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 Background. Preventing dementia has been proposed to increase population health as well as reduce the de-
mand for health and social care. Our aim was to evaluate whether preventing dementia by promoting physical
activity (PA) a) improves population health or b) reduces expenditure for both health and social care if one
takes into account the additional demand in health and social care caused by increased life expectancy.

Methods. A simulation model was developed that models the relation between PA, dementia, mortality, and
the use of health care and social care in England. With this model, scenarios were evaluated in which different
assumptions were made about the increase in PA level in (part of) the population.

Results. Lifetime spending on health and social care related to dementiawas highest for the physically inactive
(£28,100/£28,900 for 40-year-old males/females), but spending on other diseases was highest for those that
meet PA recommendations (£55,200/£43,300 for 40-year-old males/females) due to their longer life expectan-
cies. If the English population aged 40–65 were to increase their PA by one level, life expectancy would increase
by 0.23 years and health and social care expenditures would decrease by £400 per person.

Conclusions. Preventing dementia by increasing PA increases life expectancy and can result in decreased
spending overall on health and social care, even after additional spending during life years gained has been
taken into account. If prevention is targeted at the physically inactive, savings in dementia-related costs outweigh
the additional spending in life years gained.

© 2016 Elsevier Inc. All rights reserved.
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Introduction

Dementia, often called the “most feared disease,” has a high societal
burden in terms of disability and mortality as well as usage of health
care, informal care, and institutional long-term care (WHO, 2012;
Wimo et al., 2013; Schaller et al., 2014). Total annual costs for dementia
in the United Kingdom (UK)were recently estimated at £22.7 billion, or
£27,600 per patient, of which 54% consisted of costs for informal care
and 40% of costs for long-term care (Luengo-Fernandez et al., 2010).
As a way of countering the burden of dementia, it has been proposed
to invest more in its prevention (Yaffe et al., 2014), especially relevant
given that there has been virtually no progress in the treatment of the
disease. Although epidemiological research has identified several mod-
ifiable risk factors for the onset of dementia, targeting physical inactivity
(PA) seems to be the factor that has the greatest potential in terms of re-
ducing dementia prevalence (Barnes and Yaffe, 2011; Norton et al.,
2014).
oogendoorn@bmg.eur.nl
r).
When answering the question of whether preventing dementia will
reduce the demand for health care, it is not sufficient to look at savings
in dementia-related costs only. As dementia substantially increases
mortality risk, preventing dementia will increase life expectancy (Rait
et al., 2010; Ganguli et al., 2005; Brodaty et al., 2012; Xie et al., 2008). In-
creased life expectancy for such people exposes them to other diseases
and/or disabilities that also result in health and social care use (Bonneux
et al., 1998). Consequently, preventing dementia may lead to a reduc-
tion in dementia-related costs in the short run but to higher costs in
the long run, because of additional costs occurring in the additional
life years that people live. Many studies evaluating the effects and
costs of preventive interventions include only those future costs related
to the risk factor or disease being investigated which may lead to false
claims that prevention will reduce the demand for health care
(Bonneux et al., 1998; Barendregt et al., 1997; van Baal et al., 2008).
However, given that dementia is one of the most costly diseases, it is
worthwhile investigating whether preventing dementia could result
in cost savings in the long run even if costs of competing diseases in
life years gained are taken into account.

The aims of the current study were to estimate the burden of de-
mentia in England associatedwith physical inactivity and assess the po-
tential health benefits and changes in health care and social care
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expenditures associated with increasing PA levels using a dynamic
modeling approach. In doing so, we explicitly took into account the
costs that might be a result of increased life expectancy.

Methods

Model structure

Tomodel the impact of PA on dementia and health and social care expendi-
tures, a Markov-type model was developed distinguishing the following states:
two health states (“no dementia” and “dementia”) and the state “death”. Each
health state was further stratified by gender, age, and physical activity level.
PA level was divided into four classes: “inactive,” “low activity,” “some activity,”
and “meets recommendations,” based on the classification used in the 2012 En-
glish National Health Survey (Bridges et al., 2013). The level of PAwasmodelled
to have an impact on the risk of developing dementia and the risk of dying.
Compared to no dementia, having dementia was associated with an increase
in mortality and an increase in the use of health and social care. This model
structure has been applied previously in other simulation models describing
the link between risk factors, chronic diseases, and mortality (van Baal et al.,
2006; Hoogenveen et al., 2010; Boshuizen et al., 2012). Fig. 1 displays the
basic structure of the model employed in this study.

The starting population of the model was the population of England in 2012
specified by gender, age, PA level, and disease status. The model simulated the
annual changes in the population over time due to changes in PA level, inci-
dence of dementia, andmortality. Cycle length of themodel was 1 year, indicat-
ing that changes in the population took place on an annual basis. The time
horizon of the analysis was life-time.

The demographic, epidemiological, and cost input parameters for themodel
were derived from multiple sources. Relative risks describing the relation be-
tween PA and the onset of dementia as well as mortality were taken from pub-
lished meta-analyses (Sofi et al., 2011; Samitz et al., 2011). All other input
parameters of themodel were derived from English data sources. Cost parame-
ters in themodel were derived from studies using large administrative datasets
(Kasteridis et al., 2014; Georghiou et al., 2012). We refer to the supplementary
file for amore detailed description of themodel and the data sources used to es-
timate parameters of the model.

Calculating costs with the model

Health and social care costs related to dementia were estimated within the
model bymultiplying dementia prevalence numbers by the annual costs per de-
mentia patient specified by age and gender. Besides age and gender, a distinc-
tion has been made between dementia costs in the last year of life and “other
years.” This has been done as health and social care expenditures are known
to be concentrated in the last phase of life (de Meijer et al., 2011; Wong et al.,
2011; Seshamani and Gray, 2004).

To calculate health-care costs for all “other” diseases, the numbers of survi-
vorswithout dementia estimatedwithin themodelweremultiplied by age- and
gender-specific per capita average costs for all other diseases. Here again, we
Fig. 1.Model structure.
made a distinction between costs in the last year of life and other years. Because
lower levels of PA are related to a higher mortality risk compared to “meeting
recommendations” with respect to PA, the annual health care and social care
costs for an inactive person are higher (van Baal et al., 2011). In this way,
costs were made indirectly to depend on PA level because no studies in the
UK related PA level to health care use. All costs were expressed in 2012 prices.

Current practice scenario

In the current practice scenario, themodel was run for a lifetime horizon as-
suming that persons did not change their physical activity level, so inactive peo-
ple remained inactive till they died, low active people remained low active till
they died, etc. Outcomes for themodel projections over timewere life expectan-
cy, years with dementia, health care costs defined as costs borne by theNational
Health Service (NHS)(dementia versus other diseases), and social care costs
(dementia versus other diseases) specified for each PA class.

Intervention scenarios

In addition to the current practice scenario, several intervention scenario
analyses were run in which the assumption was made that part of the popula-
tion would become more active. An increase in PA was hypothesized to result
in a lower new incidence of dementia, lower mortality, lower dementia-
related costs, but higher costs for other diseases compared to the current prac-
tice scenario. To illustrate the potential impact of an increase in physical activity
level, three different intervention scenario analyseswere performed for a cohort
of 1000 people (500 males and 500 females) aged 40 at baseline assuming that
1) an inactive cohortwould become low active, 2) a low active cohortwould be-
come somewhat active, and 3) a somewhat active cohort would become more
active and would thus meet recommendations.

In addition, two different intervention scenario analyses were performed at
a population level showing the impact of changes in physical activity level in the
English population aged 40–65 assuming that 4) everyone were to increase
their physical activity level by one class and 5) everyone would meet recom-
mendations. For all scenario analyses, a lifetime horizon was used.

Sensitivity analysis

Probabilistic sensitivity analysis (PSA) was performed to translate uncer-
tainty surrounding the input parameters into uncertainty around the outcomes
of the model. In addition to the PSA, several one-way sensitivity analyses were
performed to estimate the impact of key model parameters or assumptions on
the outcomes.

- Sensitivity analysis 1 (SA1). The effect of PA on all-cause mortality in our
model was quite small if compared to estimates published by the US Phys-
ical Activity Guidelines Advisory Committee (U.S. Department of Health
and Human Services, 2008). Therefore, SA1 investigated the impact of
using other relative risks for the association between physical activity
level and all-cause mortality. Based on data from the US Physical Activity
Guidelines Advisory Committee (U.S. Department of Health and Human
Services, 2008), RRs compared to being active were calculated to be 0.90
for low activity, 0.80 for some activity, and 0.73 formeets recommendations
in SA1.

- Sensitivity analysis 2 (SA2). In our base-case analysis, we assumed that the
relative risks of PA on mortality and dementia onset could be applied to all
ages. However, there is not that much evidence of the effect of PA on mor-
tality and dementia for the eldest elderly. SA2 investigated the impact of ap-
plying the relative risks for all-cause mortality and dementia onset not to
the entire age range, but only to ages 90 and below. All relative risk values
above the age of 90 were set to one.

- Sensitivity analysis 3 (SA3).A general problemwhen quantifying the relation
between PA and the onset of dementia is that studies do not provide de-
tailed information on how PA is measured and defined. In this sense, the
wayweused relative risks for the onset of dementia for the different PA clas-
ses is a bit arbitrary. Therefore, in SA3, different RRs for PA level in relation to
the onset of dementiawere used. In the base-case analysis, anRRof 0.65was
applied to both the low and some activity group. In SA3, the assumptionwas
made that the RR of 0.65 only applied to the group with some activity and
the RR for the low activity groupwas then calculated to be 0.89 based on in-
terpolation and the estimated PA in hours per week in the groups.

- Sensitivity analysis 4 (SA4). In SA4, costs for diseases other than dementia
were made dependent on age only and not on last year of life as was done
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in the base-case analysis. By making costs solely dependent on age, health
and social care spending on other diseases in life years gained are higher
(van Baal et al., 2011). This makes results of our analyses more comparable
with other modeling studies in the area of prevention.

- Sensitivity analysis 5 (SA5). The impact of discounting effects and costs was
explored in SA5. In SA5, we discounted life years and costs at 3.5% annually.
This was done as results of our analyses have obvious relevance for cost-
effectiveness analyses. NICE guidance for economic evaluation currently dic-
tates this discount rate (National Institute for Clinical Excellence (NICE),
2013).

Results

Table 1 shows the estimated life expectancy, years with dementia,
and costs at age 40 years for the different physical activity classes strat-
ified by gender. Compared to a person that meets recommendations
with respect to PA, an inactive man/woman can expect to live about
one additional year with dementia over his/her entire lifetime because
of the higher risk of getting dementia. As a result, the expected lifetime
dementia-related health care costs for an inactive man/woman are
more than £5000 higher, while the dementia-related social care costs
are about £2500higher. However, due to the 2-year lower life expectan-
cy, an inactive person incurs lower costs for other diseases over his/her
lifetime compared to someone who meets recommendations. This dif-
ference is bigger for health care expenditures than for social care
expenditures.

The potential impact of preventive interventions for a cohort aged
40 years at baseline is shown in Table 2.

From Table 2, it can be seen that in all cohort scenarios, there is an
increase in life expectancy. Dementia-related costs decreased in two
scenarios, but there was a small increase in costs in the scenario assum-
ing a low active cohort becoming somewhat active. Costs for other
diseases, however, increased in all scenarios because of the longer life
expectancy. The gain in life years was highest for the scenario assuming
inactive people becoming low active. Only in this scenario, the increase
in health and social care costs for other diseases was completely com-
pensated by the savings in dementia-related costs, resulting in net
cost savings. To better understand the dynamics of prevention, Fig. 2
displays cost differences over time as a result of preventive interven-
tions in the cohort scenarios.

Table 2 also shows the potential impact of preventive interventions
at a population level. If all 40- to 65-year olds in the English population
were to maintain their current physical level for their remaining life-
time, the mean life expectancy for this group was calculated to be
30.9 years. Total lifetime health and social care expenditures were cal-
culated to be £60,900 per person. An increase in physical activity by
one level for all except those already at the level of meeting recommen-
dationswould correspond to an increase in life expectancy of 0.23 years
Table 1
Model predictions for life expectancy, years with dementia, and lifetime costs (×£1000) by ph

Physical activity lev

Inactive

Males Life expectancy (years) 38.1 (37.5–38.6)
Years with dementia 3.4 (2.5–4.8)
Health care costs, dementia (£1000-) 19.2 (14.1–26.8)
Health care costs, other diseases (£1000-) 34.1 (31.3–36)
Social care costs, dementia (£1000-) 8.9 (6.6–12.3)
Social care costs, other diseases (£1000-) 3.5 (3.2–3.8)

Females Life expectancy (years) 42.0 (41.6–42.4)
Years with dementia 3.5 (2.8–4.5)
Health care costs, dementia (£1000-) 19.7 (15.9–25)
Health care costs, other diseases (£1000-) 41.2 (39.3–42.7)
Social care costs, dementia (£1000-) 9.2 (7.4–11.6)
Social care costs, other diseases (£1000-) 7.4 (6.8–7.9)
per person, while lifetime health and social care expenditures per per-
son would decrease by £400. For the scenario assuming that everyone
in the population were to increase their physical activity level up to
the level of meeting recommendations, the gain in life expectancy per
personwould be 0.46 years, while lifetime expenditures would increase
on average with 100 lb. Note that in this scenario, prediction intervals
for total costs are wide and range from −500 to 700.

Table 3 shows the results for the sensitivity analyses. Estimates of life
expectancy at the age of 40 years were strongly influenced by using dif-
ferent RRs for the association between physical activity and all-cause
mortality (SA1) which increased life years gained due to increasing
physical activity. As a result of higher gains in life expectancy, health
care and social care costs in life years gained increased (results not
shown) causing a decrease in total cost savings. Assuming no effect of
physical activity above age 90 (SA2) only had a small impact on the re-
sults. Using different RRs for the association between physical activity
and onset of dementia (SA3) also had a substantial impact on gains in
life expectancy and cost differences. Cost differences were affected
slightly by ignoring the concentration of costs in the last year of life
(SA4). Discounting had a big impact on the results and since additional
costs in life years gained are discounted heavily, the impact of these
costs becomes less pronounced (SA5).

Discussion

This modeling study showed that the economic burden of dementia
in England associated with physical inactivity is substantial. Physical in-
activity lowers life expectancy and, at a population level, increases the
average number of years lived with dementia. Inactive people were
also predicted to have the highest lifetime total health and social care
expenditures. Although savings in health care and social care are
lower than previously suggested, preventing dementia by promoting
physical activity could reduce the demand for health and social care
even if we take into account costs for other diseases in life years gained.
Targeting inactive people in the UK to become low active would in-
crease life expectancy by almost 1 year and total costs would decrease
as the savings in dementia-related costs outweigh the additional spend-
ing in life years gained. Increasing the physical activity level of people
with low or some activity would also increase life expectancy, but
total costs would increase slightly.

Limitations

For the current study, it was difficult to find evidence on the dose–
response relationship between physical activity and the onset of
dementia. Current evidence suggests that the greatest impact from re-
ducing dementia occurs from raising the physical activity from close
to zero to the next stage, which is still a low activity level (Sofi et al.,
ysical activity level at the age of 40 years, mean (95% confidence interval).

el

Low activity Some activity Meets recommendations

39.0 (38.5–39.3) 39.5 (39.0–39.8) 40.1 (39.6–40.5)
2.4 (1.7–3.4) 2.4 (1.8–3.5) 2.4 (1.8–3.4)

13.3 (9.8–18.9) 13.7 (10.1–19.2) 13.5 (10–18.8)
37.3 (35.2–38.7) 38 (35.8–39.5) 39 (37–40.6)
6.2 (4.6–8.7) 6.4 (4.7–8.9) 6.3 (4.7–8.7)
4 (3.7–4.3) 4.2 (3.9–4.4) 4.3 (4.1–4.6)

42.8 (42.5–43.1) 43.3 (43.0–43.7) 43.9 (43.5–44.4)
2.5 (1.9–3.2) 2.5 (2.0–3.3) 2.5 (2.0–3.1)

13.8 (10.8–18.1) 14.3 (11.2–18.6) 14.1 (11.5–17.6)
44.2 (42.6–45.5) 44.8 (43.2–46.2) 45.7 (44.2–47.0)
6.5 (5.1–8.4) 6.6 (5.2–8.6) 6.6 (5.4–8.2)
8.8 (8.2–9.3) 9.1 (8.4–9.6) 9.5 (8.9–10.1)



Table 2
Results of five intervention scenarios compared to current practice (=no change in physical activity level): life years and changes in costs per person.

Life years gained Dementia-related costs (in £) Costs due to other diseases (in £) Total costs (in £)

Health care costs Social care costs Health care costs Social care costs

Cohort scenarios (aged 40 year at baseline)
1. Inactive cohort becomes low active 0.82

(0.62/1.02)
−5900
(−8000/−4000)

−2700
(−3700/−1800)

3100
(2300/3900)

900
(700/1200)

−4600
(−6600/−2800)

2. Low active cohort becomes somewhat active 0.54
(0.31/0.77)

400
(200/600)

200
(100/300)

700
(400/900)

200
(100/300)

1500
(800/2100)

3. Somewhat active cohort becomes more
active and meets recommendations

0.59
(0.29/0.93)

−200
(−2600/2000)

−100
(−1200/900)

1000
(−200/2100)

300
(−100/700)

900
(−1300/2900)

Population scenarios (40–65 years old)
4. Everyone would increase their physical

activity level by one class
0.23
(0.17/0.29)

−1000
(−1300/−700)

−400
(−600/−300)

700
(500/800)

300
(300/400)

−400
(−700/−100)

5. Everyone would meet recommendations 0.46
(0.3/0.62)

−900
(−1600/−300)

−400
(−700/−100)

1000
(600/1300)

500
(300/700)

100
(−500/700)
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2011). The impact of using different RRs for the onset for dementia
showed that life expectancy of the low activity group decreased, while
lifetime total costs increased compared to the base case. The most im-
portant other assumption tested in the sensitivity analysis was the use
of different RRs for the association between physical activity and all-
cause mortality which had a strong impact on life expectancy and
years livedwith dementia. Overall, the impact of the assumptions tested
was limited and did not change the main conclusions.

In terms of the cost estimates used in our analyses, these were
derived from a relatively small region in England and although we
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Fig. 2. Effect of three scenarios of increase in physical activity level on the costs for a cohort
of people aged 40 years at baseline. Scenario 1: Inactive cohort becomes low active;
scenario 2: low active cohort becomes somewhat active; and scenario 3: somewhat
active cohort becomes more active and meets recommendations.
adjusted total spending to match the English average, we could not as-
sess whether the distribution among diseases is representative. Finally,
we limited our cost analyses to publicly funded spending on health and
social care and did not take into account costs of informal care. In En-
gland, some institutional care for people with dementia is paid for by
the person or their family, and some by the local government. However,
the rules governing the proportions change from one local authority to
another, so it has been simpler to assume that the government pays the
whole institutional care bill. Since the cost of informal care at home and
the amounts paid for institutional care will vary approximately linearly
with the prevalence of dementia, changes to the prevalence due to
changes in physical activity at a younger age will impact in approxi-
mately the same way on informal care, on family payment of
instututional care, and on government payment of institutional care.
Thus, the costs of these components will all rise or fall uniformly as
the prevalence of dementia rises or falls. As a result, including the
costs of informal care is unlikely to influence the direction of the results
though it would change the magnitude of the costs or the costs saved.

Comparison with previous studies

At least three other modeling studies have investigated the
assocation between physical activity and the onset of dementia
(Barnes and Yaffe, 2011; Nepal et al., 2010; Zhang et al., 2011). Based
on the input of our model, the population attributable risk caused by
physical inactivity was estimated to be about 20%, which is in line
with two of these studies (Barnes and Yaffe, 2011; Nepal et al., 2010).
Results of the other study could not be compared to the current study,
because in that study, physical inactivity was included as one of seven
risk factors that were combined into one overall risk score (Zhang
et al., 2011). In comparisonwithprevious studies on the costs of demen-
tia in England, our results are fairly similar andmajor differences can be
explained by a) we did not include costs of informal care and b) other
studies did not include spending during life years gained
(Luengo-Fernandez et al., 2010; UK, 2007; Wübker et al., 2014).

Policy relevance

Previous studies took into account only costs related to dementia
which obviously decrease if dementia is prevented. Due to the increase
in life expectancy, however, costs for other diseases increased. Demen-
tia prevention through increased physical activity, including costs for
other diseases in life years gained, still did not lead to cost increases in
some scenarios indicating the potential for cost savings through preven-
tion. These results are more informative for decision makers who are
concerned with total public spending rather than only spending related
to dementia. Including costs of competing risks in life years gained al-
lows better comparison across investments in different diseases
(Rappange et al., 2010; van Baal et al., 2016).



Table 3
Change in life years and total costs (the sum of health care costs and social care costs) per person for different sensitivity analyses (SA) for the three different cohort intervention scenarios.

Inactive cohort becomes low active Low active cohort becomes somewhat active Somewhat active cohort becomes more
active and meets recommendations

Life years gained Total costs (in £) Life years gained Total costs (in £) Life years gained Total costs (in £)

Base case 0.81 −4600 0.53 1400 0.58 1000
SA1* 1.44 −2700 1.02 2800 0.83 1600
SA2* 0.76 −4500 0.48 1300 0.53 800
SA3* 0.42 −800 0.92 −2200 0.58 1000
SA4* 0.81 −4600 0.53 1700 0.58 1200
SA5* 0.19 −2100 0.13 300 0.14 100

SA1: Different RRs for the association between physical activity and all-cause mortality (1/0.9/0.8/0.73 instead of 1/0.97/0.91/0.86). SA2: RRs for all-cause mortality and dementia inci-
dence above age 90were set to 1. SA3: Different RRs for the assocation between physical activity and dementia (1/0.89/0.65/0.62 instead of 1/0.65/0.65/0.62). SA4: Costs for other diseases
dependent on age instead of age and last year of life. SA5 discounting of costs and life years with 3.5% annually.
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Whether preventing dementia by targeting risk factors other than
physical activity will also result in cost savings depends on how these
risk factors are related to dementia and mortality. However, dementia
prevention probably diverts people from one expensive later-life trajec-
tory into another expensive later-life trajectory. Including costs of com-
peting risks in life years gained has more impact in the context of
smoking cessation when people are diverted from cheap to more ex-
pensive later-life trajectories (Barendregt et al., 1997).

It should be noted that we did not analyse specific interventions in
this study, and therefore, we cannot conclude whether interventions
promoting physical activity are cost-effective or not. However, this
study illustrated that, if effective, low-cost incentive-based interven-
tions increasing physical activity have the potential to reduce public
spending (O'Malley et al., 2012).

Conclusion

In conclusion, this study showed that the burden of dementia asso-
ciated with physical inactivity in England is substantial. People who
are physically inactive were found to be associated with lower life ex-
pectancies, more years lived with dementia, and higher total health
and social care costs compared to physically active people. Promoting
physical activity in the English middle-aged population has the poten-
tial for increasing life-expectancy on average by half a year. Targeting
people with very low levels of activity to become more active seems
likely to be themost effective option of choice, as results for this scenar-
io analysis showed the highest gain in life expectancy and savings in
total expenditures for health and social care.
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