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Objectives: Our objective was to assess morbidity trends in Europe and to classify European countries based on population ageing theories: the compression, expansion and dynamic equilibrium of morbidity.Methods: The proportions of healthy life years were calculated for 31 European countries for the period 2005–2019 based on life expectancy values and healthy life years at age 65 years adopted from the Eurostat database. European countries were classified according to morbidity patterns applying the standard deviation distance from the average of relative change method between the selected years.Results: A large degree of variation in terms of life expectancy and healthy life years at age 65 years was determined between 2005 and 2019. While the life expectancy differences between men and women were consistent across all the European countries, the gender gap concerning healthy life years was more diverse. Approximately one-third of the countries fell into the expansion, compression and dynamic equilibrium categories, respectively.Conclusion: Significant variations were identified in healthy life year trends across European countries, which underscores the need for preventive strategies.Keywords: healthy life years, population ageing, compression, expansion, dynamic equilibrium
INTRODUCTION
European health systems vary significantly according to the historical, cultural, economic and political context of the respective country [1]. Although all the respective health systems have their strengths and challenges, the differing structures influence both demographic dynamics and health outcomes. All European health systems have developed mechanisms for addressing healthcare challenges, including population ageing [2].
Population ageing refers to the demographic shift towards an older population. In recent decades, European countries have registered increasing proportions of the elderly in society as a result of increasing life expectancy. Life expectancy is a summary measure of the health of the population that considers the prevailing social and economic conditions of the respective country [3, 4]. It has been shown that when life expectancy at birth exceeds 70 years, long-term chronic diseases exert a significant impact of the health and quality of life of the population [5].
Consequently, discussions have been held as to whether prolonging the human lifespan is not just adding years of illness. Three theories of the relationship between mortality and morbidity were formulated in the 1980s. Firstly, the theory of the compression of morbidity proposes that a reduction in mortality is accompanied by an improvement in the health status [6]. Fries assumed that the postponement of morbidity to higher ages leads to shorter time periods spent in poor health due to successful primary prevention and improved living conditions [7, 8]. The original idea of morbidity compression stated that the age of the onset of chronic illness can be postponed more than can the age at death, thus squeezing most of the morbidity in life into a shorter period with less disability over the life span, whereas a reviewed version emphasised the importance of healthy ageing in terms of improved health throughout the life cycle [9]. Secondly, the theory of the expansion of morbidity proposes that extra years are in most cases spent in poor health. This theory assumes that medical progress prolongs life with the presence of chronic diseases, thus leading to the expansion of morbidity [10–12]. Thirdly, the theory of dynamic equilibrium assumes that the proportion of morbidity neither increases or decreases in the added years of life, rather it is in balance, i.e., the increased prevalence of morbidity affects only less serious conditions [13]. This theory combines both perspectives by assuming that even with an increase in life expectancy, the relative number of life years spent in good health remains unchanged. Further, the quality of life is improved as a result of medical progress [13]. These three scenarios place differing demands on health services and systems. Thus, in terms of planning, it is of particular importance for national health services to assess the prevalent morbidity patterns.
Most studies reported in the international literature restrict the investigation of the various theoretical concepts of morbidity to a single country [5, 14–16] or the application of certain measures [16–18]. Kreft and Doblhammer (2016) investigated the expansion and compression of long-term care in Germany based on measuring the number of care-need-free life years. Health-adjusted life expectancy (HALE) has been employed to evaluate the compression and expansion of morbidity in Canada [16] and Europe [18]. Self-perceived health ratings have been applied to measure health changes in Austria [5] and disability-free life expectancy in the UK and EU-28 [19]. Only two recently published studies have investigated broader sets of European countries [18, 19]. However, both studies investigated changes over extended periods without analysing morbidity patterns in detail.
The social and economic burden of population ageing will, to a great extent, be defined by future trends in morbidity [5]. The results could, therefore, be important for policymakers in terms of improving the health of the population and securing sustainable healthcare services and pension funding [20]. The aim of this study is, thus, to examine whether additional life years are spent in good or in poor health based on the study of a broad set of European countries. Applying the healthy life years (HLY) indicator, which provides an important tool for the monitoring of the health trends of populations, we assessed the evidence for the validity of morbidity scenarios in a range of European countries. Further, the study provides a country typology according to the population ageing scheme, i.e., compression, expansion or the dynamic equilibrium of morbidity.
METHODS
We employed data on life expectancy and HLYs at age 65 years from the Eurostat database [21]. Life expectancy refers to the average number of years a person is expected to live and is calculated based on mortality tables that show the order of population extinction in individual countries. The mortality tables were constructed using information on the number of deaths and births and the population structure by age and sex provided by national statistical offices [22].
The HLY indicator is used widely for the measurement of the health of populations. This indicator adds a quality dimension to life expectancy by reflecting the number of remaining years available to a person of a certain age without significant usual activity limitations, as assessed by the Global Activity Limitation Instrument (GALI) [23]. GALI measures the presence of long-standing activity limitations. The calculation of HLYs is based directly on life expectancy and the GALI indicator applying the Sullivan method [24, 25], which was selected due to its lower input data requirements. The GALI data was obtained from the European Union Statistics on Income and Living Conditions (EU-SILC) survey [26], which poses the following questions to respondents “For at least the past 6 months, to what extent have you been limited because of a health problem in activities people usually do? Would you say you have been: 1) severely limited; 2) limited but not severely; or 3) not limited at all?” According to the Eurostat methodology, we considered those who selected the third option, “not limited at all” for the purpose of defining persons without significant limitations [27]. We obtained a complete time series of life expectancy and HLY at age 65 years by gender for the period 2005–2019 for 31 European countries for this study. In cases in which no HLY values were available from the Eurostat database for specific years or countries, we used the value from the preceding year in order to maintain the consistency of the analysis.
We calculated the proportion of HLY of the total life expectancy at age 65 years by gender for each year of the period 2005–2019. This proportion represents the share of remaining life expectancy that an individual at age 65 years can expect to live in good health, i.e., free of any significant activity limitations as assessed using GALI data. We subsequently analysed the relative change in this proportion over time across the various countries and by gender. The examination of these changes allowed us to determine whether or not the living conditions of the population improved or deteriorated over the studied period. More specifically, the analysis allowed us to categorise the trends in terms of the three considered scenarios: morbidity compression (an increase in the proportion of life spent in good health), morbidity expansion (a decrease in this proportion) and dynamic equilibrium (the proportion remained relatively stable). These scenarios provided insight into the broader public health dynamics in the European countries considered in the study.
The categorisation of the countries according to the morbidity compression, expansion or dynamic equilibrium scenarios involved the calculation of the mean and the standard deviation of the relative change in the proportion of healthy life years between the start and end years of the studied period (2005 and 2019) by gender. The limits of the intervals for each scenario were then determined based on the standard deviation from the mean, as shown in Table 1. This approach allowed for a statistically grounded categorisation approach via which the intervals reflected the natural variation in the data, which followed a normal distribution (Gaussian distribution) trend. By setting the interval boundaries applying multiples of the standard deviation (k1 = 1.0, k2 = 0.5), we aimed to capture significant deviations from the mean, thereby identifying those countries that experienced notable shifts in their morbidity trends. This method was chosen since it provides a clear and objective approach to classifying the countries based on their relative change in HLY. Although other methods were considered, this approach was selected due to its simplicity and effectiveness in terms of distinguishing between the considered morbidity scenarios, considering the aim of categorising the countries in a way that meaningfully reflected the patterns observed in the data.
TABLE 1 | Country categorisation method according to the development of the relative change in the proportion of healthy life years (EU-28, Croatia, Norway, Switzerland, 2005–2019).
[image: Table 1]This study focused primarily on the period 2005–2019, i.e., the period immediately prior to the outbreak of the COVID-19 pandemic. Moreover, due to the significant shifts observed during the considered timeframe, we also explored shorter intervals, i.e. 2005–2009, 2010–2014, and 2015–2019. This comprehensive approach allowed for the identification of the distinctive trends in the health of the populations from 2005 to 2019.
RESULTS
The regional picture of differences in life expectancy at age 65 years remained relatively stable throughout the observed period (2005–2019). Certain countries evinced values that exceeded the average value of 19 years for men (Switzerland, Iceland, France) and 22 years for women (France, Spain, Switzerland, Italy), see Figure 1 and others evinced significantly lower average life expectancy at age 65 years, e.g., Latvia, Bulgaria and Lithuania for men and Bulgaria and Romania for women. Figure 1 also illustrates gender-related differences. The average difference in life expectancy between men and women was around 3.5 years across the observed countries in favour of women. Most of the Baltic states were observed to have differences of more than 5.0 years. Conversely, the lowest differences were observed for Iceland and the United Kingdom, i.e., approximately 2.5 years. Although life expectancy at age 65 years increased for both sexes throughout the observed period, the increase was most pronounced in the first two-thirds of the period, i.e. 2005 to 2009 and 2009–2014. Moreover, the life expectancy of women even decreased slightly in the period 2014 to 2019 in a number of countries (most notably Lithuania −0.3 years, followed by Iceland and the United Kingdom −0.2 years and France and Austria −0.1 years).
[image: Figure 1]FIGURE 1 | Life expectancy at age 65 years and the difference between the initial and final years of observation (EU-28, Croatia, Norway, Switzerland, 2005, 2009, 2014, and 2019).
The evaluation of the average number of HLYs at age 65 years revealed significant differences between the countries in the period 2005–2019. Concerning men, the value of this indicator exceeded 13.5 years in Norway, Sweden and Iceland. In contrast, the average number of HLYs at age 65 years in Slovakia and Lithuania did not even reach 5 years (3.9 and 4.5 years, respectively). Similar regional differences were also identified for women, the average values exceeded 14.3 years in Norway and Sweden, while in contrast, the average value in Slovakia was just 3.8 years (see Figure 2). However, whereas a significant difference was observed in the life expectancy at age 65 years values between women and men (significantly in favour of women), this was not the case of the HLY indicator at age 65 years; the average difference across the 31 countries investigated stood at just 0.2 years. This value was slightly higher for women in 19 of the countries studied (the highest values related to Bulgaria at 1.2 years and Denmark at 1.0 years) and slightly higher for men in 12 of the countries, i.e., the difference between women and men attained negative values, the highest values were noted for Cyprus at −1.4 years and Portugal at −1.2 years).
[image: Figure 2]FIGURE 2 | Healthy life years at age 65 years and the difference between the initial and final years of observation (EU-28, Croatia, Norway, Switzerland, 2005, 2009, 2014, 2019).
The simple visual comparison of the data in Figure 2 reveals significant variations in both the HLY and life expectancy trends over the considered cross-sectional years, thus indicating that changes in health indicators are not consistent over time and may vary significantly from one period to another. In addition, different trajectories were observed across countries. For instance, we observed a continuous decrease in the values across all the cross-sectional years for men in Denmark, i.e., from 13.2 years in 2005 to 10.7 years in 2019, whereas we observed firstly a gradual and then a significant increase in the values for men in Germany from the original 6.4 years in 2005 to 11.5 years in 2019. Concerning women, the Netherlands evinced a continuous decrease in the observed values (from 11.1 years to 9.6 years), whereas a continuous increase in values from 11.1 to 15.1 years in 2019 was observed for Malta. The degree of variability for both the trends and the regional differences was found to be significantly higher for HLYs at age 65 years than for life expectancy, which was due mainly to the former reflecting the results of the subjective assessment of health as reported in the sample survey. Such assessments are significantly influenced by current external influences that are not reflected in predominantly stable death rate patterns.
Differences were observed in terms of the pace of development between both countries and men and women. The gender comparison (Figure 3) revealed a closer relationship between the increase in life expectancy and the increase in HLY for men than for women, i.e., the difference in the rate of change of the two indicators over time was narrower for men (the dashed trend lines are closer to an angle of 45°, which, in the case of a square geometric network, implies a uniform development trend). A slightly higher degree of variability in terms of the distribution of points across the years can be observed for women.
[image: Figure 3]FIGURE 3 | Relationship between the life expectancy indicators at age 65 years and healthy life years at age 65 years (EU-28, Croatia, Norway, Switzerland, 2005, 2009, 2014, and 2019).
These findings demonstrate the rather complex nature of the mutual evaluation of life expectancy and HLYs in both time and space. Based on these findings, we subsequently proposed a typology of countries according to the polarity of morbidity expansion versus compression with dynamic balance in the centre of the range. Table 2 describes the basic characteristics (mean, standard deviation) of the share of life spent in good health at age 65 years that determined the type of morbidity considered in the given period and the intervals for the categorisation of countries according to the typology.
TABLE 2 | Mean, standard deviation and intervals for the categorisation of countries into the country typology according to population ageing theories (EU-28, Croatia, Norway, Switzerland, 2005–2019).
[image: Table 2]Figure 4 illustrates the typology of the countries according to the relationship between morbidity and mortality for men and women. A significant change in the types was observed for men over the studied time period. The first sub-period (2005–2009) was characterised by a high degree of heterogeneity on both sides of the imaginary spectrum (10 countries in the morbidity expansion category, 9 in the dynamic equilibrium category and 12 in the morbidity compression category). This pattern partially continued in to the second sub-period (2010–2014) (a ratio of 10-12-9, respectively), although with differing regional trend. For example, the United Kingdom moved from the dynamic equilibrium to a high degree of expansion category, while Slovakia moved from the high degree of morbidity expansion to the high degree of morbidity compression category. The third period (2015–2019) was dominated by the dynamic equilibrium category (almost half of all the countries investigated). A reduction in the representation of countries was observed for both the morbidity expansion and compression categories, especially with concern to the highest morbidity values. Thus, the sub-period data indicated a relatively unstable regional pattern in terms of both time and space. However, the consideration of the whole of the period highlighted certain areas that exhibited common characteristics. The comparison of the beginning and the end of the period 2005–2019 revealed the emergence of the south-eastern margins of the European Union (Romania, Bulgaria, Greece), as well as Switzerland and Denmark, as high morbidity expansion areas, whereas the Nordic countries, together with Germany, Ireland and Spain emerged as high morbidity compression countries.
[image: Figure 4]FIGURE 4 | Typology of countries according to population ageing theories (EU-28, Croatia, Norway, Switzerland, 2005–2019).
Similar trends and regional patterns were determined for women. Concerning the initial two relatively heterogeneous sub-periods (the ratios of the countries in the morbidity expansion-dynamic balance-compression categories were 7-13-11 and 9-12-10, respectively) a significant shift of certain countries across the categories were observed, e.g., the United Kingdom and Slovakia, as was the case for men, Italy (high expansion-dynamic balance) and Lithuania (high compression-low expansion). The third sub-period (2015–2019) evinced a relatively homogeneous pattern: the southern part of Europe experienced primarily morbidity compression and the rest of Europe mainly dynamic balance; only Iceland and Czechia differed significantly, i.e., they moved from the low compression category through dynamic balance and into the high morbidity expansion category during the final monitored sub-period. The resulting regional typology for women over the whole of the 2005–2019 period was very similar to that observed for men. Romania, Bulgaria, Greece and Croatia exhibited high morbidity expansion, whereas the Nordic countries, together with Germany, Spain and Ireland fell into the morbidity compression category.
DISCUSSION
Summary of Main Findings
The tracking of life expectancy and HLY trends at age 65 years between 2005 and 2019 revealed significant variations in both indicators between the studied countries. Although the differences between men and women were consistent in terms of life expectancy at age 65 years across all the European countries, the gender gap in terms of HLYs at age 65 years was more diverse. Concerning life expectancy, which reflects the mortality patterns in populations, women evince higher values than men, an average difference of around 3.5 years. In general, the lowest values of life expectancy at age 65 years for women match the highest level of this indicator for men, which can be explained by the higher rate of mortality for men over the entire life-span. Although HLYs at age 65 years were found to vary across European countries in a similarly way to life expectancy, the gender gap manifested itself differently. The analysis of the HLYs values revealed that women have higher values in 19 of the countries surveyed and men have higher values than women in 12 of the countries considered.
The 31 European countries were categorized based on the type of morbidity, i.e., compression, expansion or dynamic equilibrium according to which we formulated a typology. We estimated that with respect to men, 11 countries evinced morbidity expansion, 9 countries morbidity compression and the remaining 11 countries dynamic equilibrium over the period 2005–2019 (see Figure 4). The situation was similar for women, i.e. 11, 11 and 9 countries, respectively (see Figure 4). In general, northern European countries tend more towards the compression and eastern European countries towards the expansion of morbidity. When divided into shorter sub-periods, changes were observed in the type of morbidity patterns for several countries in the period 2005–2019, which reflected the extent to which economic and social changes exerted impacts on the health of the population in several countries.
Limitations
This study should be seen in the light of several limitations. The primary concern is that HLY is a subjective indicator, the assessment of which depends on the self-reporting of the state of health, including activity limitation considerations. This means that perceptions of health may be shaped significantly by various factors, including gender, cultural norms, access to healthcare and socioeconomic status, which act to potentially skew the true representation of the morbidity burden in the population [28]. It is important to note that the definition of HLY used in this research remained consistent throughout the study. However, variations in the perception of health status across different populations has the potential to influence the outcomes. Despite these challenges, the HLY indicator is calculated using data collected annually applying a consistent methodology across most of the European countries. This uniform approach served to reinforce our confidence in HLY as a valuable indicator for comparing health status, both over time and across different European nations.
In addition, the observed heterogeneity in terms of HLYs between different populations may, to a certain extent, depend on differences in the perception of health across European countries. The fact that HLY is a subjective measure can also be seen as a strength rather than a limitation. The self-perception of the state of health provides valuable insight into how individuals evaluate the quality of their lives, which allows for a more nuanced understanding of wellbeing since it captures personal experiences that may not be reflected in objective health statistics.
Aimed at addressing potential limitations associated with the method applied to create the country typology, we employed a standardised approach based on the distance from the mean using the standard deviation. Although other methods were considered, this approach was chosen due to its ability to provide clear distinctions between the considered morbidity scenarios. We acknowledge that alternative methods may have yielded slightly different classifications; however, this method was selected for its robustness and ease of interpretation. Moreover, we ensured that the data was applied consistently across all the countries and periods so as to minimise potential bias in the classification.
In view of the significant impact of the COVID-19 pandemic on public health and society in general, the conducting of a similar analysis using more recent data to assess how the pandemic influenced morbidity trends would be a very valuable exercise. Such a study would provide insight into the shifts that occurred in population health patterns as reflected in the typology of European countries according to the ageing theories – the compression, expansion or dynamic equilibrium of morbidity. Such an analysis would reveal the long-term effects of the pandemic on health and life expectancy and provide valuable information for the formulation of health policy and healthcare planning. Our study, however, aimed to describe morbidity patterns prior to the outbreak of, and disruption caused by, the pandemic.
Interpretation
Our findings are in line with previous studies that revealed slowdown in increases in life expectancy in recent years in many European countries [19]. In terms of gender differences, we determined higher life expectancy for females consistently across all the European countries studied, as reported previously [29]. Although women have a higher life expectancy than men, the gender gap narrows over time, which suggests mortality convergence between men and women [30], and which is attributable to changes in lifestyle, particularly with concern to women. As women increasingly adopt lifestyle behaviour traditionally associated with men, such as smoking or heavy drinking, their mortality rates have begun to converge with those of men [31].
By evaluating HLYs, the concept of higher male mortality is not universally applied. Of the 31 European countries investigated, higher HLYs at age 65 years were determined for women in 19 countries (primarily in Bulgaria and followed by Denmark, Ireland, France, Sweden, Poland, United Kingdom, Czechia, Finland, Estonia, Germany, Slovenia, Norway, Latvia, Malta, Belgium, Lithuania, Hungary and Luxembourg) and lower HLYs in 12 countries (Croatia, Austria, Netherlands, Slovakia, Switzerland, Iceland, Romania, Greece, Spain, Italy, Portugal and, primarily, in Cyprus), which suggests significantly different morbidity patterns for men and women across Europe, whereas, intuitively, the HLY expectation at age 65 years should be higher for women than men in line with their higher life expectancy.
This study was based on traditional indicators that measure average longevity and average functional limitation; however, a number of recent studies have gone beyond this simple functional limitation/disability approach and focused on the age-at-morbidity onset distribution via the calculation of healthy lifespan inequality indicators [32], the use of hospital admissions data [33] or the incorporation of a broader view that considers the psychosocial and stress burden [34]. The methodology applied clearly exerts an impact on the selected scenarios. For instance, if morbidity is measured by age at the onset of disease, the morbidity burden in Spain increases, thus indicating morbidity expansion [35], which is in contrast to our results that pointed to morbidity compression when applying traditional indicators that measure average longevity and functional limitations. A study by Chen et al. [36] investigated the influence of income distribution in society on changes in health status. They found that countries with higher income inequality tend to experience morbidity expansion and concluded that measures that reduce income inequality serve to promote morbidity compression.
HLY is an indicator that is based on perceived health status, concerning which women tend to evaluate their health status more pessimistically than men due to their more frequent visits to the general practitioner [37] and consequently better information on their health status [38], despite their higher life expectancy. This contrast between self-reported health status and mortality patterns results in lower female HLY rates in proportion to life expectancy values than men [39–41]. These marked differences in terms of the morbidity patterns of men and women during the period 2005 and 2019 suggests that the overall health of the population may also be driven by access to healthcare services and by gender-specific attitudes to illness prevention [42], disease treatment [43] and overall health perceptions [44, 45]. However, the observed gender differences in terms of health status cannot simply be attributed to differences in perceptions and attitudes with concern to the healthcare system. The economic, political and cultural contexts of the country impact men and women differently. Historically, many societies have assigned different roles to men and women, often positioning men in the public and economic sectors and women in domestic and caregiving roles, which potentially affects access to education, employment and leadership positions [46]. Thus, women often face higher risk of poverty due to lower chances of success in the labour market, which potentially results in a greater health burden at higher ages than men [47]. Further, the distribution of diseases and adverse health conditions varies by gender, i.e., women are at higher risk of non-life-threatening conditions and mental health issues [48].
The financial costs associated with treating chronic diseases are extremely high, and given that life expectancy is increasing, chronic diseases will continue to exert pressure on national budgets [49]. It is, thus, essential that the contribution of lifestyle risk factors to chronic diseases is assessed since HLY are affected by a range of aspects including socioeconomic position, healthcare quality, health behaviour, living environment, etc.
Conclusion
We identified significant variations in healthy life years trends across the studied European countries. The findings highlight the importance of preventive measures aimed at avoiding the deterioration of the health of the population in terms both of the higher frequency of disease-related complications and excessive healthcare costs. It is crucial that policymakers assess the economic and social conditions that impact the health of the population over short periods since long-term trends may act to hide the health consequences of societal changes.
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