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 7. General discussion 

The aim of this book is to unravel the effect of risk factors on healthy ageing and life years 

with disability. The risk factors gender, smoking, obesity and education are important 

influences on the duration of physical and cognitive disability. To study these effects and to 

answer the research questions raised in the introduction we used several techniques, based 

on the multistate model: Cox proportional hazard model, multistate life table analysis, 

microsimulation and sensitivity analysis. We examined disability of activities of daily living 

and cognitive impairment and we demonstrated applications to the U.S. Health and 

Retirement Study.  

In this final chapter we summarize the main findings of this study and discuss the challenges 

and contributions of our approach. Furthermore, we reflect on policy implications and 

future research opportunities.  

Summary and discussion of the results 

Male- female differences 

The differences between males and females in health and mortality, often discussed in the 

literature as the health-survival paradox (Oksuzyan et al. 2008), were confirmed by our 

findings: men seem to be healthier and less disabled, but they die younger. At age 55, men 

can expect to live 24.1 [23.7:24.5] more years and women 28.2 [27.8:28.7] years, of which 

respectively 5.0 [4.6:5.4] and 7.7 [7.5:8.0] are spent with ADL disability. Also regarding 

cognitive decline, we found that women on average live more years with cognitive 

impairment, 2.7 [2.4:2.9] years as opposed to 1.7 [1.5:1.9] for men. The male-female 

differences are not well understood and it seems that social and biological factors interact to 

determine the prevalence of frail females and dead males. One explanation is that men tend 

to believe their health is better than it actually is and do not seek medical care as frequently 

as females: they have fewer appointments with general practitioners, but require emergency 

treatment more often (Oksuzyan et al. 2008). 
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Obesity 

The influence of increasing body weight on health has been on the scientific agenda for 

several decades. The debate about the obesity pandemic and the consequences for future 

(healthy) life expectancy still keeps scientists and policymakers busy today. An important 

finding, reported in this book, is that we found no increased mortality risk for overweight 

and obese individuals. Only severe obesity (BMI>35) significantly elevates the mortality risk 

for males and females. This contradicts earlier studies like the Framingham Heart Study, that 

documented high mortality among obese and overweight persons of a cohort born between 

1900 and 1920. The explanation lies in the impressive decline of cardiovascular mortality in 

the 1980s, partly due to successful cardiovascular risk management. Although the relative 

risk of cardiovascular disease and diabetes for overweight and obese individuals is still high, 

the absolute risk of cardiovascular death has decreased spectacularly and higher BMI no 

longer leads to increased mortality, unless it is very high. 

Our study documents an increased hazard of ADL disability for mildly obese males and 

females of respectively 69% and 66%. There is a clear dose response relationship, with 

increasing obesity causing increasing hazards of disability.  Overweight only increased ADL 

disability incidence for females (25%). The effect of BMI on disability can be explained by 

elevated risks of diabetes, high blood pressure, osteoarthritis of the weight-bearing joints and 

chronic back pain. Particularly interesting are the results for overweight and mildly obese 

females: they face lower hazards of death once disabled, extending life with disability. 

As high BMI does not advance mortality, but does increase disability incidence, life years 

free from disability are traded for life years with disability. Mild obesity shortened life free 

from ADL disability by 2.7 years (men) and 3.6 years (women), but increased the duration of 

ADL disability by 2.0 years (men) and 3.2 years (women). For females, even overweight 

increases disabled life expectancy by 2.1 years and shortens life free from ADL disability by 

1.5 years.  

In brief, the burden of years spoiled by obesity is now more important than the burden of 

lost years. Overweight and mild obesity has ceased to be fatal, but a paradoxical consequence 

of lowered mortality is increased morbidity and care dependence. This holds particularly  

true among women for whom increased disability goes hand in hand with increased survival, 
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both sharply increasing the numbers of years lived with disability. The disabling effect of 

obesity is confirmed by the analysis of individual disability trajectories: 65% of obese males 

and 73% of obese females experience ADL disability in their life, compared to 55% and 69% 

of average males and females. 

Smoking 

The impact of smoking on health is very different to that of obesity: several studies have 

shown that smoking increases risks to mortality and morbidity e.g. due to causing by lung 

cancer, cardiovascular disease and stroke (Doll and Hill 1956; Ockene and Houston Miller 

1997; Peto et al. 2000). In our analyses, we found an elevated risk of mortality and of ADL 

disability incidence for both male and female smokers. In terms of life years with ADL 

disability, the impact of smoking is impressive and controversial: By shortening life, smoking 

compresses life expectancy with disability. Smoking males live 1.3 years [0.5:2.5] less with 

ADL disability and females 1.4 years [0.3:2.6] less. These results add to previous life course 

analyses showing decreased health-care costs and cardiovascular morbidity as a consequence 

of  the high mortality of smoking (Barendregt et al. 1997; Mamun et al. 2004). When 

studying individual disability trajectories, using microsimulation, we detect the highest 

percentage of lifepaths without ADL disability among smokers. Evidence in existing 

literature on the effect of smoking on cognitive decline is mixed. We did not detect a clear 

effect of smoking on the incidence of cognitive impairment or on expected life years with 

cognitive impairment. 

Education 

Existing literature shows that the well-educated tend to live healthier and longer lives. Our 

results show that life expectancy at age 55 for highly educated males and females is about 4.5 

years longer than that of lower educated individuals. On the one hand one would expect 

that, as higher education extends life, the absolute duration with disability would increase. 

On the other hand higher education reduces the risk of physical and cognitive disability. The 

net balance between longer life and reduced incidence is expressed by the duration. Our 

results show that for ADL disabled life years, being highly educated neither compresses nor 

expands disabled life. But given the longer life, the higher educated spend on average more 

life years without disability than the less educated. Concerning life expectancy with cognitive 
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impairment, the effect of education works on both sides: A higher education is related to 

both a decreased risk of cognitive decline and an increased risk of mortality once cognitively 

impaired, significantly reducing the duration with cognitive impairment. Our findings on the 

effect of education are in line with the cognitive reserve hypothesis as described earlier 

(Fratiglioni and Wang 2007; Stern 2006; Stern et al. 1995). The theory suggests that brains 

with larger reserves can sustain and adapt to more damage before reaching the critical 

threshold of clinical disease. A higher level of neuropathological damage means a more 

advanced stage of brain disease, resulting in an increased dementia related mortality risk 

(Witthaus et al. 1999).  

Methodological approach and challenges 

Our approach to studying the effect of risk factors was based on the multistate model using 

the U.S. Health and Retirement Study. The multistate model relies heavily on accurate 

estimation of transition rates from longitudinal data ─ a far from trivial exercise. We will 

discuss the contributions and challenges of our methodological approach.  

Contributions and strengths 

The strengths of this study lie in expressing the results in terms of durations, the 

methodological contribution of the analytical sensitivity analysis and the richness of the HRS 

data. 

One of the main contributions of this study to research on the effect of risk factors on 

disability is the use of the multistate life table. The multistate life table can combine risk and 

age-specific incidence and mortality rates into a single outcome, which is the duration in the 

state reached after incidence e.g. years lived with ADL disability. This allows assessing 

changes in duration of disability, and hence healthcare needs. This is an important and easy 

way to interpret measure for both individuals and policymakers in the field of public health. 

Most epidemiological studies express the impact of risk factors in terms of disease-specific 

rates or in proportional hazard ratios. Demographers on the other hand, prefer expressing 

effects in terms of life years lost or gained with a particular condition. Life expectancy with 

physical or mental disability depends on the net balance between incidence, recovery and 
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death. The simultaneous influence of the risk factors on these transition rates is summarized 

by the expected duration with or without disability.  

The estimation of duration with or without disability requires age-specific transition rates 

and the multistate life table. In the Cox model, the transition rates are usually not of interest: 

only the proportional effect of risk factors on the rates are so. However, if durations are of 

interest, the transition rates are essential. Our approach contributes by estimating and 

smoothing the level and the shape of the baseline hazard. To obtain baseline hazard rates by 

single year of age, the empirical occurrence-exposure rates were smoothed using an 

exponential function, which fitted the data very well. The smoothed estimates are less erratic 

at higher ages and reduce the variability of the results (Blossfeld and Rowher 2002; Mamun 

2003). The Gompertz function needs far fewer parameters than the semi-parametric Cox 

model and the estimates are easier to interprete and to apply to the life table construction.  

The analytical sensitivity analysis is a contribution. It is the first time that the life table 

sensitivity functions are derived by the exponential method, hence assuming constant rates 

during the age-interval. And it is the first demonstration of an application in the domain of 

public health using multistate life table sensitivity analysis. 

Finally, an important strength of our research stems from the richness of information in the 

data. The publicly available HRS, with 30,000 respondents, 7 waves of follow-up and a high 

response rate provides the abundance of data needed for our data-demanding multistate 

approach. Because of a link to the death register, the HRS provides accurate and precise 

information on time of death: proxy respondents are interviewed when respondents are 

unable to answer and a wide variety of modules offer a wealth of covariate information. The 

Survey on Health and Retirement in Europe (SHARE) is largely based on the HRS setup 

and is currently conducting its third survey round. Our study presents valuable input for 

similar research on SHARE data as soon as more waves become available. 

Challenges 

Our approach to study the effect of risk factors, given the available data, deserves some 

reflection. The challenges and limitations of our research, discussed below, lie in the way the 
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transition rates are estimated, the assumption of a Markov process, the selection of 

covariates and the period-cohort mix in the analyses. 

As mentioned earlier, the multistate model and the extensions used in this study are all based 

on transition rates. Accurate estimation of the rates is of vital importance for the relevance 

of the results. Several studies have dealt with the modelling of transition rates using panel 

data with only current status information (Cai et al. 2010; Lièvre, Brouard and Heathcote 

2003; Wolf and Gill 2009). We estimated the transition rates based on empirical occurrence-

exposure rates of individuals who were between ages 55 and 105 in the years 1992 to 2004. 

The exact month of death is available. However, for transitions to disability, we assume at 

maximum one event during the interval between interviews and the moment of transition 

halfway the interval. There are two problems with this method: 1) given the current-status 

panel data without information on the exact moment of the disability transition, it would be 

more suitable and logical to estimate transition probabilities (e.g. using a logistical model) 

and use the inverse method to obtain transition rates (Singer and Spilerman 1979), 2) the 

assumption of a transition halfway the interval is not consistent with the way the rates are 

transformed into probabilities, namely by the exponential model. The exponential model 

assumes constant rates during the interval and hence the time of event is slightly earlier than 

halfway. There are two alternative methods to estimate transitions probabilities: 1) estimate 

transition probabilities for the average interval length, 2) use embedded Markov Chain to 

estimate transition probabilities for a year, a month or for the average interval length. For 

the first option, the disadvantage is that the interval lengths differ considerably in the HRS: 

Individuals are reinterviewed on average after 24 months, but the intervals range from 11 

months up to 149 months. The embedded Markov Chains option is operationalized in the 

program Interpolated Markov Chains (IMACH)(Lièvre et al. 2003). However, with many 

different interval lengths, the likelihood to estimate transition probabilities for short intervals 

(e.g. one months) contains multiplication of many matrices and is very difficult to optimize. 

Recently, the embedded Markov Chain approach and the occurrence-exposure method have 

been compared to actual monthly collected data (Wolf and Gill 2009). The study concludes 

that neither of the two methods is superior. The bias becomes more important when 

interviews are more largely spaced.  
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Another important aspect of our multistate model is the underlying assumption of a Markov 

process and its ‘memoryless’ Markov property. The Markov model assumes that the future 

only depends on the current state and is independent of the past. In our applications this 

means that transitions to death or disability are identical for all individuals who are currently 

healthy (by age, sex and covariate), regardless of their history of illness. In reality, future 

prospects are not independent of one’s medical history. It would be useful to investigate in 

which cases and to what extend the Markov property holds. It is possible to extend the 

statespace of the multistate model with states that include information from the past, e.g. 

first time incidence, second time incidence etc. Another related assumption of the Markov 

model that deserves attention is the duration independence. In our study, the hazard of 

death from a disabled state for example is independent of the duration of disability. To study 

dependence of medical history and duration dependence, the observation spells in the HRS 

are relatively short and there is no retrospective data. A longitudinal study with a longer 

follow-up, e.g. the Framingham Heart Study, could be used to analyze duration dependence 

in transitions to disability and death.  

We have been selective in the inclusion of individual characteristics: our main covariates of 

interest were BMI, smoking and education. All covariates and disability measures are self-

reported, not measured or diagnosed by a medical doctor. The use of BMI to test the effect 

of adiposity on health and mortality deserves more attention. A number of studies have 

demonstrated that self-reported BMI is underreported by 1 BMI point, especially at higher 

BMI. Furthermore, BMI has proven to be a fair measure of adiposity. However, it is easy to 

measure and report and is widely used in health policy. The relation between high BMI and 

health and mortality is intermediated by high blood pressure. Controlling for high blood 

pressure would delude the effect of BMI. A final important consideration concerning the use 

of BMI in this study is the lack of information on the history and development of body 

weight. We use the BMI reported at entry into the survey and keep this variable constant. 

There is no information about individuals weight at younger ages. Structural obesity since 

childhood probably has different health effects than gaining some weight after age 70. In our 

analyses, we did include analyses on rather quick gains and losses in weight during 

observation. However, to study duration-dependence in the effect of BMI, one needs data 

with very long follow-up or retrospective questions. Also the analysis of BMI as a time-
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varying covariate needs more statistical power than the HRS can provide. The significance of 

duration and age and time-dependence is equally true for smoking habits.  

A final reflection on our methodological approach concerns the mixture of period and 

cohort perspective in the analysis. We used a longitudinal survey of a relatively short period 

of time, namely 12 years. This has also been called a cross-longitudinal survey (Lièvre et al. 

2003). The 12-year period observation is applied to a synthetic cohort: the resulting state-

specific life expectancies should be considered as a period measure reflecting disability 

occurrence in the 1990’s. The events and exposures during the time of observation are 

summed for all years, considered one single period. It is possible, however, that there was  a 

trend during the time of the survey in for example obesity, disability or the relationship 

between the two (Alley and Chang 2007). This is not captured by the analysis and might 

even obscure the detected effects.  

Policy implications and what to expect for the future  

The future trend in old-age mortality and the compression or expansion of morbidity and 

disability are some of the most important questions and challenges for scientists and policy 

makers in the field of demography and public health. As Olshansky put it ‘Few topics in the 

world of science are as interesting and personal as the question of how much time will pass 

between our birth and death, and the status of our health along the way.’(Olshansky 2008). 

Rapid ageing not only completely changes the population structure,  the large increase in the 

absolute number of elderly will also have an enormous impact on society. This holds true for 

developed as well as developing countries. 

One of the important challenges of the ageing population lies in the estimation, forecasting 

and provision of the health-care services needed. Besides the ageing of the population, 

future health-care needs are for partly determined by developments in prevention strategies 

and hence on effective risk management. Further postponement of senescence in the future 

depends on progress in improving the health, not only of older people but also of younger 

people, such that they reach old age in better condition (Vaupel 2010). In particular the 

increasing BMI in the population will raise long-term care needs severely, as demonstrated in 

our study. As overweight and mild obesity cease to be fatal, a paradoxical consequence of 
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lowered mortality is increased morbidity and care dependence. Fewer smokers and more 

quitters are another paradoxical source of future disability, adding life years with care 

dependence. High levels of education offer a win-win situation: extend healthy life and 

compress disabled life as a share of total lifespan. Raising education to the highest level 

attainable should be a goal for policymakers both in developing and developed countries.  

When discussing the impact of risk factors and possible policy implications, questions arise 

about the desirable degree of government interference. Many risk factors, like smoking, 

alcohol consumption and unhealthy diet are lifestyle habits based on individual choice: most 

people are very well aware of the health risks caused by their lifestyle. 

One of the main scourges of senescence is cognitive impairment (Vaupel 2010). Cognitive 

impairment is a major cause of disability and care dependence, and nearly all people fear loss 

of cognition and the ability for self care. Ageing and life extension of the baby boom cohorts 

will cause numbers of people with dementia to increase rapidly. Again, raising levels of 

education is a wise policy as high education and mentally stimulating occupations compress 

cognitive disability by postponing incidence of dementia more than death.  

Another societal concern is to deal with the balance of working and non-working life, as 

health is improving and life expectancy increasing. Extended (healthy) life has raised the 

discussion on raising the pension age. In the debate regarding a higher pension age, 

remaining life expectancy is important and prospects are very diverse. People who retire 

today are on average much healthier than those who retired 40 years ago at the same age. 

Besides, research has shown that working can contribute to staying in good health; mentally 

stimulating occupations reduce risks to cognitive impairment supporting the ‘use it or lose it’ 

hypothesis. A recent study highlights a significant negative causal impact of retirement on 

cognitive functioning  close to 10% (Bonsang, Adam and Perelman 2010).  

The extension of (healthy) life and dilemmas of redistribution of income might require 

rebalancing other life events and result in a redistribution of work, leisure, education and 

family time. In many countries, especially countries with long life expectancies, people work 

hard at the ages when they could have children and spend time with them and then retire at 

ages when their children are no longer in need of daily care. Devoting two decades or more 
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to education, the next three or four to trying to combine work and family and then 

experiencing leisure for a probable four decades might seem less desirable than spreading 

and mixing education, work, child-rearing and leisure across more years of life (Vaupel 

2010). 

Recommendations for future research 

Concerning the impact of obesity on health and disability at old age, more research is needed 

on the duration effects of obesity and the impact of obesity in childhood (Lloyd, Langley-

Evans and McMullen 2010; Mamun et al. 2009). Although the HRS does not contain 

information on body weight at younger ages, it is likely that the majority of overweight and 

obese individuals in this study gained weight in adult life or at middle age. Obesity among 

children used to be very rare in the first half of the 20th century. Nevertheless, the impact of 

childhood obesity on health and disability at middle and old age is likely to be very different. 

The mechanism explaining the role of education on health deserves more attention as well. 

With increasing levels of education in the entire population, the question arises whether 

absolute or relative levels of education are the driving force for health disparities.  

Concerning disability, we have limited our research to severe disability, meaning failing at 

least one activity of daily living. Including a state of mild disability, for example by using 

instrumental activity of daily living (IADL), could shed more light on the gradual process of 

health deterioration. Furthermore, research could be done on the combination and 

interaction between physical disability and cognitive impairment. It is likely that severe 

cognitive impairment precedes disability of activities of daily living, but little is known about 

the sequence of these health conditions. Besides, trajectories through mild disability, severe  

disability and mental disability might be very different for males and females, for different 

risk factor groups and for different durations of the conditions. 

Physical and cognitive disability are not completely objective measures. Part of the ability to 

perform tasks is determined by living conditions, help from a partner or relative and 

accessibility to medical aids and instruments. These conditions are likely to vary among 

different groups. Further research could, for example, investigate the different impact of risk 

factors on durations and trajectories of disability in different countries. The European 

SHARE data could be a useful source of information. 
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Our study could be usefully complemented by disability projections into the future. Three 

developments interact in assessing the population health situation in the future: 1) 

demographic developments: lower old-age mortality (and in many countries the ageing of the 

baby-boom cohort) will change the population structure, 2) medical developments: 

incidence, recovery and death rates will possibly change in the future thanks medical 

innovations, prevention and risk management, 3) risk factor developments, due to both 

behavioural and medical changes: scenarios should reflect realistic developments in the 

future prevalence of the risk factors. Projections should not only predict individual life 

expectancy with or without physical or cognitive disability, but also estimate total numbers 

of individuals with disability and durations of their disability. The range of projected 

personyears that will be spent with disability can serve as the foundation for planning health 

care services, health-care costs and personnel needs in the future. 
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