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Abstract 

To address policy questions related to the provision of health care services in an ageing 

population, it is important to know how many people will face disability in (very) old 

age. This paper describes a generic estimation procedure for calculating incidence into 

disability rates from prevalence rates. As illustration we compiled two sets of scenarios of 

long term care need for the Netherlands. We estimated the future number of disabled 

elderly using a multistate projection model. For the estimation of rates we used 

prevalence data on disability from SHARE and mortality data from Eurostat and the 

Rotterdam Study of Health. 

 

The scenarios show that demography is a strong driver of disability increase. Even if we 

assume incidence rates to decrease as mortality rates do, the number of persons with 

disability is expected to increase considerably. Adding obesity to the projections may 

improve the understanding of the underlying process. The strength of the method to 

calculate incidence rates based on prevalence rates is that the relationship between 

changes in mortality and disability is taken into account and that the effects of risk factors 

can be estimated. The improved transparency of the projections, the generic nature of the 

model and the applicability to all (European) countries with available prevalence data 

make it a useful instrument to make plausible projections of numbers of disabled elderly. 

 

Key words: multi-state models, long-term care, projections, obesity, incidence into 

disability 

 

1. Introduction 

 

In many western European countries the number of elderly persons is increasing strongly 

in the coming decades as the large post-war baby boom generations are currently starting 

to reach the age of 65. Simultaneously, the number of the oldest old is growing rapidly as 

a result of increasing longevity (Oeppen & Vaupel, 2002). Although different population 

scenarios for Europe may project different future populations, all scenarios show 

significant increases in the numbers of the elderly (Eurostat, 2008, 2011; Scherbov et al., 
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2008; De Beer et al, 2010; Rees et al., submitted). Since health and long term care 

consumption by the elderly, especially by the very old and frail, is well above average, 

demands of long-term care and health care expenditures are likely to increase 

significantly (Meerding, Bonneux et al., 1998; Meerding, Polder et al., 1998). The extent 

to which this demand will increase depends on the future health status of the elderly 

population. If the average health status will improve, long-term care need may increase to 

a lesser extent than the number of elderly persons. On the other hand, if disability 

increases strongly at very old ages, increasing life expectancies may lead to additional 

increases in the demand of care. The health status of the elderly is closely related to 

medical innovations. Improvements of health care may result in better survival, but may 

extend life in disability. For example, the sharp decline in acute coronary heart disease 

mortality has  increased the number of survivors with heart failure (Bonneux et al., 1994; 

Peeters et al., 2003).  

 

To address policy questions related to the provision of health care services in an ageing 

population, it is important to know how many people will face disability in (very) old 

age. Today, the after-war baby boom cohorts, starting in 1946 are reaching old age, 

making forecasts of the number of elderly even more important for policy makers.  

 

The two main methods to calculate health expectancies are the Sullivan method (Sullivan, 

1971) and the multistate model (Rogers et al., 1989). The Sullivan health expectancy 

reflects the current health of a real population adjusted for mortality levels and 

independent of age structure (Jagger et al., 2007). This indicator is based on prevalence 

data and can be used to compare the health status of  an entire population at two points in 

time or of two different populations at the same time. Using prevalence data, the future 

number of disabled elderly can be estimated by projecting the future number of elderly 

persons and by subsequently multiplying this number by the share of the elderly that is 

expected to be disabled. Disability shares can be estimated by analyzing past trends in the 

prevalence of disability and by assuming that these trends will continue in the future. This 

procedure, however, does not take into account the interaction between changes in 
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mortality and changes in disability. If mortality rates differ between healthy and 

unhealthy people, changes in mortality will affect the prevalence of disability. 

 

Multistate analysis models transitions into disability based on longitudinal data. These 

models can be used to estimate how many persons move from one health state to another. 

Several papers discuss the estimation of transition rates (for instance Pollard et al. 1990; 

Jung, 2006; Khoman et al., 2008; Impicciatore and Billari, 2011) The future proportion of 

disabled people at a certain age depends on the probability that healthy people will 

become disabled, on the probabilities that healthy and unhealthy people will die and on 

the probability that disabled people will recover. Instead of making assumptions about 

future proportions of disabled people one can project these proportions as the result of 

underlying transitions. The use of a multistate model for making scenarios requires that 

assumptions are made about future changes in transition rates rather than disability 

prevalence. Another advantage of multistate models is that they can explicitly take into 

account the effects of changes in risk factors on the prevalence of disability. For instance, 

if the probability of becoming disabled for obese people exceeds that of people with 

‘normal’ weight, the model can be used to project the effect of changes in the prevalence 

of obesity on the number of disabled people. A disadvantage, however, is that the data 

required for these estimation are expensive to acquire and often missing. This is 

especially the case for studies aiming at cross national European wide comparisons.  

 

In this paper we discuss the application of a multistate projection model to estimate long 

term care need according to two different sets of scenarios. We describe a generic 

estimation procedure for calculating incidence into disability rates based on disability 

prevalence rates. By taking prevalence rates as point of departure to estimate incidence 

rates, we take advantage of the relatively stable patterns of prevalence data compared to 

the more fluctuating patterns of incidence data (if available at all), while at the same time 

we can study the impact of different assumptions on transitions into disability. For the 

estimation of the rates we use prevalence data on disability from the Survey of Health, 

Ageing and Retirement in Europe (SHARE) together with mortality data from Eurostat 

and estimates of state and risk factor mortality taken from the Rotterdam Study of Health 
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ERGO (Hu et al., 2005). We compare the results of the incidence based scenarios with 

the outcomes of a model assuming constant disability prevalence. Furthermore, we show 

how to include risk factors into the model by taking into account the effect of obesity on 

the onset and development of disability. We illustrate the method for the Netherlands, but 

given its relatively modest data requirements it can be widely applied across (European) 

countries. 

 

2. Two sets of scenarios of long term care need 

 

There is no unique definition of disability and long term care need. We assume that the 

need of care depends on having at least one disability in basic activities of daily living 

(BADL): getting out of bed, dressing, washing, going independently to the toilet and 

eating without help (Katz et al., 1963). A long standing debate on compression or 

expansion of morbidity has been started with the seminal paper of James Fries on 

compression of morbidity (Fries, 1980). Recent analyses confirm an extended life free of 

care and in good health (Manton et al., 2008), but which goes together with increased 

care-dependent life, as the incidence of care is strongly age dependent (Olshansky et al., 

1991). Both disability and mortality at old age are strongly related processes, determined 

by increasing frailty, a consequence of ageing (Mitnitski et al., 2002). In recent periods, 

life expectancy is increasing by decreasing mortality of the elderly (Christensen et al., 

2009; Vaupel, 2010). Changes in disability confirm a longer life in good health of elderly 

(Cai and Lubitz, 2007; Manton et al., 2008; Reuser et al., 2010). Wear and tear is a 

chronological process, depending on duration of exposure, and hence a chronological 

process, but repair and other plastic responses to damage by wear and tear are biological 

processes, which may be supported by healthy lifestyles and medical technology 

(Christensen et al., 2009). 

 

We developed two incidence based scenarios based on alternative assumptions about 

future changes in disability for the period 2008-2060. In the first scenario (CHRON) we 

calculate incidence into disability and mortality rates for the base year of the projections 

(2008) and keep these rates constant over the entire projection period. This shows the net 
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consequences of mortality decrease if incidence stays put at a certain age. This may be 

called a chronological scenario, as it assumes that incidence of disability is determined by 

the chronological time spent in the life course. This scenario assumes that (age related) 

disability and (age related) mortality are independent processes. Old age mortality moves 

further up to increasing ages, but incidence of old age disability stays constant at the 

same age. In the second incidence based scenario (BIOL) we assume that incidence rates 

decrease as mortality rates do assuming a strict correlation between age related mortality 

and age related disability. This scenario assumes that the incidence of disability and 

mortality are caused by the same biological aging process (Mitnitski et al., 2002). We 

compare the incidence based scenarios with a prevalence based scenario (PREV). The 

prevalence based scenario assumes that disability prevalence by age and sex will remain 

constant over time.  

 

In order to examine the impact of risk factors on the future prevalence of disability we 

calculated a second set of scenarios consisting of three scenarios for future patterns of 

obesity. Obesity, i.e. a body mass index (BMI) greater than or equal to 30, increases the 

risk of disability often just by putting more weight on joints. The obesity scenarios are 

consistent with the biological scenario. That means that also for the scenarios including 

obesity, we assume that incidence rates decrease as mortality rates do. In the first 

scenario including obesity we move the prevalence of obesity at younger ages forward to 

older ages (scenario BMI). In the second scenario we assume that the prevalence of 

obesity will return to 1960 levels. This would imply that the prevalence of obesity among 

the elderly would be about half that in the BMI scenario (scenario LEAN). In the third 

obesity scenario we assume the prevalence of obesity will double (scenario FAT). For 

these three scenarios current prevalence of obesity at age 55 is taken as point of 

departure. 
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3. Method 

 

3.1 The multistate projection model 

 

In a multistate projection model the distribution of people over states is the outcome of 

transitions people make. For projecting the future number of disabled elderly we 

distinguish three states: (1) non disabled (nD), (2) disabled (D) and (3) death. There are 

four possible transitions between these states: incidence rates: from (1) to (2), recovery 

rates: from (2) to (1), and mortality rates for non disabled and disabled persons: from (1) 

to (3) and from (2) to (3), respectively. When risk factors are added, the number of states 

increases. In our obesity scenarios, we distinguish five states: (1) non-obese, non-disabled 

(nOnD), (2) obese, non-disabled (OnD), (3) non-obese, disabled (nOD), (4) obese, 

disabled (OD) and (5) death. Obviously this will increase the number of possible 

transitions. The number of transitions included in the model will depend on whether all 

theoretically possible transitions will be included. For practical purposes the number of 

transitions may be reduced, e.g. because reliable data are lacking or because specific 

transitions are assumed to be very low. In our scenarios including obesity we assume that 

no transitions take place between the states being obese and not obese. Thus obesity is 

included in the model as a time-constant risk factor. In our model we took obesity status 

at age 55 as point of departure, assuming that either obesity status at age 55 will not 

change over time, or that obesity status at age 55 determines future risks on the onset of 

disability and mortality.   

 

Since we focus on the elderly aged 65 and over, we do not have to compile projections 

from birth onwards. In order to take into account changes in obesity prevalence at age 55, 

our projections start at age 55 and run to age 100+.  The population for the first age group 

(age 55) was extracted from the EUROPOP2008 population projections (Eurostat, 2008). 

As a result we implicitly introduce the mortality and migration assumptions at ages 

younger than 55 of the EUROPOP2008 scenarios. As our scenarios cover the period 

2008-2060, our projections are based on the population already alive.  Therefore, the 

model does not need to include fertility. Moreover, since both immigration and 
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emigration rates tend to be low for elderly people migration is excluded from the model 

as well. Thus contrary to EUROPOP2008 we use a life table model of a closed 

population. As a consequence the results of our projections of the population aged 65+ 

will be slightly different from the EUROPOP2008 results.  

 

3.2  Estimation of transition rates 

 

For making scenarios using the multistate model we need to make assumptions about the 

future values of mortality rates conditional on health status (being disabled or not) and 

about the transition rates from being healthy to being disabled and vice versa, 

distinguished by age and sex. We estimate these rates from the prevalence rates of 

disability and the unconditional mortality rates (not distinguished by health status).  

 

One problem in using prevalence data is that they show the net change in the proportion 

of disabled persons only. The proportion of disabled people is affected by both the 

incidence of disability  (i.e. the proportion of healthy people who become disabled) and 

recovery (the proportion of disabled persons who become healthy again). Thus both an 

increase in incidence and a decrease in recovery can lead to an increase in the prevalence 

of disability. Since we assume that changes in prevalence are predominantly affected by 

changes in incidence rather than by recovery we focus on incidence and do not explicitly 

take into account recovery. This implies that the estimated incidence into disability refers 

in fact to a so-called ‘net number’ of disabled persons. An advantage is that the uncertain 

fluctuating state at the margins between disabled and non disabled is collapsed to a single 

incidence.  

 

If we know the unconditional mortality rate at age x, the relative mortality risk of 

disabled persons relative to healthy persons and the prevalence of disability at age x, we 

can estimate the mortality rate of disabled persons. We assume that the relative mortality 

risk of disabled persons versus non-disabled persons is independent of age: 

 

ሻݔሺߤ ൌ .ݎ  ሻ            (1)ݔሺߤ
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where µD(x) = the mortality rate of disabled persons at age x, µnD(x) = the mortality rate 

of non-disabled persons at age x and  rD = the relative mortality risk of disabled persons 

relative to non-disabled persons.  

 

The incidence rate of disability at age x can be estimated from the difference between the 

prevalence at age x and age x+1, taking into account the mortality rate of disabled 

persons at age x. Thus the estimate of the disability incidence rate depends on the 

estimate of the mortality of disabled persons and vice versa. Therefore we use a stepwise 

iterative procedure.  

 

Step 1: In the first step we calculate the start value for µD(x) from the total survival rate 

and the prevalence of disabled persons and its complement the prevalence of non-

disabled persons by solving: 

 

exp	ሺെߤ௧௧	ሺݔሻሻ ൌ ܳሺݔሻexpሺെߤሺݔሻሻ  ܳሺݔሻexp	ሺെݎߤሺݔሻሻ  (2) 

 

where µtot(x) = the total mortality rate at age x, QnD(x) = the proportion of non-disabled 

persons at age x and QD(x) = the proportion of disabled persons. Since we assume an 

exponential model for the age pattern of mortality exp(-μ(x)) equals the survival rate from 

age x to x+1.  

 

Step 2: In the second step we calculate the value of the disability incidence rate θ(x), i.e. 

the transition rate from non-disabled to disabled from age x to age x+1 in such a way that 

the projected prevalence at age x+1 equals the observed prevalence. The prevalence at 

age x+1 can be projected by the prevalence at age x, the probability of non-disabled 

persons to become disabled and the probability of a disabled person at age x to be 

disabled at age x+1 (or in other words the probability to survive to age x+1):  

 

ܳሺݔ  1ሻ ൌ ሾܳሺݔሻ ܲ,ሺݔሻ  ܳሺݔሻ ܲ,ሺݔሻሿ/ܵሺݔሻ     (3)  
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where ܳሺݔ  1ሻ= the projected prevalence of disability at age x+1, Pi,j(x) = the 

transition probability from state i to state j from age x to x+1 and S(x) is the survival of 

all individuals from age x to age x+1: 

 

ܵሺݔሻ ൌ ܳሺݔሻൣ ܲ,ሺݔሻ  ܲ,ሺݔሻ൧  ܳሺݔሻሾ ܲ,ሺݔሻሿ     (4)  

 

The transition probabilities can be calculated from the transition rates as follows (see e.g. 

Singer and Spilerman, 1976). Since we assume no recovery, the probability of disabled 

persons at age x to be disabled at age x+1 equals their survival rate:  

 

ܲ,ሺݔሻ ൌ exp	ሾെߤሺݔሻሿ  .        (5)  

 

The probability of non-disabled persons at age x to remain non-disabled at age x+1 

depends on the transition from being non-disabled to disabled and on the mortality rate of 

non-disabled persons: 

 

ܲ,ሺݔሻ ൌ exp	ሾെߠሺݔሻ െ  ሻሿ  .      (6)ݔሺߤ

 

The probability of the transition from non-disabled to disabled depends on both the 

transition rate from non-disabled to disabled and on the mortality rates of both disabled 

and non-disabled persons:   

 

ܲ,ሺݔሻ ൌ
ఏሺ௫ሻ

ఓವሺ௫ሻିఏሺ௫ሻିఓವሺ௫ሻ
ሼexpሾെߤሺݔሻሿ െ expሾെߠሺݔሻ െ  ሻሿሽ   (7)ݔሺߤ

 

We calculate the value of θ(x) for which the projected value of the prevalence equals the 

observed value, i.e. ܳሺݔ  1ሻ= QD(x+1) given the estimated start value of µD(x).  

 

Step 3: In the third step we recalculate µD(x) in such a way that the projected mortality of 

disabled and non-disabled persons equals total mortality: 
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1 െ expሺെߤ௧௧ሺݔሻሻ ൌ Q୬ୈሺxሻሾ1 െ P୬ୈ,୬ୈሺxሻ െ P୬ୈ,ୈሺxሻሿ  Qୈሺxሻሾ1 െ Pୈ,ୈሺxሻሿ	   (8) 

 

We repeat steps 2 and 3 until we reach convergence.  

 

3.3  BADL disability incidence rates 

 

Using BADL disability prevalence rates, relative mortality risks and mortality rates for 

2008 adopted from EUROPOP2008, we estimated incidence into disability rates and 

mortality rates for non-disabled and disabled persons.  

 

To determine the age and sex specific prevalence of disability in the Netherlands, we 

used SHARE panel data . Since the numbers of oldest old persons in this survey are 

small, the prevalence at old ages shows very strong fluctuations. Therefore, the age 

pattern of prevalence rates is smoothed using a weighted Gompertz model (Figure 1). As 

expected, the prevalence of persons with at least one BADL-limitation strongly increases 

with age, both for males and females. 

 

[Figure 1 about here] 

 

A drawback of using SHARE data is that the survey does not include people living in 

institutions. In the Netherlands a considerable proportion of the oldest old is 

institutionalized. Since for most of these people being disabled is the reason why they 

could not stay in a private house, surveys excluding people living in institutions will lead 

to underestimating the prevalence of disability among elderly. Therefore we increased the 

SHARE estimate by a factor based on administrative data on persons who receive 

financial support for long term care expenses (AWBZ data). Most of these expenses 

cover the costs for the institutionalized population. Applying the rescaled age specific 

prevalence for individual ages to the Dutch population as of 1 January 2008 results in an 

estimate of slightly over 400 thousand elderly with BADL disability. 
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We used a Cox proportional hazards model to estimate the relative risks based on data 

from the Rotterdam study of health ERGO (Hu et al., 2005). The estimated relative 

mortality risk of disabled persons relative to non-disabled persons equals 1.89 for men 

and 1.55 for women. 

 

Figure 2 shows the estimated incidence rates for men and women in the Netherlands on a 

logarithmic scale. For elderly up to the age of 80 the incidence rates of women exceed 

that of men. For people aged 80 or over there are hardly differences between men and 

women. 

 

[Figure 2 about here] 

 

3.4 Adding the risk factor obesity 

 

Including the effect of risk factors in the model implies we have to take into account the 

differences in disability incidence rates and mortality rates by categories of the risk 

factor. Comparable to the model without risk factors, these rates are estimated based on 

the prevalence of BADL disability by risk factor status and mortality rates by health 

status but not distinguished by risk factor status. Thus to estimate obesity-specific BADL 

disability incidence and mortality we need data on obesity-specific BADL disability 

prevalence and mortality rates for persons with and without BADL disability (as 

estimated in the model without obesity).  

 

Although SHARE covers data on both BADL disability and obesity prevalence the 

numbers are too small to directly infer obesity-specific BADL disability prevalence from 

this survey. Therefore we estimated obesity-specific BADL disability prevalence from 

the marginal prevalences of BADL disability and obesity using the Mantel-Haenszel odds 

ratio (OR) weighted by 5-year age groups. The Mantel-Haenszel OR shows the ratio of 

the odds of being disabled while being obese (OD/OnD) to the odds of being disabled and 

being not obese (nOD/nOnD). For males the odds ratio ([OD/OnD]/[nOD/nOnD]) turned 

out to be not significant different from 1, while for females the ratio was highly 
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significant. Therefore we assume that BADL disability prevalence is equally to occur 

among obese and non-obese males (odds ratio of 1), and more likely to occur among 

obese than among non-obese women by a factor of slightly over 2 (odds ratio of 2.1). 

Since the odds ratio is a function of the four cells of the obesity-specific BADL disability 

prevalence matrix (OD, OnD, nOD, and nOnD), for both sexes and all ages the four cell 

prevalences can be recovered from the marginal prevalences of BADL disability (D and 

nD) and obesity (O and nO) and the Mantel-Haenszel odds ratio.  

 

Obesity-specific incidence and mortality is estimated such that the weighted average is 

equal to the total incidence and mortality using weights for obesity based on a study of 

Walter et al. (2009). Similar weights are assumed for males and females. The relative 

mortality risks by gender and obesity status are given in Table 1. 

 

[Table 1 about here] 

 

To estimate obesity-specific incidence and mortality rates we need the relative mortality 

risk rO and the relative incidence rate iO of persons with obesity compared to those 

without obesity. Both relative risks are assumed to be independent of age. Thus  

 

ΜOD(x) = rO .μnOD(x)          (9) 

 

where µOD(x) = the mortality rate of disabled persons with obesity at age x and µnOD(x)= 

the mortality rate of disabled persons without obesity, and we assume  

 

θO(x)= iO .θnO(x)           (10) 

 

where θO(x)= the disability incidence rate of obese persons from age x to x+1 and 

θnO(x)= the disability incidence rate of non-obese persons.  

 

The mortality rate of a non-obese disabled individual can be calculated from the mortality 

rate of disabled persons and the prevalence of obese and non-obese disabled persons: 
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exp	ሺെߤሺݔሻሻ ൌ
ொೀವሺ௫ሻ

ொೀವሺ௫ሻାொೀವሺ௫ሻ
exp൫െݎை. ሻ൯ݔைሺߤ 

ொೀವሺ௫ሻ

ொೀವሺ௫ሻାொೀವሺ௫ሻ
exp	ሺെߤைሺݔሻሻ   (11) 

 

where QOD(x)= the prevalence of disabled obese persons at age x and QnOD(x )= the 

prevalence of non-obese disabled persons. The mortality of a non-obese non-disabled 

individual can be calculated from: 

 

exp	ሺെߤሺݔሻሻ ൌ
ொೀವሺ௫ሻ

ொೀವሺ௫ሻାொೀವሺ௫ሻ
exp൫െݎை. ሻ൯ݔைሺߤ 

ொೀವሺ௫ሻ

ொೀವሺ௫ሻାொೀವሺ௫ሻ
exp	ሺെߤைሺݔሻሻ  (12) 

 

where QOnD(x)= the prevalence of non-disabled obese persons at age x and QnOnD(x )= the 

prevalence of non-obese non-disabled persons. 

 

The disability incidence rate of a non-obese individual can be calculated from 

 

exp൫െߠሺݔሻ൯ ൌ ሾܳைሺݔሻ  ܳைሺݔሻሿ exp൫െ݅ை. ሻ൯ݔைሺߠ  ሾܳைሺݔሻ  ܳைሺݔሻሿexp	ሺെߠைሺݔሻሻ  (13) 

 

The resulted obesity specific incidence rates are given in Figure 3. 

 

[Figure 3 about here] 

 

Both among women and men, the incidence of BADL disability among the obese is 

higher than among the non-obese. The higher incidence risk for obese people together 

with mitigated mortality rates for the obese once disabled, are consistent with the 

literature: “smoking kills, obesity disables” (Reuser et al., 2008, 2009, Majer et al., 2011).   

 

4. Results of the projections 

 

4.1 The elderly population and BADL-prevalence in 2040 and 2060 

 

According to all scenarios, by 2040 the growth of the population aged 65+ will reach a 

peak of slightly over 85 per cent for women and almost 110 per cent for men (Table 2). In 
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the last 20 years of the projection the elderly population starts to decline slowly but by 

2060 the total number of elderly persons still significantly outnumbers the size of 2008. 

The number of persons with at least one BADL-limitation, however, continues to grow 

until at least 2050. Only according to the biological scenario the predicted number of 

persons with BADL limitations in 2060 is less numerous than the predicted number in 

2040.  

 

[Table 2 about here] 

 

The scenario referring to constant age and sex specific BADL incidence (scenario 

CHRON) projects the smallest population increase together with the largest increase in 

numbers of persons with BADL disability as well as BADL prevalence. Assuming 

incidence rates decreasing similar to mortality rates (scenario BIOL) significantly lowers 

the estimates of BADL prevalence. Thus if incidence rates decrease similar to mortality 

rates, the need of care will increase less strongly than the increase in the number of 

elderly people. The CHRON scenario shows that if disability incidence rates would 

remain the same, the decline of mortality rates will result in an increase of the percentage 

of disabled persons, even though the mortality rates of disabled persons exceed those of 

healthy people.  

 

In absolute numbers the expected growth in disability of females outnumbers that of 

males, while in relative terms growth indices for males exceed those of females. By 2060 

the expected numbers of persons with BADL disability vary for females from 432 to 708 

thousand, corresponding to a growth of 53 to 151 per cent. For males, the numbers vary 

from 246 to 400 thousand, corresponding to a growth of 104 to 233 per cent. 

 

If we compare the results of the incidence based scenarios with the prevalence based 

scenario (PREV), the differences between the PREV and CHRON scenario are limited. 

Nevertheless, the CHRON scenario projects in total 37 thousand more persons with 

BADL disability in 2040 and 67 thousand more in 2060 compared to the PREV scenario. 

The differences with the BIOL scenario are considerable. While the PREV and CHRON 
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scenarios predict a significant increase in BADL prevalence between 2008 and 2060, the 

BIOL scenario predicts a stable pattern (for males) or small decline (for females).  

 

Although in absolute numbers of persons with BADL disability and in terms of BADL 

prevalence the different scenarios show different results, the changes over time in age 

patterns are highly similar for all scenarios. Figure 4 presents the age pyramid for 2008 

and 2060 for the CHRON scenario, and Figure 5 the pyramids for the years 2040 and 

2060 for the BIOL scenario. These figures clearly show the ongoing population ageing 

and the correspondingly expected increase in the number of BADL-disabled persons. 

 

[Figures 4 and 5 about here] 

 

4.2 Adding obesity to the scenarios 

 

A comparison of the results of the three obesity scenarios (BMI, LEAN and FAT) with 

the BIOL scenario illustrates the effect of possible changes in the prevalence of obesity. 

The BMI scenario shows that if current obesity prevalence at age 55 will remain stable in 

the future, the overall prevalence of obesity among the elderly will increase from 15.2 in 

2008 to 20.3 in 2060. Comparing the results of the BMI scenario with the scenario BIOL, 

we may conclude that this will go together with a small increase of BADL prevalence 

(Table 3). If obesity prevalence doubles (the FAT scenario) or halves (the LEAN 

scenario), compared to the BMI scenario in the long run about 60,000 persons with 

BADL limitations more, or 30,000 less are projected.  

 

[Table 3 about here] 

 

Adding risk factors may improve the understanding of the underlying process. The results 

of the BIOL and LEAN scenario for example are highly similar. Therefore we might 

conclude that one possible condition for the BIOL scenario to come true, is that the 

prevalence of obesity should be reduced by 50 per cent. Or, alternatively, the BIOL 
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scenario may be considered too optimistic given current patterns and future prospects of 

obesity. 

 

5. Discussion 

 

As a result of population ageing in the European Union the numbers of dependent elderly 

will increase. The need of care depends on disabilities in the basic activities of daily 

living (BADL): getting out of bed, dressing, washing, going independently to the toilet 

and eating without help. Around 2040 the numbers of people aged 65+ will reach its peak 

in most European countries. If one assumes that the prevalence of disability will not 

change, by then the need of care in the Netherlands will be more than doubled. Although 

after 2040 the growth of the elderly population is expected to start to decline, the need of 

care will continue to increase for several more years given the continuing increase of the 

average age of the elderly. It is questionable, however, whether BADL disability 

prevalence will remain constant.  

 

Generally, it is expected that mortality rates will continue to decline. Since disability and 

mortality are related one may expect that the prevalence of disability will change as well. 

Disability and mortality are related in several ways. First, trends in medical progress that 

affect mortality may be expected to affect disability as well. Second, risk factors that 

affect both mortality and disability, such as the prevalence of obesity or smoking, may be 

expected to change over time. Moreover, these risk factors may affect mortality and 

disability in a different way. Furthermore, mortality rates may differ between healthy and 

disabled persons.  In order to take these interdependencies into account in making 

projections, it is necessary to use a multistate model. A multistate model projects the 

future number of disabled persons on the basis of assumptions about the future changes in 

disability incidence rates, i.e. the transition rate from being healthy to being disabled.  

 

In principle, incidence rates can be estimated from panel studies such as SHARE. The 

samples in successive SHARE rounds, however, are too small to estimate transition rates. 

Therefore this paper describes an estimation procedure for calculating incidence 
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estimated from prevalence rates and mortality rates. Data on the prevalence of disability 

are obtained from the Survey of Health, Ageing and Retirement in Europe (SHARE). The 

benefit of using this data source is that it provides data on disability for many European 

countries. Mortality rates are obtained from Eurostat (2008). We illustrated the estimation 

procedure and the multistate method for two sets of scenarios. The first set is based on 

assumptions about the relationship between changes in mortality and changes in the 

incidence of disability. The second set includes the risk factor obesity and covers 

additional assumptions about changes in the prevalence of obesity. The scenarios show 

that demography is a strong driver of disability increase. Even in the most optimistic 

scenario where we assume incidence rates to decrease as mortality rates do  (the scenario 

BIOL), the number of persons with BADL disability is expected to increase considerably. 

Adding risk factors to the projections may improve the understanding of the underlying 

process. The results of the scenario where we assume a strong reduction of obesity among 

the elderly (the LEAN scenario) are highly similar to the BIOL scenario. Therefore we 

either may conclude that the prevalence of obesity should be reduced by 50 per cent for 

the BIOL scenario to come true, or that the BIOL scenario is too optimistic given current 

patterns of obesity.  

 

The strength of the method is that the relationship between changes in mortality and 

disability is taken into account and that the effects of risk factors on both mortality and 

disability can be estimated. This may improve the transparency of the projections. The 

weakness of the method is that it is necessary to make several simplifying assumptions. 

For example, the estimation of incidence rates on the basis of prevalence data ignores 

recovery. However, this is not necessarily a weakness. As the transition of non-disabled 

to disabled occurs in a volatile and fluctuating chronic process, at the margins of that 

process, incidence and recovery occur frequently as a consequence of random 

fluctuations. As a result, incidence of chronic disease is often inconsistent with 

prevalence. Prevalence data, on the other hand often show much more stable patterns. 

Another drawback is that in estimating incidence rates the distinction between age effects 

and cohort effects is ignored. Furthermore, the effect of risk factors was illustrated on the 

basis of assumptions about changes in the prevalence of obesity rather than about 
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transition rates between the two distinguished states non-obese and obese. Nevertheless 

the improved transparency of the projections, the generic nature of the model and the 

applicability to all countries with available disability prevalence data, make this method a 

useful instrument to make plausible projections of numbers of disabled elderly.  
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TABLES 

 

Table 1 Obesity-specific mortality 

Relative mortality risks (RR) by ADL disability and obesity  

 RR mort  

by gender 

(ERGO) 

 RR mort  

by obesity 

(Walter) 

 RR mort by gender and obesity 

(ERGOxWalter) 

males  females 

males females nO O nO O nO O 

nD 1 1 nD 1 1.11 nD 1 1.11 nD 1 1.11 

D 1.89 1.55 D 1 0.91 D 1.89 1.72 D 1.55 1.41 

 

 

Table 2 Scenario results, females, the Netherlands 

Netherlands 

Females   

Pop 65+ Pop 

Index 

BADL BADL 

Index 

BADL 

prevalence 

2008   1,375,866 100 282,261 100 20.5 

2040 PREV 2,546,779 185 600,982 213 23.6 

  CHRON 2,543,595 185 618,229 219 24.3 

  BIOL 2,563,847 186 456,985 162 17.8 

2060 PREV 2,485,054 181 676,227 240 27.2 

CHRON 2,478,005 180 707,918 251 28.6 

BIOL 2,523,151 183 431,828 153 17.1 

Males 

2008   1,038,961 100 120,426 100 11.6 

2040 PREV 2,152,316 207 322,462 268 15.0 

  CHRON 2,145,895 207 342,289 284 16.0 

  BIOL 2,169,848 209 251,813 209 11.6 

2060 PREV 2,115,557 204 364,945 303 17.3 

  CHRON 2,101,625 202 400,472 333 19.1 

  BIOL 2,151,891 207 246,006 204 11.4 
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Table 3 Scenario results BMI, LEAN and FAT scenarios 

Netherlands 

Total   

Pop 65+ Pop 

Index 

BADL BADL 

Index 

BADL 

prevalence 

Obesity 

prevalence 

2008 2,414,827 100 402,688 100 16.7 15.19

2040 BIOL 4,733,695 196 708,798 176 15.0                - 

  BMI 4,726,792 196 728,007 181 15.4 20.27

  LEAN 4,736,872 196 703,513 175 14.9 11.25

  FAT 4,706,628 195 776,986 193 16.5 38.43

2060 BIOL 4,675,042 194 677,834 168 14.5                - 

BMI 4,664,781 193 704,764 175 15.1 20.32

LEAN 4,681,026 194 673,765 167 14.4 10.13

FAT 4,632,290 192 766,752 190 16.6 40.92
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FIGURES 

Figure 1 BADL prevalence by gender 

 

 

 

Figure 2 Disability incidence rates by gender 
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Figure 3 Incidence conditional on obesity 

 

 

M_nO: males, not-obese 
M_O: males, obese 
F_nO: females, not-obese 
F_O: females, obese 
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Figure 4 Age pyramids, 2008 and CHRON 2060 
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Figure 5 Age pyramids, BIOL 2040 and 2060 
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To address policy questions related to the provision of health care services in an ageing 
population, it is important to know how many people will face disability in (very) old 

age. This paper describes a generic estimation procedure for calculating incidence into 
disability rates from prevalence rates. As illustration we compiled two sets of scenarios 

of long term care need for the Netherlands. We estimated the future number of 
disabled elderly using a multistate projection model. For the estimation of rates we 

used prevalence data on disability from SHARE and mortality data from Eurostat and 
the Rotterdam Study of Health. 

The scenarios show that demography is a strong driver of disability increase. Even if 
we assume incidence rates to decrease as mortality rates do, the number of persons 

with disability is expected to increase considerably. Adding obesity to the projections 
may improve the understanding of the underlying process. The strength of the method 
to calculate incidence rates based on prevalence rates is that the relationship between 

changes in mortality and disability is taken into account and that the effects of risk 
factors can be estimated. The improved transparency of the projections, the generic 
nature of the model and the applicability to all (European) countries with available 

prevalence data make it a useful instrument to make plausible projections of numbers 
of disabled elderly. 


