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Abstract

Objectives

To analyse the impact of a risk factor on several epidemiological indicators of death and

dementia; the example of sport practice is presented.

Methods

A population of 3670 non-demented subjects living at home and aged 65 and older from the

PAQUID study were followed for 22 years. Sport practice was documented at baseline.

Dementia (according to DSM-III-R criteria) and death were assessed at each visit. Analyses

were performed with an Illness-Death model, providing results on the risks of dementia and

death, probabilities and life expectancies.

Results

A total of 743 subjects (20.2%) participated in regular sport practice. During the follow-up, the

proportion of death was lower in the elderly people practicing sport (EPPS), whereas the pro-

portion of incident dementia cases was the same. The adjusted model showed a decreased

risk of dementia (HR = 0.84 (0.72–1.00)) and of death for non-demented subjects (HR = 0.61

(0.51–0.71)) for EPPS but a similar risk of death with dementia in both sport groups. The

probability of remaining alive without dementia was higher in EPPS, whereas the probability

of dying was lower. The mean lifetime without dementia was 3 years higher for the EPPS, but

the mean lifetime with dementia was the same.

Discussion

A preventive measure on a protective factor that is more effective for preventing death than

dementia could lead to an increased lifetime without dementia; however, the number of

demented cases may remain unchanged, even if the risk of developing dementia is reduced.

This dynamic is important to forecast the need for health care and social services for the elderly.
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Introduction

Dementia is a major cause of disability in the elderly and is a major fear in this period of life

[1]. Unfortunately, despite enormous research effort, no progress has been made in the cura-

tive treatment of dementia for approximately twenty years. Hopefully, some epidemiological

studies showing a decrease in incidence and prevalence of dementia are in favour of possible

successful prevention strategies [2–7]. Among the candidate factors for prevention, regular

physical activity is one of the most promising [8–14]. However, the important question from

an individual and collective point of view is: what results can we expect if we enhance regular

physical activity and sport in the elderly?

Indeed, beyond a possible decrease in the risk of dementia, the real benefit, from an individual

point of view, is to increase the duration of life without dementia [15–17] and, from a collective

point of view, to decrease the number of demented patients in the general population. Regular

physical activity is not only a protective factor against dementia but also a protective factor against

death, although beneficial effect of regular physical activity can also partly come from other cog-

nitive or socially active lifestyle, often associated. We recently showed that a factor reducing the

risk of death and, to a lesser extent, the risk of dementia could lead to increased survival of frail

subjects and thus increase the number of people likely to develop dementia [18]. The competition

between both events (death and dementia) means that beyond an apparent benefit with respect

to the risk of disease, the benefits with respect to the prevalence (in this paper we considered prev-

alence to be the number of cases and not the rate) of dementia is not clear.

The aim of this paper is to analyse the real impact of a protective factor (i.e., sport practice)

on the risks of death and dementia in elderly French people, evaluating its effects on the proba-

bility of developing dementia and on the duration of life before and after dementia using an

appropriate illness-death model applied to the PAQUID cohort study.

Methods

Sample selection and follow-up of the cohort

The Personnes Agées QUID (PAQUID) study, a French prospective cohort study, aims to

study cognitive ageing and loss of autonomy. The cohort was randomly selected from electoral

rolls and included 3777 subjects aged 65 years or older at baseline who were living at home in

two administrative areas of southwestern France (Gironde and Dordogne). Subjects were vis-

ited at home by a trained psychologist at baseline in 1988/1989 and then again approximately

1, 3, 5, 8, 10, 13, 15, 17, 20 and 22 years after the initial visit. Full details of the study have been

described elsewhere [19]. An ethical review committee approved the PAQUID study.

Data collection

At each visit, a questionnaire was administered at home by a neuropsychologist, including

information about sociodemographic characteristics, lifestyle and health characteristics, medi-

cation consumption, a battery of cognitive tests, and scales of disability. Vital status was sys-

tematically recorded for all participants. Dementia was assessed at each visit using a two-stage

procedure: subjects who met the Diagnostic and Statistical Manual of Mental Disorders, Third

Edition, Revised (DSM-III-R) criteria for dementia, as assessed by the neuropsychologist,

underwent clinical assessment by a neurologist who ascertained the final diagnosis. All cases

were reviewed by a group of experts.

Leisure and social activities were documented at baseline by a standardised questionnaire

during the face-to-face interview conducted by the psychologist. Ten activities were recorded

with the question: “Do you usually undertake this activity (at least once a week): yes or no?”
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The following activities were screened: reading, gardening, doing odd jobs or knitting, watch-

ing television, participating in sports, playing board games, looking after children, participat-

ing in group activities or associations, visiting friends or family members and travelling. Only

sport practice was considered in this paper. Age at baseline, gender, educational level, initial

cognitive level based on the Mini-Mental State Examination (MMSE), stroke history, diabetes,

and antihypertensive drug use were also documented by the baseline questionnaire. The

PAQUID study protocol was approved by an ethic committee, and all participants gave their

informed consent.

Statistical analysis

The sociodemographic characteristics and health events were first described and compared

according to sport practice status using chi-squared test and Student’s t-test. Then, analyses

were performed using a semi-parametric illness-death model accounting for both competing

mortality and interval censoring, i.e., the possibility of developing dementia between the last

dementia-free visit and death [20]. This model links three states: alive without dementia (state

0), alive with dementia (state 1) and dead (state 2). The transition intensities between each

state were estimated; these transition intensities can be interpreted as incidences: incidence of

dementia (transition from state 0 to state 1); incidence of death for people without dementia

(transition from state 0 to state 2); and incidence of death for people with dementia (transition

from state 1 to state 2). Subjects lost to follow-up were censored for dementia at their last visit.

Using the parameter estimates of this illness-death model, the following predictive parameters

were computed: 1) the probability of being alive without dementia according to the duration

of follow-up; 2) the probability of being alive with dementia; 3) the probability of dying; 4) the

mean remaining lifetime with and without dementia. Each parameter is presented for sub-

groups of sport practice. Adjusted hazard ratios are presented and the probabilities and life

expectancies are given for different types of individuals, allowing for determination of mean

life expectancies.

We analysed the risk of developing dementia in three different models: 1) adjusted for sport

practice and age; 2) additionally adjusted for gender, education (at least primary school certifi-

cate versus no diploma) and MMSE score at baseline; and 3) additionally adjusted for stroke

(self-reported), diabetes (self-reported and/or antidiabetic treatment) and antihypertensive

treatment. The exponentials of the regression coefficients can be interpreted as a hazard ratio

(HR) and were simultaneously estimated using a penalised likelihood implemented in the

SmoothHazard R package [20].

Results

Among the 3777 participants, 3670 were non-demented at baseline and provided answers to

the leisure and social activities questionnaire (5 were missing values for sport practice status).

Among them, 743 participated in regular sport practice (20.2%). The elderly people practicing

sport (EPPS) were younger and had a higher level of education and better cognitive perfor-

mance at baseline than the others (Table 1). The proportion of EPPS was higher in men than

in women. During the 22 years of follow-up, 577 subjects (77.7%) from the EPPS group died

and 168 were diagnosed with dementia (22.6%), whereas among those practicing no sport,

2556 died (87.3%) and 691 were diagnosed with dementia (23.7%). The mean MMSE score at

time of diagnosis of dementia was 18.4 (5.4). The mean follow-up time was 11.57 (6.9) years.

Using the illness death model with sport practice adjusted for age, the instantaneous risk of

dementia was significantly decreased in EPPS (HR = 0.79, 95% Confidence Interval (95% CI):

0.67, 0.93) (Table 2, model 1). The risk of dying was also decreased in non-demented EPPS,
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with a higher magnitude than the risk of dementia (HR = 0.67, 95%CI: 0.57, 0.79), whereas the

risk of dying was unchanged in demented EPPS (HR = 1.06, 95%CI: 0.90, 1.26, p = 0.47).

After adjustment for gender, education and MMSE score at baseline, the hazard ratios for

death associated with sport practice remained almost unchanged, but the HR for dementia was

slightly increased (HR = 0.85, 95%CI: 0.72, 1.00, p = 0.046) (Table 2, model 2). After additional

adjustment for stroke, diabetes and antihypertensive drug use, the HR for dementia in EPPS

remained at 0.84 (95%CI: 0.72, 1.00, p = 0.044), and the HR for death in non-demented and

demented subjects remained unchanged.

The probabilities of being in one of the three states (demented, non-demented, and dead)

according to the duration of follow-up (FU) of the cohort are presented in Fig 1 for two indi-

viduals: a man and a woman aged 70 at baseline with a diploma. Whatever time in the 20 years

Table 1. Characteristics of the population according to sport practice status, n = 3670.

No sport practice Sport practice P value

N = 2927 N = 743

Gender Women 1809 (61.8) 320 (43.1) <0.0001

Age at baseline <0.0001

65–75 1398 (47.8) 481 (64.8)

75–85 1188 (40.6) 232 (31.2)

85 + 341 (11.6) 30 (4.0)

Mean (SD) 75.78 (6.96) 73.24 (5.73) <0.0001

Education <0.0001

No diploma 1082 (37.0) 195 (26.2)

At least primary school certificate 1845 (63.0) 548 (73.8)

Baseline MMSE performance*: mean (SD) 25.57 (3.54) 26.69 (2.85) <0.0001

History of stroke 178 (6.1) 16 (2.2) <0.0001

Diabetes 265 (9.1) 41 (5.5) 0.002

Anti-hypertensive drug use 1654 (56.5) 346 (46.6) <0.0001

Unless otherwise indicated, data are expressed as n (%)
* 75 missing values

https://doi.org/10.1371/journal.pone.0174950.t001

Table 2. Estimated hazard ratio for sport practice on dementia incidence and mortality of non-demented and demented subject.

Model 1 Model 2 Model 3

(n = 3670) (n = 3595) (n = 3595)

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Incidence of dementia

Sport practice 0.79 0.67, 0.93 0.006 0.85 0.72, 1.00 0.046 0.84 0.72, 1.00 0.044

Mortality without dementia

Sport practice 0.67 0.57, 0.79 <0.0001 0.59 0.50, 0.69 <0.0001 0.61 0.51, 0.71 <0.0001

Mortality with dementia

Sport practice 1.06 0.90, 1.26 0.47 0.96 0.81, 1.13 0.61 0.97 0.82, 1.15 0.73

HR: Hazard Ratio; CI: Confidence Interval

Model 1: Adjusted for age

Model 2: Adjusted for age, gender, education and baseline MMSE score (75 missing values)

Model 3: Adjusted for age, gender, education, baseline MMSE score (75 missing values), stroke, diabetes, anti-hypertensive drug use

https://doi.org/10.1371/journal.pone.0174950.t002

Protective factor effect on dementia

PLOS ONE | https://doi.org/10.1371/journal.pone.0174950 April 17, 2017 4 / 9

https://doi.org/10.1371/journal.pone.0174950.t001
https://doi.org/10.1371/journal.pone.0174950.t002
https://doi.org/10.1371/journal.pone.0174950


following the measure of sport practice and compared to non-EPPS, the probability of being

alive and non-demented was higher for EPPS, and the probability of dying was lower. The

probability of being alive with dementia was almost the same in EPPS and non-EPPS regard-

less of the duration of follow-up, but the probability was higher for a woman aged 70 with a

diploma than for a man with the same characteristics.

The mean lifetimes without and with dementia are presented in Table 3 and in Web

Table 1, respectively, according to age, sex and diploma. Whatever age, sex, and diploma, the

mean lifetime without dementia was higher in EPPS, whereas there was no difference in the

mean lifetime with dementia according to EPPS. For example, in EPPS, the mean lifetime

without dementia for a man aged 70 with a diploma was 14.42 years (95%CI: 12.93, 14.92),

more than two years longer than in a similar non-EPPS man (12.22 years, 95%CI: 11.67,

12.64). In contrast, the mean lifetime with dementia was almost the same in both groups (3.26

vs 3.81 years) (S1 Table). For a woman aged 70 with a diploma, the mean lifetime without

Fig 1. Probabilities of being in a given state (alive without dementia, dead, alive and demented)

according to sport practice status and year of follow-up since measure of sport practice (EPPS:

Elderly People Practicing Sport).

https://doi.org/10.1371/journal.pone.0174950.g001

Table 3. Mean lifetime without dementia according to age, sex, diploma, and dport practice status.

Men Women

Without diploma With diploma Without diploma With diploma

Year CI Year CI Year CI Year CI

70 years EPPS 13.29 11.59, 14.08 14.42 12.93, 14.92 14.99 13.04, 15.61 16.22 14.51, 16.67

No EPPS 10.73 10.05, 11.24 12.22 11.67, 12.64 12.49 11.83, 12.92 14.45 13.89, 14.77

80 years EPPS 8.01 5.89, 8.50 8.91 6.78, 9.36 9.44 6.58, 9.92 10.54 7.57, 11.08

No EPPS 5.84 5.41, 6.14 6.83 6.43, 7.09 7.11 6.54, 7.35 8.59 8.09, 8.86

85 years EPPS 6.07 3.54, 6.53 6.78 4.33, 7.24 7.27 3.84, 7.73 8.15 4.71, 8.71

No EPPS 4.17 3.80, 4.42 4.91 4.55, 5.17 5.20 4.65, 5.41 6.34 5.84, 6.59

CI: Confidence Interval

EPPS: Elderly People Practicing Sport

https://doi.org/10.1371/journal.pone.0174950.t003
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dementia for EPPS was 16.22 years (14.51, 16.67), whereas it was 14.45 years (13.89, 14.77) for

a similar non-EPPS woman. Again, the lifetime with dementia was the same in both groups

(4.32 vs 4.82 years) (S1 Table).

Taking into account the age, sex, and diploma distributions in the PAQUID sample, the

mean increase of lifetime without dementia for Elderly People Practicing Sport was 3.19 years

compared to those who do not practice sport (13.38 vs 10.19 years).

Discussion

With an illness-death model applied to the long-term follow-up of the PAQUID cohort, we

found a higher probability of remaining alive without dementia in EPPS with a mean increase

of 3.19 years of the mean lifetime without dementia in elderly subjects participating in sport

compared to those not participating in sport. These 3.19 years represent an increase of almost

31.3% of the mean lifetime without dementia, which is substantial and of interest from an indi-

vidual point of view. Estimations of “dementia-free life expectancy” have already been provided

on the basis of prevalence data from the PAQUID cohort [21], which have been replicated in

several countries [22–24]; however, the statistical analysis used did not allow study of the rela-

tionships with multiple risk factors or predictors of death and dementia.

However, although the incidence of dementia was decreased in EPPS by more than 20%

compared to non-EPPS, the probability of developing dementia over the 22-year follow-up

period was higher for EPPS than for non-EPPS. This finding can be explained by the fact that

the protective effect of practicing sport is far higher for the risk of dying than for the risk of

developing dementia (0.61 vs 0.84), with a higher probability of dying for non-EPPS and thus

a higher number of surviving EPPS at risk of developing dementia at later ages. From a collec-

tive point of view, a protective factor with a decreased risk of dementia can be of limited bene-

fit to control the number of demented patients in the general population.

Similar results were found by Jacqmin-Gadda et al. with a simulated intervention on high

blood pressure [18]. They showed that reducing the prevalence of high blood pressure on the

whole population would lead to a decrease in both dementia incidence rates and mortality but

would have a modest impact on the number of dementia cases. Our findings on the impact of

sport practice support these theoretical simulations and underline the necessity to control for a

semi-competing event, such as death, to evaluate the benefit of prevention strategies on the

burden of dementia.

Contrary to the HR for dementia and mortality without dementia, sport practice had no

effect on mortality risk among demented. Yet, demented sport participants had better cogni-

tive and functional status at the time of dementia diagnosis than demented but non-sport par-

ticipants (data not shown). We may assume that, despite the lack of benefit for mortality,

being involved in sport could improve functional and social status, and thus quality of life in

people living with dementia.

A weakness of our study is the assessment of sport practice by a single question regarding

the regular practice of sport during the week preceding the interview. Assessments of regular

midlife practice would have been more sensitive to evaluate the real impact of sport. In addi-

tion, although risks were adjusted for several potential risk factors, residual confounding can-

not be excluded. However, the objective of this paper was to document the potential impact of

risk factors on several epidemiological indicators and not to accurately evaluate the impact of

sport. Indeed, we cannot conclude from these results that sport practice has a causal role in the

increase in mean lifetime without dementia. Our study is observational, and even though we

confirmed previous findings, [25] the evidence is not sufficient. Moreover, several randomised

clinical trials have failed to find a benefit of recent sport practice on cognition.[26] Thus, our

Protective factor effect on dementia

PLOS ONE | https://doi.org/10.1371/journal.pone.0174950 April 17, 2017 6 / 9

https://doi.org/10.1371/journal.pone.0174950


results showing a longer mean lifetime without dementia for EPPS compared to those not

doing sport could be due to the protective role of a history of sport practice. The results could

also be caused by sport practice being a marker of general healthy status, which could explain

the lower risk of dementia. Indeed, sport practice is a marker of socially active lifestyle and

part of its effect on dementia can also come from social factors, often associated, such as being

part of a club or association, visiting friends or family, . . . However, this paper mainly investi-

gated the impact of a protective factor on prevalence, incidence and life expectancies, with

sport practice only being an illustration.

The strengths of this study are the prospective design of a large population-based cohort

with a follow-up over more than twenty years and a careful collection of incident cases of

death and dementia. We used an appropriate statistical model to model both the risk of

dementia and death, taking into account interval censoring; moreover, we adjusted for several

risk factors. This model provides better estimates and is more accurate than a standard survival

model when interval censoring occurs [27]. The model is easily implemented using the R pack-

age SmoothHazard.

In conclusion, by controlling for the risk of death, the illness-death model provides useful

original information on the real impact of potential prevention factors regarding the risk of

dementia and the life expectancy of people without dementia. Each of these epidemiological

indicators is of great value. From a public health point of view, the efficacy of an intervention

designed to decrease the risk of dementia in the general population may have no impact on the

overall number of demented subjects if the effect of the targeting protective factor is stronger

against death than against dementia. However, extending the duration of life without dementia

by applying preventive strategies is an obvious individual benefit.
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2. Qiu C, von Strauss E, Bäckman L, Winblad B, Fratiglioni L (2013) Twenty-year changes in dementia

occurrence suggest decreasing incidence in central Stockholm, Sweden. Neurology 80: 1888–1894.

https://doi.org/10.1212/WNL.0b013e318292a2f9 PMID: 23596063

3. Schrijvers EMC, Verhaaren BFJ, Koudstaal PJ, Hofman A, Ikram MA, et al. (2012) Is dementia inci-

dence declining?: Trends in dementia incidence since 1990 in the Rotterdam Study. Neurology 78:

1456–1463. https://doi.org/10.1212/WNL.0b013e3182553be6 PMID: 22551732

4. Matthews FE, Arthur A, Barnes LE, Bond J, Jagger C, et al. (2013) A two-decade comparison of preva-

lence of dementia in individuals aged 65 years and older from three geographical areas of England:

results of the Cognitive Function and Ageing Study I and II. Lancet 382: 1405–1412. https://doi.org/10.

1016/S0140-6736(13)61570-6 PMID: 23871492

5. Lobo A, Saz P, Marcos G, Dia JL, De-la-Camara C, et al. (2007) Prevalence of dementia in a southern

European population in two different time periods: the ZARADEMP Project. Acta psychiatrica Scandina-

vica 116: 299–307. https://doi.org/10.1111/j.1600-0447.2007.01006.x PMID: 17803760

6. Grasset L, Brayne C, Joly P, Jacqmin-Gadda H, Peres K, et al. (2016) Trends in dementia incidence:

Evolution over a 10-year period in France. Alzheimer’s & Dementia 12: 272–280.

7. Satizabal CL, Beiser AS, Chouraki V, Chene G, Dufouil C, et al. (2016) Incidence of Dementia over

Three Decades in the Framingham Heart Study. N Engl J Med 374: 523–532. https://doi.org/10.1056/

NEJMoa1504327 PMID: 26863354

8. Iso-Markku P, Waller K, Kujala UM, Kaprio J (2015) Physical activity and dementia: long-term follow-up

study of adult twins. Ann Med 47: 81–87. https://doi.org/10.3109/07853890.2014.994675 PMID:

25613168

9. Andrieu S, Coley N, Lovestone S, Aisen PS, Vellas B (2015) Prevention of sporadic Alzheimer’s dis-

ease: lessons learned from clinical trials and future directions. Lancet Neurol 14: 926–944. https://doi.

org/10.1016/S1474-4422(15)00153-2 PMID: 26213339

10. Newman AB, Simonsick EM, Naydeck BL, Boudreau RM, Kritchevsky SB, et al. (2006) Association of

long-distance corridor walk performance with mortality, cardiovascular disease, mobility limitation, and

disability. JAMA 295: 2018–2026. https://doi.org/10.1001/jama.295.17.2018 PMID: 16670410

11. Yazdanyar A, Aziz MM, Enright PL, Edmundowicz D, Boudreau R, et al. (2014) Association Between 6-

Minute Walk Test and All-Cause Mortality, Coronary Heart Disease-Specific Mortality, and Incident Cor-

onary Heart Disease. J Aging Health 26: 583–599. https://doi.org/10.1177/0898264314525665 PMID:

24695552

12. Larson EB, Wang L, Bowen JD, McCormick WC, Teri L, et al. (2006) Exercise is associated with

reduced risk for incident dementia among persons 65 years of age and older. Ann Intern Med 144: 73–

81. PMID: 16418406

13. Rovio S, Kareholt I, Helkala EL, Viitanen M, Winblad B, et al. (2005) Leisure-time physical activity at

midlife and the risk of dementia and Alzheimer’s disease. Lancet Neurol 4: 705–711. https://doi.org/10.

1016/S1474-4422(05)70198-8 PMID: 16239176

14. de Bruijn RF, Schrijvers EM, de Groot KA, Witteman JC, Hofman A, et al. (2013) The association

between physical activity and dementia in an elderly population: the Rotterdam Study. Eur J Epidemiol

28: 277–283. https://doi.org/10.1007/s10654-013-9773-3 PMID: 23385659

15. Manton KG (1982) Changing concepts of morbidity and mortality in the elderly population. Milbank Mem

Fund Q Health Soc 60: 183–244. PMID: 6919770

16. Fries JF (1980) Aging, natural death, and the compression of morbidity. N Engl J Med 303: 130–135.

https://doi.org/10.1056/NEJM198007173030304 PMID: 7383070

17. Fries JF (1988) Aging, illness, and health policy: implications of the compression of morbidity. Perspect

Biol Med 31: 407–428. PMID: 3393419

18. Jacqmin-Gadda H, Alperovitch A, Montlahuc C, Commenges D, Leffondre K, et al. (2013) 20-Year prev-

alence projections for dementia and impact of preventive policy about risk factors. Eur J Epidemiol 28:

493–502. https://doi.org/10.1007/s10654-013-9818-7 PMID: 23756781

19. Dartigues JF, Gagnon M, Letenneur L, Barberger-Gateau P, Commenges D, et al. (1992) Principal life-

time occupation and cognitive impairment in a French elderly cohort (Paquid). American Journal of Epi-

demiology 135: 981–988. PMID: 1595696

20. Touraine C, Helmer C, Joly P (2013) Predictions in an illness-death model. Stat Methods Med Res:

[Epub ahead of print].

21. Ritchie K, Robine JM, Letenneur L, Dartigues JF (1994) Dementia-free life expectancy in France. Am J

Public Health 84: 232–236. PMID: 8296946

22. Perenboom RJ, Boshuizen HC, Breteler MM, Ott A, Van de Water HP (1996) Dementia-free life expec-

tancy (DemFLE) in The Netherlands. Soc Sci Med 43: 1703–1707. PMID: 8961414

Protective factor effect on dementia

PLOS ONE | https://doi.org/10.1371/journal.pone.0174950 April 17, 2017 8 / 9

https://doi.org/10.1212/WNL.0b013e318292a2f9
http://www.ncbi.nlm.nih.gov/pubmed/23596063
https://doi.org/10.1212/WNL.0b013e3182553be6
http://www.ncbi.nlm.nih.gov/pubmed/22551732
https://doi.org/10.1016/S0140-6736(13)61570-6
https://doi.org/10.1016/S0140-6736(13)61570-6
http://www.ncbi.nlm.nih.gov/pubmed/23871492
https://doi.org/10.1111/j.1600-0447.2007.01006.x
http://www.ncbi.nlm.nih.gov/pubmed/17803760
https://doi.org/10.1056/NEJMoa1504327
https://doi.org/10.1056/NEJMoa1504327
http://www.ncbi.nlm.nih.gov/pubmed/26863354
https://doi.org/10.3109/07853890.2014.994675
http://www.ncbi.nlm.nih.gov/pubmed/25613168
https://doi.org/10.1016/S1474-4422(15)00153-2
https://doi.org/10.1016/S1474-4422(15)00153-2
http://www.ncbi.nlm.nih.gov/pubmed/26213339
https://doi.org/10.1001/jama.295.17.2018
http://www.ncbi.nlm.nih.gov/pubmed/16670410
https://doi.org/10.1177/0898264314525665
http://www.ncbi.nlm.nih.gov/pubmed/24695552
http://www.ncbi.nlm.nih.gov/pubmed/16418406
https://doi.org/10.1016/S1474-4422(05)70198-8
https://doi.org/10.1016/S1474-4422(05)70198-8
http://www.ncbi.nlm.nih.gov/pubmed/16239176
https://doi.org/10.1007/s10654-013-9773-3
http://www.ncbi.nlm.nih.gov/pubmed/23385659
http://www.ncbi.nlm.nih.gov/pubmed/6919770
https://doi.org/10.1056/NEJM198007173030304
http://www.ncbi.nlm.nih.gov/pubmed/7383070
http://www.ncbi.nlm.nih.gov/pubmed/3393419
https://doi.org/10.1007/s10654-013-9818-7
http://www.ncbi.nlm.nih.gov/pubmed/23756781
http://www.ncbi.nlm.nih.gov/pubmed/1595696
http://www.ncbi.nlm.nih.gov/pubmed/8296946
http://www.ncbi.nlm.nih.gov/pubmed/8961414
https://doi.org/10.1371/journal.pone.0174950


23. Ritchie K, Mathers C, Jorm A (1994) Dementia-free life expectancy in Australia. Aust J Public Health

18: 149–152. PMID: 7948330

24. Sauvaget C, Tsuji I, Minami Y, Fukao A, Hisamichi S, et al. (1997) Dementia-free life expectancy

among elderly Japanese. Gerontology 43: 168–175. PMID: 9142511

25. Andrieu S, Coley N, Lovestone S, Aisen PS, Vellas B (2015) Prevention of sporadic Alzheimer’s dis-

ease: lessons learned from clinical trials and future directions. Lancet Neurol.

26. Sink KM, Espeland MA, Castro CM, Church T, Cohen R, et al. (2015) Effect of a 24-Month Physical

Activity Intervention vs Health Education on Cognitive Outcomes in Sedentary Older Adults: The LIFE

Randomized Trial. JAMA 314: 781–790. https://doi.org/10.1001/jama.2015.9617 PMID: 26305648
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