
SSM - Population Health 13 (2021) 100758

Available online 23 February 2021
2352-8273/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Trends in healthy life expectancy between 2002 and 2018 in Germany - 
Compression or expansion of health-related quality of life (HRQOL)? 

Marie Kristin Klar, Siegfried Geyer, Batoul Safieddine, Fabian Tetzlaff, Juliane Tetzlaff, 
Stefanie Sperlich * 

Hannover Medical School, Medical Sociology, Hannover, Germany   

A R T I C L E  I N F O   

Keywords: 
Population health 
Trend 
Life stages 
Temporal change 
Health-related quality of life 
Morbidity compression 
Morbidity expansion 

A B S T R A C T   

The question of whether rising life expectancy has led to additional life years spent in good health or poor health 
is of major public health relevance. We tested the theories of compression or expansion of morbidity for Germany 
with respect to the mental and physical component summary scales (MCS/PCS) of the health-related quality of 
life (HRQOL) questionnaire (SF-12). Data of 90,758 women and 81,400 men were obtained from the German 
Socio-Economic Panel between 2002 and 2018. Linear and logistic regression analyses were applied to estimate 
temporal changes in MCS and PCS in different life stages. The development of healthy life expectancy (H-LE) 
expressed by life years without severe functional limitations was calculated by applying the Sullivan method. 

Overall, a significant increase of MCS and PCS was found in both genders. The rise was mainly due to declining 
proportions of severe limitations (norm values < 40 points) while the proportions of norm values > 60 points did 
not change substantially. Improvements were most apparent for the ‘young seniors’ (65–79 years) and at ‘old 
age’ (80 years +). In contrast, no improvements in PCS were found for ‘later working life’ (50–64 years) and 
decreasing levels were observed for persons of ‘middle working age’ (30–49 years). During the study period, H- 
LE at age 50 increased in women/men by 2.93/2.90 years (MCS) and 1.92/2.53 years (PCS), respectively. Our 
results support the hypothesis of absolute compression of morbidity. However, since consistent improvements 
were not found for ages below 65 years, it remains open to debate whether the positive health trend will also 
persist in the future. Our findings suggest that health promotion efforts should be strengthened for people of 
middle and later working age to support healthy aging.   

Introduction 

Increasing life expectancy together with declining fertility rates have 
contributed to a growing share of older persons in the German popula
tion as well as in other industrialized countries. At the same time, the 
main causes of death have undergone considerable changes. They shif
ted from infectious diseases and a relatively short period of illness to 
chronic non-communicable diseases often accompanied with a long 
survival time preceding death (Jakovljevic & Milovanovic, 2015). The 
question of whether the rise in life expectancy is providing people with 
additional years in good health or poor health is of major public health 
relevance since the outcome of this question has a decisive influence on 
how health care needs will develop in the future. 

In principle, two opposing scenarios about the future development of 
health in populations have been proposed. The hypothesis of ‘morbidity 

compression’ postulated by Fries (Fries, 1980) assumes that due to im
provements in the prevention of chronic conditions the onset of 
disability will be postponed leading to decreasing life years spend in 
morbidity and increasing lifetime in good health. In contrast, the 
‘expansion of morbidity hypothesis’ posed by Gruenberg (Gruenberg, 
2005) suggested that the decline in mortality is accompanied by an in
crease in lifetime spent in morbidity. Another assumption postulated by 
Manton (Manton, 1982), termed as ‘dynamic equilibrium’ suggests that 
while the number of people in poor health increases, the prevalence of 
more severe disorders will decline. This assumption refers mainly to 
people with chronic conditions claiming that their quality of life and 
functional health status will improve over time. 

Bio-medically oriented measures like mortality and morbidity rates 
provide only a partial picture of the population’s health. For this reason, 
perceived-health measures such as self-rated health (SRH) or health- 
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related quality of life (HRQOL) have been established as elements of 
health monitoring systems worldwide. Combined with information on 
the length of life they are used to calculate healthy life expectancy and 
quality-adjusted life expectancy that give information on a country’s 
burden of diseases (Nordic Burden of Disease, 2019). While SRH is 
usually assessed by means of a single item on a five-point Likert-scale 
(Macias, Gold, Öngür, Cohen, & Panch, 2015), HRQOL is a multidi
mensional construct composed of different health domains including 
physical functioning, psychological wellbeing and social and role func
tioning (Guyatt, Feeny, & Patrick, 1993). HRQOL measures provide 
information on the extent of dysfunction and disability associated with 
chronic diseases and other health problems. They are considered as 
appropriate indicators of service needs to inform health policy, plan
ning, and practice (Hennessy, Moriarty, Zack, Scherr, & Brackbill, 
1994). 

Previous research on self-rated health trends revealed heterogeneous 
findings, suggesting temporal improvement in SRH (Hanibuchi, Nakaya, 
& Honjo, 2016; Põld, Pärna, & Ringmets, 2016; Sperlich, Tetzlaff, & 
Geyer, 2019; Trachte, Sperlich, & Geyer, 2015) as well as no change or 
even a deterioration of SRH (Galenkamp, Braam, Huisman, & Deeg, 
2013; Mairey, Bjerregaard, & Brønnum-Hansen, 2014; Zack, Moriarty, 
Stroup, Ford, & Mokdad, 2004). Similarly, previous studies on trends in 
HRQOL are pointing towards health decline (Audureau, Rican, & Coste, 
2013; Olfson, Wall, Liu, Schoenbaum, & Blanco, 2018) but also to health 
improvements (Beltrán-Sánchez, Soneji, & Crimmins, 2015; Gheorghe, 
Wubulihasimu, Peters, Nusselder, & Van Baal, 2016). So far, the few 
studies available for Germany are indicating either stability in HRQOL 
over time (Moor et al., 2018) or health improvements (Ellert & Kurth, 
2013). 

Recent studies have demonstrated that temporal trends in SRH and 
HRQOL may vary with age, pointing towards improvements in older 
ages but no change or even worsening trends in younger ages (Clau
se-Verdreau, Audureau, Leplège, & Coste, 2019; Greaney, Cohen, 
Blissmer, Earp, & Xu, 2019; Johansson, Midlöv, Sundquist, Sundquist, & 
Calling, 2015; Sperlich et al., 2019; Wolff, Nowossadeck, & Spuling, 
2017). However, to our knowledge no study exists so far for Germany 
that analyzed temporal trends in HRQOL for people of different ages. In 
addition, we are not aware of German studies that provide information 
on healthy life expectancy with respect to HRQOL. Against this back
drop, we analyzed trends in HRQOL following a life stage approach and 
tested whether compression or expansion of morbidity applies with 
respect to severe functional limitations. In more detail, the study was 
guided by the following research questions:  

1. How does HRQOL evolve between 2002 and 2018 at a population 
level in Germany? 

2. Do the trends in HRQOL differ depending on the life stages consid
ered, namely ‘middle working life’ (30–49 years), ‘later working life’ 
(50–64 years), ‘young seniors’ (65–79 years) and persons of ‘old age’ 
(80+ years)?  

3. Do the findings indicate compression or expansion of morbidity with 
respect to severe limitations in HRQOL? 

Methods 

Data source 

The following analyses are based on data from the German Socio- 
Economic Panel (GSOEP V.31), conducted by the German Institute for 
Economic Research. The GSOEP is a representative annual survey of 
German individuals in private households that started in 1984. Data 
were collected by face-to-face interviews using different questionnaires 
for individuals, households or specific subgroups. The HRQOL- 
questionnaire as the core instrument of this study is applied bi- 
annually from 2002 on. Our analyses are based on a pooled dataset 
containing all even calendar years from 2002 to 2018, allowing for trend 

analysis on a population level. We used cross-sectional weights that are 
assumed to produce a nationally representative sample (Goebel et al., 
2019). Further information on the GSOEP can be obtained from Frick 
et al. (Frick, Schupp, & Wagner, 2007). We included individuals aged 30 
years and over and assigned the population to four different life stages, 
namely ‘middle working life’ (30–49 years) ‘later working life’ (50–64 
years), ‘young seniors’ (65–79 years) and ‘old age’ (80+ years). Severe 
limitations in physical health (PCS) are rare in ages below 30 years. For 
example, in our data only 3.8% of individuals aged between 20 and 30 
years show severe physical health limitations. Hence, we started our 
analysis from ages above 30 years. 

Overall, 51,003 respondents (24,482 men/26,521 women) were 
observed 172,158 (81,400 men/90,758 women) times between 2002 
and 2018, corresponding to an average participation in 3.3 and 3.4 
waves for men and women, respectively. The weighted sample charac
teristics, separated by gender and time period, are presented in Table 1. 
The proportion of missing values varied between 0 and 5.0%. Re
spondents with missing information were excluded (Table 1). 

Measures 

Health-related quality of life (HRQOL) 
HRQOL was assessed using a slightly modified version of the second 

version of the 12-Item Short Form Health Survey (SF-12v.2) (Nübling, 
Andersen, Mühlbacher, Schupp, & Wagner, 2007). The SF-12v.2 in
cludes 12 items making up eight scales: physical functioning, role lim
itations due to physical problems, bodily pain, general health, vitality, 
social functioning, role limitation due to emotional problems and 
perceived mental health. Based on these items a physical component 
summary (PCS) score and a mental component summary (MCS) score 
were calculated. Values are standardized to a national norm (GSOEP 
population in 2004) ranging from 0 to 100 points with a mean of 50 
points and a standard deviation of 10 points (Nübling et al., 2007). A 
higher score corresponds to a better health status. Norm values below 40 
(mean value minus 1 standard deviation: 50–10 = 40) are considered to 
be below average while norm values from 60 (mean plus 1 standard 

Table 1 
Weighted sample characteristics in % by time period, GSOEP 2002–2018, n =
198,391.   

2002/04 
(n =
44,896) 

2006/08 
(n =
44,749) 

2010/12 
(n =
40,778) 

2014/16 
(n =
45,041) 

2018 (n 
= 22,927)  

% % % % % 

Sex 
women 52.0 52.0 51.9 51.7 51.6 
men 48.0 48.0 48.1 48.3 48.4 
missing 0 0 0 0 0 
Age groups in years 
30–49 43.6 42.8 40.2 37.4 36.0 
50–64 28.2 27.3 29.4 31.6 32.7 
65–79 22.4 23.3 23.5 23.7 22.9 
80+ 5.7 6.6 6.9 7.2 8.3 
missing 0 0 0 0 0 
HRQOL 
PCS 

(Mean/ 
SD) 

47.5/10.4 47.5/10.4 46.9/10.4 47.3/10.4 47.4/10.4 

MCS 
(Mean/ 
SD) 

49.5/10.4 50.0/10.3 49.9/10.3 51.0/10.2 51.2/9.9 

missing 
MCS/ 
PCS 

5.0 3.8 3.2 3.3 2.0 

GSOEP: German Socio-Economic Panel; n = weighted number of observations, 
HRQOL = Health-related quality of life. 
MCS = Mental Component Scale, PCS = Physical Component Scale, Mean/SD =
Mean value/Standard deviation. 
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deviation: 50 + 10 = 60) are to be assessed as above-average perfor
mance. Building on this convention, proportions of norm values below 
40 and above 60 in HRQOL were calculated, which means that HRQOL is 
significantly below and above the population average of the year 2004. 
In addition, mean values of HRQOL were considered. 

Time trend 
For graphical illustration, panel waves between the years 2002 and 

2018 were classified into five consecutive time periods (2002/2004, 
2006/2008, 2010/2012, 2014/2016 and 2018). In order to establish the 
effect of time on HRQOL, a continuous trend variable was created 
ranging from 0 to 1 for the entire study period. The first year of obser
vation (2002) is coded as 0 and the last year (2018) as 1, with the years 
in between getting fractional values according to the following formula: 
[(year-2002)/(2018-2002)]. The coefficients obtained with this variable 
can be interpreted as the average change in MCS/PCS over the whole 
study period. 

Statistical analysis 
We performed logistic regression analyses for the dichotomous out

comes (MCS/PCS < 40 points and MCS/PCS > 60 points) and linear 
regression analyses for the interval-scaled outcomes (mean values of 
MCS/PCS). We tested the effect of time on MCS/PCS using cluster-robust 
standard errors to adjust for the panel structure of the data. In addition 
to unstandardized regression coefficients (coef) and odds ratios (OR) we 
reported predicted means and probabilities (margins at means) giving 
the trends a more substantial interpretation. All regression analyses 
were performed separately for men and women and each life stage. We 
controlled for age by including a continuous age-variable as a covariate, 
taking possible shifts in age composition within the life stages into ac
count. We did not control for other background characteristics such as 
socioeconomic status since our aim was to analyze the real change un
adjusted for social factors potentially contributing to temporal trends. 
For all analyses, population weights were employed to match the official 
population statistics. 

In order to test whether compression or expansion of HRQOL 
applied, we calculated changes in healthy life expectancies (H-LE) by 
applying the method introduced by Sullivan (Sullivan, 1971). The 
method combines data issued from a regular period life table on the one 
hand and from cross-sectional survey providing prevalence of a given 
health dimension on the other hand. The main advantage of the Sulli
van’s method lies in the separate collection of mortality and disability 
data. In our case, disability data was obtained from the SOEP survey 
while mortality data was derived from period life tables of the Federal 
Statistical Office (Destatis, 2019). These life tables cover 3 years as 
standard. We used life tables from three time-periods (2002–2004, 
2010–2012, and 2016–2018) for calculating H-LE. Since the 
HRQOL-questionnaire was assessed by a two-yearly rhythm, data was 
not available for the uneven years. We calculated H-LE by applying the 
age- and gender-specific prevalence of ‘no severe limitations in men
tal/physical health’ to further LE. This value can be interpreted as the 
number of remaining years, at a particular age, which an individual can 
expect to live without severe mental and physical limitations. We 
calculated this value by subtracting the value 1 from the proportion of 
severe limitations defined as a significant deviation below the average 
(norm values MCS/PCS < 40 points). Furthermore, we determined the 
health ratio as the proportion of remaining life expected to be spent 
without severe limitations to the total remaining life time. In our case, 
relative compression of morbidity is present if this ratio increases over 
time. For meeting the condition for absolute compression also the total 
number of life years expected to live with severe health limitations de
creases over time (Howse, 2006). Therefore, we additionally calculated 
the expected LE with severe mental and physical limitations as the 
number of remaining years with norm values of PCS and MCS signifi
cantly below the average. Further information on the Sullivan Method 
and the calculation of H-LE can be found in the manual written by 

Jagger (Jagger, 2007). Microsoft Excel version 2010 was used for life 
table analysis, regression analyses were performed using STATA 11.1. 

Results 

The weighted sample characteristics, separated by time periods, are 
presented in Table 1. Over time the proportion of subjects aged 30–49 
years decreased while in particular the number of those aged 50–64 
years increased. The distribution of gender did not change substantially 
over time. 

Temporal development in HRQOL between 2002 and 2018 – all ages 

In both genders, mean scores of MCS were higher as compared to that 
of PCS. Women as compared to men reported consistently lower levels of 
MCS and PCS at each time period (Fig. 1). Over time, the mean scores of 
both subscales improved for both genders. For example, norm values of 
MCS increased for men and women of ‘all ages’ on average by 1.17 
points (95%CI 0.68 to 1.67) and 1.77 points (95%CI 1.28 to 2.27), 
respectively (Table 2). The increase was mainly due to declining pro
portions of severe limitations in mental and physical health (norm 
values < 40 points) while the proportions of high levels of HRQOL 
(norm values > 60 points) did not improve substantially over time. The 
only exception was found in women where norm values > 60 points for 
PCS significantly increased (OR = 1.36, 95%CI 1.06 to 1.76). 

Temporal changes in HRQOL across life-stages 

At each time point, levels of PCS were highest for persons aged 30–49 
years and decreased steadily with age (Fig. 2). By contrast, levels of MCS 
were higher among young seniors (65–79 years) and people of old age 
(80 years or older) while younger individuals showed consistently lower 
levels of mental wellbeing (Fig. 3). In both genders, significant im
provements in PCS were found only in young seniors and in people of old 
age (Table 2). In the latter age group predicted probabilities of severe 
limitations in PCS (norm values < 40 points) declined in women from 
66.9% to 58.7% (OR = 0.68, 95%CI 0.51 to 0.91) and in men from 
57.4% to 47.5% (OR = 0.71, 95%CI 0.51 to 1.00) (Fig. 2 and Table 2). 
Among women aged 65–79 years, severe limitations in PCS decreased 
from 46.1% to 36.4% (OR = 0.67, 95%CI 0.57 to 0.78) and in men of the 
same age from 37.7% to 30.0% (OR = 0.67, 95%CI 0.56 to 0.79). In 
addition, also norm values > 60 points significantly increased in that life 
stage for both women (OR = 2.30, 95%CI 1.29 to 4.09) and men (OR =
2.18, 95%CI 1.29 to 3.70). By contrast, PCS did not change or even 
tended to decline over time in women and men of working age. For 
example, among women of middle working age (30–49 years) the pro
portion of severe limitations increased from 9.8% to 11.5% (OR = 1.24, 

Fig. 1. Temporal development of mental and physical component scale (MCS/ 
PCS) of HRQOL in men and women of all ages (30 yr and above). 
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Table 2 
Effect of time on MCS and PCS (mean norm values, norm values < 40 and >60 points) in men and women for all ages and according to different life stages, Germany, 
2002–2018.   

Mean norm values Norm values < 40 pts Norm values > 60 pts 

Time-Trend Coef 95% CI OR 95% CI OR 95% CI 

Men: MCS 
all ages 1.17*** 0.68–1.67 0.74*** 0.64–0.85 1.03 0.92–1.16 
30–49 yr. 1.69*** 1.09–2.28 0.78** 0.65–0.92 1.39** 1.15–1.68 
50–64 yr. 0.92* 0.22–1.61 0.83 0.69–1.01 0.93 0.78–1.11 
65–79 yr. 1.88*** 1.06–2.70 0.60** 0.46–0.77 1.27* 1.06–1.53 
80+ yr. 2.38* 0.47–4.23 0.48** 0.31–0.75 1.08 0.72–1.64 
Men: PCS 
all ages 1.30*** 0.81–1.78 0.78*** 0.70–0.87 1.00 0.75–1.32 
30–49 yr. − 0.34 − 0.83-0.14 1.31* 1.06–1.62 1.00 0.84–1.20 
50–64 yr. 0.48 − 0.22-1.17 0.89 0.76–1.05 0.83 0.60–1.15 
65–79 yr. 2.33*** 1.54–3.13 0.67*** 0.56–0.79 2.18** 1.29–3.70 
80+ yr. 2.23* 0.63–3.84 0.71 0.51–1.00  
Women: MCS 
all ages 1.77*** 1.28–2.27 0.73*** 0.65–0.82 1.12 0.99–1.27 
30–49 yr. 2.31*** 1.77–2.85 0.66*** 0.58–0.75 1.20 0.98–1.45 
50–64 yr. 0.75* 0.05–1.44 0.90 0.77–1.06 1.00 0.84–1.20 
65–79 yr. 2.60*** 1.77–3.44 0.61*** 0.50–0.74 1.29** 1.07–1.57 
80+ yr. 3.96*** 2.40–5.51 0.49*** 0.36–0.67 1.15 0.81–1.63 
Women: PCS 
all ages 1.16*** 0.71–1.62 0.82*** 0.74–0.90 1.36* 1.06–1.76 
30–49 yr. ¡0.50* − 0.98–− 0.02 1.24* 1.04–1.49 0.96 0.81–1.12 
50–64 yr. − 0.09 − 0.73-0.55 1.05 0.91–1.21 1.20 0.90–1.60 
65–79 yr. 2.42*** 1.63–3.22 0.67*** 0.57–0.78 2.30** 1.29–4.09 
80+ yr. 2.19** 0.86–3.53 0.68* 0.51–0.91  

Notes: time trend adjusted for age, MCS = Mental Component Summary, PCS = Physical Component Summary, norm values < 40 points = a standard deviation (SD) of 
10 points below the mean norm, norm values > 60 points = a SD of 10 points above the mean norm, the continuous time-trend variable is coded 0 for 2002 and 1 for 
2018 (reference group: 2002). 95%CI = confidence interval of 95%, *p < 0.05, **p < 0.01, ***p < 0.001. Norm values > 60 points for PCS are not displayed for age 
80+ due to small sample size (n < 20). 

Fig. 2. Temporal development of the physical component scale (PCS) of HRQOL according to different life-stages in men (left) and women (right).  
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95%CI 1.04 to 1.49) and in men of that age from 6.9% to 7.9% (OR =
1.31, 95%CI 1.06 to 1.62) while they remained largely the same for 
women and men of later working life (50–64 years) (Table 2). With 
respect to MCS (Fig. 3 and Table 2) significant improvements were 
found for all ages, but here too, the improvements were more pro
nounced for ages beyond working age. 

Changes in healthy and unhealthy life expectancy 

LE as well as H-LE increased over the study period. With the 
exception of ages above 84 years, this increase revealed to be statisti
cally significant (Table 3). For example, in 2002–04, men aged 50 years 
could expect to live another 28.3 years of which 24.0 years (95%CI 23.4 
to 24.6) are expected to be lived without severe mental limitations (H- 
LE: MCS) and 18.9 years (95%CI 18.4 to 19.4) without severe physical 
limitations (H-LE: PCS). In 2016-18, LE increased in men to 30.2 years 
while H-LE increased to 26.9 years (95%CI 26.4 to 27.5) (MCS) and 21.4 
years (95%CI 20.9 to 21.9) (PCS), respectively. Women of that age could 
expect to live another 33.0 years at baseline, of which 26.0 years (95%CI 
25.4 to 26.6) are expected to be lived without severe mental and 19.7 
years (95%CI 19.1 to 22.2) without severe physical limitations. In 2016- 
18, LE increased to 34.4 years while H-LE for MCS and PCS increased to 
28.9 (95%CI 28.3 to 29.5) and 21.6 years (95%CI 21.1 to 22.1), 
respectively. 

In addition, the proportion of life spent without severe health limi
tations (‘health-ratio’) rose over time, however not always reaching 
statistical significance (Table 4). For example, in 2002-04 women aged 
50 years could expect to live 78.7% (95%CI 78.0 to 79.3) of their 
remaining lifetime without severe mental limitations. In 2016-18, this 
proportion increased to 84.0% (95%CI 83.4 to 84.6) while the propor
tion of life spent without severe physical limitations increased from 
59.5% (95%CI 59.0 to 60.0) to 62.7% (95%CI 62.2 to 63.2). In men of 

the same age, the health-ratio increased for MCS from 84.8% (95%CI 
84.2 to 85.4) to 89.0% (95%CI 88.5 to 89.6) and for PCS from 66.6% 
(95%CI 66.1 to 67.1) to 70.7% (95%CI 70.2 to 71.2). 

Thirdly, also life expectancy with severe limitation (UH-LE) 
decreased while predominantly failing to reach statistical significance 
(Supplementary Table 1). For instance, the absolute number of 
remaining years expected to be lived with severe mental limitations 
among men aged 50 years decreased from 4.3 years (95%CI 3.7 to 4.9) in 
2002-04 to 3.3 years (95%CI 2.8 to 3.9) in 2016-18 while that of severe 
physical limitations decreased from 9.5 years (95%CI 9.0 to 10.0) to 8.8 
years (95%CI 8.4 to 9.3). Among women of that age, severe mental and 
physical limitations decreased from 7.0 (95%CI 6.4 to 7.7) to 5.5 (95%CI 
4.9 to 6.1) years and from 13.4 (95%CI 12.9 to 13.9) to 12.8 years (95% 
CI 12.3 to 13.3), respectively. 

Discussion 

Health trends are embedded in the socio-demographic and political 
context of a given country. Germany is one of the wealthiest countries in 
the world with a well-developed social security and pension system. At 
the same time, significant social disparities continue to exist in terms of a 
highly unequal distribution of income and wealth, poor prospects for 
low-skilled people in the labor market and growth in precarious 
employment (Lampert, Hoebel, & Kroll, 2019). In this study, we focused 
on life stage-specific trends in HRQOL in order to allow for the possi
bility that social and demographic change may have altered people’s 
HRQOL differently depending on their stage in the life course and the 
specific living conditions associated therewith. 

Previous studies revealed heterogeneous directions of self-rated 
health trends. For example, Audureau et al. reported evidence on 
worsening trends of HRQOL between 1995 and 2003 in France 
(Audureau et al., 2013). In a similar vein, Olfson et al. found a 

Fig. 3. Temporal development of the mental component scale (MCS) of HRQOL according to different life-stages in men (left) and women (right).  
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Table 3 
Life expectancy (total) and without severe limitations in mental (MCS) and physical health (PCS) at different time-periods.  

MCS 

Men Women  

2002/04 2010/12 2016/18 2002/04 2010/12 2016/18 

Age LE H-LE 95%CI LE H-LE 95%CI LE H-LE 95%CI p LE H-LE 95%CI LE H-LE 95%CI LE H-LE 95%CI p    

lower upper   lower upper   lower upper    lower upper   lower upper   lower upper  

30 46.93 39.64 38.96 40.32 48.55 41.26 40.53 41.99 49.21 43.41 42.77 44.05 *** 52.23 40.59 39.88 41.30 53.36 42.59 41.85 43.34 53.78 44.88 44.19 45.57 *** 
35 42.12 35.59 34.94 36.23 43.72 37.17 36.49 37.85 44.36 39.17 38.56 39.79 *** 47.32 36.87 36.18 37.55 48.44 38.74 38.04 39.45 48.87 40.79 40.12 41.45 *** 
40 37.37 31.58 30.96 32.21 38.92 33.16 32.54 33.79 39.56 35.02 34.43 35.61 *** 42.46 33.25 32.59 33.92 43.57 34.82 34.16 35.49 43.99 36.70 36.05 37.34 *** 
45 32.75 27.67 27.07 28.27 34.21 29.24 28.64 29.83 34.83 30.89 30.32 31.46 *** 37.69 29.64 28.99 30.28 38.75 30.98 30.34 31.62 39.16 32.83 32.20 33.47 *** 
50 28.32 24.01 23.43 24.60 29.65 25.49 24.93 26.06 30.23 26.91 26.36 27.46 *** 33.04 25.99 25.36 26.62 34.04 27.26 26.65 27.88 34.42 28.92 28.31 29.54 *** 
55 24.08 20.54 19.97 21.10 25.34 21.77 21.24 22.31 25.82 23.06 22.53 23.59 *** 28.50 22.38 21.77 22.98 29.46 23.88 23.28 24.47 29.80 25.17 24.57 25.78 *** 
60 20.05 17.01 16.47 17.56 21.28 18.43 17.92 18.94 21.69 19.48 18.97 19.99 *** 24.08 18.76 18.18 19.33 25.03 20.27 19.70 20.84 25.34 21.50 20.92 22.09 *** 
65 16.26 13.75 13.21 14.29 17.46 15.08 14.59 15.57 17.87 16.18 15.69 16.67 *** 19.77 15.24 14.68 15.80 20.74 16.70 16.15 17.24 21.06 17.93 17.37 18.50 *** 
70 12.83 10.60 10.06 11.15 13.87 11.82 11.35 12.29 14.33 12.95 12.48 13.43 *** 15.67 11.76 11.22 12.29 16.61 13.19 12.67 13.71 16.98 14.35 13.80 14.90 *** 
75 9.83 7.88 7.31 8.45 10.54 8.81 8.33 9.29 11.02 9.81 9.35 10.28 *** 11.93 8.71 8.19 9.22 12.67 9.81 9.30 10.33 13.11 10.89 10.36 11.41 *** 
80 7.24 5.57 3.94 6.20 7.68 6.34 5.83 6.85 8.00 7.03 6.54 7.52 * 8.64 6.08 5.57 6.60 9.17 6.75 6.24 7.26 9.50 7.84 7.31 8.37 *** 
85 5.19 3.57 2.82 4.33 5.38 4.23 3.63 4.83 5.51 4.80 4.24 5.35 ns 6.01 3.86 3.30 4.42 6.31 4.68 4.14 5.22 6.49 5.27 4.71 5.83 * 
90þ 3.64 2.23 1.26 3.19 3.66 3.04 2.25 3.84 3.71 3.20 2.45 3.95 ns 4.02 2.29 1.68 2.90 4.21 2.93 2.25 3.62 4.27 3.49 2.85 4.14 ns 

PCS 
Men Women  

2002/04 2010/12 2016/18 2002/04 2010/12 2016/18 
Age LE H-LE 95%CI LE H-LE 95%CI LE H-LE 95%CI p LE H-LE 95%CI LE H-LE 95%CI LE H-LE 95%CI p    

lower upper   lower upper   lower upper    lower upper   lower upper   lower upper  

30 46.93 36.43 35.80 37.06 48.55 37.71 37.01 38.40 49.21 38.83 38.24 39.42 *** 52.23 37.13 36.49 37.77 53.36 38.37 27.69 39.06 53.78 38.79 38.19 39.38 ** 
35 42.12 31.80 31.22 32.39 43.72 33.06 32.43 33.69 44.36 34.18 33.63 34.74 *** 47.32 32.46 31.86 33.06 48.44 33.68 33.05 34.31 48.87 34.29 33.72 34.85 ** 
40 37.37 27.24 26.69 27.80 38.92 28.45 27.89 29.02 39.56 29.65 29.12 30.17 *** 42.46 27.94 27.37 28.52 43.57 29.11 28.53 29.70 43.99 29.83 29.29 30.38 *** 
45 32.75 22.88 22.36 23.41 34.21 24.15 23.62 24.67 34.83 25.36 24.86 25.86 *** 37.69 23.70 23.16 24.25 38.75 24.78 24.24 25.33 39.16 25.57 25.04 26.09 *** 
50 28.32 18.85 18.35 19.35 29.65 20.06 19.58 20.55 30.23 21.38 20.90 21.85 *** 33.04 19.65 19.14 20.17 34.04 20.72 20.21 21.23 34.42 21.57 21.07 22.07 *** 
55 24.08 15.24 14.77 15.71 25.34 16.33 15.88 16.78 25.82 17.64 17.19 18.09 *** 28.50 15.84 15.35 16.33 29.46 17.02 16.54 17.49 29.80 17.82 17.34 18.30 *** 
60 20.05 11.99 11.55 12.42 21.28 13.16 12.74 13.57 21.69 14.23 13.80 14.66 *** 24.08 12.40 11.95 12.85 25.03 13.69 13.24 14.14 25.34 14.43 13.98 14.89 *** 
65 16.26 9.27 8.84 9.70 17.46 10.42 10.03 10.81 17.87 11.52 11.11 11.93 *** 19.77 9.32 8.90 9.74 20.74 10.60 10.18 11.02 21.06 11.37 10.94 11.80 *** 
70 12.83 6.71 6.29 7.13 13.87 7.63 7.27 7.99 14.33 8.90 8.52 9.29 *** 15.67 6.69 6.30 7.08 16.61 6.89 6.51 7.27 16.98 8.45 8.04 8.85 *** 
75 9.83 4.80 4.36 5.23 10.54 5.24 4.88 5.59 11.02 6.25 5.89 6.61 *** 11.93 4.49 4.13 4.85 12.67 5.20 4.84 5.57 13.11 5.89 5.52 6.26 *** 
80 7.24 3.02 2.56 3.48 7.68 3.37 3.01 3.73 8.00 4.00 3.63 4.36 * 8.64 2.80 2.45 3.15 9.17 3.22 2.87 3.56 9.50 3.75 3.39 4.11 ** 
85 5.19 1.91 1.36 2.47 5.38 1.82 1.43 2.21 5.51 2.50 2.10 2.90 ns 6.01 1.72 1.34 2.09 6.31 1.98 1.63 2.34 6.49 2.40 2.03 2.78 ns 
90þ 3.64 1.26 0.53 1.98 3.66 0.82 0.41 1.23 3.71 1.59 1.06 2.12 ns 4.02 0.91 0.53 1.30 4.21 1.25 0.80 1.70 4.27 1.29 0.90 1.68 ns 

Notes: LE = total life expectancy (Destatis, 2019), H-LE=Healthy life expectancy (without severe limitations in mental/physical health), 95%CI = confidence interval of 95%, p = significant change in H-LE between first 
(2002/4) and last time-point (2016/18): *p < 0.05, **p < 0.01, ***p < 0.001, ns = not significant (p > 0.05). 
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Table 4 
Proportion of remaining life spent without severe limitations (H-Ratio) in mental (MCS) and physical health (PCS) at different time-periods.  

MCS 

Men Women  

2002/04 2010/12 2016/18 2002/04 2010/12 2016/18 

Age H-Ratio 95%CI H-Ratio 95%CI H-Ratio 95%CI p H-Ratio 95%CI H-Ratio 95%CI H-Ratio 95%CI p   

lower upper  lower upper  lower upper   lower upper  lower upper  lower upper  

30 84.47 83.79 85.15 84.99 84.26 85.71 88.21 87.57 88.85 ** 77.72 77.01 78.43 79.82 79.07 80.57 83.45 82.76 84.14 *** 
35 84.49 83.84 85.13 85.02 84.34 85.70 88.31 87.70 88.93 * 77.91 77.22 78.59 79.98 79.28 80.69 83.46 82.79 84.12 *** 
40 84.52 83.89 85.14 85.21 84.58 85.83 88.53 87.94 89.12 * 78.31 77.65 78.98 79.93 79.26 80.59 83.42 82.77 84.07 *** 
45 84.49 83.88 85.09 85.46 84.87 86.05 88.69 88.12 89.26 * 78.63 77.99 79.28 79.96 79.32 80.60 83.84 83.21 84.48 ** 
50 84.79 84.21 85.37 85.98 85.42 86.55 89.02 88.47 89.57 * 78.66 78.03 79.29 80.09 79.47 80.70 84.03 83.42 84.65 ** 
55 85.28 84.72 85.84 85.92 85.39 86.46 89.32 88.79 89.85 ns 78.51 77.90 79.12 81.05 80.46 81.65 84.48 83.88 85.08 ** 
60 84.86 84.32 85.40 86.59 86.08 87.10 89.79 89.28 90.30 ns 77.90 77.33 78.48 80.99 80.42 81.56 84.87 84.28 85.45 ** 
65 84.55 84.02 85.09 86.38 85.89 86.87 90.55 90.06 91.04 ns 77.08 76.53 77.64 80.51 79.96 81.05 85.15 84.58 85.72 ** 
70 82.64 82.10 83.19 85.19 84.72 85.66 90.40 89.92 90.88 * 75.02 74.48 75.56 79.40 78.88 79.92 84.51 83.96 85.06 ** 
75 80.12 79.55 80.69 83.56 83.08 84.04 89.03 88.57 89.50 ns 73.00 72.48 73.51 77.46 76.95 77.98 83.03 82.51 83.56 * 
80 76.93 76.30 77.55 82.55 82.04 83.06 87.85 87.36 88.34 ns 70.42 69.91 70.94 73.63 73.12 74.14 82.55 82.02 83.07 * 
85 68.87 68.11 69.63 78.62 78.02 79.22 87.10 86.54 87.65 ns 64.25 63.69 64.81 74.18 73.64 74.72 81.19 80.64 81.75 ns 
90+ 61.21 60.25 62.18 83.18 82.39 83.98 86.34 85.59 87.09 ns 57.06 56.45 57.67 69.64 68.95 70.32 81.85 81.21 82.49 ns 

PCS 
Men Women  

2002/04 2010/12 2016/18 2002/04 2010/12 2016/18 
Age H-Ratio 95%CI H-Ratio 95%CI H-Ratio 95%CI p H-Ratio 95%CI H-Ratio 95%CI H-Ratio 95%CI p   

lower upper  lower upper  lower upper   lower upper  lower upper  lower upper  

30 77.62 76.99 78.25 77.66 76.97 78.36 78.90 78.31 79.49 ns 71.09 70.45 71.73 71.91 71.23 72.60 72.12 71.52 72.72 ns 
35 75.51 74.92 76.09 75.62 74.99 76.25 77.06 76.50 77.62 ns 68.60 68.00 69.20 69.53 68.90 70.16 70.16 69.59 70.73 ns 
40 72.90 72.34 73.45 73.11 72.54 73.68 74.94 74.42 75.47 ns 65.81 65.24 66.39 66.82 66.24 67.40 67.82 67.27 68.37 ns 
45 69.87 69.35 70.40 70.58 70.06 71.10 72.82 72.32 73.32 ns 62.89 62.35 63.44 63.96 63.41 64.50 65.29 64.77 65.81 ns 
50 66.57 66.07 67.07 67.66 67.18 68.15 70.71 70.24 71.19 * 59.49 58.97 60.01 60.87 60.36 61.38 62.67 62.17 63.17 * 
55 63.30 62.83 63.77 64.44 63.99 64.89 68.32 67.87 68.77 ** 55.58 55.09 56.07 57.76 57.28 58.24 59.78 59.30 60.26 * 
60 59.78 59.34 60.22 61.84 61.42 62.25 65.60 65.17 66.02 ** 51.49 51.04 51.94 54.68 54.23 55.13 56.96 56.50 57.42 ** 
65 57.02 56.59 57.45 59.66 59.27 60.05 64.46 64.06 64.87 ** 47.12 46.70 47.54 51.12 50.70 51.53 54.00 53.57 54.43 ** 
70 52.31 51.89 52.74 55.03 54.67 55.39 62.14 61.75 62.53 *** 42.69 42.30 43.09 41.49 41.11 41.88 49.76 49.35 50.16 ** 
75 48.78 48.35 49.22 49.68 49.33 50.04 56.69 56.33 57.05 * 37.66 37.29 38.02 41.07 40.71 41.44 44.90 44.53 45.28 * 
80 41.72 41.26 42.18 43.90 43.54 44.26 49.95 49.59 50.31 ns 32.45 32.10 32.80 35.09 34.75 35.44 39.44 39.08 39.80 ns 
85 36.82 36.27 37.38 33.81 33.43 34.20 45.46 45.06 45.86 ns 28.56 28.19 28.93 31.43 31.08 31.78 37.04 36.67 37.41 ns 
90+ 34.56 33.83 35.28 22.36 21.95 22.77 42.93 42.40 43.46 ns 22.67 22.28 23.05 29.73 29.28 30.18 30.13 29.74 30.52 ns 

Notes: Health-Ratio = H-LE/LE = proportion of life spent without severe limitations in mental/physical health, 95%CI = confidence interval of 95%, p = significant change in H-Ratio between first (2002/4) and last time- 
point (2016/18): *p < 0.05, **p < 0.01, ***p < 0.001, ns = not significant (p > 0.05). 
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significant decline in average HRQOL ratings of US adults between 
2001/2 and 2012/13 (Olfson et al., 2018) and for the same country 
Greaney et al. reported increasing trends in poor SRH between 2001 and 
2016 (Greaney et al., 2019). In contrast, the results by Beltrán-Sánchez 
et al. indicate that not only the length of life but also the number of 
disability-free life years in older ages has the potential to increase in the 
US (Beltrán-Sánchez et al., 2015). Pointing into the same direction, 
Gheorghe et al. found for the Netherlands that quality-adjusted life ex
pectancy increased for men and women between 2001 and 2011 while 
educational inequalities widened in that time (Gheorghe et al., 2016). 
Ambiguous health trends were also reported for Germany where Moor 
et al. reported stability of mental and physical HRQOL between 2002 
and 2014 (Moor et al., 2018) whereas Ellert and Kurth observed 
increasing rates of HRQOL between 1998 and 2008/11 (Ellert & Kurth, 
2013). In line with the latter finding, we found the physical as well as 
mental component of HRQOL to be improving between 2002 and 2018. 
As compared with men, the increase in MCS was somewhat stronger 
among women, leading to a moderate decrease in the gender health gap 
with respect to mental quality of life. The improvements in MCS and PCS 
were most visible after the years 2010/12 while before that, there were 
largely stable trends in HRQOL. It might be that the economic and 
financial crisis which peaked in 2008 meant that the positive trend did 
not start earlier. 

Behind this overall health trend we found different temporal 
evolvements according to life stages. Since previous studies used 
different study designs including varying age composition of partici
pants, this finding might partly explain the mixed results on health 
trends obtained so far. Our results indicate that improvements in 
HRQOL were more pronounced for ages beyond working age. The 
greatest improvements were seen in the life stage of young seniors aged 
65–79 years where not only severe limitations in PCS decreased but also 
the norm values above average significantly increased. In contrast, the 
number of severe limitations in PCS was on the rise for both genders for 
the life-stage of ‘middle working age’ (30–49 years) while they largely 
remained constant for women and men of later working life (50–64 
years). With respect to MCS significant improvements were found for all 
ages but here, too, the improvements were stronger for ages beyond 
working age. 

This key finding of health improvements in older ages but stable or 
even worsening trends in younger ages has already been reported 
before. For example, in a recent study (Sperlich et al., 2019), the largest 
increase in rates of good SRH was found just before and after official 
retirement age. This finding is consistent with another German study 
conducted by Wolff et al. indicating that the rise in functional health 
between 2008 and 2014 was restricted to ages above 65 years while in 
younger individuals the contrary pattern of a functional health decline 
was observed (Wolff et al., 2017). A recent study from France came to 
similar results, demonstrating that between 1995 and 2016 HRQOL 
substantially decreased among men aged 45–54 years while an overall 
improvement for both genders was noted in the age group 65–84 years 
(Clause-Verdreau et al., 2019). Finally, increasing trends of poor SRH 
among young adults (21–39 years) but decreasing rates among older 
adults (65+ years) were also reported in a recent US study (Greaney 
et al., 2019). 

Explanatory approaches for different health trends according to life stage 

The pattern of health improvement foremostly for adults over 64 
years of age might be open to different explanations. First, working 
conditions might act as a barrier against positive health trends among 
the working population. In Germany, the official retirement age for men 
and women today is 65 years and most people under that age are still 
working (Destatis, 2020). Evidence suggests that working conditions in 
Germany became harder in the last decades due to increasing mental 
and physical stress placed on employees (Franke & Wetzel, 2017). This 
development might be one reason for the less beneficial health trends 

observed in the life stages of middle and later working life. In addition, it 
could be that the economic and financial crisis in 2008 had a more 
harmful effect on HRQOL among the working population as compared to 
those who are retired. It could be assumed that the crisis and the related 
risk of unemployment and economic uncertainty had a stronger impact 
on those still working. Supporting this assumption, we found among 
young seniors no inflection point with significant increases in HRQOL 
only after 2010/12 as this was the case for the working population. 
Instead, we found a gradual increase in HRQOL over the entire obser
vation period that might partly explain why young seniors overall 
benefited the most. Similar results were obtained in a previous study 
where predicted probabilities of good self-rated health declined between 
the periods 2000/04 and 2005/09 for the working population while 
they increased among those who are retired (Sperlich et al., 2019). 

In addition, significant health improvements among the elderly 
could be attributed to medical progress in the prevention and treatment 
of diseases that might be particularly relevant for advanced age where 
chronic conditions become more important. One might assume that 
similar health benefits will occur for the current working population 
when they reach retirement age. However, this assumption is based on 
the premise that all conditions related to health remained stable over 
time. There are good reasons to doubt this assumption. Not only psy
chosocial strain like work-related burden (Franke & Wetzel, 2017) but 
also health-related behaviors have changed considerably over the past 
decades. In this context, the rise in obesity might be particularly trou
bling given its strong impact on a wide range of morbidities such as 
diabetes and coronary heart disease that are associated with high rates 
of disability (Nordic Burden of Disease, 2019). Sturm et al. have already 
predicted that rising obesity rates could wipe out the progress in health 
that has been made before (Sturm, Ringel, & Andreyeva, 2004). In order 
to establish the causes of health trends and to estimate future de
velopments, attention should be likewise directed to other material, 
psychosocial and behavioral factors determining health (Moor, Spallek, 
& Richter, 2017). Particular attention should be paid to the further 
development of social inequality and spatial disparities, e.g. between 
East and West Germany. As our findings indicate diverging health trends 
according to age, a life stage specific approach should guide further 
research in this field. 

Changes in healthy life expectancy (H-LE) 

We found LE as well as H-LE improving for both genders while at the 
same time LE with severe limitation (UH-LE) decreased. Although the 
decrease in UH-LE were not statistically significant for most ages, these 
findings are speaking in favor of absolute compression of morbidity 
(Howse, 2006). Hence, our findings add evidence for a positive health 
scenario indicating that not only quantity of life but also quality of life 
improved over time. However, the estimates obtained by the Sullivan 
method are based on period life tables using synthetic cohorts instead of 
real cohorts. In this approach, H-LE at a given age is defined as the 
average number of years a person would live under the condition that he 
or she experienced the age-specific morbidity and mortality rates for 
that time period. For instance, it is assumed that a today 30 year old 
person would experience the same mortality and morbidity rates at age 
70 as a today 70 year old person. Such predictions are subject to many 
uncertainties, in particular given the less favorable health trends that 
were found in younger age-groups. 

Limitations 

This study has some limitations worth noting. Although sampling 
weights were used, the existence of sampling bias cannot be completely 
ruled out since a full match of the official population statistics cannot be 
taken for granted. Selection bias might also be due to the exclusion of the 
institutionalized population as well as persons who could not participate 
in the survey for health reasons. Therefore, we cannot exclude that H-LE 
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is overestimated in our study. However, there is no reason to assume 
that the proportion of these people substantially changed over time. 
Hence, the time trends reported should not be affected by this source of 
bias. 

Conclusions 

We found evidence for decreasing rates of severe limitations in 
mental and physical HRQOL between 2002 and 2018 when considering 
the entire study population. Healthy life expectancy increased while 
lifetime in severe morbidity decreased, supporting the hypothesis of 
absolute compression of morbidity. However, health trends were not 
consistent across life stages, pointing to less improvements or even 
worsening trends in younger ages. Given these findings, it remains open 
whether the positive health trend will persist in the future. 
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