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Abstract Incidence of dementia increases sharply with

age and, because of the increase in life expectancy, the

number of dementia cases is expected to rise dramatically

over time. Some studies suggest that controlling some

modifiable risk factors for dementia like diabetes or

hypertension could lower its incidence. However, as

treating these vascular factors would also reduce mortality

risk, the actual impact of such public-health intervention on

dementia prevalence is not known. Accounting for the

impact of dementia and risk factors on mortality, the aim of

this work was (1) to compute projections of age- and-sex

specific prevalence of dementia in France from 2010 to

2030, (2) to evaluate how public-health interventions tar-

geting risk factors for dementia could change these pro-

jections. Age-and-sex specific incidence of dementia and

mortality of demented subjects were estimated from the

Paquid population-based cohort using a semi-parametric

illness-death model. Future global mortality rates and

population sizes were obtained from national demographic

projections. Under the assumption that life expectancy will

increase by 3.5 years for men and 2.8 years for women by

2030, the number of subjects with dementia was estimated

to increase by about 75 % from 2010 to 2030 with a 200 %

increase after 90 years of age. Therapeutic intervention on

the whole population reducing high blood pressure preva-

lence would lead to a decrease in both dementia incidence

rates and mortality and would have a modest impact on the

number of dementia cases. On the other hand, a preventive

dementia treatment targeting ApoE4 carriers would prob-

ably not improve survival and hence would decrease

dementia prevalence by 15–25 %.
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Introduction

Dementia is a frequent disease in the elderly characterized

by progressive decline of cognitive abilities leading to loss
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Université de Bordeaux, ISPED, Centre Inserm U897,

33000 Bordeaux, France

H. Jacqmin-Gadda � D. Commenges � K. Leffondre �
J.-F. Dartigues � P. Joly

Inserm, ISPED, Centre Inserm U897, 33000 Bordeaux, France

A. Alperovitch � C. Montlahuc � C. Dufouil � C. Tzourio
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of autonomy and death. Dementia prevalence rates increase

with age, reaching about 38 % in women older than

85 years old in France (24 % for men) [1]. At advanced

stages of the disease, patients need important daycare often

leading to nursing home placement. As a consequence,

with the aging of the world population, the global socio-

economic burden of dementia is expected to increase dra-

matically in the future [2] and it is essential to be able to

predict future prevalence to plan the resources needed for

patient care. In the last 10 years, accumulated evidence

supported the role of modifiable risk factors, such as car-

dio-vascular risk factors, on the risk of dementia [3]. It was

suggested these risk factors could be the target of inter-

vention aiming at reducing the risk of dementia [4]. For

public health decisions, it is important to assess how such

interventions could change the course of prevalence evo-

lution. In this work, we will use ‘‘prevalence’’ for the

number of demented individuals and ‘‘prevalence rate’’ for

the proportion.

Projections of age-specific prevalence require knowl-

edge of age-specific incidence rates and of future popula-

tion sizes and mortality rates for both demented and non-

demented individuals. Dementia incidence rates may be

estimated from population-based cohort studies while

national or worldwide demographic projections may pro-

vide population sizes and mortality rates for the general

population. Using such data, projections of dementia

prevalence have been computed assuming that the mor-

tality rates without disease were equal to the mortality rates

of the general population [5–8]. However, this assumption

is not tenable since the risk of death is much higher among

demented compared to non-demented subjects [9–11] and

the prevalence of dementia is very high (especially among

the oldest) [12, 13]. As a consequence, the mortality among

non-demented subjects is lower than in the general popu-

lation. In addition, previously published projections were

based on restrictive assumptions about mortality of

demented subjects. Brookmeyer and colleagues [5, 6]

assumed a constant relative risk of death for demented

subjects compared to non-demented subjects, independent

on both age and calendar time. On the other hand, Mura

et al. [8] assumed 3 different relative risks specific to age-

groups and Brookmeyer et al. [7] assumed that the death

risk increased only for late-stage of the disease (about

6 years after dementia onset).

Brookmeyer et al. [5, 7] evaluated the impact on prev-

alence projections of a public health intervention that

would directly decrease the incidence rates of dementia.

More recently, using the population attributable risk,

Barnes and Yaffe [4] computed the number of dementia

cases that could be prevented by reducing the prevalence of

cardio-vascular and lifestyle risk factors. However, none of

these estimations accounted for the possible direct impact

of the intervention on mortality whereas most of the risk

factors for dementia are also risk factors for death. Some

authors [7] accounted for the change in mortality due to the

change in late-stage dementia prevalence but the mortality

among healthy and among early-stage demented was

assumed not affected by the intervention. Typically, high

blood pressure (HBP) is a well known risk factor for car-

dio-vascular mortality [14] and an increasing number of

studies support its association with higher risk of dementia

[15, 16]. Although still controversial [17], this result sug-

gests that a prevention campaign aiming at reducing HBP

prevalence could reduce both mortality and dementia

incidence. However, the increase in life expectancy due to

lowering blood pressure would by itself increase the

number of demented individuals and thus the evaluation of

the impact of the intervention on dementia prevalence must

account for the change in mortality. Another preventive

strategy could focus on carriers of the �4 allele of apoli-

poprotein E which is recognized as the main genetic risk

factor for sporadic late-onset alzheimer’s disease [18, 19]

and was found associated with general mortality [20]. A

treatment increasing the clearance of the Abeta protein in

the brain of Apoe4 subjects could decrease the risk of

dementia for these subjects [21, 22].

Using a multi-state approach, the first objective of this

paper was to estimate dementia prevalence in France for the

next 20 years accounting for the difference between the

mortality of the general population and the mortality of non-

demented subjects. The second objective was to estimate

changes in these prevalence projections assuming various

scenarios of public health interventions that aim at reducing

the prevalence or the impact of risk factors for dementia.

Method

In this section we describe the principle of the method and

all the required assumptions as well as the data used. The

detailed statistical method with all mathematical formulas

may be found in Joly et al. [23].

Model and assumptions for prevalence projections

The estimation method is based on the 3-state model dis-

played in Fig. 1 [24] that describes the possible transitions

between the three states: healthy (i.e. alive and free of

dementia), demented (and alive) and dead. We denote

a01(t, a), a02(t, a) and a12(t,a) the transition intensities

between the three states with t the calendar year and a the

age: a01(t,a) is the instantaneous risk of dementia (or

dementia incidence rate) at year t for healthy subjects of

age a; a02(t,a) and a12(t,a) are the instantaneous risk of

death (or mortality rate) for healthy and demented subjects
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respectively. For brevity, in the following, we will used

‘‘risk’’ for ‘‘instantaneous risk’’. The dementia prevalence

at time t is the number of subjects in state 1 at time t and

the age-specific prevalence is the number of subjects of age

a in state 1 at time t.

According to available data and knowledge on the epi-

demiology of dementia, we used 4 assumptions to compute

dementia prevalence.

Assumption 1 The age-specific incidence is null before

65 years:

8a� 65; a01ðt; aÞ ¼ 0: ð1Þ

This assumption was made because dementia incidence

is very low before 65 years and there are few reliable data

below this age.

Under assumption 1, the computation of the prevalence

requires only the size of the population aged 65 years for

each calendar year and estimates of the incidence rates of

dementia and mortality rates for both non-demented and

demented subjects [23]. The population sizes were

obtained from national demographic projections. The next

two assumptions were used for estimating dementia inci-

dence and mortality rates.

Assumption 2 Without public health intervention, the

age-specific risk of dementia does not depend on calendar

time t.

a01ðt; aÞ ¼ a01ðaÞ ð2Þ

Thus, the risk of dementia is a function of age a but does

not change with calendar time if no prevention campaign is

organized. This assumption, that will be discussed in

‘‘Discussion’’ section, makes possible the estimation of the

incidence rates of dementia a01(a) from cohort data.

Assumption 3 The death risk for demented subjects fol-

lows the same time trend as the death risk for healthy

subjects with a hazard ratio depending only on age:

a12ðt; aÞ ¼ rðaÞa02ðt; aÞ ð3Þ

Indeed, it is well known that the death risk increases

with age and tends to decrease with calendar time in

developed countries. The age-specific hazard ratio r(a) may

be estimated from cohort data as the ratio â12ðaÞ=â02ðaÞ:
To estimate future values of death risk among healthy

and demented subjects, we used national demographic

projections for age-specific mortality rates for the total

French population. Neglecting the difference between

global mortality and mortality of healthy people, some

authors have directly used these mortality projections to

estimate future prevalence of dementia. Joly et al. [23]

have shown that this leads to an underestimation of

dementia prevalence and proposed a method to estimate the

death risk of healthy people a02(t,a) from the projections of

the global mortality rates and from cohort estimates of

dementia incidence rates a01(a) and hazard ratios of death

for demented subjects r(a). Then a12(t,a) was estimated

with formula (3).

Using the above estimates of the three transition inten-

sities a01(a), a02(t, a), a12(t, a) and the sizes of the popu-

lation reaching age 65 for each calendar year, we computed

the prevalence of dementia in the future. To account for

uncertainty about estimations of a01(a) and r(a), 95 %

confidence bands for the estimated prevalence were com-

puted by a Monte–Carlo method [23]. Sensitivity to mor-

tality projections for the French population were evaluated

by estimating dementia prevalence using three different

scenarios about mortality trend (high, central and low life

expectancy).

Method for estimating the impact of a prevention

campaign

Let us denote z = 0, 1, the binary variable coding for the

risk factor that is the target of the intervention.

Assumption 4 The risk factor is not modifiable after age

65.

Thus, subjects exposed (respectively unexposed) at age

65 remained exposed (respectively unexposed) all along

the rest of their life. This is equivalent to consider that

acquisition or loss of the risk factor later in life has no

impact on the dementia risk and mortality. This strong

assumption is suitable for many dementia risk factors that

are mid-life health conditions (see ‘‘Discussion’’ section).

Assumption 5 The risk factor is associated with the risk of

dementia and/or with the risk of death among healthy and

demented individuals according to a proportional intensi-

ties assumption:

Fig. 1 The Illness-death model (with t the calendar time and a the

age)
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ahjðt; ajz ¼ 1Þ ¼ a0
hjðt; aÞhhj: ð4Þ

with ahj
0 (t, a) = ahj(t, a|z = 0) the transition intensity from

state h to state j (h = 0, 1, j = 1, 2) for unexposed sub-

jects and hhj the hazard ratios.

The prevalence of the risk factor at age 65, denoted p, as

well as the hazard ratios hhj in the current population were

assumed to be known. The risks of dementia and death for

the whole population ahj(t, a) were estimated using the

method described in ‘‘Model and assumptions for preva-

lence projections’’ section. The baseline risks ahj
0 (t,a) for

unexposed subjects were obtained from ahj(t, a), hhj and

p using least square estimation with cubic spline approxi-

mation [23].

We assumed that the intervention began in 2010, was

maintained till 2030 and targeted individuals aged

65 years; it could change either the risk factor prevalence

p at age 65 or the hazard ratios hhj. Subjects younger than

65 in 2010 underwent the intervention the year they

reached 65 years. Subjects older than 65 in 2010 were not

affected by the intervention. Thus, by 2030, the interven-

tion impacted only the dementia prevalence projection for

the ages 65–85. Knowing the baseline transition intensities

a01
0 (a), a02

0 (t, a) and a12
0 (t, a), the post-intervention transi-

tion intensities among the exposed population were

obtained by the proportional intensities model (4) using the

hypothesized post-intervention hazard ratios hhj
* . Then we

computed the projection of disease prevalence for unex-

posed and exposed subjects and for the general population

for any combination of post-intervention values p* and hhj
* .

The Paquid cohort

Dementia incidence rates and hazard ratios of death for

demented versus non-demented subjects were estimated

separately for each gender from the Paquid cohort. It is a

prospective study on cognitive ageing including 3,777

subjects aged 65 years and older and living at home at

baseline in 1988–1989 in two South–West French depart-

ments. The Paquid study has been approved by ethic

committees and all participants gave their informed con-

sent prior to their inclusion. Subjects were initially inter-

viewed at home by psychologists trained for home-

interview in 1988 and 1, 3, 5, 8, 10, 13, 15, 17 and 20 years

later. Dementia diagnosis was assessed at each visit

according to the DSM-III-R criteria for dementia using a

two-stage procedure: screening by the psychologist and

final diagnosis by a senior neurologist following a clinical

examination. After excluding subjects demented at base-

line, the sample included 3,675 subjects, 58 % were

women, 34.8 % had no diploma, 43.7 % had a primary

diploma and 21.5 % had higher education. The mean age at

entry in the cohort was 75.3 (SE 6.8). During the 20-year

follow-up, 832 incident cases of dementia were diagnosed

(247 men and 585 women), 639 subjects died after

dementia diagnosis (208 men and 431 women) and 2,298

subjects died without diagnosis of dementia (1,103 men

and 1,195 women). Exact dates of death were collected for

all deaths.

Assuming the three transition intensities depended only

on age and sex, the illness-death model (Fig. 1) was esti-

mated for women and men by maximum penalized likeli-

hood accounting for interval censoring of the age at

diagnosis of dementia [9]. This method handles the possi-

ble unobserved transition to dementia for subjects who died

and were not demented at their last visit and avoids para-

metric assumptions on the transition intensities.

Demographic data

The population sizes of 65-years old men and women at the

1st of January for each year from 1975 to 2030 were obtained

from the French National Institute of Statistics INSEE. They

were computed from census data till 2006 and projections

were performed from 2007 [25]. Similarly INSEE provided

projections for age-and-sex-specific mortality rates for the

general population from 2007 to 2030 and values before

2007 were computed from the observed number of deaths

and the population sizes by sex and age.

The annual mortality rates are approximately equal to

the annual death intensities [26]. It was shown that INSEE

mortality rates for the general population in the year 2000

fit well the annual death intensities estimated from the

whole Paquid sample (1988–2009) [23]. This result sup-

ports representativeness of the Paquid sample. As the Pa-

quid estimates of dementia incidence rates and hazard

ratios for death were continuous functions of age, we fitted

a Gompertz–Makeham model [27] to the INSEE annual

mortality rates to obtain a continuous function of age. The

Gompertz–Makeham model fitted very well the age trend

of mortality.

Results

Prevalence projections for dementia in France

from 2010 to 2030

All the estimations and projections were done separately

for men and women to account for the differential inci-

dence rates of dementia and mortality rates between gen-

ders. Table 1 displays the estimated prevalence in 2010 and

2030 for women, men and both genders according to the

three INSEE scenarios about general French mortality

496 H. Jacqmin-Gadda et al.

123



projections. The central scenario assumes that mortality

trend follows the trend observed in France from 1988 to

2002 (except for women above 85 years and for men above

91 years for whom more optimistic mortality rates were

assumed accounting for the improvement observed

between 2002 and 2007). For indication, this scenario leads

to a life expectancy at birth in 2030 of 87.6 years for

women and 81.5 years for men. The low and high life

expectancy scenarios respectively correspond to -1.3 and

?1.3 years of life expectancy in 2030 for men and women

as compared to the central scenario [28].

According to the central scenario for life expectancy,

1,146,000 women (95 % confidence interval: [1,054,000;

1,348,000]) and 604,000 men [525,000; 743,000] between 65

and 99 years old will be demented in France in 2030. Over

20 years (2010–2030), the increase in prevalence is larger for

men (?94.8 %) than for women (?67 %). This is the con-

sequence of the larger increase in life expectancy expected for

men compared to women (?3.5 years versus ?2.8 years over

the same 20 year period) according to the current mortality

trend. For the entire French population, the estimated number

of dementia cases will increase by 75.7 % from 996,000

[897,000; 1,197,000] in 2010 to 1,750,000 [1,409,000;

1,873,000] in 2030. An additional increase in life expectancy

of 1.3 years in 2030 (high life expectancy scenario) would

increase by about 12 % the number of individuals with

dementia. Figure 2 displays the estimated prevalence from

2010 to 2030 for the three mortality scenarios.

In terms of dementia prevalence rates, we found that the

proportion of demented subjects among male and female

populations should only slightly increase from 2010 to

2030 (Table 2). Knowing that these projections rely on the

assumption of constant dementia incidence rates (assump-

tion 2), this increase is entirely explained by the higher

life expectancy for demented subjects since mortality

of demented subjects was assumed progress following the

same time trend as the general mortality.

Figure 3 displays the estimated age-and-sex-specific

prevalences (Fig. 3a) and prevalence rates (Fig. 3b) for

2010 and 2030 for the central mortality scenario. The

relationship between age and the prevalence rates of

dementia is similar in 2010 and 2030 (Fig. 3b). For both

2010 and 2030, the prevalence rates among women con-

tinuously increase from age 65 to 99 with a dramatic

acceleration from age 80. For men, the prevalence rates

increase regularly from age 65 to 95 and then level off

around 30 % in 2010 and 36 % in 2030.

Figure 3a highlights both the large increase in the

number of dementia cases between 2010 and 2030 at all

the ages above 65 and, more importantly, the change in the

age-distribution of demented subjects. The irregularities in

the age-specific prevalence curves are explained by the

Table 1 Prevalence estimates (in thousands of subjects) for dementia

(with 95 % confidence intervals) above 65 years old in France for

2010 and 2030 based on the Paquid study and according to gender and

for the 3 assumptions regarding global mortality trend (low, central

and high life expectancy)

Year Life expectancy Women Men Total

Prev. 95 % CI Prev. 95 % CI Prev. 95 % CI

2010 Low 677 [622; 797] 303 [261; 379] 980 [883; 1 176]

Central 686 [630; 810] 310 [267; 387] 996 [897; 1 197]

High 695 [638; 822] 314 [270; 391] 1 009 [908; 1 213]

2030 Low 1,027 [945; 1,211] 536 [464; 662] 1,563 [1,409; 1,873]

Central 1,146 [1,054; 1,348] 604 [525; 743] 1,750 [1,579; 2,091]

High 1,290 [1,190; 1,506] 672 [587; 822] 1,962 [1,777; 2,328]

Rates of change 2010–2030

Low 51.8 % 76.9 % 59.5 %

Central 67.0 % 94.8 % 75.7 %

High 85.7 % 114.4 % 94.6 %
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Fig. 2 Estimated dementia prevalences by sex (solid lines for women

and dotted lines for men) from 2010 to 2030 according to three

mortality projection scenarios : low, central and high life expectancy

(respectively lower, middle and upper curves)
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deficit in births during the two world wars (1914–1918 and

1939–1945) and the subsequent baby-booms. For both

2010 and 2030, the estimated dementia prevalences are

similar for men and women aged less than 78 years, but

higher for women than men at older ages. This reflects the

higher incidence rates estimated among women after this

age in the Paquid cohort [9]. Table 3 summarizes the

prevalence estimates by age-groups. The number of

demented subjects between 90 and 99 years is expected to

increase by 208 % over the 20 year period (from 203,000

cases in 2010 to 626,000 cases in 2030) whereas the

number of cases is expected to increase by only 55 % for

ages 80–89 and by 72 % below age 79. This is due to the

combination of the life expectancy improvement and the

small size of the population aged 90–99 in 2010 due to the

first world war.

Impact of a prevention intervention

Table 4 presents the baseline estimated prevalence in 2030

for subjects between 65 and 85 years (under the assumptions

1, 2 and 3 of section ‘‘Model and assumptions for prevalence

projections’’) and the modified prevalence projections

evaluating the impact of public health interventions

according to different scenarios (under the assumptions 4

and 5 of section ‘‘Method for estimating the impact of a

prevention campaign’’)

Scenario 1 mimics an intervention focusing on HBP.

The prevalence rate of HBP at 65 years was assumed to be

p = 0.40 and the deleterious effect of HBP was stronger

for death (h12 = h02 = 2) than for dementia (h01 = 1.5).

With these assumptions, an intervention that would reduce

HBP prevalence at 65 years by half (the prevalence of the

risk factor would become p* = 0.2 from 2010 onwards for

people aged 65, scenario 1.a) or that would eradicate HBP

at age 65 (p* = 0, scenario 1.b), would lead to almost no

change in dementia prevalence 20 years later (-1.4 % with

-4 % among women and ?2 % among men). With the

same initial values for the HBP prevalence p and the

associated hazard ratios (hhj), an anti-hypertensive drug

that would reduce the risk of dementia among hypertensive

subjects by 15 % (h01
* = 1.27), as found in a meta-analysis

[29], and the risk of death among hypertensive subjects by

43 % (h12
* = h02

* = 1.15) [30] without modifying HBP

prevalence, would increase the global prevalence of

dementia in 2030 among subjects aged 65–85 by 5.6 %

(scenario 1.c). The number of demented cases would

increase because, with this scenario, mortality would

decrease more than dementia incidence. Whether the risk

of death decreased by only 13 % (h12
* = h02

* = 1.74) as

suggested in a more recent meta-analysis of clinical trials

[31], the dementia prevalence would decrease by 2.7 %

(scenario 1.d).

Scenario 2 is similar to scenario 1 but the risk factor was

not associated with mortality among demented individuals

Table 2 Estimated prevalence rates (in percentage) of dementia

above 65 years old in France for 2010 and 2030 based on the Paquid

study and according to gender and for the 3 assumptions regarding

global mortality trend (low, central and high life expectancy)

Year Life expectancy Women Men Total

2010 Low 11.4 7.3 9.7

Central 11.5 7.4 9.8

High 11.5 7.5 9.9

2030 Low 12.1 8.3 10.4

Central 13.0 8.9 11.2

High 14.2 9.6 12.2
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Fig. 3 Estimated age-and-sex-specific prevalences of dementia (in

numbers for each year, a) and prevalence rates (b) for 2010 and 2030

according to the central mortality projection scenario. Estimated

prevalence in female population in 2010 (solid line) and in 2030

(dashed line) and in male population in 2010 (dotted line) and in 2030

(dash-dotted line)
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(h12 = 1). Thus, reduction in the risk factor frequency

would lead to a decrease of dementia prevalence in both

women and men (scenario 2.b: -12.4 % among women,

-9.2 % among men and -11 % together) because, con-

trary to scenario 1, the intervention would not change the

death risk among demented subjects and thus the duration

of the disease would not be lengthened. In scenario 3, the

risk factor was more deleterious for dementia and less for

death; thus, if it was eradicated (p* = 0, scenario 3.b), the

risk of dementia in the population would reduce more than

the mortality, leading to a deeper decrease of dementia

prevalence (-17.5 %).

Scenarios 4 and 5 corresponds to two extreme situations

and are only displayed for comparison. Reducing the

prevalence of a risk factor for death which is not associated

with dementia would obviously increase the number of

demented subjects (scenario 4) while reducing the preva-

lence of a risk factor for dementia which is not associated

with death would obviously decrease dementia prevalence

(scenario 5): the reduction would be of -25.3 % if a risk

factor with a hazard ratio of 2 and an initial prevalence of

0.4 disappeared (scenario 5.b). Comparison of scenario 5.b

and 3.b highlights the need to account for the association of

the risk factor with mortality. If the risk factor increased

moderately the risk of death (h12 = h02 = 1.5 in scenario

3.b instead of h12 = h02 = 1 in scenario 5.b), the decrease

in dementia prevalence due to the eradication of the risk

factor would be only of 17.5 %.

Scenarios 6 and 7 evaluate the impact of an hypothetical

treatment lowering the risk of dementia among APOE4

carriers. In these scenarios, the risk factor prevalence was

fixed to 20 % as found for APOE4 carriers in the Paquid

cohort [32]. In scenario 6, the hazard ratio for dementia

associated with APOE was twice (h01 = 3) the hazard ratio

for death (h02 = h12 = 1.5) while, in scenario 7, APOE4

did not impact mortality because results in the literature on

this association are inconsistent. As the prevalence of a

genetic factor can not be changed, we evaluated the impact

of a treatment aiming at reducing the dementia risk among

APOE4 carriers. If the hazard ratio was reduced by half

Table 4 Estimated prevalence

of dementia in France for

subjects between 65 and

85 years in 2030 and for 8

scenarios of preventive

intervention and percentage of

change compared to projections

of prevalence without

intervention

a Change in total prevalence as

compared with the predicted

prevalence without intervention

The intervention leads to a

change either in the risk factor

prevalence (p to p*) or in the

associated hazard ratio (hhj to

hhj
* where h01 refers to dementia

incidence, h02 refers to death

from health state and h12 refers

to death from dementia state).

Effects of the intervention are

specified in bold type

Scenario Estimated prevalence Changea

(%)
No. p p* h01 h01

* h02 h02
* h12 h12

* Women Men Total

Projections without intervention

492,000 380,000 872,000 –

Projections with intervention

1.a 0.4 0.2 1.5 1.5 2 2 2 2 482,000 384,000 866,000 -0.7

1.b 0.4 0 1.5 1.5 2 2 2 2 472,000 388,000 860,000 -1.4

1.c 0.4 0.4 1.5 1.27 2 1.15 2 1.15 508,000 413,000 921,000 ?5.6

1.d 0.4 0.4 1.5 1.27 2 1.74 2 1.74 476,000 373,000 849,000 -2.7

2.a 0.4 0.2 1.5 1.5 2 2 1 1 461,000 362,000 823,000 -5.6

2.b 0.4 0 1.5 1.5 2 2 1 1 431,000 345,000 776,000 -11.0

3.a 0.4 0.2 2 2 1.5 1.5 1.5 1.5 445,000 350,000 795,000 -8.8

3.b 0.4 0 2 2 1.5 1.5 1.5 1.5 398,000 321,000 719,000 -17.5

4.a 0.4 0.2 1 1 2 2 2 2 517,000 410,000 927,000 ?6.3

4.b 0.4 0 1 1 2 2 2 2 543,000 441,000 984,000 ?12.8

5.a 0.4 0.2 2 2 1 1 1 1 430,000 331,000 761,000 -12.7

5.b 0.4 0 2 2 1 1 1 1 368,000 283,000 651,000 -25.3

6.a 0.2 0.2 3 1.5 1.5 1.5 1.5 1.5 416,000 324,000 740,000 -15.1

6.b 0.2 0.2 3 1 1.5 1.5 1.5 1.5 387,000 303,000 690,000 -20.9

7.a 0.2 0.2 3 1.5 1 1 1 1 408,000 314,000 722,000 -17.2

7.b 0.2 0.2 3 1 1 1 1 1 375,000 289,000 664,000 -23.9

Table 3 Estimated prevalence

of dementia in France for 2010

and 2030 based on the Paquid

study and according to age-

groups and gender for the

central mortality scenario

Age Women Men Total Change

2010 2030 2010 2030 2010 2030 2010–2030

65–69 7,800 13,400 3,500 6,000 11,300 19,400 ?72 %

70–79 102,000 174,000 94,000 163,000 196,000 337,000 ?72 %

80–89 408,000 594,000 178,000 317,000 586,000 911,000 ?55 %

90–99 169,000 508,000 34,000 118,000 203,000 626,000 ?208 %
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(h01
* = 1.5), the dementia prevalence would decrease by

15 % (scenario 6) or 17 % (scenario 7) and for a perfectly

efficient treatment (h01
* = 1), the dementia prevalence

would decrease by 21 % (scenario 6) or 24 % (scenario 7).

Discussion

This study highlights the large impact of the evolution of

mortality on the future number of demented subjects.

Whatever the scenario regarding mortality trend in France

among the three scenarios of INSEE and assuming no

change in the incidence rates of dementia, the dementia

prevalence will increase by at least 60 % from 2010 to

2030 and the increase could reach 95 % according to the

most optimistic scenario for mortality trend. In particular,

we will have to face a dramatic rise of the number of very

old demented individuals (?200 % over 20 years in the

age range 90–99).

We also investigated the impact on future dementia

prevalence of various scenarios of intervention targeting

risk factors for dementia and/or mortality. Assuming an

intervention implemented from 2010 onwards on subjects

aged 65 years, by 2030, this would only impact dementia

prevalence under age 85. Using sensible hypotheses for the

association of HBP with both dementia and death (HBP

prevalence at 65 years of 40 % and hazard ratios equal to

1.5 for dementia and 2 for death), the estimated impact of a

better care of patients with HBP on dementia prevalence in

2030 for the age range 65–85 was modest: from -2.7 % to

?5.6 % according to the efficiency of the intervention.

Thus, prevention campaigns against HBP and/or extended

use of blood pressure lowering drugs as currently recom-

mended to prevent coronary heart disease and stroke [33]

could decrease both mortality and dementia incidence rates

but would lead to little change in the number of demented

cases by 2030.

Deeper decrease of dementia prevalence was obtained

when the intervention targeted a risk factor that was not

associated with death in demented subjects (-11 % in

scenario 2.b) or more strongly associated with dementia

than with death (-17 % in scenario 3.b) or when the

intervention reduced only the risk of dementia (scenarios 6

and 7). For example, a perfectly efficient treatment tar-

geting only APOE4 carriers could lead to a 24 % decrease

of dementia prevalence. However, this very optimistic

scenario is unlikely.

The main strength of this work is the careful handling of

mortality for both demented and non-demented subjects and

for subjects exposed and unexposed to risk factors. Mainly,

these projections of prevalence required no assumption on

the association between age and dementia mortality and

accounted for the difference between mortality of non-

demented subjects and global mortality. We previously

showed that neglecting this difference under-estimated the

prevalence by about 30 % [23]: 1,203,000 demented sub-

jects in 2030 instead of 1,750,000. Here, we assumed that

the mortality rates of demented subjects was higher than the

global mortality rates but followed the same time trend. We

think it is the most sensible assumption. Assuming alterna-

tively that mortality of demented subjects remained stable

with time, the global prevalence in 2030 was estimated as

1,396,000 (20 % lower) and the estimation was less sen-

sitive to the hypothesis about global mortality trend because

changing this hypothesis impacted only the at-risk popula-

tion size and not the duration of the disease [23]. Our

prevalence estimates are higher than previous published

projections for France [8]. Indeed, the previous projections

were based on Eurodem incidence estimates [34] obtained

without handling death competing risk and interval censor-

ing while we used the most recent incidences from the

French Paquid cohort accounting for these methodological

issues. Moreover, mortality of healthy was overestimated in

Mura et al. [8] because it was assumed equal to general

mortality and because the general mortality projections have

been recently updated to account for the mortality decrease

in the oldest. Consequently, the main differences between

these two estimations regard prevalence among the oldest.

When estimating the impact of a change in the preva-

lence of risk factors, we accounted for both its direct and

indirect (through its association with dementia) effects on

mortality. Consequently, the estimated rates of change in

the number of cases as compared to the projections without

intervention are much less optimistic than the estimations

based on the population attributable risk [4]. Indeed the

later can be interpreted as a rate of change in prevalence

only by assuming that risk factor reduction does not impact

mortality and population size.

As explained in the ‘‘Method’’ section, these results rely

on several assumptions to be discussed. Assumption 1 that

age-specific incidence is null before 65 years has a negli-

gible impact on the prevalence estimation above age 65.

Indeed, the incidence before age 65 being very low, we can

neglect, at age 65, the differences between the global

population size and the population size of non-demented

subjects and between the global mortality and the mortality

of non-demented subjects. Moreover, including demented

subjects before age 65 would not change significantly the

global estimated number of demented cases. More impor-

tantly, without any intervention, the incidence of the dis-

ease is assumed constant with time (assumption 2). The

main reason for this assumption is that the time trend for

dementia incidence is unknown. Estimations of the time

trend have been based on cohort studies with long follow-

up and on comparison of cohorts. However, such com-

parisons are blurred by differential sample selection, by
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dropout rates during the follow-up and by changes in

diagnosis criteria. Current results are inconclusive. Previ-

ous analyses from the Paquid cohort suggested both an

increase of dementia incidence and a decrease of mortality

rates of demented subjects that could be better explained by

a shift towards earlier diagnosis rather than a true decrease

of incidence [26]. On the other hand, Schrijvers et al. [35]

found a non-significant decrease in dementia incidence

from 1990 to 2005 and Rocca et al. [36] reported no trend

in two population-based samples but a decline between

1985 and 1994 in dementia incidence estimated from a

medical record-linkage system without standardized diag-

nosis. Of note, the main hypothesis suggested to explain a

possible decrease in dementia incidence is a better care of

cardio-vascular factors. If this declining trend was con-

firmed, future dementia prevalence could be lower than our

projections. In future work, we will extend the method to

account for this possible decreasing trend. Finally,

according to assumption 3, the estimations were based on a

Markov model where mortality of demented depended on

age and calendar time but not on the duration of the dis-

ease. Previous analyses on the Paquid cohort supported this

assumption since a non-homogeneous Markov model was

found slightly better than the homogeneous semi-markov

model where the risk of death depended on the dementia

duration [37].

Representativeness of the Paquid cohort used for esti-

mating dementia incidence and hazard ratio for death may

also have consequences on our projections. Paquid was

designed to be representative of two departments from

South–West France and we found that the global mortality

in Paquid fitted very well the French mortality [23]. More-

over, the estimation procedure for the Illness-death model

accounted for competing mortality and interval censoring of

dementia. Nevertheless, the estimates of dementia incidence

and mortality risk for demented subjects suffer from a large

uncertainty for the youngest and the oldest subjects due to

small sample sizes or/and small number of events in these

age ranges. This uncertainty is accounted for in the confi-

dence intervals displayed in Table 1.

For evaluating the consequences of a public health

intervention targeting a risk factor, we assumed that the

risk factor was not modifiable after age 65 or that a later

change in the risk factor did not change dementia and death

risks. This strong assumption is supported by many

observational studies suggesting that only mid-life HBP

(40–65 years), and more generally mid-life cardio-vascular

risk factors [3, 16], are associated with a higher risk of

dementia while late-life HBP was found unassociated or

protective (probably due to selection process or reverse

causality) [17]. Moreover, dementia being a chronic dis-

ease with a very long and progressive pathological process

[38] it is unlikely that late changes in risk factors have a

great impact on dementia risk. The intervention was

assumed to target individuals aged exactly 65 years old. In

fact, the important assumption was that the intervention did

not impact mortality rates before age 65. For instance our

results are valid for an intervention targeting subjects aged

45–65 if it leaded to negligible change in mortality before

age 65. This is a sensible assumption for HBP. Neverthe-

less, for other risk factors, it will be useful to extend the

method to relax this assumption.

In conclusion, we provided updated projections of preva-

lence of dementia by 2030 according to several scenarios for

mortality. In all cases, without change in the incidence rates, a

large increase of the prevalence is expected (probably around

75 %) due to aging of the population and improvement in life

expectancy. In particular, the prevalence among the oldest

could be multiplied by three. A better care of HBP that would

impact both mortality and dementia incidence rates would

have a modest impact on dementia prevalence in 2030. We

focused on hypertension because it is a frequent risk factor

found associated with both dementia and mortality and for

which effective treatments and prevention strategies are

available. On the other hand, ApoE4 is a non-modifiable risk

factors but a treatment targeting these subjects was recently

envisaged [21, 22]. An efficient treatment of ApoE4 carrier

would not change mortality and thus would reduce the number

of dementia cases by 15–25 %. Up to now, few data are

available to propose detailed scenarios of public-health

intervention for dementia. Especially, intervention studies are

needed to measure efficiency of treatment of HBP for

reducing dementia incidence. Nevertheless, these results help

to anticipate change in dementia prevalence according to

different hypotheses and the method may be used to evaluate

other scenarios.
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la france métropolitaine: méthode et principaux résultats. Docu-

ment de travail 2010;F1008. http://alexandre.cor-retraites.fr/

IMG/pdf/doc-1446.pdf.

26. Commenges D, Joly P, Letenneur L, Dartigues JF. Incidence and

mortality of Alzheimer’s disease or dementia using an illness-

death model. Stat Med. 2004;23:199–210.

27. Gompertz Benjamin. On the nature of the function expressive of

the law of human mortality, and on a new mode of determining

the value of life contingencies. Philos Trans R Soc Lond. 1825;

115:513–583.

28. Blanpain N, Chardon O. Projections de population à l’horizon

2060. un tiers de la population âgé de plus de 60 ans. Insee
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