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Abstract 

Context: There is evidence suggesting that the prevalence of disability in late life has 

declined over time while the prevalence of disabling chronic diseases has increased. The 

dynamic equilibrium of morbidity hypothesis suggests that these seemingly contradictory 

trends are due to the attenuation of the morbidity-disability link over time. The aim of this 

study was to empirically test this assumption. 

 

Methods: Data were drawn from three repeated cross-sections of SWEOLD, a population-

based survey among the Swedish men and women ages 77 and older. Logistic regression 

models were fitted to assess the trends in the prevalence of Activities of Daily Living (ADL) 

disability, Instrumental ADL (IADL) disability, and selected groups of chronic conditions.  

The changes in the associations between chronic conditions and disabilities were examined in 

both multiplicative and additive models.  

 

Results: Between 1992 and 2011, the odds of ADL disability significantly declined among 

women whereas the odds of IADL disability significantly declined among men. During the 

same period, the prevalence of most chronic morbidities including multimorbidity went up. 

Significant attenuations of the morbidity-disability associations were found for cardiovascular 

diseases, metabolic disorders, poor lung function, psychological distress, and multimorbidity.  

 

Conclusion: In agreement with the dynamic equilibrium hypothesis, this study concludes that 

the associations between chronic conditions and disability among the Swedish older adults 

have largely waned over time.  
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INTRODUCTION 

The historical decline of fertility and the continuous increase in life-expectancy have 

substantially altered the age structures of populations across the globe, with an accelerated 

growth of the aged populations and a decrease of the workforce (Harper 2014; Bloom & 

Sousa-Poza 2013). Whilst population aging is a demographic destiny which no society can 

perhaps avoid, the pace and scale at which it is currently emerging as a global phenomenon is 

unprecedented in human history. The age structure of Europe, in particular, is increasingly 

being shaped by increasing proportions of older people and decreasing proportions of younger 

ones (Harper 2014). Such changes have wide-ranging social, economic, and public health 

implications as they raise concerns about the capacity of the respective societies and 

economies to provide social welfare and health care services to the growing number of older 

adults who share a greater burden of disease and disability than any other demographic group 

(Salomon et al. 2012).  

 

Sweden is considered to be a front-runner of population aging which the country started 

experiencing from the very beginning of the 19th century. In 1900, around 8.4% of the total 

population of Sweden were older than 65 which more than doubled (17.4% in 1998) across 

the 20th century (Statistics Sweden 1999). This trend still continues and is predicted to 

increase further in the coming decades. Indeed, there are now more people in Sweden over the 

age of 65 than the number of people under age 15 (United States Census Bureau 2016). 

Currently, the old-age dependency ratio – the proportion of people ages 65 and above relative 

to the working population aged 15 to 64 – is as high as 31% in Sweden (World Health 

Organization 2014). The demographic shift in the age structure of Sweden has been of 

particular attention worldwide because of the country's long history of population aging and a 

public welfare system which is strongly committed to the improved living standards of the 

elderly population. On the one hand, the below replacement fertility level has given rise to 

demographic deficit and labor market concerns. On the other hand, a rapidly expanding older 

age population is placing an ever greater demand on the country's health care and social 

services.  

 

The increased demand on social services and health care expenditures in a given country, 

however, may not automatically result from the numeric increase in the sheer size of the older 

population but from an increase in the size of the chronically ill and disabled individuals in 

that population group. Therefore, while many observers see population aging as an imminent 
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threat to the sustainability of the public welfare systems (Uhlenberg 2013; Bengtsson & Scott 

2011), researchers in the field of aging and health are asking whether the increasingly 

prolonged life-expectancy is accompanied by a shorter or longer period of unhealthy life in 

late age. The question, however, is still open, with no definitive answer being known so far.   

 

Theoretical perspectives on population aging and health 

There are at least three contending hypotheses that attempt to explain the dynamic 

relationships between mortality and health among the elderly popuation: the compression of 

morbidity, the expansion of morbidity, and the dynamic equilibrium of morbidity. 

Expansion of morbidity 

The expansion of morbidity hypothesis was put forward by Gruenberg (1977) and Kramer 

(1980) who held the view that a longer life-expectancy does not necessarily mean improved 

health. According to them, a reduction in mortality results from the elimination of the lethal 

consequences of diseases rather than from their lower prevalence rates. In other words, the 

successful application of medical technology in reducing the fatal complications of chronic 

diseases leads to an unintended consequence of greater prevalence of such diseases. Terming 

the situation as the “failures of success”, Gruenberg (1977) argued that people live longer 

only to suffer from worse health since a decline of mortality is accompanied by a 

“prolongation of sick lives”.  Under this hypothesis, mortality decline results in increased 

prevalence of morbidity and disability, not by an increase in incidence rates but through an 

extended duration of the health problems – a scenario later termed as the “expansion of 

morbidity” (Olshansky et al. 1991). 

  

Compression of morbidity 

Rejecting the “expansion of morbidity” hypothesis, Fries (1980) instead suggested an 

optimistic view regarding the relationship between mortality and health. He called it the 

“compression of morbidity” which posits that, in parallel with increased life-expectancy, the 

onset of chronic diseases is delayed and compressed into a shorter length at the end of life, 

thereby reducing the number of years in poor health. Fries (2003) depicted three hypothetical 

scenarios that could result from increased survival, as illustrated in Figure 1. In the baseline 

scenario, morbidity generally sets in at the mean age of 65 and death occurs at the mean age 

of 80, indicating a 15 years of suffering from some sort of disease and disability in old age. In 

the most unfortunate scenario, life-expectancy increases from 80 to 84 years but morbidity 
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still sets in at the age of 65, yielding an extension of lifetime morbidity and disability in 

parallel with increased longevity. In scenario 3, life-expectancy increases by 5 years, from 80 

to 85. However, the onset of morbidity is also delayed by 5 years, from 65 to 70, with no 

increase or decrease in the average amount of time spent in poor health (85-70=15 years). 

Fries’ morbidity compression occurs in the final scenario where there is a shift in the 

morbidity onset alongside an increase in life-expectancy and the amount of morbidity 

postponement (10 years) is larger than the increase in life-expectancy itself (5 years).  

 

It is worthwhile to mention that both expansion and compression of morbidity can occur in 

both absolute and relative terms, i.e., in terms of absolute number of years spent in morbid 

state and as a percentage of the length of morbid state relative to total life-expectancy. Thus, 

under the morbidity compression scenario, the overall length of time spent in poor health is 

reduced to 10 years (75 to 85) in contrast to the 15 years (65 to 80) in the baseline scenario. 

As a proportion of total life-expectancy, one can expect to live about 12% of their lives in 

poor health compared to nearly 19% in the baseline scenario.  

 

 

 

Figure 1. Present and future possible scenarios for morbidity and longevity 

 

Source: Adapted from Fries (2003:456) 
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Fries (2003) argued that it is possible to strike a balance between the growing number of 

elderly persons and the greater burden of health care expenditure by delaying the onset of 

morbidity until the very advanced ages. Referring to the recent improvements in circulatory 

disease mortality, Fries emphasized the adoption of healthier lifestyles (e.g., physical activity, 

weight control, smoking cessation, etc.) as “the most promising single approach” to 

postponing the incidence of disabling chronic diseases. 

 

Dynamic equilibrium of morbidity  

Manton (1982) advocated the “dynamic equilibrium” hypothesis which is conceptually 

located between compression of morbidity and expansion of morbidity and suggests a 

balanced relationship between mortality and health. Manton agreed with Gruenberg and 

Kramer to the extent that population aging might be accompanied by a greater prevalence of 

morbidity but he further pointed out that a fall in mortality would be accompanied by a 

redistribution of morbidity and related disabilities from severe to moderate/mild conditions. 

The central proposition of Manton’s thesis is that the increased prevalence of the morbid 

conditions due to increased longevity is likely to be offset by a decrease in the average 

severity of the same conditions due to a slowing down in the basic rate of progression of the 

primary disease process.  

 

Combining elements from both expansion and compression of morbidity, Manton (1982) 

argues that there are two possible mechanisms behind the extended duration of chronic 

diseases and the consequent higher prevalence rates of those diseases: i) elimination of lethal 

sequelae, and ii) reduction of the severity and rate of disease progression. However, he argues 

that the recent trends in morbidity and life-expectancy are predominantly driven by the second 

mechanism whereby the severity and rate of disease progression have been reduced through 

better medical management. Manton criticized the proponents of both compression and 

expansion of morbidity for treating mortality and morbidity as partly independent. For 

example, under the expansion of morbidity framework, a decline in mortality is in place 

despite the increased prevalence and severity of diseases. Similarly, in Fries’ theory, the 

greater prevalence of the chronic disease burden in the advanced ages persists despite an 

approximate halt in the prolongation of longevity. By contrast, the dynamic equilibrium 

implies that because the same forces (e.g., clinical efforts and health promoting behavior) are 

driving both morbidity and mortality trends, both morbidity and mortality are in a constant 
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equilibrium, keeping pace with each other as the life-expectancy increases. Consequently, as 

the severity and rate of disease progression declines, there is also a corresponding decline in 

the rates of disability and mortality since most deaths and disability incidents in old age are 

known to be causally connected to the chronic disease morbidity. It is to be noted that 

whereas the terms “morbidity” and “disability” were presented interchangeably by Gruenberg, 

Kramer, and Fries, they represent two distinct analytic concepts in Manton’s proposition. 

 

Manton (1982) envisions that the equilibrium between morbidity and disability/mortality 

automatically leads to equilibrium of cost-benefit ratio. On the one hand, reducing disease 

severity leads to increased longevity which in turn is associated with the greater prevalence of 

diseases and accelerated health care costs. On the other hand, the additional costs incurred can 

be compensated by the increased potential of economic productivity since an increase in life-

expectancy by reducing disease severity is likely to extend the productive lifespan.  

 

Are the hypotheses mutually exclusive? 

It is suggested that the three theoretical standpoints detailed above are not necessarily 

mutually exclusive. It is possible for all scenarios to constantly evolve in a cyclical fashion 

within a single society. As Robine and Michel (2004) argued, the period of morbidity 

expansion induced by declining old age mortality can be followed by a period of equilibrium 

between mortality and disability prevalence caused by a control over chronic illness 

progression. Again, a further improvement in the health status and health risk behaviors in the 

subsequent cohorts is likely to lead to the stage of compression of morbidity and eventually to 

a stage of “new expansion of morbidity” characterized by the emergence of a very frail and 

old population. According to this view, different societies are currently at different stages of 

population aging and experiencing different stages of morbidity and disability patterns. 

 

Linking theories to empirical evidence 

Study design and measurement issues 

There are two different analytic approaches to testing the contending hypotheses under 

discussion. A direct approach to testing the hypotheses involves the calculation of life-

expectancy and some form of remaining health expectancy. The disability-free life-

expectancy and disease-free life-expectancy are two types of health expectancy measures that 

are widely used to quantify the years of life lost to poor health relative to the total life-
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expectancy. Another approach is to test the hypotheses indirectly by looking at the trends of 

morbidity and disability without having to calculate any health expectancy or life-expectancy. 

Within this approach, an increase in life-expectancy is taken for granted and therefore an 

increase in morbidity/disability indicates expansion while a decrease indicates compression of 

morbidity/disability. On the other hand, an upward trend in morbidity with a concurrent 

decline in disability implies an underlying equilibrium of morbidity. However, irrespective of 

the analytic approach considered, the international literature on the health trends among older 

adults yields contradictory evidence, with none of the three hypotheses enjoying consistent 

empirical support. The contradictions are attributable in part to the differences in how 

morbidity is defined and measured (Chatterji et al. 2014; Bronnum-Hansen 2005). Some of 

the conflicting trends may also be accounted for by the differences in the design of the study 

(e.g., cross-sectional versus panel design), the type and coverage of the study population (i.e., 

whether the institutionalized individuals are included), mode of data collection, question 

wording, and the period under investigation (Freedman et al. 2004).  

 

The conceptual framework of morbidity leading to disability 

Morbidity is a multidimensional construct which may include any dimension of the 

physiological dysregulation preceding death– from the onset of diseases to loss of function 

and to transition into disability and frailty (Crimmins & Beltrán-sánchez 2010). Therefore, 

when studying the morbidity trends in the older population, a conceptual framework about the 

disablement process is often put forward. Within this framework, physical, cognitive, and 

sensory impairments are considered to be the intermediaries on the pathways between chronic 

diseases and disability (Verbrugge & Jette 1994; Gu et al. 2015), as shown in Figure 2. 

Stroke, for instance, may lead to cognitive impairment which, in turn, may cause poor 

functioning and disability manifested through everyday activities of independent living. 

Disability is conceptualized as a gap between an individual’s capacity to carry out a particular 

task and the demands placed upon by the task in a given environment (Verbrugge & Jette 

1994). Thus, disability, in true sense of the term, is not purely a health indicator as the 

capacity to perform a certain task depends not only on the individual’s intrinsic health 

conditions but also on the conditions of the external environment within which the task is 

carried out. That morbid conditions intersect with the environment to cause disability is 

recognized by both of the two most influential frameworks of disability: the International 

Classification of Functioning, Disability, and Health (World Health Organization 2002) and 

the disablement process (Institute of Medicine 1991). Although not purely a health indicator, 
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disability has been one of the most popular measures of health trends among the elderly 

population because of its close association with quality of life, the need for medical services, 

and increased mortality (Landrum et al. 2009; Parker & Thorslund 2007). 

 

 

 

The two most frequently studied disability indices are disability in Activities of Daily Living 

(ADL) and disability in Instrumental ADL (IADL). The index of ADL disability, originally 

developed by Katz et al. (1963), refers to the limitations in a set of basic tasks of personal 

care. Having difficulty or needing assistance with such daily activities as eating, dressing, 

visiting toilet, transferring in or out of bed, and taking shower is regarded as ADL disability. 

The index IADL disability was proposed by Lawton and Brody (1969) and commonly refers 

to limitations in household activities such as preparing food, shopping for groceries, doing 

laundry, managing money, taking medications, and so on. ADL is typically viewed as a more 

severe and thus a less common type of disability than IADL. Researchers sometimes classify 

limitations in ADL as severe disability and limitations in IADL as moderate disability. 

However, such a classification might be misleading since the process of disablement reflects a 

“continuum of difficulty and dependency” hierarchically progressing from initially having 

functional limitations to needing help with complex tasks (IADL) and then progressing to 

needing help with the most basic personal care tasks defined as ADL (Landrum et al. 2009; 

Parker & Thorslund 2007). 
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Trends in health expectancy 

Most studies on health expectancies consistently report a decline in disease-free life-

expectancy, i.e., an increase in life-expectancy with diseases (Christensen et al. 2009; 

Crimmins & Beltrán-sánchez 2010). On the contrary, a general increase in disability-free life-

expectancy, especially in life-expectancy without severe disability, is often reported, although 

the evidence is not consistent (Christensen et al. 2009). For example, the Global Burden of 

Disease study assessed changes in healthy life-expectancy across 187 countries for 1990 and 

2010. The results indicate a positive and strong association between life-expectancy and the 

number of years lost due to disability (Salomon et al. 2012). That is, as the life-expectancy 

increased, the number of years lost to disability also increased in most countries, lending 

support to the expansion of morbidity hypothesis.  

 

By contrast, the trends in disability-free life-expectancy between 1987 and 2006 in China 

provide a strong support for the compression of morbidity theory. The study found that the 

life-expectancy with severe disability substantially decreased over time and the onset of 

disability was delayed by 5 years in 2006 compared to 1987 (Liu et al. 2009). A study in the 

United States (US), however, showed a decrease in the expected lifespan with severe 

disability from 1992 to 2002 while the age of disability onset as well as lifespan with 

moderate disability remained unchanged (Cai & Lubitz 2007). The findings of this study, 

although not entirely in accord with the compression of morbidity, are still congruent with the 

dynamic equilibrium of morbidity. A study from Denmark showed that life-expectancy at 65 

among the Danish men increased by 0.9 years whereas disability-free life-expectancy 

increased by 2.4 years in the period 1987-2000. The corresponding increases among women 

were 0.2 and 1.1 years respectively. Paradoxically, whereas disability-free life-expectancy 

increased, the life-expectancy without longstanding illness followed the reverse direction, 

indicating a transition from more severe to less disabling longstanding illnesses over time, 

which in turn supports the dynamic equilibrium hypothesis (Bronnum-Hansen 2005). Robine 

et al. (1998) and Perenboom et al. (2004) also noted the presence of the dynamic equilibrium 

scenario in France during 1981-1991 and in the Netherlands during 1989-2000, respectively.  

 

From the existing literature, it is obvious that the links between total life-expectancy and 

health expectancies are neither necessarily proportionate nor unidirectional and the directions 

of associations might vary across countries and type of health indicators. This is evident from 

a cross-national comparison of six longitudinal studies of aging in six European countries 
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which revealed that the prevalence rates of ADL disability were lower in Italy, Spain, and 

Israel compared to Sweden, Finland, and the Netherlands. Conversely, the disability-free life 

expectancies as proportions of total life-expectancies were higher in Sweden, Finland, and the 

Netherlands compared to Italy, Spain, and Israel. The study documented a clear north-south 

gradient in healthy life-expectancy in Europe where the southerners, despite their longer life-

expectancy, spend more years with disability than their northern counterparts. The authors 

speculated that the socio-economic and cultural differences may underlie these cross-national 

health differences (Minicuci et al. 2004).  

 

Trends in disability and morbidity 

The bulk of the empirical evidence in support of the stated hypotheses, however, comes from 

the studies that examine the trends in specific diseases and/or disability indicators without 

necessarily estimating the trends in health expectancy, although the patterns are fairly 

identical to health expectancies. Overall, the available evidence tends to indicate that the 

compression of morbidity scenario mainly derives its support from the studies that employ 

functioning and disability measures (Manton et al. 2006; Aijänseppä et al. 2005) while the 

studies using chronic diseases as morbidity indicators appear to lend support to the expansion 

of morbidity scenario (Crimmins 2004; Crimmins 2000; Hung et al. 2011; Fors & Thorslund 

2015; Fang et al. 2009). A few studies investigating the disease-disability links also find some 

evidence for the theory of dynamic equilibrium of morbidity (Freedman et al. 2007; Schoeni 

2008; Lin et al. 2016; Hoeymans et al. 2012). This pattern across studies has also been 

corroborated by a recent review by Chatterji et al. (2014) who suggested that, of the studies 

that investigate trends in functioning and disability status in older adults, almost twice as 

many support compression than expansion of morbidity. Despite ample research on the 

temporal trends in functioning disabilities, no meta-analysis has been available so far possibly 

due to a lack of harmonization of the health indicators used and heterogeneity of the studies. 

 

Numerous studies from the US and Europe showed a consistent decline in the age-adjusted 

rates of old-age disabilities since 1980s (Manton et al. 2006; Schoeni et al. 2008; Freedman et 

al. 2002). Much of the disability decline in the US, however, was found to be IADL-driven 

whereas the prevalence trend of ADL disability seems to be less consistent in the US and 

more consistent in Europe. Using the National Health Interview Surveys (NHIS), Schoeni et 

al. (2008) demonstrated that between 1983 and 2005, the age-adjusted IADL and ADL 

disabilities typically fell by an annual rate of 2.7% and 0.1% respectively among the 
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Americans ages 75 and above. A  systematic review of the trends in disability and functioning 

in the older Americans also noted a yearly reduction ranging from 0.4% to 2.7% in the 

prevalence of IADL disability from 1991 to 2002, although the evidence for  ADL disability 

was mixed (Freedman et al. 2002). Furthermore, an expert panel on disability studies 

analyzed five national surveys in the US to reconcile the mixed trends of ADL disability and 

concluded that there was indeed a reduction in ADL disability by 1% to 2.5% per annum from 

the early 1990s to 2001 among the community-based older population. The omission of the 

institutionalized population did not bias these estimates (Freedman et al. 2004). The 

reductions in ADL and IADL disabilities among older Americans continued into the first 

decade of the 21st century (Martin et al. 2010). A fall in ADL and/or IADL disabilities was 

also reported in France (Cambois et al. 2007), Spain (Zunzunegui et al. 2006), the 

Netherlands (Puts et al. 2008), Denmark (Engberg et al. 2008), Norway (Moe & Hagen 2011), 

Sweden (Parker et al. 2005), Finland (Sulander et al. 2003) and more recently in England 

(Martin et al. 2012). In Europe, Aijanseppa et al. (2005) prospectively analyzed the age 

related changes in physical functioning, measured by ADL, among the 70+ years old from 10 

different countries over a 10 year period in the 1990s. They found that functional ability 

among the older Europeans deteriorated with advancing age but the similar age groups 

showed better functioning over time, indicating ameliorated functional capacity in the 

successive birth cohorts. Moreover, the beneficial trend toward better functioning tended to be 

more skewed to the south than in the north of Europe.  

 

In Sweden, previous research showed varying trends in the phenomenon of disability in older 

population – the trend was stable, downward, upward, or fluctuating depending on the study 

(Parker et al. 2005; Parker et al. 2008; Larsson & Thorslund 2006; Sjölund et al. 2014; Falk et 

al. 2014; Fors & Thorslund 2015). Studies based on the Swedish Panel Study of Living 

Conditions of the Oldest Old (SWEOLD), which is a national survey of the oldest Swedes, 

reported a stable prevalence of ADL and IADL limitations from 1992 to 2002 and a 

worsening of other health indicators in the same period (Parker et al. 2005; Schön et al. 2011; 

Ahacic et al. 2007). However, other studies based on Statistic Sweden’s Living Conditions 

Survey (ULF), another national database, suggested a reduction in ADL disability among the 

older population aged 65-84  between 1988 and 2002 (Larsson & Thorslund 2006; Malmberg 

& Sundström 2004). Further analyses of the same national data over the course of 1980 to 

2005 revealed continuous improvement in ADL disability among both men and women from 

1980 till mid 1990s and deterioration from 1996 onward, especially among men (Parker et al. 
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2008). Most recently, however,  an updated examination of the SWEOLD data by Fors and 

Thorslund (2015) documented a significant decline in ADL disability between 1992 and 2011 

among the older population in Sweden, in spite of an increased prevalence of other health 

conditions including musculoskeletal pains, lung function, and psychological problems.  

 

While data on disability trends in low income countries are currently limited, the reported 

decrease in disabilities is not universal across all high income countries where data are 

available as there is also evidence of a rising or stable prevalence of disability in Australia, 

Japan, Italy, Greece, and so on (Lafortune, Gaetan; Balestat 2007; Chatterji et al. 2014). With 

regard to the gender differences in the time trends of disability, majority of the studies 

indicate larger improvements in women than men (Aijänseppä et al. 2005; Schoeni et al. 

2008; Falk et al. 2014) but equal trends are also reported (Schoeni et al. 2001; Murabito et al. 

2008). Some recent analyses further indicated that the beneficial time trends in functional 

capacity is currently reserved for the individuals aged 80 years and older (Freedman et al. 

2013; Seeman et al. 2010). Despite the cross-national, age, and sex differences in disability 

trends, available evidence, on the whole, indicates that the average functional ability in older 

adults has improved over time while the prevalence of chronic health problems has increased.  

 

Rationale of the study 

Much effort is currently going on to explain the paradox showing a decline in disability in the 

face of an acceleration of other health problems in old age. One possible explanation is that 

the chronic health problems have become less debilitating over time due to improved medical 

management, although the factual evidence to support this claim is limited to only a handful 

of studies (Cutler et al. 2009; Freedman et al. 2007; Schoeni et al. 2008; Hoeymans et al. 

2012). While the current evidence showing divergent trends in morbidity and disability best 

fits the dynamic equilibrium scenario, the evidence in itself does not allow one to make any 

valid judgments about the time trends in the morbidity-disability associations. The present 

study, however, does not have the ambition to test the dynamic equilibrium of morbidity 

hypothesis in its entirety since that would essentially require precise data on the incidence and 

prevalence rates of diseases and disability as well as on mortality gathered over a prolonged 

period of time. Based on the dynamic equilibrium theory and available evidence, this study 

investigated the role of potentially disabling chronic conditions, which are known to be the 

primary contributors to disability (Landrum et al. 2009; Freedman et al. 2007), in the recent 

improvements in disabilities among the older adults in Sweden. To my knowledge, no 



12 

 

systematic attempt has been made in Sweden thus far to test the dynamic equilibrium 

hypothesis by examining the temporal links between chronic diseases and disability in late 

age.  

 

Aim and research questions 

The overarching aim of the current study was to explore the dynamic equilibrium hypothesis 

by testing one of its central assumptions: the late life morbidity-disability link has attenuated 

over time. A range of chronic morbidities have been considered to examine how their 

association with ADL and IADL disabilities among older population in Sweden evolved over 

time. Specifically, the study questions were:  

 

1. Has the prevalence of ADL and IADL disabilities in old age declined over time? 

2. Has the prevalence of chronic conditions in old age increased over time?   

3. Have the associations between chronic conditions and ADL or IADL disability in old 

age weakened over time?  
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METHODS 

Data  

The study utilized the repeated cross-sectional survey data from SWEOLD which is 

representative of the entire older population aged 77+ in Sweden. A detailed description of 

the data resource profile is available elsewhere (Lennartsson et al. 2014). The sample of the 

survey comprised individuals living both in homes and institutional care. They were a group 

of randomly selected individuals who had previously been included in the sample of Swedish 

Level of Living Survey (LNU) and already passed the LNU’s age ceiling of 75 years. Coming 

into existence in 1992, the SWEOLD survey was subsequently repeated in 2002 and 2011. 

The study samples for the three waves were 537, 621, and 931 respectively. The relatively big 

size of the 2011 sample was mainly due to an oversampling of people 85+ years old. The 

extra sample was randomly selected from the general Swedish population, added to the 

original sample, and adjusted by weighting. The summary distributions of the study samples 

are presented in Table 1.  

 

During the SWEOLD fieldwork, a great deal of effort was made to keep the non-response rate 

to a minimum, resulting in a response rate of more than 80% in each wave. Although face-to-

face interview was the dominant mode of data collection, occasional telephone interviews or 

proxy interviews were also conducted when necessary (Table 1). A telephone interview was  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Characteristics of the sample over the study period 

 1992 2002 2011 

Characteristics n % n % n % 

Total   537  100  621 100 931 100 
Type of interview       

   Direct interview 453 84.4 492 79.2 686 73.7 
   Indirect interview 64 11.9 82 13.2 187 20.1 
   Proxy interview 20 3.7 47 7.6 58 6.2 
Sex       
   Male 212 39.5 253 40.7 417 44.8 
   Female 325 60.5 368 59.3 514 55.2 
Living situation       
   In community 468 87.1 529 85.2 764 82.1 
   In institutions 69 12.9 92 14.8 167 17.9 

Age (yrs)       
   Mean          83.0         83.3           83.1* 
   Range         77-98        77-99        76-101 
Response rate (%)          90.4         84.4           86.2 

*The weighted mean age is presented for 2011. 
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offered when the respondent was reluctant to meet for a direct in-person interview. 

Occasional proxy interviews were conducted with the help from close relatives or caregivers 

when the respondents were unable to participate by themselves due to dementia or frailty, for 

examples. In addition, postal questionnaires were utilized provided that the respondent had 

hearing problems or refused to participate through the telephone interview. Prior to each 

interview, a verbal informed consent was obtained. Ethical approval was obtained from the 

Regional Ethical Review Board in Stockholm. 

 

Measures 

Dependent variables 

There are two outcomes of interest in this study: disability in activities of daily living (ADL) 

and disability in instrumental ADL (IADL). ADL disability was assessed by participants’ self-

reports of their ability to perform five basic tasks without help: eating, dressing, toileting, 

getting in and out of bed, and washing hair. The response alternatives were: 1) Yes, 

completely by myself, 2) Yes, with help, 3) No, not at all. The participants responding “Yes, 

with help” or “No, not at all” on any of the five tasks were regarded as ADL disabled. A 

dichotomized index of ADL disability was constructed with “0” indicating no ADL 

limitations and “1” indicating inability to perform any of the five tasks. 

IADL disability was measured by asking the community-dwelling individuals if they usually 

performed the following three household activities without help: cooking, shopping for 

grocery, and cleaning the house. The response options were similar to those in ADL such as 

1) Yes, completely by myself, 2) Yes, with help, 3) No, not at all.  In addition, however, the 

participants reporting “No, not at all” or “Yes, with help” were further asked if they would be 

able to perform the specific task if they had to and the response categories were: 1) Yes and 2) 

No.  Participants answering no or help needed in the former question and answering no in the 

latter question were considered to have IADL disability while those answering yes in either 

question were treated as not having IADL disability. A summary index of IADL disability 

consisting of all three items was created and dichotomized as “0” indicating no IADL 

limitations and “1” indicating inability to perform any of the three tasks. Individuals living in 

institutions were not included in the IADL measure since the IADL items such as cooking and 

shopping were not relevant for the institutionalized. 
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Independent variables  

SWEOLD gathered information on a comprehensive set of chronic diseases and disorders. For 

the purpose of this study, the following morbidity clusters were created: 

1. Cardiovascular diseases (CVDs) 

2. Poor lung function 

3. Psychological distress 

4. Metabolic disorders 

5. Musculoskeletal problems 

6. Vision impairments 

7. Multimorbidity 

With a few exceptions, most of the diseases and disorders were assessed by asking the 

respondents a general question about whether they had experienced the condition or the 

related symptoms within 12 months prior to the survey. The response alternatives were: 1) 

No, 2) Yes, slight, and 3) Yes, severe.  

 

The index of CVDs was constructed from a series of five items: pain in the chest, heart attack, 

stroke, heart failure, and high blood pressure. Individuals reporting at least three slight 

problems or one severe problem or at least a mild heart attack or stroke were regarded as 

having CVD problems.  

 

Lung function was objectively assessed by asking the respondents to take a physical test 

known as peak expiratory flow (PEF). PEF has been suggested to be a useful measure of the 

health status of older individuals (Roberts & Mapel 2012). The test was administered in 

direct, face-to-face interviews only and those who were unable to take part were excluded. 

The test was repeated three times out of which the highest value was taken into account. The 

values were then transformed into a dichotomous variable in which a value smaller than one 

standard deviation below the mean of the 1992 sample indicated poor lung capacity.  

 

Psychological distress was measured based on anxiety problems and depression and was 

defined as the presence of severe problems on any one item or slight problems on both items.  

 

The index of metabolic disorders was derived from two items: diabetes and current weight 

status. Individuals reporting a severe problem on any one item or mild problems on both items 
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were classified as having metabolic disorders. The weight status was derived from the body 

mass index (BMI) which was calculated from the participants’ self-reported height and 

weight. The BMI was categorized as: 1) Obesity (BMI ≥30), 2) Overweight (BMI 25-29.9), 3) 

Normal weight (BMI 18-24.9), and 4) Underweight (BMI<18.5). Both obesity and 

underweight were regarded as markers of severe metabolic disorders and overweight as a 

marker of mild metabolic disorder.  

 

Musculoskeletal conditions were assessed with a composite index of three items: pain in 

shoulders; pain in the back, hip or sciatica; and pain in the hands or legs. Those who reported 

severe pain on at least one item or mild pain on all three items were classified as having 

musculoskeletal problems. 

 

Vision impairments were measured by a single-item. The respondents who reported having 

any severe eye disease was treated as having vision impairments.  

 

Furthermore, a measure of “multimorbidity” was introduced and defined as the presence of at 

least two types of the six dichotomous chronic conditions described above. In the 

multimorbidity variable, however, the results from the PEF test were complemented by self-

rated “shortness of breath” in order to include the participants who were unable to participate 

in the test due to frailty or illness.  

 

Control variables 

The control variables considered in the study were: age (continuous), gender (men and 

women) and survey wave (1992, 2002, and 2011).  

 

Statistical analyses 

Before analyzing the data, the samples of 1992, 2002, and 2011 were combined into a single 

dataset. Binary logistic regression and marginal effects metric were used as the main tools for 

statistical analyses. Although conducted in a cross-sectional fashion, the SWEOLD data 

contained longitudinal properties as some participants survived to get interviewed in more 

than one occasion. This essentially led to an intra-cluster correlation embedded in the data 

structure, which in turn, may potentially result in erroneous low standard errors, rendering 

invalid significance tests. Therefore, the necessary sample adjustment was made by 
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calculating the robust standard errors, using the so-called Huber/White/sandwich estimator of 

variance (Rogers 1993). 

 

As a first step of analysis, unadjusted prevalence percentages of both chronic diseases and 

disability outcomes were calculated separately for three survey waves. Next, the age-adjusted 

odds ratios (ORs) were obtained for the same variables. Each variable was separately 

regressed on survey wave to examine if the odds of having a disease or disability in 

2002/2011 significantly differs from that of 1992.   

 

The changes in the associations between chronic conditions and disability indicators were 

examined in both multiplicative and additive models.  The multiplicative models utilized the 

OR metric and the analysis was carried out in two steps. At first, the associations were 

explored in wave-stratified regression models. The changes over time in the associations were 

then examined in non-stratified regression models in which the interaction terms between 

each independent variable and  survey wave were introduced, with wave 1992 used as the 

reference category. An OR greater than 1 indicates that the association has become stronger 

over time while an OR less than 1 indicates an attenuated association. 

 

The corresponding additive interaction effects were estimated using average marginal effects 

(AMEs) which required a two-step analysis. First, the wave-stratified predicted probabilities 

of disability associated with the chronic conditions were computed from the previous non-

stratified regression models, using Stata’s margins command. Second, the average marginal 

effects were obtained in post-estimation by subtracting the predicted probabilities of 

2002/2011 from the ones of 1992. These AMEs are to be interpreted as interaction effects on 

the additive scale. As such, an AME greater than zero indicates a stronger association while 

an AME less than zero indicates a weaker association when compared to the baseline 

association of 1992.  

 

All point estimates were reported with 95% confidence intervals. The analyses were 

performed separately for women and men. Furthermore, some additional analyses were 

carried out with both men and women combined (Appendices). All analyses were conducted 

using Stata/SE 13.0. 
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RESULTS 

 

Trends in the prevalence of disability and chronic conditions  

The unadjusted prevalence percentages and age-adjusted odds ratios (ORs) for ADL and 

IADL disabilities and chronic conditions are presented in Table 2. Overall, there is a decline 

in the proportions of older men and women reporting ADL and IADL disabilities. The ADL 

disability in both men and women showed a decreased prevalence between 1992 and 2011. 

The decrease was much larger for women than men (8.4 vs 2.4 percentage points). As for 

IADL disability, there was a steady decline in crude proportions among men. This amounts to 

a decline of 8.3 percentage points from 1992 to 2011, which is almost equivalent to the 

decline of ADL disability among women. However, the proportion of women experiencing 

IADL disability did not change considerably. In general, the prevalence of IADL disability 

was greater than ADL disability in every time point amongst both men and women. The 

logistic regression models further demonstrate that, the odds of reporting ADL disability 

decreased by 39% among women and the odds of reporting IADL disability decreased by 

36% among men in the period 1992-2011. No significant changes were observed in the odds 

of ADL disability in men and IADL disability in women, although there was a significant 

decline in ADL disability and a marginally significant decline in IADL disability in the total 

sample between 1992 and 2011 (Appendix A).   

In contrast to the ADL and IADL disabilities, the crude prevalence of nearly all groups of 

chronic conditions including multimorbidity increased over time. The only exceptions were 

poor lung function in women which appeared to show a reverse trend and vision problems 

among men which remained largely stable over the study period. Moreover, there was 

generally a greater prevalence of disability and chronic health problems in women compared 

to men, regardless of the type of disability or chronic condition measured. The age-adjusted 

relative changes in odds across survey waves further show that men were significantly more 

likely to have CVDs and musculoskeletal problems in both 2002 and 2011 compared to 1992. 

The changes in metabolic disorders were not found to be statistically significant in men. 

However, a combined analysis of men and women together revealed a significantly higher 

odds of experiencing metabolic disorders in 2011 compared to 1992 (Appendix A).  Among 

women, significantly elevated odds were found for CVDs, psychological distress, 

musculoskeletal conditions, and metabolic disorders in both 2002 and 2011.  
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Table 2. Changes in the prevalence of ADL disability, IADL disability, and chronic conditions for men 
and women separately,  presented as unadjusted percentages and age-adjusted odds ratios (ORs) 

 Men Women 

% (cases) OR (95% CI) % (cases) OR (95% CI) 

Disability outcomes     

ADL disability (n=2051)     
   1992 19.8 (41) 1.00 (Ref.) 34.6 (111) 1.00 (Ref.) 
   2002 21.9 (55) 1.12 (0.71, 1.76) 36.5 (133) 1.01 (0.73, 1.39) 
   2011 17.4 (44) 0.84 (0.53, 1.33) 26.2 (105) 0.61 (0.44, 0.84) 
IADL disability (n=1576)     
   1992 35.6 (63) 1.00 (Ref.) 37.2 (99) 1.00 (Ref.) 
   2002 31.0 (59) 0.79 (0.51, 1.24) 39.1 (104) 1.03 (0.72, 1.48) 
   2011 27.3 (54) 0.64 (0.42, 0.97) 35.4 (116) 0.91 (0.65, 1.29) 

Chronic conditions     

CVDs (n=1996)     
   1992 13.2 (27) 1.00 (Ref.) 19.6 (61) 1.00 (Ref.) 
   2002 24.5 (60) 2.13 (1.29, 3.51) 26.5 (95) 1.46 (1.01, 2.11) 
   2011 20.0 (48) 1.65 (1.00, 2.72) 25.0 (98) 1.35† (0.94, 1.93) 
Poor lung function 
(n=1459) 

    

   1992 15.3 (27) 1.00 (Ref.) 17.2 (43) 1.00 (Ref.) 
   2002 20.8 (42) 1.46 (0.87, 2.47) 13.2 (35) 0.69 (0.42, 1.13) 
   2011 19.4 (35) 1.35 (0.79, 2.30) 15.6 (38) 0.85 (0.53, 1.38) 
Psychological distress 
(n=2049) 

    

   1992 8.1 (17) 1.00 (Ref.) 11.9 (38) 1.00 (Ref.) 
   2002 8.4 (21) 1.03 (0.54, 1.99) 19.4 (71) 1.75 (1.15, 2.68) 
   2011 12.3 (30)  1.59 (0.86, 2.93) 19.8 (78) 1.82 (1.20, 2.75) 
Metabolic disorders 
(n=1936) 

    

   1992 13.0 (26) 1.00 (Ref.) 19.4 (58) 1.00 (Ref.) 
   2002 11.1 (27) 0.83 (0.47, 1.47) 20.8 (70) 1.09 (0.75, 1.59) 
   2011 17.1 (41) 1.37 (0.81, 2.31) 25.6 (98) 1.43† (0.99, 2.06) 
Musculoskeletal 
conditions (n=2048) 
 

    

   1992 28.0 (58) 1.00 (Ref.) 40.3 (129) 1.00 (Ref.) 
   2002 37.9 (95) 1.56 (1.06, 2.30) 52.2 (191) 1.61 (1.20, 2.17) 
   2011 37.2 (92) 1.52 (1.03, 2.25) 48.2 (191) 1.38 (1.03, 1.85) 
Vision problems (n=2057)     
   1992 13.0 (27) 1.00 (Ref.) 13.0 (41) 1.00 (Ref.) 
   2002 13.5 (34) 1.03 (0.61, 1.75) 21.8 (80) 1.78 (1.18, 2.67) 
   2011 12.1 (30) 0.92 (0.54, 1.56) 16.4 (65) 1.24 (0.81, 1.89) 
Multimorbidity (n=1862)     
   1992 23.6 (45) 1.00 (Ref.) 35.5 (102) 1.00 (Ref.) 
   2002 31.8 (75) 1.51† (0.98, 2.32) 44.5 (146) 1.43 (1.03, 1.97) 
   2011 30.5 (71) 1.44† (0.94, 2.19) 44.6 (164) 1.44 (1.05, 1.98) 

OR= Odds Ratio; CI=Confidence Interval 
All results in 2011 were weighted due to an oversampling. 
The percentages in bold indicate p<.05; † indicates p<.10. 
In the regression analyses, each variable represents an independent model. 



20 

 

Moreover, both men and women were likely to experience more multiple chronic diseases 

over time, although the increased odds of multimorbidity among men was marginally 

significant. 

 

Trends in the associations between chronic conditions and ADL disability 

The time trends in the associations between chronic diseases and ADL disability in men and 

women are illustrated in Table 3 and Table 4 respectively, where the results are presented 

simultaneously on both multiplicative and additive scales. Overall, almost all chronic 

conditions were strongly associated with ADL disability in both men and women, with the 

exceptions of vision problems and women’s musculoskeletal conditions. As regards the 

changes in the associations over time, the effect sizes of CVDs and metabolic conditions 

among men significantly became smaller between 1992 and 2011 on both multiplicative and 

additive scales. Among the women, the effect sizes of metabolic disorders, poor lung 

function, psychological distress, and multimorbidity showed significant attenuation on the 

additive scale during the studied time period. 

 

As shown in Table 3, while the men with CVDs carried 8.49-fold higher odds of having ADL 

disability in 1992 compared to those having no experience of CVDs, no significant 

association was found in 2002 and 2011. The interaction between the measure of CVDs and 

survey wave indicated a dramatic attenuation of the association over time. That is, the odds of 

having ADL disability due to CVDs was 83% and 77% lower in 2002 and 2011 respectively 

when compared to 1992. A similar trend was observed on the additive scale.  In the older men 

with CVDs, the probability of being ADL disabled declined by 26 percentage points between 

1992 and 2011. On the contrary, the CVDs-ADL disability link in women remained largely 

stable over the study period (Table 4).   

 

A fairly identical pattern was observed for men’s metabolic disorders which showed 

significant association with ADL disability in 1992 and became nonsignificant in subsequent 

years. Interaction effects on the multiplicative scale show that the weakening of this 

association over the period 1992 to 2011 is substantial and statistically significant. This trend 

is further confirmed by the predicted probabilities showing a continuous decline of ADL 

disability among those with metabolic disorders. Between 1992 and 2002, the relative and 

absolute sizes of decline, while notably high, were not statistically significant (Table 3). 
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Table 3. Trends in the associations between chronic conditions and ADL disability in men (Both odds and 
probability metrics were used) 
 
 
Independent 
variable* 

OR (95% CI)1 Trend OR (95% 
CI)2 

PP (95% CI)3 AME (95% CI)4 

CVDs   
(n=825) 

    

   1992 8.49 (3.26, 22.12) 1.00 (Ref.) 0.50 (0.32, 0.68)  0.00 (Ref.) 
   2002 1.25 (0.61, 2.59) 0.17 (0.05, 0.54) 0.23 (0.13, 0.34) -0.27 (-0.48, -0.05) 
   2011 1.68 (0.84, 3.34) 0.23 (0.08, 0.71) 0.24 (0.14, 0.33) -0.26 (-0.47, -0.06) 

Poor lung function 
(n=654) 

    

   1992 4.85 (1.69, 13.88) 1.00 (Ref.) 0.36 (0.18, 0.54) 0.00 (Ref.) 

   2002 3.21 (1.33, 7.73) 0.66 (0.17, 2.56) 0.27 (0.13, 0.41) -0.09 (-0.32, 0.14) 

   2011 2.81 (1.13, 6.98) 0.57 (0.15, 2.20) 0.23 (0.11, 0.34) -0.13 (-0.35, 0.08) 

Psychological 
distress (n=848) 

    

   1992 5.64 (1.78, 17.87) 1.00 (Ref.) 0.50 (0.26, 0.74)  0.00 (Ref.) 

   2002 3.49 (1.34, 9.14) 0.66 (0.16, 2.73) 0.48 (0.26, 0.69) -0.02 (-0.34, 0.29) 

   2011 3.53 (1.53, 8.16) 0.66 (0.17, 2.60) 0.33 (0.18, 0.48) -0.17 (-0.46, 0.11) 

Metabolic  
disorders (n=817) 

    

   1992 4.06 (1.57, 10.46) 1.00 (Ref.) 0.38 (0.20, 0.56)  0.00 (Ref.) 

   2002 1.44 (0.51, 4.06) 0.36 (0.09, 1.50) 0.26 (0.08, 0.44) -0.12 (-0.38, 0.13) 

   2011 1.00 (0.38, 2.61) 0.25 (0.07, 0.93) 0.13 (0.03, 0.22) -0.25 (-0.46, -0.05) 

Musculoskeletal 
conditions (n=848) 

    

   1992 2.48 (1.12, 5.49) 1.00 (Ref.) 0.28 (0.16, 0.39)  0.00 (Ref.) 

   2002 0.62 (0.31, 1.22) 0.25 (0.09, 0.71) 0.17 (0.09, 0.25) - 0.11 (-0.24, 0.03) 

   2011 2.06 (1.09, 3.90) 0.86 (0.32, 2.28) 0.22 (0.15, 0.29) -0.06 (-0.19, 0.08) 

Vision problems 
 (n=854) 

    

   1992 0.98 (0.37, 2.62) 1.00 (Ref.) 0.22 (0.08, 0.37)  0.00 (Ref.) 

   2002 1.83 (0.81, 4.13) 1.68 (0.47, 5.99) 0.34 (0.19, 0.50)  0.12 (-0.09, 0.33) 

   2011 1.96† (0.94, 4.05) 1.86 (0.56, 6.16) 0.31 (0.19, 0.44)  0.09 (-0.10, 0.28) 

Multimorbidity 
(n=780) 

    

   1992 4.72 (1.93, 11.59) 1.00 (Ref.) 0.32 (0.19, 0.45)  0.00 (Ref.) 

   2002 1.36 (0.66, 2.81) 0.29 (0.09, 0.89) 0.23 (0.13, 0.33) -0.09 (-0.25, 0.08) 

   2011 2.09 (1.04, 4.21) 0.45 (0.15, 1.36) 0.21 (0.12, 0.29) -0.11 (-0.27, 0.04) 

 
OR= Odds Ratio; CI=Confidence Interval; PP= Predicted Probability; AME=Average Marginal Effect 
The percentages in bold indicate p<.05; † indicates p<.10.  
* Each independent variable represents an independent regression model which controlled for age only.  
1 The ORs in the first column were obtained from the wave-stratified regression models. 2 The second column 
shows the multiplicative interaction effects between an independent variable and survey wave, estimated from 
non-stratified regression models. 3 The PPs in the third column were obtained in post-estimation, from the 
preceding non-stratified regression models. 4In the last column, additive interaction effects are presented as 
AMEs which were computed by subtracting the baseline PPs from the follow-up PPs.  
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Table 4. Trends in the associations between chronic conditions and ADL disability in women (Both odds and 

probability metrics were used) 

 
 

Independent 
variable* 

OR (95% CI)1 Trend OR (95% 
CI)2 

PP (95% CI)3 AME (95% CI)4 

CVDs   
(n=1145) 

    

   1992 1.87 (1.01, 3.44) 1.00 (Ref.) 0.42 (0.30, 0.53)  0.00 (Ref.) 
   2002 1.79 (1.06, 3.03) 0.97 (0.44, 2.16) 0.46 (0.36, 0.55)  0.04 (-0.10, 0.19) 
   2011 1.88 (1.10, 3.23) 1.02 (0.46, 2.27) 0.33 (0.25, 0.41) -0.09 (-0.23, 0.05) 

Poor lung function 
(n=799) 

    

   1992 7.58 (3.53, 16.26) 1.00 (Ref.) 0.67 (0.54, 0.81)  0.00 (Ref.) 

   2002 4.78 (2.09, 10.91) 0.63 (0.21, 1.90) 0.60 (0.44, 0.76) -0.07 (-0.28, 0.14) 

   2011 4.43 (2.01, 9.75) 0.57 (0.19, 1.73) 0.44 (0.29, 0.59) -0.23 (-0.44, -0.03) 

Psychological 
distress (n=1172) 

    

   1992 3.05 (1.45, 6.41) 1.00 (Ref.) 0.58 (0.43, 0.72)  0.00 (Ref.) 

   2002 3.87 (2.17, 6.90) 1.26 (0.50, 3.21) 0.59 (0.49, 0.69)  0.01 (-0.16, 0.19) 

   2011 2.22 (1.27, 3.89) 0.73 (0.29, 1.85) 0.40 (0.30, 0.50) -0.18 (-0.35, -0.01) 

Metabolic  
disorders (n=1093) 

    

   1992 2.92 (1.50, 5.68) 1.00 (Ref.) 0.48 (0.36, 0.61)  0.00 (Ref.) 

   2002 1.52 (0.81, 2.86) 0.55 (0.22, 1.34) 0.41 (0.30, 0.53) -0.07 (-0.24, 0.09) 

   2011 1.75 (1.01, 3.01) 0.62 (0.27, 1.42) 0.30 (0.22, 0.38) -0.18 (-0.33, -0.03) 

Musculoskeletal 
conditions (n=1171) 

    

   1992 1.27 (0.76, 2.12) 1.00 (Ref.) 0.34 (0.27, 0.42)  0.00 (Ref.) 

   2002 1.32 (0.82, 2.11) 1.05 (0.52, 2.11) 0.38 (0.32, 0.44)  0.04 (-0.06, 0.14) 

   2011 1.29 (0.80, 2.07) 1.03 (0.51, 2.05) 0.29 (0.23, 0.35) -0.05 (-0.15, 0.04) 

Vision problems 
 (n=1172) 

    

   1992 1.74 (0.83, 3.65) 1.00 (Ref.) 0.51 (0.37, 0.66)  0.00 (Ref.) 

   2002 1.47 (0.83, 2.63) 0.84 (0.33, 2.10) 0.50 (0.39, 0.61) -0.01 (-0.19, 0.16) 

   2011 2.11 (1.19, 3.75) 1.20 (0.47, 3.05) 0.47 (0.36, 0.57) -0.04 (-0.22, 0.13) 

Multimorbidity 
(n=1058) 

    

   1992 3.32 (1.87, 5.91) 1.00 (Ref.) 0.47 (0.38, 0.56)  0.00 (Ref.) 

   2002 3.07 (1.83, 5.14) 0.95 (0.44, 2.05) 0.48 (0.40, 0.55)  0.01 (-0.11, 0.12) 

   2011 2.37 (1.43, 3.93) 0.75 (0.35, 1.56) 0.35 (0.28, 0.41) -0.12 (-0.24, -0.01) 

 
OR= Odds Ratio; CI=Confidence Interval; PP= Predicted Probability; AME=Average Marginal Effect 
The percentages in bold indicate p<.05 
* Each independent variable represents an independent regression model which controlled for age only.  
1 The ORs in the first column were obtained from the wave-stratified regression models. 2 The second column 
shows the multiplicative interaction effects between an independent variable and survey wave, estimated from 
non-stratified regression models. 3 The PPs in the third column were obtained in post-estimation, from the 
preceding non-stratified regression models. 4In the last column, additive interaction effects are presented as 
AMEs which were computed by subtracting the baseline PPs from the follow-up PPs.  
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Among women too, the association substantially weakened on the marginal effects metric 

which shows a progressive decline in the predicted probabilities of ADL disability associated 

with metabolic disorders. And the differences in the two probabilities in 1992 and 2011 were 

statistically significant (Table 4).  

Among men, poor lung function, psychological stress, musculoskeletal conditions, and 

multimorbidity showed significant association with ADL disability in 1992, followed by 

lower odds/probabilities in 2002 and 2011. However, the long-term (1992-2011) trends for 

these conditions did not turn out to be statistically significant on either scale, although the 

effect sizes of musculoskeletal conditions and multimorbidity on ADL disability became 

significantly lower in 2002 on the relative scale (Table 3).  Among women, on the other hand, 

a significant additive interaction between poor lung function and survey wave was found in 

2011, implying a considerable decline in the magnitude of predicted probabilities of ADL 

disability in women with poor lung capacity.  For psychological distress too, the predicted 

probability of ADL disability decreased significantly between 1992 and 2011. Similarly, the 

multimorbidity-ADL disability link also significantly waned over time on the marginal effects 

metric (Table 4). 

 

Trends in the associations between chronic conditions and IADL disability 

Table 5 depicts the changing associations between chronic conditions and IADL disability 

among men. Consistent with the CVDs-ADL disability relationship, a robust association 

between CVDs and IADL disability was found in 1992 but no association was found in 2002 

and 2011. Interaction analyses on the multiplicative scale revealed an attenuation of the 

association both in 2002 and 2011. However, these attenuations, as indicated by the 

confidence intervals, were only marginally significant. On the additive scale, the predicted 

probability of having IADL disability associated with CVDs significantly declined in both 

periods. The data also demonstrate significantly large declines in the magnitude of the 

association between metabolic disorders and IADL disability among men, although the 

decline in the ORs was statistically significant in 2002 only. However, the trend coefficients, 

as expressed in terms of AMEs in the far right column, show a significant decrease in the 

predicted probabilities of IADL disability in both 2002 and 2011. Unlike CVDs and metabolic 

disorders, men’s poor lung capacity, psychological distress, and musculoskeletal conditions, 

in general, were less likely to be associated with IADL disability in the baseline year and 

more likely to be strongly associated in 2011. However, the long-term trends on the marginal 
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effects scale still demonstrate a negative trend in the directions of associations, implying 

attenuated effects. But the confidence intervals are wide and neither the trend ORs nor the 

AMEs in the follow-up years are necessarily significantly different from the corresponding 

baseline effects.  

Turning to the IADL models of women (Table 6), nearly all chronic conditions, except poor 

lung function in 2011, showed significant association with limitations in IADL across the 

three survey waves. However, the trend ORs and the AMEs for all models were statistically 

nonsignificant. Statistical significance apart, the long-term association of IADL disability 

with CVDs appeared to remain stable in both relative and absolute terms while the 

associations with poor lung function, psychological distress, and, to a lesser extent, 

musculoskeletal conditions considerably leaned toward downward estimates over the 19-year 

period.  
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Table 5. Trends in the associations between chronic conditions and IADL disability in men (Both odds and 

probability metrics were used) 

 
 

 
Independent 
variable* 

OR (95% CI)1 Trend OR (95% 
CI)2 

PP (95% CI)3 AME (95% CI)4 

CVDs   
(n=647) 

    

   1992 5.12 (1.72, 15.27) 1.00 (Ref.) 0.65 (0.45, 0.85)   0.00 (Ref.) 
   2002 1.47 (0.73, 2.95) 0.33† (0.09, 1.15) 0.36 (0.23, 0.50)  -0.29 (-0.53, -0.04) 
   2011 1.62 (0.77, 3.40) 0.36† (0.10, 1.20) 0.37 (0.24, 0.50)  -0.28 (-0.52, -0.04) 

Poor lung function 
(n=559) 

    

   1992 1.49 (0.49, 4.54) 1.00 (Ref.) 0.44 (0.20, 0.67)  0.00 (Ref.) 

   2002 2.72 (1.19, 6.19) 1.74 (0.42, 7.23) 0.44 (0.27, 0.61) 0.00 (-0.30, 0.31) 

   2011 2.71 (1.16, 6.31) 1.68 (0.44, 6.47) 0.38 (0.24, 0.52) -0.06 (-0.33, 0.22) 

Psychological 
distress (n=660) 

    

   1992 3.54† (0.81, 15.54) 1.00 (Ref.) 0.60 (0.29, 0.91)  0.00 (Ref.) 

   2002 5.59 (1.62, 19.29) 1.73 (0.25, 12.02) 0.69 (0.43, 0.95)  0.09 (-0.31, 0.50) 

   2011 3.68 (1.41, 9.64) 1.02 (0.20, 5.31) 0.48 (0.28, 0.67) -0.12 (-0.49, 0.24) 

Metabolic  
disorders (n=643) 

    

   1992 3.22 (1.10, 9.46) 1.00 (Ref.) 0.58 (0.36, 0.79)  0.00 (Ref.) 

   2002 0.53 (0.17, 1.66) 0.17 (0.03, 0.86) 0.20 (0.03, 0.37) -0.38 (-0.66, -0.09) 

   2011 1.87 (0.79, 4.42) 0.53 (0.15, 1.93) 0.29 (0.15, 0.43) -0.29 (-0.55, -0.03) 

Musculoskeletal 
conditions (n=662) 

    

   1992 1.44 (0.67, 3.11) 1.00 (Ref.) 0.41 (0.28, 0.55)  0.00 (Ref.) 

   2002 0.98 (0.52, 1.87) 0.65 (0.24, 1.73) 0.31 (0.20, 0.42)  -0.10 (-0.27, 0.07) 

   2011 2.38 (1.25, 4.53) 1.55 (0.61, 3.93) 0.36 (0.27, 0.46) -0.05 (-0.22, 0.12) 

Vision problems 
 (n=662) 

    

   1992 2.85 (1.04, 7.82) 1.00 (Ref.) 0.57 (0.37, 0.77)  0.00 (Ref.) 

   2002 1.79 (0.75, 4.28) 0.60 (0.16, 2.28) 0.44 (0.24, 0.64) -0.13 (-0.42, 0.15) 

   2011 2.54 (1.06, 6.09) 0.94 (0.27, 3.28) 0.51 (0.34, 0.68) -0.06 (-0.32, 0.20) 

Multimorbidity 
(n=626) 

    

   1992 3.16 (1.37, 7.29) 1.00 (Ref.) 0.52 (0.36, 0.67)  0.00 (Ref.) 

   2002 1.44 (0.73, 2.84) 0.45 (0.15, 1.33) 0.35 (0.22, 0.48)  -0.16 (-0.37, 0.04) 

   2011 3.19 (1.60, 6.37)  1.01 (0.37, 2.77)  0.40 (0.29, 0.52)  -0.11 (-0.31, 0.08)  

 
OR= Odds Ratio; CI=Confidence Interval; PP= Predicted Probability; AME=Average Marginal Effect 
The percentages in bold indicate p<.05; † indicates p<.10.  
* Each independent variable represents an independent regression model which controlled for age only.  
1 The ORs in the first column were obtained from the wave-stratified regression models. 2 The second column 
shows the multiplicative interaction effects between an independent variable and survey wave, estimated from 
non-stratified regression models. 3 The PPs in the third column were obtained in post-estimation, from the 
preceding non-stratified regression models. 4In the last column, additive interaction effects are presented as 
AMEs which were computed by subtracting the baseline PPs from the follow-up PPs.  
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Table 6. Trends in the associations between chronic conditions and IADL disability in women (Both odds and 

probability metrics were used) 

 
 

 
Independent 
variable* 

OR (95% CI)1 Trend OR (95% 
CI)2 

PP (95% CI)3 AME (95% CI)4 

CVDs   
(n=884) 

    

   1992 3.12 (1.59, 6.13) 1.00 (Ref.) 0.55 (0.42, 0.69)   0.00 (Ref.) 
   2002 3.17 (1.71, 5.86) 1.08 (0.44, 2.65) 0.58 (0.47, 0.70)   0.03 (-0.14,  0.21) 
   2011 2.86 (1.63, 5.03) 0.97 (0.41, 2.29) 0.51 (0.41, 0.60)  -0.04 (-0.21, 0.13) 

Poor lung function 
(n=688) 

    

   1992 3.50 (1.43, 8.55) 1.00 (Ref.) 0.67 (0.49, 0.84)  0.00 (Ref.) 

   2002 4.02 (1.14, 11.23) 1.14 (0.30, 4.37) 0.68 (0.49, 0.88) 0.02 (-0.24, 0.28) 

   2011 1.91 (0.84, 4.35) 0.54 (0.16, 1.79) 0.53 (0.37, 0.69) -0.14 (-0.37, 0.10) 

Psychological 
distress (n=899) 

    

   1992 3.47 (1.44, 8.36) 1.00 (Ref.) 0.64 (0.47, 0.81)  0.00 (Ref.) 

   2002 2.69 (1.32, 5.50) 0.80 (0.25, 2.51) 0.58 (0.44, 0.72)  -0.06 (-0.29, 0.16) 

   2011 2.30 (1.24, 4.27) 0.68 (0.24, 1.97) 0.52 (0.40, 0.64) -0.12 (-0.33, 0.09) 

Metabolic  
disorders (n=850) 

    

   1992 2.69 (1.37, 5.28) 1.00 (Ref.) 0.52 (0.39, 0.66)  0.00 (Ref.) 

   2002 1.80† (0.93, 3.47) 0.71 (0.28, 1.80) 0.48 (0.35, 0.61) -0.04 (-0.23, 0.14) 

   2011 3.32 (1.88, 5.86) 1.28 (0.54, 3.06) 0.53 (0.42, 0.64) 0.01 (-0.17, 0.18) 

Musculoskeletal 
conditions (n=898) 

    

   1992 2.63 (1.52, 4.56) 1.00 (Ref.) 0.49 (0.40, 0.57)  0.00 (Ref.) 

   2002 2.26 (1.32, 3.89) 0.91 (0.43, 1.91) 0.47 (0.39, 0.55)  -0.02 (-0.13, 0.10) 

   2011 2.06 (1.27, 3.34) 0.82 (0.40, 1.69) 0.45 (0.37, 0.52) -0.04 (-0.15, 0.07) 

Vision problems 
 (n=898) 

    

   1992 1.93† (0.91, 4.08) 1.00 (Ref.) 0.54 (0.39, 0.69)  0.00 (Ref.) 

   2002 2.93 (1.54, 5.56) 1.49 (0.57, 3.91) 0.64 (0.52, 0.75) 0.10 (-0.09, 0.28) 

   2011 2.93 (1.52, 5.67) 1.48 (0.55, 3.97) 0.64 (0.52, 0.76) 0.10 (-0.09, 0.29) 

Multimorbidity 
(n=829) 

    

   1992 3.96 (2.19, 7.15) 1.00 (Ref.) 0.56 (0.47, 0.66)  0.00 (Ref.) 

   2002 5.01 (2.76, 9.09) 1.32 (0.57, 3.06) 0.59 (0.50, 0.68)  0.03 (-0.10, 0.16) 

   2011 5.09 (3.02, 8.60) 1.35 (0.62, 2.93) 0.57 (0.49, 0.65) 0.01 (-0.12, 0.13) 

 
OR= Odds Ratio; CI=Confidence Interval; PP= Predicted Probability; AME=Average Marginal Effect 
The percentages in bold indicate p<.05; † indicates p<.10.  
* Each independent variable represents an independent regression model which controlled for age only.  
1 The ORs in the first column were obtained from the wave-stratified regression models. 2 The second column 
shows the multiplicative interaction effects between an independent variable and survey wave, estimated from 
non-stratified regression models. 3 The PPs in the third column were obtained in post-estimation, from the 
preceding non-stratified regression models. 4In the last column, additive interaction effects are presented as 
AMEs which were computed by subtracting the baseline PPs from the follow-up PPs.  
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DISCUSSION 

 

Key findings and interpretations 

The study sought to investigate if the changing prevalence of disability was due to changes in 

the disabling effects of chronic conditions among the Swedish population aged 77 years and 

older in the period 1992-2011. In line with the broader literature on disability trends, the study 

suggests a considerable decline in the prevalence of both ADL and IADL disabilities despite a 

general increase in most other health problems including multiple chronic diseases. Further, 

the temporal links between the selected chronic conditions and limitations in ADL and IADL 

indicate that several groups of chronic conditions – CVDs, metabolic disorders, poor lung 

functioning, psychological distress as well as multimorbidity - have become less severe over 

the nineteen-year period.  

 

Of the Swedish studies generating nationally representative population-based evidence on 

disability, this study is the first to provide evidence of IADL improvements among the recent 

cohorts of older adults in Sweden. However, the trends in IADL and ADL followed somewhat 

different patterns for men and women: men showed significant improvements in carrying out 

IADLs while women showed significant improvements in ADLs. This stands in stark contrast 

to a previous US study which found improvements in ADL among men and improvements in 

IADL among women in the first decade of the 21st century (Martin et al. 2010). Although the 

overall long-term trends in the current study were mostly similar between men and women, 

the statistical significance and effect sizes in the associations between chronic conditions and 

disability considerably differed by gender and across the type of chronic conditions and 

disability indicators studied. Thus, the association of CVDs with both ADL and IADL 

limitations substantially diminished among the male population whereas the same association 

remained unchanged among the female population. However, the association between 

metabolic disorders and ADL disability remarkably weakened among both sexes. On the other 

hand, the women with poor lung function and psychological distress exhibited significant 

improvements in ADL disability, although no corresponding changes were found among the 

men. Another Swedish study using SWEOLD data also showed significant gender differences 

in the associations between disability and a few other health indicators. The study indicated an 

attenuation of the associations among women during 1992-2002 while those among men 

showed mixed results (Schön et al. 2011). While men and women may have different 

physiological determinants and trajectories of diseases and disability, the underlying reasons 
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for the differential gender trends in disability or disease-disability links remain unclear. Future 

studies aiming to explain the gender differences should shed light on, among other factors,  

the differences in the dynamic interplay of the incidence, recovery, and mortality rates 

between men and women (Leveille et al. 2000). 

 

The study results further show that the interactive effects between selected chronic conditions 

and period on disability, among the female population in particular, were manifested more 

clearly through the absolute measure as compared to the relative one. Statistical interaction, 

however, is an ambiguous concept the presence or absence of which depends on whether it is 

measured on multiplicative or additive scale (Rothman 2012; Brumback & Arthur 2008). The 

marginal effects (MEs) metric, which represents an additive scale, is known to be a 

conceptually straightforward and intuitive way of estimating statistical interactions 

(Onukwugha et al. 2015). Therefore, MEs serve as an attractive alternative to the 

multiplicative approach when it comes to measuring the interaction effects in nonlinear 

models (Buis 2010). While both multiplicative and additive models can accurately assess 

interaction effects, the latter has been suggested as a more relevant and informative measure 

when assessing changes for public health policies and interventions (Rod et al. 2012). In this 

study, however, both multiplicative and additive measures were chosen to detect the 

interaction effects since the two approaches answer subtly different questions. Unlike the 

absolute MEs, the relative multiplicative effects (e.g., odds ratios) account for the baseline 

differences in the defined groups and hence are sensitive to the percentages. On the other 

hand, the MEs metric measures the changes in original units (Buis 2010; Onukwugha et al. 

2015). It is worthwhile to keep these differences in mind when interpreting the changes in the 

disease-disability associations in this study. 

 

On an aggregate level, the decline of disability might occur through several possible 

mechanisms. For example, a decrease in the prevalence of disability is likely to result from 

decreasing prevalence of specific diseases. The observed declines in ADL and IADL 

disabilities in this study was unlikely to occur through declines of established diseases since 

their prevalence rates have seen a dramatic rise over time. A decline in disability can also be 

driven by reduced severity of the disabling chronic conditions - a theoretical position held by 

Manton (1982) and is lent support by the findings of this study. Further confirmation comes 

from a few earlier studies (Freedman et al. 2007; Schoeni et al. 2008; Cutler et al. 2009; 

Hoeymans et al. 2012; Lin et al. 2016). Both Freedman et al. (2007) and Schoeni et al. (2008), 
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for example, showed a large decline in heart and circulatory conditions, vision problems as 

well as musculoskeletal conditions as reported causes of disability in the American older 

adults. The loosening of the associations between chronic illnesses and activity limitations 

was also partly confirmed by a meta-analysis of 5 large-scale Dutch surveys, although the 

authors failed to find a consistent trend across surveys (Hoeymans et al. 2012). Contrary to 

earlier studies, this study did not find any significant long-term changes in disability 

associated with musculoskeletal and vision problems. The study, however, goes beyond 

previous literature and demonstrates a significant decline of disability associated with 

metabolic disorders, lung diseases, and multimorbidity - findings which need to be verified by 

further research.  

 

Another possible mechanism through which disability might decline over time is through 

improved features of the physical environment rather than through improved functional 

capacity. Thus, the increased availability and use of assistive technology and modified home 

environments (e.g., microwave ovens, washing machines, and wheelchairs) might have 

contributed to the recent improvements in daily activities of the older population (Schoeni et 

al. 2008). However, ADL disability, which occurs later in the disability process, has been 

suggested to be more closely related to functional capacity and is less likely to be influenced 

by the contextual changes that are more likely to affect IADL compared to ADL (Parker & 

Thorslund 2007). With regard to IADL, the gender roles in the household might also be at 

play as the tasks of cooking and cleaning are traditionally carried out by women. Thus, a 

decrease in IADL disability over time may reflect the increased participation and competence 

of the men in those activities. However, the improvements in IADL among men in this study 

does not seem to have much to do with the changing gender roles because IADL was assessed 

by the participants’ perceived capacity to perform the household tasks, not by their traditional 

gender habits of doing the tasks in question. Notwithstanding this careful assessment of 

IADL, the differences in gender role expectations even at a similar level of functional 

capacity are still likely to influence the participants’ perceived limitations in IADL.  

 

In common with most other studies exploring the disease-disability associations over time, 

this study failed to disentangle the environmental effects from the true health effects. It is 

difficult to quantify the environmental modifications especially because most of the available 

convenience technologies or support systems such as microwave ovens and ready-made meals 

are not specifically intended to address disability (Schoeni et al. 2008). However, compared to 
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the associations between chronic diseases and IADL disability, the study found more 

consistent declines in those between chronic diseases and ADL disability which would be less 

influenced by factors extrinsic to the individual. This implies that the positive development in 

disability as observed in the study is primarily the outcome of decreased severity of the 

chronic conditions. There is at least one study that attempted to decompose the contributing 

share of several factors - the shift toward assistive technologies, demographic shifts, and the 

decline in underlying difficulty - to the decline in dependence on personal care in old age. It 

was found that the decline in underlying difficulty was the foremost reason for the decline in 

personal care dependence (Freedman et al. 2006). 

 

As indicated earlier, the dynamic associations between diseases and disability can be 

potentially mediated via three pathways: physical functional impairments, cognitive 

impairments, and sensory impairments. Prior work in Sweden using national data showed no 

significant changes in physical functioning (Fors & Thorslund 2015) and an increase in 

hearing impairments (Parker et al. 2008) among the older adults. Cognitive capacity was also 

reported to have worsened during 1992-2002 (Parker et al. 2005), although no updated 

evidence has been available since then. However, I conducted an additional analysis on the 

trends in cognitive functioning assessed by an abridged version of Mini-Mental State 

Examination (MMSE) – a cognitive instrument developed by Folstein et al. (1975). The 

analysis detected a marked improvement in cognitive functioning among both male and 

female older populations of Sweden (not shown). It is, therefore, plausible to assume that 

much of the observed attenuation of the associations between chronic diseases and disability 

among the Swedish older adults took place via the improvement in cognitive functioning – a 

hypothesis which merits explicit testing. The hypothesis derives strength from another study 

conducted among two cohorts of the Danish nonagenarians born ten years apart. The study 

found that the later born cohort fared better in both ADL and cognitive functioning than the 

older cohort, although the two cohorts did not significantly differ from each other in terms of 

physical performance. These findings led the authors to conclude that improved cognitive 

capacity was a possible reason for the improvement in ADL (Christensen et al. 2013). 

 

Among the medical factors contributing to the alleviation of the debilitating chronic 

conditions and their manifestations in disability, improved screening and early diagnosis as 

well as enormous advances in medical treatments such as the pharmacological treatment for 

CVDs are usually offered as possible explanations (Cutler et al. 2009; Schoeni et al. 2008). 
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Cutler and colleagues (2009), for instance, were able to estimate that the improved treatments 

of the cardiovascular events accounted for 19 to 22 percent of the overall reduction in 

disability in the American older adults between 1984 and 1994. However, while disability and 

functional impairments may directly result from the complications of a wide variety of 

chronic health conditions, these conditions themselves are likely to be determined by the more 

upstream socio-economic and behavioral factors (Fors & Thorslund 2015; Korda et al. 2014; 

Martin et al. 2012; Minges et al. 2011; Glover et al. 2004).  An accumulating body of 

international literature also documented a persistent socio-economic gradient in the 

prevalence and incidence of disability (Hosseinpoor et al. 2013; Gubhaju et al. 2015; Schoeni 

et al. 2005; Sulander et al. 2006; Huisman et al. 2005; Huisman et al. 2003), just as many 

other health indicators including chronic diseases were shown to be associated with social 

inequalities in older people (Fors & Thorslund 2015; Korda et al. 2014). Very little is known, 

however, as to the contribution of these factors to the recent improvements in disability 

among the elderly populations. Available evidence points to the dramatic increase in 

educational attainment, declines in widowhood, decreased poverty,  and decreased smoking 

among the newer cohorts as being favorably associated with the disability trends (Martin et al. 

2010; Schoeni et al. 2008). The role of the wider social and lifestyle determinants in shaping 

the dynamic associations between chronic diseases and disability, while worth-examining, is 

beyond the scope of the present study and hence I leave it for future studies to explore. 

Although it may be impossible for a single monolithic study to do justice to the tall order of 

the “causes of causes”, of particular interest could be to embark upon a lifecourse framework 

to investigate the relative influence of the early-, mid-, and late- life conditions to the decline 

of disability in old age. Thus far, I know of only one study linking the downward trend in the 

onset of ADL limitations to the early life factors including increase in mother’s level of 

education and health during childhood (Freedman et al. 2008). 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

Methodological considerations 

The present study has some limitations which should be acknowledged. First, the results 

discussed in the study are based on cross-sectional data and therefore it cannot be claimed that 

the decline in disability was causally driven by the improvements in chronic diseases. Second, 

as noted above, the study could not ascertain how much the decline in disability was due to 

the reduced severity of the chronic conditions and how much was attributable to 

improvements in the environment. Third, despite obvious gender differences in the results, the 

lack of sufficient power in the study sample did not permit me to fit a  three-way interaction 
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(i.e., disease * period * gender) in the models and hence the gender differences in the trends 

of the associations could not be directly estimated. Finally, considering the wide range of 

potentially disabling chronic diseases, the list of chronic conditions examined in this study is 

rather conservative. A salient omission from the study is cancer the assessment of which was 

not identical across survey waves, although cancer was shown to be the least contributor to 

disability decline in prior research (Lin et al. 2016). For similar reason, dementia was also 

omitted from the analyses. These omissions, in turn, make the measure of multimorbidity 

somewhat problematic since I do not know if those who were defined as having no 

multimorbidity actually have a comorbid condition like cancer and dementia or some other 

form of disabling chronic morbidity not considered in the analyses. In a similar vein, in the 

models linking disability declines to the chronic conditions, the small size of the sample 

precluded me from mutually adjusting for the chronic conditions. Although I combined the 

chronic illnesses into different groups and analyzed accordingly, I was unable to account for 

the potential confounding attributable to comorbid health effects which have probably 

affected the estimates. It is possible, for instance, that one’s stroke is a cause for disability 

while diabetes simply co-occurs with disability. Further studies are warranted to address these 

complexities.  

 

The study has several strengths too when compared with other studies. Most of the previous 

studies limit attention to the community dwelling elderly population. Because the frail older 

adults are more likely to end up in institutions, excluding the institutionalized population is 

likely to lead to an underestimation of the prevalence in disability and diseases. Thus, changes 

over time in the availability of institutional housing are likely to affect the prevalence of 

disabilities in the community dwelling population (Kelfve et al. 2013). SWEOLD overcomes 

this limitation by encompassing individuals living in both homes and institutions. Moreover, 

prior studies typically relied on two points of observations and thus failed to account for intra-

interval variations. The conclusions drawn from those investigations are particularly 

problematic since the analyses of time differences are sensitive to the reference year 

(Crimmins et al. 1997). A major advantage of this study lies in its utilization of three data 

points and assessment of trends for a relatively long period of time. Furthermore, the 

interaction effects, which have been commonly analyzed on multiplicative scales in different 

studies, are presented on both multiplicative and additive scales in this study. To my 

knowledge, this is the first study of its kind to report the trends of the associations between 

morbidity and disability using both absolute and relative measures of effect-modifications. 
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Policy implications 

The analyses of the study provide important insights into the ongoing debates on trends in 

health and disabilities in older adults and broadly support the hypothesis that the disease-

disability link in late life is weakening. Given the substantial societal costs involved in the 

caring of the disabled population, the finding that the chronic diseases are shifting toward less 

aggressive states carries important policy implications. If the current trend continues, the 

increased long-term care costs associated with population aging will be mitigated to some 

extent as the older people may need less intensive social services. It is, however, important to 

be aware of the fact that while the proportion of the disabled population is declining, the 

absolute size of the disabled population may, at the same time, continue to increase due to the 

continuous increase in the number of the elderly persons. Thus, the anticipated decrease in 

care costs resulting from the declining trends in disability is likely to be overshadowed by the 

increased costs associated with the rising number of the disabled. The findings of this study, 

however, point to the possible opportunities for interventions to manage the burden of 

disability through better management and prevention of chronic diseases.  

 

Moreover, as the Swedish older adults are becoming functionally healthier, the real optimism 

of Manton’s dynamic equilibrium lies in designing effective policy and planning to actively 

engage the future older generations in the spheres of economic and social life. To 

counterbalance the ever increasing costs of disability, a long-term strategy could be to boost 

economic productivity through effective adoption and mobilization of the functionally fit 

elderly workers in the existing labor-force, although the task is daunting. There is, however, 

no guarantee that the existing favorable trend will continue into the coming decades. Even in 

the US where the observed decline of disability has been strongest, there is a growing concern 

that the past trend showing better functional capacity may be ending as a series of recent 

studies have demonstrated deterioration or stabilization in indicators of physical functioning 

and disability, particularly among the new cohorts reaching old age (Martin et al. 2010; 

Freedman et al. 2013; Lin et al. 2012; Seeman et al. 2010; Fuller-Thomson et al. 2009). The 

rising rate of obesity is cited as a potential force that is likely to be dampening or even 

reversing the progress (Martin et al. 2010; Sturm et al. 2004; Freedman & Martin 2000). The 

encouraging news is that  the proportion of physically demanding jobs has been declining 

over time and will perhaps continue to decline in future while the cognitive skills are 

becoming more and more important in the workplace (Sharpe 2011). The better educated 

future older cohorts with their better knowledge and cognitive skills will probably be better 
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equipped to maintain productivity until later ages compared to their predecessors. After all, if 

a shift from severe to moderate disability can be accomplished without any planned effort as 

such, it will not be impossible to keep up or accelerate the optimistic trend when an ambitious 

plan is in place. However, the agenda for future disability prevention, aged-care needs, and 

changes in work-related policies necessitate more research for a deeper and broader 

understanding of the trends in the causes and precursors of disability in older individuals, with 

a particular attention to the working-age adults approaching old age. 
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Appendices 

Analyses of men and women combined: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A. Changes in the prevalence of ADL disability, IADL disability, and 
chronic conditions for men and women combined,  presented as unadjusted 
percentages and age-adjusted odds ratios (ORs) 

 Both Sexes 

% (cases) OR (95% CI) 
Disability outcomes   

ADL disability (n=2051)   
   1992 28.8 (152) 1.00 
   2002 30.6 (188) 1.04 (0.79, 1.35) 
   2011 22.8 (149) 0.66 (0.50, 0.87) 
IADL disability (n=1576)   
   1992 36.6 (162) 1.00 
   2002 35.7 (163) 0.93 (0.70, 1.23) 
   2011 32.3 (170) 0.79† (0.60, 1.04) 

Chronic conditions   

CVDs (n=1996)   
   1992 17.1 (88) 1.00 
   2002 25.7 (155) 1.67 (1.24, 2.24) 
   2011 23.1 (146) 1.44 (1.08, 1.93) 
Poor lung function (n=1459)   
   1992 16.4 (70) 1.00 
   2002 16.5 (77) 0.99 (0.69, 1.40) 
   2011 17.2 (73) 1.05 (0.74, 1.50) 
Psychological distress (n=2049)   
   1992 10.4 (55) 1.00 
   2002 14.9 (92) 1.51 (1.06, 2.15) 
   2011 16.9 (109) 1.74 (1.24, 2.46) 
Metabolic disorders (n=1936)   
   1992 16.8 (84) 1.00 
   2002 16.7 (97) 1.00 (0.74, 1.37) 
   2011 22.3 (139) 1.42 (1.05, 1.90) 
Musculoskeletal conditions (n=2048) 
 

  

   1992 35.5 (187) 1.00 
   2002 46.3 (286) 1.59 (1.26, 2.01) 
   2011 44.0 (283) 1.43 (1.13, 1.80) 
Vision problems (n=2057)   
   1992 13.0 (68) 1.00 
   2002 18.4 (114) 1.47 (1.06, 2.02) 
   2011 14.7 (96) 1.11 (0.80, 1.54) 
Multimorbidity (n=1862)   
   1992 30.7 (147) 1.00 
   2002 39.2 (221) 1.46 (1.13, 1.89) 
   2011 39.1 (235) 1.44 (1.12, 1.86) 

OR= Odds Ratio; CI=Confidence Interval 
All results in 2011 were weighted due to an oversampling. 
The percentages in bold indicate p<.05; † indicates p<.10. 
In the regression analyses, each variable represents an independent model. 
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Appendix B. Trends in the associations between chronic conditions and ADL disability in both sexes (Both odds 
and probability metrics were used) 

 
Independent 
variable* 

OR (95% CI)1 Trend OR (95%CI)2 PP (95% CI)3 AME (95% CI)4 

CVD 
(n=1970) 

    

   1992 2.92 (1.72, 4.97) 1.00 (Ref.) 0.44 (0.34, 0.54)  0.00 (Ref.) 
   2002 1.56 (1.03, 2.37) 0.56† (0.29, 1.08) 0.37 (0.30, 0.44) -0.07 (-0.19, 0.05) 
   2011 1.77 (1.16, 2.70) 0.63 (0.33, 1.22) 0.30 (0.23, 0.36) -0.14 (-0.03, -0.26) 
Poor lung function 
(n=1453) 

    

   1992 6.44 (3.50, 11.84) 1.00 (Ref.) 0.56 (0.45, 0.63)  0.00 (Ref.) 
   2002 4.02 (2.22, 7.28) 0.60 (0.27, 1.35) 0.42 (0.32, 0.53) -0.14† (-0.29, 0.14) 
   2011 3.66 (2.03, 6.61) 0.59 (0.25, 1.39) 0.34 (0.24, 0.43) -0.22 (-0.37, -0.08) 
Psychological  
distress (n=2020) 

    

   1992 3.70 (1.95, 7.01) 1.00 (Ref.) 0.56 (0.43, 0.68)  0.00 (Ref.) 
   2002 3.58 (2.20, 5.83) 0.99 (0.46, 2.17) 0.57 (0.47, 0.66)  0.01 (-0.14, 0.16) 
   2011 2.55 (1.60, 4.09) 0.69 (0.32, 1.51) 0.38 (0.30, 0.46) -0.18 (-0.33, -0.03) 
Metabolic  
disorders (n=1910) 

    

   1992 3.18 (1.84, 5.48) 1.00 (Ref.) 0.45 (0.35, 0.55)  0.00 (Ref.) 
   2002 1.49 (0.88, 2.55) 0.49† (0.23, 1.03) 0.37 (0.27, 0.47) -0.08 (-0.22, 0.05) 
   2011 1.53† (0.96, 2.42) 0.48 (0.24, 0.96) 0.25 (0.19, 0.32) -0.20 (-0.32, -0.08) 
Musculoskeletal 
conditions (n=2019) 

    

   1992 1.55 (1.00, 2.40) 1.00 (Ref.) 0.32 (0.26, 0.39)  0.00 (Ref.) 
   2002 1.01 (0.69, 1.46) 0.66 (0.38, 1.16) 0.31 (0.26, 0.36) -0.01 (-0.09, 0.07) 
   2011 1.50 (1.03, 2.20) 0.97 (0.55, 1.69) 0.27 (0.22, 0.31) -0.05 (-0.13, 0.02) 
Vision problems 
(n=2026) 

    

   1992 1.42 (0.80, 2.53) 1.00 (Ref.) 0.39 (0.29, 0.50)  0.00 (Ref.) 
   2002 1.59 (1.00, 2.53) 1.08 (0.52, 2.21) 0.46 (0.37, 0.54)  0.06 (-0.07, 0.20) 
   2011 2.07 (1.32, 3.25) 1.41 (0.69, 2.88) 0.42 (0.34, 0.50)  0.02 (-0.11, 0.16) 
Multimorbidity 
(n=1838) 

    

   1992 3.66 (2.25, 5.96) 1.00 (Ref.) 0.42 (0.35, 0.50)  0.00 (Ref.) 
   2002 2.26 (1.51, 3.40) 0.63 (0.34, 1.18) 0.39 (0.33, 0.46) -0.03 (-0.13, 0.07) 
   2011 2.30 (1.53, 3.45) 0.63 (0.34, 1.16) 0.30 (0.25, 0.35)  0.12 (-0.21, -0.03) 

 
OR= Odds Ratio; CI=Confidence Interval; PP= Predicted Probability; AME=Average Marginal Effect 
The percentages in bold indicate p<.05; † indicates p<.10.  
* Each independent variable represents an independent regression model which controlled for age and sex only.  
1 The ORs in the first column were obtained from the wave-stratified regression models. 2 The second column 
shows the multiplicative interaction effects between an independent variable and survey waves, estimated from 
non-stratified regression models. 3 The PPs in the third column were obtained in post-estimation, from the 
preceding non-stratified regression models. 4In the last column, additive interaction effects are presented as 
AMEs which were computed by subtracting the baseline PPs from the follow-up PPs.  
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Appendix C. Trends in the associations between chronic conditions and IADL disability in both sexes (Both odds 
and probability metrics were used) 

 
Independent 
variable* 

OR (95% CI)1 Trend OR (95% CI)2 PP (95% CI)3 AME (95% CI)4 

CVD 
(n=1531) 

    

   1992 3.63 (2.05, 6.43) 1.00 (Ref.) 0.58 (0.47, 0.69)  0.00 (Ref.) 
   2002 2.25 (1.44, 3.52) 0.71 (0.34, 1.46) 0.49 (0.40, 0.58) -0.09 (-0.23, 0.05) 
   2011 2.39 (1.53, 3.71) 0.72 (0.36, 1.45) 0.47 (0.38, 0.55) -0.11 (-0.25, 0.03) 
Poor lung function 
(n=1247) 

    

   1992 2.51 (1.26, 5.00) 1.00 (Ref.) 0.59 (0.45, 0.63)  0.00 (Ref.) 
   2002 3.15 (1.66, 5.94) 1.13 (0.45, 2.87) 0.53 (0.40, 0.66) -0.06 (-0.25, 0.14) 
   2011 2.18 (1.21, 3.93) 0.85 (0.35, 2.04) 0.46 (0.35, 0.57) -0.13 (-0.31, 0.05) 
Psychological 
distress (n=1559) 

    

   1992 3.49 (1.63, 7.48) 1.00 (Ref.) 0.63 (0.48, 0.78)  0.00 (Ref.) 
   2002 3.11 (1.71, 5.67) 0.97 (0.37, 2.59) 0.60 (0.48, 0.73) -0.02 (-0.22, 0.17) 
   2011 2.63 (1.55, 4.44) 0.80 (0.33, 1.94) 0.51 (0.40, 0.61) -0.12 (-0.30, 0.06) 
Metabolic  
disorders (n=1493) 

    

   1992 2.85 (1.61, 5.05) 1.00 (Ref.) 0.54 (0.42, 0.65)  0.00 (Ref.) 
   2002 1.27 (0.75, 2.16) 0.50† (0.23, 1.09) 0.40 (0.29, 0.51) -0.14† (-0.30, 0.02) 
   2011 2.80 (1.76, 4.47) 1.03 (0.51, 2.10) 0.46 (0.37, 0.54) -0.08 (-0.23, 0.06) 
Musculoskeletal 
conditions (n=1560) 

    

   1992 2.14 (1.37, 3.32) 1.00 (Ref.) 0.46 (0.39, 0.54)  0.00 (Ref.) 
   2002 1.57 (1.05, 2.35) 0.81 (0.45, 1.44) 0.41 (0.35, 0.48) -0.05 (-0.14, 0.04) 
   2011 2.15 (1.46, 3.16) 1.09 (0.62, 1.89) 0.42 (0.36, 0.48) -0.04 (-0.14, 0.05) 
Vision problems 
(n=1560) 

    

   1992 2.29 (1.25, 4.20) 1.00 (Ref.) 0.55 (0.43, 0.68)  0.00 (Ref.) 
   2002 2.48 (1.49, 4.11) 1.03 (0.47, 2.27) 0.57 (0.47, 0.68)  0.02 (-0.14, 0.18) 
   2011 2.78 (1.64, 4.72) 1.22 (0.56, 2.68) 0.60 (0.50, 0.70)  0.05 (-0.11, 0.21) 
Multimorbidity 
(n=1455) 

    

   1992 3.67 (2.67, 5.94) 1.00 (Ref.) 0.55 (0.47, 0.63)  0.00 (Ref.) 
   2002 2.91 (1.89, 4.46) 0.87 (0.46, 1.66) 0.51 (0.43, 0.58) -0.04 (-0.15, 0.07) 
   2011 4.32 (2.86, 6.55) 1.29 (0.71, 2.35) 0.52 (0.45, 0.59) -0.03 (-0.13, 0.08) 

 
OR= Odds Ratio; CI=Confidence Interval; PP= Predicted Probability; AME=Average Marginal Effect 
The percentages in bold indicate p<.05; † indicates p<.10.  
* Each independent variable represents an independent regression model which controlled for age and sex only.  
1 The ORs in the first column were obtained from the wave-stratified regression models. 2 The second column 
shows the multiplicative interaction effects between an independent variable and survey waves, estimated from 
non-stratified regression models. 3 The PPs in the third column were obtained in post-estimation, from the 
preceding non-stratified regression models. 4In the last column, additive interaction effects are presented as 
AMEs which were computed by subtracting the baseline PPs from the follow-up PPs.  

 


