to middle-income countries reported 

stagnation or even expansion of morbidity. 

The evidence from studies using disability-related measurements varies both 

between the countries studied and also within the countries based on many factors such 

as income, education, gender, or socioeconomic status of the individuals. In a 2007 

study by Lafortune and Balestat on people 65 and older and their functional limitations 

in 12 OECD countries, the authors find evidence of disability decline in only five of 

them: Denmark, Finland, Italy, the Netherlands, and the United States, while Australia, 

Belgium, Canada, France, Japan, Sweden, the United Kingdom showed no signs of 

improvement.  A study by Knesebeck et al. (2017) used data on functional limitations 

in 16 European countries from European social survey from 2002 to 2014. The authors 
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found income-related inequalities in functional limitations amongst the residents of 

respective countries. Older people with lower income had on average more functional 

limitations compared to those with higher income and this inequality was also more 

pronounced among men than women. Similar disparities between people with different 

socioeconomic status were found also in the Czech Republic in a 2021 study by Bertoli 

& Grembi. They found that while during the studied period of 1994 to 2016 mortality 

significantly decreased for people of all ages and for both sexes, the levels of mortality 

inequality did not change at all except for women aged 20–64, who experienced an 

increase in inequality. 

 Differences amongst citizens within countries were also found by Uccheddu et 

al. (2019). Their study used information from five waves of the Survey of health, 

ageing, and retirement in Europe (SHARE) containing data on people aged 50 or older 

between the years 2004 to 2015 from which they constructed a combined frailty index 

and estimated the index’s variation amongst people with different education, income, 

and wealth while also controlling for gender and region. The authors find that both 

education and wealth have a positive impact on an individual’s levels of frailty with 

the effect being the strongest in the south European countries. The effects were also 

found to be stronger for women when compared to men. No such significant effect was 

found for income (Uccheddu, et al., 2019). SHARE data was also used in a 2018 study 

by Ahrenfeldt et al. comparing the differences in cognitive function, grip strength, and 

functional limitations in seven European countries between waves one (2004) and five 

(2013). The authors found no significant change in levels of functional limitations 

across all the countries and only minor improvements in IADL in central and northern 

Europe with northern Europe also showing a slight increase in ADL limitations. On 

the contrary cognitive skills showed a substantial change between the waves with 

people in 2013 having cognitive skills like people who were 8 years younger in 2004. 

As mentioned above the findings of studies measuring health status by the 

prevalence of chronic diseases are usually pointing in the opposite direction of 

expansion in morbidity. An example of this is the selected literature review by 

Lindgren (2016) in where the author found strong evidence that the prevalence of 

chronic diseases among the elderly has increased over time while simultaneously 

providing evidence for the postponement of functional limitations and disability.  

Palladino et al. (2019) also found an increase in multimorbidity – the presence of 2 or 

more chronic illnesses, by more than 3% from 38.2% in 2006 to 41.5% in 2015. These 

findings came from examining SHARE data on 10 European countries including the 

Czech Republic. The studies also confirm that the number of chronic diseases increases 
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with age. This was found also on Czech data in a study on risk-adjustment and 

pharmacy-based cost groups by Bryndová et al. (2019). 

Many studies have also been published on the death-related costs scenario. A 

2006 review of these studies by Michele Raitano concludes that age alone is not a good 

predictor of rises in healthcare costs and the proximity to death needs to be considered. 

One of these studies is a paper by Brockmann (2002) using hospital discharge data 

from the largest German health insurer (AOK). In the study, Brockmann finds that a 

large part of total health expenditures is spent in the last year of a patient’s life. He also 

finds that these costs fall with age as the oldest patients receive less costly treatment 

and this pattern is more pronounced for elderly women. This finding suggests that 

healthcare is informally rationed based on the patient’s sex and age. The author 

suggests that the physician's professional decision could be one of the causes. The 

death-related costs were also studied in the Czech Republic by Kateřina Pavloková 

(2010). Using generalized linear model regression on data from the largest Czech 

health insurer the author found that the effect of proximity to death is indeed significant 

and promotes its use in future healthcare projection in the Czech Republic. 

Concerning the aggregate measurements, the HLY is published yearly on 

Eurostat’s website to, among others, help measure progress in strategic European 

policies (Bogaert, et al., 2018). Data on expected HLY for the Czech Republic suggest 

that from 2005 to 2018 the expected disability-free life years for an average 65-year-

old man rose by 1.5 years to 8.1. The increase in HLY for Czech women during the 

same time period was the same but to a higher endpoint with 8.5 HLY in 2018 

(Eurostat, 2021). The increase for men was the same as the EU 28 average, but the 

value in 2018 was still below the 9.9 EU 28 average. Women managed to slightly close 

the gap with the EU 28 average with the increase between 205 and 2018 being 0.2 and 

thus being closer to the 2018 EU 28 average of 10 HLY (Eurostat, 2021). 
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Figure 15: Expected number of years spent without disabilities at 65 

 

Source: (Eurostat, 2021) 
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5 Data and methods 

This and the following chapter will evaluate the link between health and ageing 

in the Czech Republic from two perspectives. One is the change in the health status of 

older people by analyzing the proportion of people with disabilities over time. The 

second is the financial impact that would come from reduced demand for healthcare 

and the resulting easing of the pressure on healthcare systems (OECD, 2019a). As 

noted in the literature review the evidence for which of the mentioned scenarios is 

currently occurring is not definitive. The first part of this section will be focusing on 

healthcare expenditures in the Czech Republic between the years 2000 and 2019 and 

whether in this time there is any change in their shape that would indicate one of the 

scenarios described in the literature review. This should provide answers for the first 

two hypotheses of whether the relative health expenditures for older people are shifting 

in time, where a downward movement would indicate the compression of morbidity 

scenario, and also whether there are significant differences in this trend between men 

and women in this regard. 

While the economic effects of healthy ageing are essential for the financing of 

the healthcare system, the improvement in health status and wellbeing is, arguably, the 

intended goal of the whole healthcare system. To determine if the health condition of 

the elderly citizens is improving, the second part of this chapter is dedicated to the 

analysis of data on the Czech Republic from the Survey of Health, Ageing, and 

Retirement in Europe (SHARE). The results of this analysis should suggest an answer 

to the third hypothesis whether age specific morbidity rates are decreasing. Any 

differences between the sexes should also provide further evidence for the second 

hypothesis. 

5.1 Healthcare expenditures In the Czech Republic 

For healthcare expenditure analysis data on the average healthcare costs per 

capita by sex and age, divided into 5-year cohorts from the year 2000 to 2019 have 

been acquired. The data were then analyzed for changes in time using the Mann 

Kendall test for trend detection while applying a block bootstrapping technique to treat 

autocorrelation where it was present at a significant level. The process of gathering and 

preparing the data is described in the first part of this subsection, followed by the 

description of the analytic methods used. 
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5.1.1 Data collection and preparation 

The data have been gathered from the Czech statistical office (CZSO) and they 

have been computed from data acquired from Czech health insurers. Data for most 

years were acquired from CZSO’s annual report Results of healthcare accounts (CZSO, 

2021) but several of them were missing or were included in a different form. CZSO 

was contacted with a request for the data in the absent years and the communications 

manager promptly found and sent the data. However, the data for the years 2000 to 

2004 were calculated using an older methodology different from the one used for all 

the other years. Therefore, another data request was issued to CZSO for the 

recalculation of the data utilizing the newer methodology so they can be used in the 

analysis. The data have been delivered for a small fee and thus the full range of 20 

years could be used for the analysis. 

There were no missing data in this 20-year dataset but upon visual inspection, 

a few inconsistent data points have been found. Computational analysis revealed there 

were four such instances in both the male and female datasets in the studied age 

cohorts. For example, in the year 2016, the average healthcare costs for a woman in 

the 70 to 74 age cohort was 45 387 CZK but for the next 75-79 cohort the data showed 

a decrease to 39 046 CZK while in every other year the costs increased by on average 

13%. CZSO was queried about these inconsistencies but after reviewing the case they 

have not been able to provide the source of the error. As these highly irregular errors 

were relatively few, a decision to interpolate the values for these age cohorts was made 

and the errors were approximated by multiplying the costs for the previous age cohort 

by the average change across all the other years. For instance, in the previous example, 

the costs of 45 387 CZK were multiplied by 1.13 to obtain the average costs for women 

aged 75-79 of 51 287 CZK. This process was repeated for men aged over 60 in the year 

2000 as these discrepancies were found for all the subsequent age cohorts and CZSO 

could not provide the original data from which they have been calculated, however, 

analysis without this change did not yield significant changes in the results. 

To visualize the data and make the following analysis easier for the reader to 

understand a sample of the data for men aged 40 or older in 2015 and 2016 can be seen 

in Table 1. The first two columns after age cohort information list the nominal medical 

expenditures for the years 2015 and 2016. When depicted in a graph these data form 

the end of the cost profile in Figure 14. The nominal data are then indexed (why and 

how is described in the following methodology section) and in the last column, we can 

see the yearly change. The ages chosen for the analysis are separated into 5-year 

cohorts, start at 50 and end with an open-ended 85+ age cohort meaning that in total 

there are eight analyzed cohorts. The lower bound of 50 was chosen for the analysis to 
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be consistent with the following disability analysis using SHARE data which contain 

on people of 50 or older. The upper cohort of 85+ was set by the available expenditure 

data. 

Table 1: Average healthcare costs of men in 2015 and 2016 by age 

Age cohort 2015 2016 2015 2016 Change 

40-44  13 352 13 823 1 1 0 

45-49  16 261 17 097 1.22 1.24 0.02 

50-54  20 960 21 901 1.57 1.58 0.01 

55-59  28 125 29 048 2.11 2.10 -0.01 

60-64  37 220 38 049 2.79 2.75 -0.04 

65-69  47 511 47 181 3.56 3.41 -0.15 

70-74  57 013 59 108 4.27 4.28 0.01 

75-79  63 113 64 924 4.73 4.70 -0.03 

80-84  65 115 66 387 4.88 4.80 -0.07 

85+  65 975 67 565 4.94 4.89 -0.05 

Mean of 50+ 48 129 49 270 3.60 3.56 -0.04 

 

5.1.2 Methodology 

Financial time series data are often affected by many different factors which 

makes isolating the effects of a single influencing factor very difficult. In the case of 

healthcare expenses, these include demographic factors such as the size of population 

and its age composition, which are not a problem in this dataset as it consists of average 

data per capita by age, and non-demographic factors such as wages of healthcare 

workers, medical technological progress, or the effect of policies (Bělohradský, 2018) 

and these factors are not linked with how the health of the older population is changing 

over time. Thus because the purpose of the following analysis is to detect changes over 

time in the healthcare costs relative to younger cohorts, we can index the data by 

dividing the nominal values by the average cost for a younger age cohort in the same 

year thus centering the data to a common point and eliminating the effect of the 

mentioned factors while preserving the age relative healthcare expenditures 

composition. Studying the changes in the shape of the resulting cost profile can then 

tell us which, if any, scenario described in Figure 14 is the data following 

(Bělohradský, 2018). 

For indexing, the 40 to 44 age cohort was chosen and all the expenditures in 

the same year were divided by its expenditures, resulting in the expenditures for the 40 

to 44 cohort itself being equal to one. This cohort was chosen because it is after the 

peak of female reproductive age which could carry some trends in pregnancy and 

childbirth care while still being relatively far from the ages studied in the analysis and 
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their trends that we are searching for. To provide a robustness check and verify that the 

results are not significantly influenced by any existing trends in the chosen 40 to 44 

age cohort, the same analysis was performed with the 10 to 14 age cohort chosen as 

the indexing cohort which was selected because it is not comprised of very small 

children, where there could be significant trends related to newborn and infant 

technological and scientific progress and also it precedes the female reproductive age. 

The findings were very similar with a few discrepancies which are mentioned in the 

results section. 

In Table 1 we can see that while for the nominal data the healthcare 

expenditures on average increased from one year to the next, the indexed data free from 

the outside factors mentioned above show the relative costs decreased. If visualized in 

a graph, as in Figure 14, this would result in the cost profile curve for older people to 

shift downward in the direction of the compression of morbidity scenario. 

To analyze if this trend of decreasing relative prices is consistent and 

statistically significant in the healthcare prices for older citizens in the Czech Republic 

over the past 20 years, the changes for individual age cohort healthcare costs for people 

over 50 were tested using the non-parametric Mann Kendall (MK) test for monotonic 

trend detection (Mann, 1945), (Kendall, 1975). This test has been chosen as the sample 

size of 20 for each age cohort is relatively small, some age cohorts showed signs of 

non-normal distribution when analyzed by the Shapiro-Wilk test for normality and it 

allows for nonlinear trend detection. 

The MK test examines time-series data for trends without specifying whether 

or not it is linear by comparing the difference in signs between earlier and later data 

points. This procedure produces a test statistic S as follows: 

𝑆 =∑ ∑ 𝑠𝑔𝑛(𝑌𝑗 − 𝑌𝑖)
𝑁

𝑗=𝑖+1

𝑁−1

𝑖=1
 

Where Yj and Yi are sequential data and N is the total sample size. A positive 

(negative) value of S indicates an upward (downward) trend. In their work, Mann and 

Kendall state that for N ≥ 8 the statistic S is approximately normally distributed with 

the following mean and variance: 

𝐸[𝑆] = 0 

𝑉𝑎𝑟(𝑆) = [𝑁(𝑁 − 1)(2𝑁 + 5) −∑ 𝑡𝑖𝑖(𝑖 − 1)(2𝑖 + 5)]/18
𝑛

𝑖=1
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Where ti is the number of data points in a tied group and n is the number of tied 

groups. Finally, we can compute the standard Z statistic as follows: 

𝑍 =

{
 
 

 
 
𝑆 − 1

𝜎𝑆
   𝑆 > 0

0            𝑆 = 0
𝑆 + 1

𝜎𝑆
   𝑆 < 0

 

As the MK test is non-parametric, there is no assumption on underlying 

distribution but there is an assumption of no interdependence of observations. It is 

therefore important to examine the data for possible serial correlation as its presence 

could skew the outcomes and result in erroneous conclusions (Khaliq, et al., 2009). 

Upon running the autocorrelation function for the first lag and comparing it against a 

5% significance level which was for the sample size of 20 at 0.4382, significant 

autocorrelation was discovered was found for age cohorts 50 to 64 for men and 50 to 

79 for women. 

Three main methods of dealing with autocorrelation for the MK test were 

developed and used. The first and initially chosen method was prewhitening of the time 

series before applying the MK test (von Storch, 1995). The prewhitening procedure 

decreases the inflation of the variance of the S test statistic caused by the serial 

correlation, and with that reduces the rate of trend detection of the test to the chosen 

statistical significance level (Bayazit, et al., 2007). However, when Bayazit and Önöz 

performed a Monte Carlo simulation to determine under which conditions 

prewhitening should be used. They found that it is not suitable for application in cases 

with a sample size over 50, proposed trend slopes greater than 0.01 or coefficient of 

variance under 0.1. While the sample size limit is fulfilled in our case, the projected 

trend slopes are greater than 0.01 in some cases and the coefficient of variance is less 

than 0.1 for all age cohorts for both sexes. 

The second method is a variance correction approach by Yue and Wang (2004). 

It has been shown in extensive Monte Carlo simulations that the presence of 

autocorrelation does not affect the mean of the MK’s S test statistic or disturb its 

asymptotic normality but only affects its variance (Khaliq, et al., 2009). Yue and Wang 

proposed modifying the variance of the S statistic by a correction factor that is 

calculated using effective the sample size (ESS) method. The problem with this 

approach is that the ESS method can be used only for detecting linear trends which 

removes one of the MK test's advantages and unlike the last method of dealing with 

autocorrelation, the variance correction method assumes that the time series is an 

autoregressive order one process. 
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The third method of dealing with autocorrelation is the block bootstrap (BBS) 

method. It was originally developed for this purpose by Kundzewicz, and Robson 

(2000) and it can be used on higher-order autoregressive processes and nonlinear 

trends. It is also important to note that, unlike prewhitening, the BBS method does not 

modify the original data. It works by resampling the data by blocks that are 

independently distributed with respect to each other, and these are then used to assess 

the significance of the chosen test statistic. First, the original MK test statistic S is 

estimated from the original data and the number of significant contiguous serial 

correlations k is found. Then the data are resampled in blocks of size 𝑘 +η and the test 

statistic is estimated again. This process is repeated, and the developed distribution is 

then used to estimate the significance of the original test statistic (Khaliq, et al., 2009). 

If it falls into the tails of the distribution, it is considered significant at the given 

significance level. The number of bootstrap resampling was set to 2000 as per 

Svensson, et al., (2005) and the number η was set to 1 as per Khaliq, et al., (2009). 

Non-parametric tests can be successfully used to analyze whether there is a 

trend present in the time series data but if a trend is found, the test gives us information 

only about its direction and not about its magnitude. For this purpose, a robust method 

introduced by Sen (1968) is used in this paper to calculate the magnitude of the slope, 

commonly referred to as Sen’s Slope (SS). 

5.2 Health status In the Czech Republic 

To determine if the health status of older people in the Czech Republic has been 

improving a survey focusing on the health and socioeconomic status of people aged 50 

or older has been acquired. The first part of this subchapter contains a description of 

the data and the process of their preparation. The second part then describes the 

methods used to analyze the data. 

5.2.1 Data 

The SHARE (Survey of Health, Ageing, and Retirement in Europe) project was 

started in 2004 and aims to improve the understanding of the health, social and 

economic status of the growing older population. Access to the data is restricted for 

scientific purposes only and applicants also must provide information about their 

intended use for the data and if they have affiliation with any scientific institution. The 

data are gathered in waves usually every 2 years thus provide a valuable resource for 

studying the development of health and other factors in time. The survey is also 

harmonized across all the participating countries with strict data collection methods to 

allow for comparison between them (Börsch-Supan, et al., 2013). The Czech Republic 
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joined SHARE in its second wave which took place in 2006-2007 and has been 

participating in all subsequent waves. A refreshment sample is periodically taken to 

increase the sample size and compensate for attrition (Börsch-Supan, et al., 2013). In 

Czechia, it was taken in the fifth wave in 2013 and for this reason, waves 2 and 5 were 

chosen for the comparison. The number of participants in each wave by age and sex 

can be seen in Table 2. 

Table 2: Demographic statistics of people in SHARE in waves 2 and 5 

 Total Men Women 

Age 
Cohort 

Wave 2 
(n=2636) 

Wave 5 
(n=5517) 

Wave 2 
(n= 1136) 

Wave 5 
(n=2300) 

Wave 2 
(1500) 

Wave 5 
(n=3217) 

50-54 363 373 165 141 198 232 

55-59 557 852 238 352 319 500 

60-64 535 1073 228 471 307 602 

65-69 397 1193 167 508 230 685 

70-74 293 853 136 362 157 491 

75-79 236 587 99 233 137 354 

80-85 166 382 68 167 98 215 

85+ 89 204 35 66 54 138 

 

In each wave, there have been more women participants (56.9% and 58.3% in 

waves 1 and 5 respectively). The number of participants in the second wave is also 

roughly half of those in the fifth wave. To account for these discrepancies, as well as 

for sources of potential bias like nonresponse rates and sample attrition, calibrated 

weights provided by the SHARE authors were used during the analysis (Alcser, et al., 

2005). 

To prepare the data for the analysis several steps had to be taken. While the 

dataset included information about age at the time of the interview, this variable had a 

lot of missing values and so instead the year of birth was subtracted from the year of 

the interview and then sorted into 5-year age cohorts ranging from 50-54 to 85+. People 

younger than 50 were then dropped from the dataset. The oldest cohort of 85+ was 

chosen for the analysis to be consistent with the previous analysis of healthcare 

expenditures. Each observation also contains anonymous individual ID and 

information on gender. The studied variables consist of information on ADL, IADL 

which are self-reported assessments of limitations in (instrumental) activities of daily 

living, such as bathing or walking (cooking or shopping), that persist for longer than 3 

months, and the number of chronic diseases the individual was diagnosed with. Lastly, 

as these data come from a survey, the calibrated weights used to evaluate the population 
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estimates were used along with information about the data collection method used in 

the Czech Republic. Finally, upon closer inspection a few observations with negative 

numbers for variables where only positive values make sense were found and replaced 

with missing values. 

5.2.2 Methodology 

As the data used for the analysis came from a survey an important factor was 

including the information about the collection method into the evaluation. The 

sampling design used in Czechia had multiple stages. First, the country was stratified 

into 23 smaller areas and in each of them, random clusters were selected with the more 

populated ones having a higher probability of being chosen. Households in these areas 

were then prescreened if they include any 50 and older members and then randomly 

sampled. This design, along with the calibrated weights provided by the SHARE 

researchers, was incorporated into the analysis. 

The studied variables are the proportion of people having no limitations in 

ADL, likewise for IADL, and the proportion of people having less than two chronic 

diseases. Since all of these are factor variables with only two possible yes or no 

answers, a binary logit model was used for the analysis of how they differ across age 

cohorts and between the waves. A similar analysis approach as Ahrenfeldt et. Al (2018) 

used to study ADL and IADL in other European countries. 

The logit model requires several assumptions to be satisfied for it to yield 

accurate results. These assumptions are independence of errors, linearity in the logit 

for continuous variables, absence of multicollinearity, lack of strongly influential 

outliers, and there should be an adequate number of events for each independent 

variable, with a non-formal rule setting the minimum to about 10 to 20 (Stoltzfus, 

2011). Since the analysis is made on data containing a time variable the residuals were 

checked using the autocorrelation function and in all evaluated models the first few 

lags were not significantly correlated at the 5% level.  Because the predictor variables 

are all categorical, the linearity assumption does not apply in this case, and it also 

ensures there are no significant outliers. All models were also examined with a function 

computing their variance inflation factors to make sure no multicollinearity was present 

in any of the variables. A commonly used threshold is that any value below five means 

that no multicollinearity is present in the variable (Kassambara, 2018) and none of the 

predictors exceeded this value. 
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6 Results 

This chapter provides an overview of the results from the models described in 

the previous data and methodology section. The first part describes the outcome tests 

for relative health expenditure and the second half of this chapter is dedicated to the 

SHARE logit model findings. 

6.1 Healthcare expenditure In the Czech Republic 

Results of the MK tests for detecting trends for each age cohort can be seen in 

Table 3 for men and in Table 4 for women. Looking from the right the column Norm 

contains the p-values of Shapiro-Wilke normality tests where the rejection of the null 

hypothesis means the tested time series is not normally distributed. The values show 

that especially for men, the expenditures for many age cohorts are not normally 

distributed even at a 5% significance level. The column Cv holds data about the 

coefficient of variance and its value below 0.1 for all ages is the reason why the 

prewhitening method was not used. ACF encompasses data about the first lag of the 

autocorrelation function. In cases where serial correlation at a 5% significance level 

was found (all but men aged 60-69), the BBS method was used to determine the 

significance level of the MK test. Following is information about the upper and lower 

bounds of the confidence intervals for the 10% significance level given by the 

bootstrapped or normal distribution. Finally, Z is the test statistic of the MK test and 

p-value is its significance level. 

 

Table 3: Trends in health expenditures (males) 

Age p-value Z CI↓ CI↑ SS ACF Cv Norm 

50-54  <0.05** -3.47 -2.64 2.80 -0.014 0.785** 0.060 0.0982* 

55-59  <0.05** -4.25 -3.29 2.50 -0.023 0.751** 0.065 0.1375 

60-64  0.4173 -0.81 -1.65 1.65 - 0.383* 0.050 0.5243 

65-69  0.9225 0.09 -1.65 1.65 - 0.343 0.051 0.0024** 

70-74  > 0.1 1.07 -1.99 2.15 - 0.573** 0.055 0.0053** 

75-79  > 0.1 1.39 -1.96 2.12 - 0.680** 0.058 0.0002** 

80-84  <0.05** 2.49 -1.86 2.09 0.021 0.485** 0.057 0.0113** 

85+  <0.05** 3.53 -2.24 2.16 0.039 0.595** 0.079 0.1498 

*   α = 0.1       N = 20 

** α = 0.05      Indexed age: 40-44 
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Table 4: Trends in health expenditures (females) 

Age p-value Z CI↓ CI↑ SS ACF Cv Norm 

50-54  <0.05** -4.12 -2.77 2.28 -0.011 0.523** 0.056 0.2437 

55-59  <0.05** -4.51 -3.20 2.57 -0.011 0.853** 0.040 0.076* 

60-64  > 0.1 -3.21 -2.92 2.71 - 0.86** 0.049 0.1243 

65-69  > 0.1 -1.91 -2.48 2.64 - 0.776** 0.051 0.2503 

70-74  > 0.1 -0.88 -2.28 2.41 - 0.518** 0.046 0.7233 

75-79  > 0.1 0.81 -2.29 2.51 - 0.644** 0.046 0.2386 

80-84  <0.05** 2.43 -2.02 2.08 0.014 0.489** 0.038 0.2560 

85+  <0.05** 4.19 -1.98 2.36 0.040 0.658** 0.076 0.0586* 

*   α = 0.1       N = 20 

** α = 0.05      Indexed age:40-44 

        

The results show similar trends for both men and women, but they differ in their 

magnitude. For those in their fifties, the data show a significant trend with a downwards 

slope with the slopes being about -0.014 and -0.023 for men aged 50 to 54 and 55-59 

respectively and about -0.011 for women in both age cohorts. This means that the curve 

of the cost profile that would represent these data shifted downwards over the studied 

20 years for both men and women. The values of the slopes do not mean much on their 

own, but when compared with the indexed data on health expenditures we get that, 

ceteris paribus, if this downward trend continued from the last year of the dataset, it 

would take about 25 years for the 50 to 54 male age cohort to reach the relative 

expenditure level where the previous (45 to 49) age cohort is in 2019. For the men aged 

55 to 59, to reach previous cohorts 2019 expenditure level it would take about 20 years. 

The same process for women would come out to around 17 and 18 years, respectively 

which means that women’s healthcare expenditures decline at a relatively faster rate 

than men’s. 

 People from 60 to 79 do not show any trend significant enough to be detected 

by this test. Those aged 80 or more do show a trend detected at the 5% significance 

level, but unlike for people in their fifties, this trend is sloping upward meaning the 

respective expenditure profile curve is shifting upward. Trying to visualize the 

magnitude of the trends in the same way as previously would not be helpful in this case 

as from Figure 14 we know that the expenditures tend to level off for the very old 

which means there is not much difference between the 80 to 84 and 85+ cohorts and 

there is no cohort after 85+. From the results, we can only tell that the trend for men 

(women) is about two (three) times greater for the 85+ cohort compared to the 80 to 84 

cohort. 
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To visualize these findings the same 2016 men’s healthcare expenditures by 

age profile is shown in Figure 16 along with the changes that would happen in 20 years 

if the same trends that were found in the analysis persisted, holding everything else 

equal. If we compare the graph with the one in Figure 14 we can see that the scenario 

most similar to the estimated results is the death-related costs scenario in which the 

healthcare expenditure costs are pushed to later years along with the increasing life 

expectancy. However, to conform with this scenario fully, the previous age cohorts 

would all need to show a decreasing trend, but while downward trends were found 

between the ages 50 and 80, only those from 50 to 60 years were found statistically 

significant. 

Figure 16: Healthcare expenditure profile and analysis results (Men) 

 

Source: 2016 age expenditure profile (blue line) by CZSO, possible future scenario based on 

author’s estimation 

To make the results more robust the entire process was repeated using the same 

data but indexing them using the 10 to 14 age cohort expenditures (results shown in 

appendix Table 5 and Table 6). The findings were very similar in both trend 

significance and magnitudes with a few discrepancies. For men, the only result that 

changed was that the 50 to 54 cohort trend became insignificant and the magnitude of 

the trend for the 55 to 59 cohort became less prominent as it showed it would take 23 

instead of the previous 20 years to reach the relative spending of the younger age 

cohort. For women, the significant trends shifted as a downward trend was found also 

for the 60 to 65 cohort while the slight upward trend at 80 to 84 failed to be confirmed. 
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Despite these differences, the overall conclusion is the same with significant downward 

trends being only found for the relatively young senior population, no significant trends 

detected for the middle part of the elderly category and upward trends were found for 

the oldest category. 

In summary, to answer the first hypothesis of whether the relative healthcare 

expenditures of older people are decreasing over time we can say that we found 

significant evidence of a downward trend only for those aged between 50 and 60, no 

significant trend was found for those between 60 and 80 (except for 60 to 64-year-old 

women in the robustness check) and for those over 80, an opposite rising trend was 

found. These findings would most correlate with the cost of death scenario which 

would indicate compression of morbidity, but further research, on healthcare costs in 

the last stages of life in the Czech Republic would be needed to confirm it. While there 

were only minor differences between men and women in where trends were found and 

their direction, there was a difference in their magnitude. For women in their fifties, 

the downward trend in relative healthcare costs was relatively steeper when compared 

to men, at the same time their relative healthcare expenditures after 85 rose at a faster 

pace than for men.  

6.2 Health status In the Czech Republic 

The resulting proportions from all the models calculated on the SHARE data 

can be seen in Figure 17, Figure 18, and Figure 19. The differences between the age 

cohorts are statistically significant in most models especially for the older age cohorts 

above 70, however, with the exception of the proportion of women without ADL 

limitations shown on the right side of Figure 17, none of the changes between the years 

2007 and 2013 was found statistically significant on any meaningful level. The outputs 

of the models can be found in the appendix.  

Figure 17: Estimated proportion of men and women without any ADL 

limitations 
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*Men are represented in the left graph and women in the right 

Figure 17 shows the estimated proportion of men (left) and women (right) 

without any ADL limitations by age and their change between the years 2007 and 2013. 

The proportion of men in 2007 without ADL limitations starts at very high levels and 

generally stays above 90% for men up to about 80 years, but after that, it starts to 

deteriorate with about 76% at ages between 80 to 84 and only 65% for ages 85+. 

However, it is important to state that while it is statistically significant the effect for 

ages 85+ was estimated from a relatively small sample size of 35 men. This same 

limitation is true for the other analyzed statistics although the sample sizes are larger 

for women. Changes between the years were not found statistically significant either 

for individual age cohorts nor overall. The proportions for women follow a similar 

pattern as for men but it starts to fall a little sooner at around the 75th year with the 

proportion being 83% in 2007 and dropping to 74% for women 85 and older. The 

model also showed statistically significant differences in the comparison to the year 

2013 and it estimated that there was a substantial drop in the proportion for almost all 

age groups. This means that there were more women with some kind of considerable 

limitation in 2013 when compared to 2007. The difference is small for the younger 

cohorts but becomes larger with increasing age being about 4% at 65, 7% at 70 and 

further increasing up to 12% for women aged 85 and older. 

Figure 18: Estimated proportion of men and women without any IADL 

limitations 

  

*Men are represented in the left graph and women in the right 

The proportion of men and women without any IADL restrictions is shown in 

Figure 18. The progression with increasing age follows a very similar pattern as in the 

ADL case, but since IADL limitations are much less severe, they on average come 

earlier than ADL restrictions resulting in the proportions of people without them being 

lower at almost all ages. The deterioration also starts earlier at around age 70 and it 

progresses faster than for ADL causing the number of people without IADL limitations 
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being much lower in very old age. The graphs also show that women tend to be more 

likely to have some kind of disability making the proportion without them being lower 

than men’s. The differences between the two studied years were not found to be 

statistically significant. 

Figure 19: Estimated proportion of men and women with less than two chronic 

diseases 

  

*Men are represented in the left graph and women in the right 

The proportions of people with less than two chronic diseases shown in Figure 

19 is much lower than those without disabilities indicating that a large number of them 

are managed quite successfully and therefore do not cause any limitations for those 

affected. The percentage of people suffering from chronic illnesses also tends to rise 

more gradually and much earlier when compared with activity limitations. One of the 

possible explanations would be that chronic illnesses become more severe with time 

and due to good disease management, it takes several years for any limitations to 

manifest. For men, the proportion without two or more chronic diseases starts at around 

71% at age 50 and then drops by about 10 % every five years up to around 65 at which 

point it stabilizes at around 40% for the following 15 years and only drops at around 

80 years to about 29%. The proportion of women with less than two chronic illnesses 

follow a similar course as for men, but at every age it is estimated to be around 6 to 

10% lower, meaning that women tend to suffer from more chronic diseases than men. 

The graphs also show that for both sexes the percentage of people without persistent 

illnesses seems to slightly rise for the 85+ category, but this could again be due to the 

relatively small sample sizes or for example because this category does not have an 

upper bound and only the individuals with less chronic diseases tend to survive to such 

old ages. Again, no significant differences were found between the two studied years. 

In summary, the proportion of people without any functional limitation is 

estimated to be quite high at around or above 90% for both sexes up to about their mid-

sixties to early seventies. Women tend to report more limitations and at an earlier age 
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when compared to men, which corresponds with them suffering on average from more 

chronic diseases than men. The rise of limitations is manifesting itself at later ages of 

life when compared to chronic diseases which could be because they are increasing in 

severity over time and only start to limit the affected person only several years after 

contracting them. 

The only statistically significant change between the years 2006 and 2013 was 

found for women in the more severe ADL limitations. The analysis suggests a 

substantial increase in these limitations for women with the magnitude of the change 

increasing with age from about 4% at 65 all the way to 12% for women aged 85 and 

older. As this is an unexpected result it was checked again by calculating both simple 

and weighted means of the survey data, but the finding was only confirmed. The failure 

to detect any meaningful change in all the other analyses could indicate that there was 

no real change in the studied variables, but it could also be because the time between 

the studied survey waves was rather small at only six years and the changes were not 

substantial enough to be detected. However, based on these results the third hypothesis 

that the levels of morbidity are decreasing for the older population over time, indicating 

compression of morbidity has failed to be confirmed. On the contrary, the estimates 

based on activity limitations suggest the expansion of morbidity, especially for women 

with ADL limitations. 
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7 Discussion 

The analysis of Czech healthcare expenditure data from 2000 to 2019 provided 

mixed results on whether there was a change in relative health expenditures amongst 

older citizens. It was estimated that for both men and women in their fifties, there was 

a statistically significant decrease in their healthcare costs. Between 60 and 80 no 

significant change was found and the expenditures were increasing for people over age 

80. This suggests that the healthcare costs shifted to higher ages along with the 

increased life expectancy indicating that there are significant death-related costs. The 

resulting changes in the age-specific healthcare expenditure profile did resemble the 

death-related costs scenario as set by Bělohradský (2018). As noted in the literature 

review, evidence that costs of death were a significant factor for the healthcare costs in 

the Czech Republic was also previously provided by Pavolková (2010). But to fully 

conform with this scenario, a decrease in relative costs would also need to be present 

in the 60 to 80 age categories. One explanation why the healthcare costs of people in 

this group have not decreased over the 20 studied years is the 5% increase in the 

prevalence of chronic diseases between the years 2006 and 2015 which was found by 

Palladino et al. (2019). Combined with the finding by Bryndová et.al (2019) that the 

prevalence of chronic diseases rises with age, this could explain why the positive 

movement of the cost profile was found only for people in their fifties and not in older 

age cohorts. While this provides some evidence for the death-related costs hypothesis, 

to confirm it more studies on the topic using the latest data from the Czech Republic 

would need to be done. However, based on these mixed results the first hypothesis that 

the relative healthcare expenditures for the older population are decreasing over time 

cannot be confirmed. 

Examining the SHARE data for Czech citizens over 50 yielded unexpected 

results. While for men there were no significant differences in disability prevalence 

between 2007 and 2013, the proportion of women suffering from an ADL limitation 

increased. The failure to detect significant changes for men in both ADL and IADL 

limitations and women in IADL limitations was not surprising as Ahrenfeldt et al. 

(2018) also did not find any overall difference in ADL and IADL limitations in several 

other European countries using SHARE data over a longer time period. A possible 

explanation could be that the analysis on the Czech data was done over a shorter time 

and the years directly encompassed the 2008 economic crisis. While the recession 

impacted citizens of both sexes, women were arguably hit more severely (Heřmanová, 
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2020). Although normally crises affect the industrial section of the economy, with 

primarily male workers, the big industrial businesses like the car manufacturers are 

often saved by government subsidies. Thus, the largest detrimental effects can be seen 

in sectors such as the state administration, where primarily women are employed. 

Women are also more likely to stay home, with children and be reliant on social 

benefits, which are often cut or frozen during a crisis (Heřmanová, 2020). These 

economic hardships could have a harmful effect on health. As no significant 

improvements in the proportion of people suffering from ADL or IADL limitations 

have been found, the third hypothesis that the levels of disability are decreasing in the 

older population also cannot be confirmed. Likewise, the second hypothesis of equal 

health development for men and women cannot be accepted. 
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8 Conclusion 

In the recent decades, a significant demographic shift is underway, with 

increasing life expectancy and falling fertility rates, causing a change in the age 

structure of populations. This introduces a problem for the sustainability of many 

modern social systems, including healthcare, especially in the developed world, where 

these systems are more prominent. Initially, the future projections on the financing of 

these systems were very pessimistic, but over the last few decades, two scenarios 

surfaced which could alleviate the problem. One is the compression of morbidity or 

healthy ageing, which assumes that a large part of the gained life expectancy will be 

spent in good health, thus reducing the pressure on the healthcare system. The other 

being the concept of death-related costs hypothesis which assumes that a large portion 

of the older populations healthcare costs is tied to the death of the individual, which 

would mean that the increasing life expectancy would just shift the existing healthcare 

expenses to older age at the same rate as the increase in life expectancy. 

This thesis provides information on the situation in the Czech Republic, and 

whether any of these scenarios are present in the data from the last 20 years, which 

could be relied on to improve the healthcare system financing in the following years. 

The analysis of the average Czech healthcare expenditures by age does indicate that 

death-related costs might play a significant role in Czechia, but this needs to be 

confirmed by further research on the topic. A significant decrease in relative healthcare 

expenditures was found only for the people in their fifties, while people from 60 to 79 

showed no signs of improved expenditure levels, and for people over 80 the relative 

healthcare costs rose. The second analysis of Share data did not provide any evidence 

that the levels of disability have changed between the years 2007 and 2013. On the 

contrary, an increase in the proportion of women with ADL limitations was found. 

As very few studies focusing on the relationship between health and ageing are 

done using data from the Czech Republic, providing an overview of the topic along 

with results from a rigorous analysis of the current situation from two different 

approaches is the main contribution of this thesis. The findings should serve mainly 

three purposes. One is to provide the Ministry of Health and other healthcare 

administrators with an assessment of the current situation, and at the same time spur 

them into action, as the results of the analyses do not provide an optimistic picture of 

compression of morbidity that would help the sustainability of the Czech healthcare 
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system. The other function of these results should be to provide relevant information 

for constructing health-related scenarios in healthcare expenditure projections. Finally, 

this thesis should serve as an incentive for further research into the topic and, for 

example, confirm or reject that the death-related costs hypothesis is significant in the 

Czech Republic. 
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Table 5 and Table 6 contain the results of the robustness test performed for the 

healthcare expenditures analysis. The comparison with the main results can be found 

in the results chapter. 

Table 5: Trends in health expenditures (males) 

Age p-value Z CI↓ CI↑ SS ACF Cv Norm 

50-54  > 0.1 -2.56 -3.07 3.09 - 0.803** 0.0771 0.066* 

55-59  <0.05** -3.08 -2.74 2.93 -0.0315 0.732** 0.0809 0.0273** 

60-64  > 0.1 -1.40 -2.58 1.96 - 0.556** 0.0492 0.2413 

65-69  0.381 -0.88 -1.96 1.96 - 0.093 0.0465 0.7396 

70-74  0.538 0.62 -1.96 1.96 - 0.404* 0.0488 0.915 

75-79  0.315 1.01 -1.96 1.96 - 0.399* 0.0514 0.8366 

80-84  0.064** 1.85 -1.96 1.96 0.0211 0.332 0.0440 0.4969 

85+  0.009** 2.63 -1.96 1.96 0.0413 0.425* 0.0596 0.3404 

*   α = 0.1       N = 20 

** α = 0.05      Indexed age: 10-14 

 

Table 6: Trends in health expenditures (females) 

Age p-value Z CI↓ CI↑ SS ACF Cv Norm 

50-54  <0.05** -3.34 -2.64 2.69 -0.0241 0.728** 0.0860 0.2861 

55-59  <0.05** -3.73 -2.81 2.87 -0.0231 0.808** 0.0765 0.3671 

60-64  <0.05** -3.08 -2.81 2.92 -0.0270 0.772** 0.0812 0.1488 

65-69  > 0.1 -2.30 -2.57 2.91 - 0.747** 0.0699 0.2981 

70-74  > 0.1 -1.98 -2.48 2.37 - 0.706** 0.0617 0.05169* 

75-79  > 0.1 -0.29 -2.41 2.31 - 0.539** 0.0574 0.1477 

80-84  0.417 0.81 -1.96 1.96 - 0.309 0.0453 0.1046 

85+  0.001** 3.41 -1.96 1.96 0.0441 0.421* 0.0638 0.8799 

*   α = 0.1       N = 20 

** α = 0.05      Indexed age:10-14 
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The following six tables show results of the logit tests performed on SHARE 

survey data. 

Table 7: Logit model output for proportion of men without 2+ chronic diseases 

chronic2 male Estimate Std. Err. t value Pr(>|t|) Sigif. 

(Intercept) -0.9087 0.2493 -3.645 0.0003 *** 
ageco55-59 0.4159 0.2999 1.387 0.1663  
ageco60-64 0.9158 0.2943 3.112 0.0020 ** 
ageco65-69 1.2275 0.2743 4.475 0.0001 *** 
ageco70-74 1.2251 0.3225 3.799 0.0002 *** 
ageco75-79 1.2280 0.3437 3.573 0.0004 *** 
ageco80-84 1.7990 0.4440 4.052 0.0001 *** 
ageco85+ 1.3949 0.4958 2.813 0.0051 ** 
year2013 0.1607 0.1979 0.812 0.4172  
ageco55-59:year2013 -0.0593 0.2293 -0.258 0.7962  
ageco60-64:year2013 -0.2394 0.2189 -1.094 0.2747  
ageco65-69:year2013 -0.1786 0.2100 -0.85 0.3956  
ageco70-74:year2013 0.0090 0.2326 0.039 0.9691  
ageco75-79:year2013 -0.1257 0.2440 -0.515 0.6069  
ageco80-84:year2013 -0.1871 0.3029 -0.618 0.5371  
ageco85+:year2013 -0.2662 0.2971 -0.896 0.3708  

Signif. codes: ‘***’ 0.001, ‘**’ 0.01, ‘*’ 0.05, ‘.’ 0.1, ‘ ’ 1 

 

Table 8: Logit model output for proportion of women without 2+ chronic 

diseases 

chronic2 female Estimate Std. Err. t value Pr(>|t|) Signif. 

(Intercept) -0.5415 0.2015 -2.687 0.0075 ** 
ageco55-59 0.3049 0.2624 1.162 0.2460  
ageco60-64 0.4648 0.2038 2.281 0.0231 * 
ageco65-69 1.0953 0.2778 3.943 0.001 *** 
ageco70-74 1.4252 0.2670 5.338 0.001 *** 
ageco75-79 1.3768 0.2884 4.774 0.001 *** 
ageco80-84 2.0413 0.4025 5.071 0.001 *** 
ageco85+ 1.7576 0.5639 3.117 0.0020 ** 
year2013 -0.1808 0.3738 -0.484 0.6288  
ageco55-59:year2013 0.0412 0.4281 0.096 0.9233  
ageco60-64:year2013 0.1647 0.3844 0.428 0.6685  
ageco65-69:year2013 -0.1720 0.4282 -0.402 0.6881  
ageco70-74:year2013 0.1033 0.4211 0.245 0.8064  
ageco75-79:year2013 0.5379 0.4449 1.209 0.2273  
ageco80-84:year2013 0.0918 0.5498 0.167 0.8676  
ageco85+:year2013 0.3974 0.6933 0.573 0.5668  

Signif. codes: ‘***’ 0.001, ‘**’ 0.01, ‘*’ 0.05, ‘.’ 0.1, ‘ ’ 1 
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Table 9: Logit model output for proportion of men without ADL limitations 

adl2 male Estimate Std. Err. t value Pr(>|t|) Sigif. 

(Intercept) -3.2133 0.7499 -4.285 0.001 *** 
ageco55-59 -0.2307 0.8793 -0.262 0.7932  
ageco60-64 0.3891 0.8211 0.474 0.6359  
ageco65-69 0.0863 0.5388 0.16 0.8728  
ageco70-74 1.1692 0.8336 1.403 0.1615  
ageco75-79 0.5957 0.8686 0.686 0.4933  
ageco80-84 2.0576 0.8566 2.402 0.0168 * 
ageco85+ 2.5979 0.8420 3.085 0.0022 ** 
year2013 0.1840 0.9966 0.185 0.8536  
ageco55-59:year2013 0.6099 1.1340 0.538 0.5910  
ageco60-64:year2013 0.0197 1.0421 0.019 0.9850  
ageco65-69:year2013 0.6704 0.8654 0.775 0.4390  
ageco70-74:year2013 -0.0234 1.0229 -0.023 0.9818  
ageco75-79:year2013 0.9211 1.1106 0.829 0.4074  
ageco80-84:year2013 -0.0900 1.0582 -0.085 0.9323  
ageco85+:year2013 -0.0250 1.1258 -0.022 0.9823  

Signif. codes: ‘***’ 0.001, ‘**’ 0.01, ‘*’ 0.05, ‘.’ 0.1, ‘ ’ 1 

 

Table 10: Logit model output for proportion of women without ADL limitations 

adl2 female Estimate Std. Err. t value Pr(>|t|) Sigif. 

(Intercept) -3.3223 0.4536 -7.3250 0.0001 *** 
ageco55-59 0.8963 0.5299 1.6910 0.0915 . 
ageco60-64 -0.4467 0.4887 -0.9140 0.3612  
ageco65-69 0.8588 0.5477 1.5680 0.1176  
ageco70-74 0.8958 0.5290 1.6940 0.0911 . 
ageco75-79 1.6935 0.5053 3.3510 0.0009 *** 
ageco80-84 1.8804 0.5571 3.3760 0.0008 *** 
ageco85+ 2.2996 0.6125 3.7540 0.0002 *** 
year2013 -0.8532 0.5729 -1.4890 0.1372  
ageco55-59:year2013 0.2950 0.6590 0.4480 0.6546  
ageco60-64:year2013 0.9712 0.3246 2.9920 0.0029 ** 
ageco65-69:year2013 0.4699 0.3376 1.3920 0.1647  
ageco70-74:year2013 0.7037 0.3231 2.1780 0.0300 * 
ageco75-79:year2013 0.6158 0.3059 2.0140 0.0447 * 
ageco80-84:year2013 0.7621 0.3418 2.2290 0.0263 * 
ageco85+:year2013 0.9639 0.3562 2.7060 0.0071 ** 

Signif. codes: ‘***’ 0.001, ‘**’ 0.01, ‘*’ 0.05, ‘.’ 0.1, ‘ ’ 1 
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Table 11: Logit model output for proportion of men without IADL limitations 

Iadl2 male Estimate Std. Err. t value Pr(>|t|) Sigif. 

(Intercept) -2.6904 0.3915 -6.872 0.001 *** 
ageco55-59 -0.4333 0.4275 -1.013 0.3115  
ageco60-64 -0.5474 0.4967 -1.102 0.2711  
ageco65-69 0.0592 0.4838 0.122 0.9026  
ageco70-74 1.1143 0.4743 2.349 0.0193 * 
ageco75-79 0.8665 0.4789 1.809 0.0711 . 
ageco80-84 2.3371 0.4849 4.819 0.001 *** 
ageco85+ 2.6861 0.5493 4.89 0.001 *** 
year2013 0.1794 0.6898 0.26 0.795  
ageco55-59:year2013 0.5672 0.7230 0.784 0.4333  
ageco60-64:year2013 0.9107 0.7881 1.155 0.2486  
ageco65-69:year2013 -0.0212 0.7391 -0.029 0.9772  
ageco70-74:year2013 -0.2568 0.7635 -0.336 0.7368  
ageco75-79:year2013 0.1660 0.7671 0.216 0.8288  
ageco80-84:year2013 -0.8991 0.7791 -1.154 0.2492  
ageco85+:year2013 0.0214 0.8719 0.025 0.9804  

Signif. codes: ‘***’ 0.001, ‘**’ 0.01, ‘*’ 0.05, ‘.’ 0.1, ‘ ’ 1 

 

Table 12: Logit model output for proportion of women without IADL 

limitations 

iadl2 female Estimate Std. Err. t value Pr(>|t|) Sigif. 

(Intercept) -1.6420 0.2916 -5.631 0.001 *** 
ageco55-59 -0.5654 0.4586 -1.233 0.2183  
ageco60-64 -0.4537 0.3957 -1.147 0.2523  
ageco65-69 -0.1316 0.3411 -0.386 0.6998  
ageco70-74 0.5978 0.3795 1.575 0.1160  
ageco75-79 0.6653 0.3372 1.973 0.0492 * 
ageco80-84 1.3104 0.4114 3.185 0.0016 ** 
ageco85+ 1.9125 0.4877 3.922 0.0001 *** 
year2013 0.2194 0.4756 0.461 0.6449  
ageco55-59:year2013 0.0936 0.6290 0.149 0.8818  
ageco60-64:year2013 -0.0648 0.5719 -0.113 0.9098  
ageco65-69:year2013 -0.2209 0.5205 -0.424 0.6715  
ageco70-74:year2013 -0.4977 0.5480 -0.908 0.3643  
ageco75-79:year2013 -0.0302 0.5225 -0.058 0.9539  
ageco80-84:year2013 0.1243 0.5898 0.211 0.8333  
ageco85+:year2013 0.7846 0.6489 1.209 0.2273  

Signif. codes: ‘***’ 0.001, ‘**’ 0.01, ‘*’ 0.05, ‘.’ 0.1, ‘ ’ 1 
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