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ABSTRACT 

Background: It remains unclear whether increasing longevity is accompanied by a compression or 

expansion of poor health and disability. We examined trends of physical functioning and morbidity 

in a population aged 90 and over, and disease- and disability-free life expectancy (LE) at age 90 

between 2001 and 2018 in Finland’s third most populated city.  

Methods: We used survey data from the Vitality 90+ Study, which comprises a series of six repeated 

mailed surveys (7,590 observations). Information on mortality came from Statistics Finland. We 

examined trends of functioning (ADL and mobility) and cardiovascular and dementia morbidity using 

age-adjusted generalized estimating equation models stratified by sex. In addition, age, sex and period 

specific health expectancies were calculated using Sullivan’s method. 

Results: Over time, functioning improved especially in women, and morbidity increased in men. 

From 2001 to 2018, LE at age 90 increased by 5.3 months for men and 6.4 months for women. LE 

without ADL disability increased by 5.0 months for men and 8.4 months for women, and LE without 

mobility disability by 6.0 months for men and 4.4 months for women. LE without cardiovascular and 

dementia morbidity decreased for men (2.6 months) and increased for women (1.9 months). 

Conclusions: In relative terms, we found a compression of disability for both sexes and an expansion 

of morbidity for men. Although the trends overall are rather positive, the increase in absolute 

morbidity and to some extent in disability will inevitably mean increasing care needs with population 

aging.   
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INTRODUCTION 

Declining old age mortality has brought an unprecedented increase in longevity in the 21st century, 

especially in high-income countries. More and more people live to a very old age, and life expectancy 

(LE) has reached 80 years in several countries (1,2). In Finland, which has one of the world’s fastest 

ageing populations, 12.7% of women and 3.6% of men in the 1911 birth cohort lived to 90 years of 

age in 2001. Just 13 years later, the figures for the 1924 birth cohort were 22.5% and 8.0% (3). In 

comparison to other Nordic countries and France, survival for the 1911 birth cohort was clearly lower 

in Finland. However, the increase in survival was faster in Finland reaching the level in Denmark in 

the 1924 birth cohort but was still lagging France where 30% of women and 12% of men reached 90 

years (3,4). The increase in LE is projected to continue, although the rate of that increase will depend 

on the assumptions used for the projections. Christensen and colleagues (2009) projected that for 

example in Japan, France and the US, half of all people born after the millennium will live to 

100 years (2). Since chronic conditions and limitations in physical functioning are more prevalent at 

higher age (5,6) and increasing numbers are living to old age, the question we need to ask is whether 

the increase in life expectancy is accompanied by an increase in healthy or disabled years.  

In recent decades older people have shown improved physical functioning but an increased 

prevalence of chronic conditions (2,7). There is a scarcity of evidence for the fastest growing part of 

the population, that is, people aged 85 and over, but indications are that physical functioning is stable 

or slightly improving (5,8–13) and that the prevalence of chronic conditions is increasing (8,14). The 

interplay of increasing LE with health and disability is examined by calculating health expectancies, 

which indicate the expected length of life lived with and without a health problem (e.g. disability or 

chronic conditions) at a particular age (15). Trends of health expectancies in old age are not 

conclusive but suggest both compression and expansion of disability (16), and only few recent studies 

have examined the oldest old (85+) (17–20). 
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In survey studies, physical functioning is commonly assessed in terms of ability to manage activities 

of daily living (ADL), which not only reflects individuals’ quality of life but also has repercussions 

at the level of society as a whole. The rapid growth of the oldest old population has raised concerns 

over the challenges faced in the provision of adequate care and assistance since limitations in ADL 

often imply a constant need for help from another person.  

The evidence on time trends in physical functioning, chronic conditions and health expectancies in 

the oldest old population is still fragmented. Only few studies have included institutionalized 

individuals in their analyses of oldest old populations or involved more than two repeated 

measurement points. Yet it is widely recognized that we need to monitor trends and inequality in 

health and functioning. One potentially useful indicator for this purpose is disability-free life 

expectancy (DFLE) (21). Our aim in this study was to identify patterns of physical functioning, 

morbidity and health expectancies in nonagenarians and, secondly, to assess whether these patterns 

show compression, stability or expansion between 2001 and 2018. Using population based data with 

high response rates and the exact same methods, we examined trends of physical functioning and 

morbidity for six cohorts born between 1911 and 1928 and explored the length of time lived without 

disability and diseases at age 90. As women live longer than men and have higher disability rates, 

(22,23) all analyses were stratified by sex.  
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METHODS 

Study participants 

We used survey data from the Vitality 90+ Study. The Vitality 90+ Study is based on surveys in the 

population aged 90 and over in Finland’s third largest city (12). Data were collected six times (2001, 

2003, 2007, 2010, 2014, and 2018) with the same questions. Since all individuals aged 90 and over 

were contacted in each study year, multiple participation was possible. The total number of 

participants was 5,540 and there were 7,590 observations. The response rates varied between 76.7% 

and 86.3%.  

Individuals in round-the-clock care and proxy respondents were included in the study in order to 

generate findings representative of the total population. The round-the-clock care refers to living in a 

nursing home or service housing with round-the-clock assistance.  Responses were considered proxy-

reported if they were given by a family member, friend or a staff member at home help or nursing 

home; and independent if they were given by the participant alone or with practical help of a family 

member, friend or a staff member at home. 

The study protocol was approved by the Ethics Committee of the City of Tampere and for more recent 

study waves the Regional Ethics Committee of Tampere University Hospital. All participants or their 

legal representatives gave written informed consent.  

Measures of functioning and morbidity 

Physical functioning was assessed with five activities: ability to climb stairs, to walk 400 metres, and 

to move indoors (mobility); and ability to get in and out of bed and to dress and undress (ADL). The 

response options to the question “Are you able to ...” were 1) Yes, without difficulty, 2) Yes, with 

difficulty, 3) Only with help, and 4) Not at all. Respondents were considered independent in mobility 

if they chose response options 1 or 2 in all three activities; and independent in ADL if they chose 

options 1 or 2 in both activities. Similar self-reported ADL and mobility indicators have been shown 

to correlate with physical performance tests in the oldest old population (24). 

http://www.pshp.fi/en-US
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The participants were asked whether they had particular doctor diagnosed diseases (yes/no). Out of 

eight available diseases or conditions, we examined three cardiovascular diseases namely heart 

disease, stroke and diabetes, and additionally dementia (dementias, Alzheimer’s disease, or decline 

in cognition). High age is one of the main risk factors for these four potentially disabling diseases 

that increase care needs. Diseases of circulatory system represent more than 40% and dementias and 

Alzheimer’s diseases almost 40% of the main causes of death among the oldest old (25). Our binary 

measure of cardiovascular and dementia morbidity was categorized as either being free of all four 

diseases or having at least one of the four diseases.  

Health expectancy 

We determined disability-free and disease-free LEs based on the prevalence of independence in 

mobility and ADL, and being free of four diseases. Period life tables were constructed using data 

from Statistics Finland. They were based on the person years lived in each age group and the number 

of deaths in the age group.   

Statistical analysis 

We tested differences in population characteristics between study years with Chi-squared test. To 

examine trends in physical functioning and morbidity, analyses were conducted with generalized 

estimating equations (GEE) which take into account correlation between observations for individuals 

who participated in more than one data collection (26). Binomial outcomes were analyzed with logit 

link. Analyses were adjusted for age and stratified by sex. To examine whether level of functioning 

and morbidity changed over time (2001-2018), a linear trend was tested using the contrast command. 

Health expectancies were calculated with Sullivan’s method (15,27). Calculations were conducted 

using an unabridged life table (single years of age), which was closed at the age of 100. Confidence 

intervals were calculated for health expectancies to assess differences between study years. The 

analyses were run with statistical software Stata version 14 and statistical significance was set at p < 

0.05.   
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RESULTS  

As expected, most of the oldest old participants were women, but the proportion of men increased 

from 19.3% in 2001 to 26.1% in 2018 (p-value <0.001). Over the study period the median age 

remained at 92 for women and varied between 91 and 92 for men. The proportion of women in round-

the-clock care decreased from 43.2% to 32.0% (p-value <0.001) and fluctuated between 21.6% and 

32.1% among men (p-value 0.03). The proportion of proxy respondents was between 20.7% and 

25.3% among women and between 13.7% and 15.3% among men in 2001, 2003, 2010, 2014 but 

somewhat lower in 2007 (women 16.9% and men 8.3%) and 2018 (women 17.2% and men 10.5%) 

(p-value <0.001 for women) (Table 1). 

For women, we found improvement in ADL, mobility and in all five individual activities from 2001 

to 2018. The odds of being independent in ADL and especially in mobility activities were clearly 

higher only in the last study years. Thus, the significant linear trend that we found for all activities 

was largely driven by the improvement in functioning in the last study years. For men, no significant 

trends were found in either individual or the summarized measures of ADL and mobility, but ability 

to move indoors was higher in 2018 than in 2001. Among women, the prevalence of morbidity (being 

free of heart disease, stroke, diabetes, and dementia) remained stable over the study period. For men, 

the odds of being free of diseases decreased, especially from 2010 onwards, showing a significant 

linear trend over time. Their higher morbidity was mainly due to an increase in heart diseases and 

diabetes (Table 2; Figure 1; eFigure 1).   

Total LE at age 90 increased gradually from 3.37 to 3.81 years (5.3 months) for men and from 3.90 

to 4.43 years (6.4 months) for women from 2001 to 2018 (Figure 2; Figure 3). LE without ADL 

disability increased, with some fluctuation, from 2.69 to 3.11 years (5.0 months) for men and from 

2.70 to 3.40 years (8.4 months) for women. Based on the calculated confidence intervals, LE without 

ADL disability was significantly higher in the later study years for both sexes (eTable 1). LE with 

ADL disability varied only slightly over time, increasing by 0.2 months for men and decreasing by 
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2.0 months for women. DFLE as a proportion of total LE increased from 69.1% to 76.8% for women 

and fluctuated between 79.8% and 84.6% for men.  

LE without mobility disability increased gradually from 1.90 to 2.40 years (6.0 months) for men and 

from 1.47 to 1.84 (4.4 months) for women over time, with only exception of 2010 (Figure 2; Figure 

3). LE without mobility disability was higher for men than for women in each study year (eTable 1). 

LE with mobility disability decreased for men by 0.7 months and increased for women by 1.9 months. 

DFLE as a proportion of LE fluctuated between 56.3% and 63.0% among men and 35.2% and 41.5% 

among women over time but was somewhat higher in later study years. LE free of cardiovascular and 

dementia morbidity decreased, with some fluctuation, from 1.06 to 0.84 years (2.6 months) for men 

and increased from 0.86 to 1.02 years (1.9 months) for women. Consequently, LE with at least one 

disease increased by 7.9 months for men and 4.4 months for women. Disease-free LE as a proportion 

of LE decreased from 31.4% to 21.9% for men and reached the morbidity level that for women was 

stable throughout the study years.    
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DISCUSSION 

The beginning of the 21st century saw a rapid increase in Finland’s oldest old population. From 2001 

to 2018, LE at age 90 increased by around six months. This study set out to examine the level of 

physical functioning and cardiovascular and dementia morbidity in six cohorts born between 1911 

and 1928 and to assess whether the rise in LE was accompanied by an increase in disability-free or 

disabled months. Our findings show that women’s functioning (ADL and mobility) and DFLE 

improved over time. The findings for men show greater variation between study years but suggest 

some improvement in DFLE regarding mobility, for instance. We also examined morbidity from 

cardiovascular diseases and dementia, which are known drivers for disability, and found no change 

for women over time. For men, morbidity increased by around 10 percentage points and reached 

women’s morbidity level.     

DFLE is a measure that combines length of life and level of disability. Interpretation of DFLE trends 

are often based on hypotheses about the compression or expansion of morbidity. The compression of 

morbidity, defined as a greater postponement of the onset of morbidity than the increase in LE, would 

lead to a shorter period of life with morbidities (28). In this study where ADL and mobility were used 

as disability indicators, DFLE as a proportion of total LE increased for both sexes, suggesting 

compression of disability. The expansion of morbidity (or failure of success, as it is also called) refers 

to an increase in years lived with morbidity, as the age at onset of morbidity remains the same while 

LE increases (29). We found expansion of morbidity for men, with an increase in the proportion of 

LE lived with at least one disease and an increase in the length of the diseased period. For women, 

the proportion of LE lived with at least one disease remained constant between 2001 and 2018, but 

the length of the diseased period increased.   

It is difficult to directly compare our findings with earlier studies because of differences in indicators 

of ADL, mobility and morbidity, differences in survey methods used, time periods, country, etc. (7). 

However, in line with Christensen et al. (2013) and Zeng et al. (2017) who reported findings for 
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nonagenarians, we found better ADL functioning in later study years for women, but our results did 

not show as evident an improvement for men. When we compare the current findings with our earlier 

analyses using the same data but covering a shorter period (2001-2010) (12,30), which showed no 

change in the prevalence of disability for men or for women, it is noteworthy that the slight 

improvement observed in functioning is a very recent development. Earlier studies among older 

people aged 85 years (17,18) have shown, as do our results here, an increase in LE without severe 

disability (comparable to our ADL indicator). However, for milder disability, the trends for men and 

women show variation between the studies.    

In line with Hung et al. (2011), we found an increase in the prevalence of having at least one chronic 

condition (including heart disease, diabetes and stroke) but only for men. In this study, the increase 

in morbidity for men was driven by the increase in diabetes and to some extent in heart diseases while 

the prevalence for dementia and stroke remained constant. There was also increase in diabetes for 

women, but it was compensated with a minor decline in other conditions. Our study coincides well 

with earlier findings suggesting increase in diabetes for later born cohorts but partly contradicts with 

the findings suggesting decline in cardiovascular diseases and dementia (31). There is evidence of 

improved cognition also for the oldest old (11) but not in all studies (5). This study was limited to 

four diseases, which are important for disease burden in this age group, are associated with functional 

disability, need for care and are the most common causes of death in the oldest old population. 

However, this means that in our case being disease-free does not mean being free of all possible 

diseases but specifically, not having heart disease, stroke, diabetes or dementia.  

In 2001, LE was higher for women than for men and it also increased more for women in the following 

17 years. Thus, sex differences in LE at age 90 increased during the study period. Being free of ADL 

and mobility disability as a proportion of LE was higher for men than women. Also the proportion of 

LE free of morbidity was higher for men until 2010, but after that there was no difference between 

men and women. Longitudinal studies using multistate modelling (22,23,32) have also shown longer 
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LE and shorter DFLE among the oldest old women. Sex differences in functioning and mortality arise 

from diverse biological, contextual and behavioral factors. Women have more disabling diseases such 

as arthritis and men more lethal diseases including heart diseases, stroke and diabetes, which partly 

explains the longer but more morbid lives of women (33).  

In addition to analysis for the total 90+ population, we run sensitivity analysis for those aged 90-91 

years old to examine only those who participated in the study for the first time. Similarly to the 

analysis of total 90+ population, we found increase in ability to perform ADLs for women and 

increase in morbidity for men. It is reasonable to believe that the later birth cohorts in this study (who 

were born between 1911 and 1928) have benefitted from better living conditions (housing and 

education), advances in medical care (vaccinations, treatments, and rehabilitation) and healthier 

lifestyles (11). In the Finnish case it is particularly noteworthy that, the country suffered a civil war 

in 1918 and saw the introduction of compulsory education in the 1920s. Developments in the 

surrounding society that have contributed to increasing longevity and improving ADL functioning 

may also contribute to explain the expansion of morbidity. The dynamics driving this trend are related 

to 1) the incidence of a health condition and 2) survival among people with and without the condition 

(34). The expansion of morbidity may arise from improved disease control (early diagnosis and active 

treatments), which increases the prevalence of morbidity. However, if better disease control makes 

diseases less lethal, morbidity expansion also occurs as a result of increasing survival rates among 

people with morbidities. There is evidence of decline in mortality from cardiovascular diseases (35) 

and dementias (36), especially for younger old age groups. 

We attempted to assess whether the selection of the study samples differed over the 17-year study 

period of our research and whether the changes in the percentage of proxy responses had any effect 

on our findings. The selection of the study samples was assessed by examining individual-based 

short-term mortality, which was derived from the Population Register and was linked with survey 

data using personal identification number. In the first 120 days after data collection, mortality was 
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higher for those who did not participate in the study compared to those who did. Thus, it is likely that 

our study represents the healthier end of the population, as tends to be the case in survey studies (37). 

Short-term mortality was from 3.4 to 3.9 times higher for non-respondents than for respondents 

between 2010 and 2018 and somewhat higher in earlier study years, indicating that there is no reason 

to believe that the population was more selected in 2018. The percentage of proxy responses varied 

over time, and the proportion of family members serving as a proxy increased and that of staff in 

round-the-clock care decreased. This was probably due to the overall decrease in the number of people 

in round-the-clock care (39% in 2001 and 30% in 2018). In general, functioning was poorer for those 

with a proxy respondent than for those who answered themselves. Over time, we found that women 

with a proxy respondent showed some tendency towards improved functioning. Overall, proxies tend 

to rate the disability of older people higher than older people themselves, but the two types of proxies, 

family member and staff in institution, have been shown to have high agreement in their assessments 

of functioning (38). It seems unlike, then, that our findings are driven by changes in the proportion 

of proxy respondents.  

The unique dataset used in this study is based on large well-defined cohorts of the oldest old, including 

people living in round-the-clock care. The demographic changes in the city of Tampere are well 

comparable with the changes in Finland between 2001 and 2018 with respect to doubling in the 90+ 

population, increase in the relative proportion of 90+ population (from 0.5% to 0.9%) and increase in 

the proportion of men in this age group (4-5%). The study period was long (17 years) and the data 

for all six study waves were collected with a similar survey design under the supervision of the same 

person (MJ). For the data used in this study, the exact same questions were asked in each 

questionnaire, with the same response options. The response rates were very high (76.7%-86.0%). 

We also had access to mortality information for those who did not participate in the study, which 

made it possible to assess study selection. With regard to the limitations of the study, the information 

for our three health and functioning indicators was based on self-reports, which makes our findings 
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prone to changes in living conditions and level of cognition, for instance (11). However, the 

prevalence of those who reported having dementia was stable throughout the study. The 

methodological constrains related to the use of Sullivan’s method include the assumption of similar 

mortality for disabled and nondisabled individuals. Furthermore, it is impossible to take into account 

recovery from disability or morbidity (34). The latter constrain is less important in the oldest old 

population since recovery from disability and chronic conditions in not very common. 

Our findings show that functioning, measured in terms of activities of daily living and mobility, 

improved from 2001 to 2018 among individuals aged 90 years and over, and that women showed 

more improvement than men. We also found evidence of compression of disability for both sexes, 

which means a shorter period of LE spent with disability in later study years. In addition, our results 

indicate an expansion of cardiovascular and dementia morbidity for men. Despite the rather positive 

trends in functioning and disability-free life expectancy between 2001 and 2018, this improvement 

does not directly translate into less need for care. At a population level, functioning did not improve 

enough to offset the doubling of the 90+ population, since the absolute number of disabled years did 

not decrease. Based on the calculated health expectancies for exact 90 years old in the city of 

Tampere, ADL and mobility disability and morbidity increased by 171, 523 and 869 person-years, 

respectively. Extrapolating our findings to the Finnish population aged 90 and over, the number of 

individuals who need help in ADLs increased by 40% (from 6,700 to 11,200), those who need help 

in mobility by 50% (from 13,680 to 27,130) and individuals with morbidity by 55% (from 18,180 to 

39,960) between 2001 and 2018. Worldwide, the projection that there will be more than 21 million 

people aged 90 and over in 2020 (39) highlights the magnitude of the increase in care needs. Living 

longer with complex but non-fatal health problems is resource-draining and puts health care systems 

and families under considerable pressure. Given the continuing growth of the oldest old population, 

it is essential that the health and functioning of future cohorts are closely followed in order to provide 

a sound and sustainable basis for planning health and social care services. 
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Table 1. Characteristics of participants and observed prevalences of functioning and morbidity by sex in the Vitality 90+ Study 2001-2018.  

Study year 2001 2003 2007 2010 2014 2018 

Response rate % 79.0 86.3 82.3 79.5 79.6 76.7 

Study participants N 892 961 944 1277 1637 1879 

Sex  Men Women Men Women Men Women Men Women Men Women Men Women 

N 172 720 190 771 193 751 240 1037 378 1259 491 1388 

Age  

Median 

Range 

 

91 

90-102 

 

92 

90-106 

 

91 

90-102 

 

92 

90-106 

 

91 

90-99 

 

92 

90-105 

 

91.5 

90-99 

 

92 

90-107 

 

92 

90-103 

 

92 

90-106 

 

91 

90-107 

 

92 

90-105 

Place of stay %             

Home 78.4 56.8 76.8 61.1 77.7 62.7 67.9 61.4 70.7 62.9 76.4 68.0 

Institutional long-term care 21.6 43.2 23.2 38.9 22.3 37.3 32.1 38.6 29.3 37.1 23.6 32.0 

Respondent %             

Participant 84.7 74.7 86.3 76.5 91.7 83.1 84.9 76.4 85.4 79.3 89.6 82.8 

Proxy 15.3 25.3 13.7 23.5 8.3 16.9 15.1 23.6 14.6 20.7 10.5 17.2 
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Note. aMobility = move indoors, walk 400 meters and climb stairs. Activities of daily living = dress and undress and get in and out of bed.  
bBeing free of diseases refers to not having heart disease, stroke, diabetes or dementia. 

 

 

Functioning % 

Independent in activity 

            

Climb stairs 66.1 46.6 71.7 46.5 67.4 47.4 69.4 45.8 65.0 47.4 70.1 50.9 

Walk 400m 66.1 46.3 69.7 47.9 69.3 49.9 68.1 47.5 68.8 50.5 72.5 52.9 

Move indoors 88.4 78.4 90.4 81.5 91.7 82.5 88.5 81.2 89.6 82.0 93.3 85.4 

Get in and out of bed 89.5 78.6 91.5 80.0 92.2 82.4 91.2 81.4 89.1 82.0 92.5 85.6 

Dress and undress 80.2 69.9 83.5 72.7 83.9 75.5 85.7 74.1 82.4 73.7 82.9 77.3 

aIndependent in activities             

Mobility 57.3 39.2 62.6 38.1 59.9 38.3 60.4 36.2 59.5 39.6 63.3 42.0 

Activities of daily living 80.2 69.9 83.5 72.0 83.4 74.5 84.9 73.7 82.4 73.4 82.7 76.8 

bMorbidity %             

Free of diseases 31.8 22.2 37.0 23.1 25.3 20.3 21.6 23.0 22.0 22.4 21.1 23.0 
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Table 2. Age-adjusted physical functioning (individual and summarized activities) and morbidity by sex in the Vitality 90+ Study 2001-2018.  

Study year Climb stairs Walk 400m Move indoors Dress and undress Get in and out of bed 

Men OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

2003 1.29 (0.82-2.03) 1.17 (0.75-1.83) 1.23 (0.63-2.42) 1.24 (0.72-2.12) 1.25 (0.61-2.53) 

2007 1.09 (0.70-1.69) 1.18 (0.76-1.84) 1.48 (0.74-2.95) 1.31 (0.76-2.24) 1.40 (0.68-2.88) 

2010 1.20 (0.79-1.84) 1.12 (0.74-1.71) 1.03 (0.56-1.91) 1.51 (0.89-2.56) 1.23 (0.63-2.38) 

2014 0.98 (0.66-1.43) 1.16 (0.78-1.70) 1.15 (0.65-2.05) 1.17 (0.74-1.86) 0.96 (0.54-1.73) 

2018 1.26 (0.87-1.84) 1.40 (0.96-2.05) 1.88 (1.05-3.39) 1.23 (0.79-1.92) 1.47 (0.81-2.66) 

P-value 0.48 0.55 0.19 0.76 0.54 

Women      

2003 1.02 (0.83-1.25) 1.09 (0.88-1.34) 1.24 (0.96-1.60) 1.17 (0.93-1.47) 1.11 (0.86-1.43) 

2007 1.08 (0.88-1.33) 1.21 (0.98-1.49) 1.35 (1.04-1.75) 1.38 (1.09-1.74) 1.33 (1.02-1.72) 

2010 1.01 (0.83-1.22) 1.09 (0.90-1.33) 1.23 (0.97-1.57) 1.28 (1.03-1.59) 1.24 (0.98-1.58) 

2014 1.09 (0.91-1.32) 1.26 (1.04-1.52) 1.32 (1.04-1.66) 1.27 (1.03-1.56) 1.30 (1.03-1.64) 

2018 1.27 (1.06-1.53) 1.39 (1.15-1.67) 1.70 (1.35-2.15) 1.56 (1.27-1.91) 1.71 (1.35-2.17) 

P-value 0.04 0.004 0.0008 0.001 0.0002 
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 Independent in mobility Independent in ADL Free of diseases   

Men OR (95% CI) OR (95% CI) OR (95% CI)   

2003 1.24 (0.81-1.90) 1.24 (0.72-2.12) 1.27 (0.82-1.97)   

2007 1.14 (0.75-1.75) 1.26 (0.74-2.15) 0.72 (0.45-1.14)   

2010 1.18 (0.79-1.77) 1.41 (0.84-2.38) 0.59 (0.37-0.92)   

2014 1.13 (0.78-1.64) 1.17 (0.74-1.86) 0.60 (0.40-0.90)   

2018 1.36 (0.95-1.95) 1.21 (0.78-1.89) 0.57 (0.38-084)   

P-value 0.63 0.87 0.0001   

Women      

2003 0.98 (0.79-1.21) 1.13 (0.90-1.42) 0.95 (0.76-1.17)   

2007 1.01 (0.82-1.26) 1.31 (1.04-1.66) 1.11 (0.87-1.42)   

2010 0.92 (0.75-1.12) 1.26 (1.02-1.56) 0.95 (0.76-1.19)   

2014 1.09 (0.90-1.32) 1.25 (1.02-1.54) 0.98 (0.78-1.22)   

2018 1.21 (1.00-1.47) 1.52 (1.23-1.86) 0.94 (0.76-1.17)   

P-value 0.03 0.003 0.68   
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Note. Odds ratios (OR) with 95% confidence intervals (CI) are from generalized estimating equations analysis. P-value is for a linear trend. The reference 

year is 2001. Statistically significant (p < .05) results are bolded
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Figure 1. Trends in ability to perform activities of daily living (ADL) and mobility activities and trend of being free of morbidity by sex in the Vitality 90+ Study 

between 2001 and 2018.  

Note. Observed probabilities and age-adjusted fitted trajectories are from generalized estimating equations. 
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Figure 2. Life and health expectancies (in years) at age 90 by sex in the Vitality 90+ Study 2001-2018.  

Note. ADL = activity of daily living, LE = life expectancy, DFLE = disability-free life expectancy or disease-free life expectancy. DFLE is calculated as a 

proportion of total LE.   
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Figure 3. Differences in life and health expectancies (in months) for 90-year-olds by sex in the Vitality 90+ Study between 2001 and 2018.  

Note. The reference year (boldface line) is 2001. Health expectancies do not add up to exactly to the increase in life expectancy due to rounding.
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Supplemental material 

eFigure 1. Trends of functioning between 2001 and 2018 by sex in the Vitality 90+ Study. Observed 
probabilities and age-adjusted fitted trajectories of functioning after generalized estimating equations. 
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eTable 1. Disability-free life expectancy (DFLE) and disabled life expectancy (DLE) in years 
and 95% confidence intervals (CI) between 2001 and 2018 by sex in the Vitality 90+ Study.  

 

Note. Disabled life expectancies are not identical to those presented in Figure 2 due to rounding. 
 

 

 

 2001 2003 2007 2010 2014 2018 
 DFLE (95% 

CI) 
 DFLE (95% 
CI) 

DFLE (95% 
CI) 

DFLE (95% 
CI) 

DFLE (95% 
CI) 

DFLE (95% 
CI) 

ADL       
Men 2.69 (2.49-

2.88) 
2.86 (2.69-
3.03) 

3.02 (2.84-
3.21) 

3.11 (2.95-
3.28) 

3.05 (2.90-
3.20) 

3.11 (2.98-
3.25) 

Women 2.70 (2.56-
2.83) 

2.79 (2.67-
2.92) 

3.13 (3.00-
3.26) 

3.15 (3.03-
3.27) 

3.18 (3.08-
3.29) 

3.40 (3.30-
3.49) 

Mobility       
Men 1.90 (1.66-

2.14) 
2.01 (1.81-
2.21) 

2.13 (1.89-
2.37) 

2.23 (2.02-
2.45) 

2.17 (1.98-
2.35) 

2.40 (2.24-
2.57) 

Women 1.47 (1.33-
1.60) 

1.47 (1.34-
1.60) 

1.60 (1.46-
1.74) 

1.52 (1.40-
1.64) 

1.70 (1.58-
1.81) 

1.84 (1.72-
1.95) 

Morbidity       
Men 1.06 (0.83-

1.29) 
1.27 (1.04-
1.50) 

0.96 (0.74-
1.19) 

0.85 (0.67-
1.04) 

0.82 (0.66-
0.97) 

0.84 (0.69-
0.98) 

Women 0.86 (0.74-
0.98) 

0.90 (0.78-
1.01) 

0.86 (0.74-
0.98) 

0.99 (0.88-
1.10) 

0.97 (0.87-
1.07) 

1.02 (0.92-
1.12) 

  
DLE (95% CI) DLE (95% CI) DLE (95% CI) DLE (95% CI) DLE (95% CI) DLE (95% CI) 

ADL       
Men 0.71 (0.51-

0.90) 
0.53 (0.36-
0.70) 

0.68 (0.50-
0.86) 

0.64 (0.48-
0.81) 

0.71 (0.56-
0.86) 

0.70 (0.56-
0.83) 

Women 1.21 (1.07-
1.34) 

1.11 (0.99-
1.24) 

1.11 (0.98-
1.24) 

1.17 (1.05-
1.29) 

1.17 (1.06-
1.27) 

1.03 (0.94-
1.13) 

Mobility       
Men 1.50 (1.26-

1.74) 
1.38 (1.18-
1.58) 

1.57 (1.33-
1.81) 

1.53 (1.31-
1.74) 

1.59 (1.41-
1.77) 

1.41 (1.24-
1.57) 

Women 2.44 (2.30-
2.57) 

2.44 (2.31-
2.57) 

2.64 (2.50-
2.78) 

2.80 (2.68-
2.92) 

2.65 (2.53-
2.76) 

2.59 (2.48-
2.70) 

Morbidity       
Men 2.34 (2.11-

2.57) 
2.12 (1.89-
2.34) 

2.74 (2.51-
2.97) 

2.91 (2.72-
3.09) 

2.94 (2.79-
3.10) 

2.97 (2.83-
3.12) 

Women 3.05 (2.93-
3.17) 

3.01 (2.90-
3.13) 

3.38 (3.26-
3.50) 

3.33 (3.22-
3.44) 

3.38 (3.28-
3.48) 

3.41 (3.31-
3.51) 
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