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Accumulated evidence shows that leisure activities have a positive impact on cognitive function and dementia.
This review aimed to systematically summarize the current evidence on this topic taking into account the limi-
tations of the studies and biological plausibility for the underlying mechanisms linking cognition, dementia and
leisure activities, with special attention on mental, physical and social activities. We included only longitudinal
studies, with a follow-up time of at least 2 years, published in English from 1991 to March 2011 on leisure activ-
ities and cognition (n=29) or dementia (n = 23) and provided some evidence from intervention studies on the
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Cognitive function topic. A protective effect of mental activity on cognitive function has been consistently reported in both observa-
Dementia tional and interventional studies. The association of mental activity with the risk of dementia was robust in

observational studies but inconsistent in clinical trials. The protective effect of physical activity on the risk of
cognitive decline and dementia has been reported in most observational studies, but has been less evident in in-
terventional studies. Current evidence concerning the beneficial effect of other types of leisure activities on the
risk of dementia is still limited and results are inconsistent. For future studies it is imperative that the assessment
of leisure activities is standardized, for example, the frequency, intensity, duration and the type of activity; and
also that the cognitive test batteries and the definition of cognitive decline are harmonized/standardized.
Further, well designed studies with long follow-up times are necessary. This article is part of a Special Issue en-
titled: Imaging Brain Aging and Neurodegenerative disease.
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1. Introduction as the most important target for lifestyle changes among older adults

because of the potentially beneficial effect on various health outcomes.

Along with global aging, age related diseases such as cognitive im-
pairment and dementia will increase dramatically in the coming
years. Dementia is one of the most common diseases among elderly
people. It is a leading cause of disability, institutionalization, and mor-
tality; therefore it has a tremendous impact on both the individual
and society. As limited effective treatment alternatives for dementia
are currently available, identification of risk or protective factors, espe-
cially modifiable factors, could provide potential for preventing the
disorder. However, to date, evidence on the modifiable preventive fac-
tors for dementia is still limited. Among the proposed protective factors,
leisure activities are the most studied.

Leisure activity can be defined as the voluntary use of free time for
activities outside the daily routine, it is one of the major components
of a healthy lifestyle. After retirement, leisure time constitutes a rela-
tively larger part of the daily life, leisure time activities have emerged
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The effects of exercise on health are perhaps best documented in the
primary and secondary prevention of diabetes, all-cause as well as car-
diovascular disease (CVD)-cause of mortality. Given that its benefits
have been amply demonstrated in cohort studies and randomized clin-
ical trials [1,2], physicians have been prescribing exercise in a similar
way to medication. In addition to physical activity, there is increasing
evidence showing that other types of leisure activities, such as mental
and social activities, also have beneficial effects on a variety of health
outcomes, particularly for maintaining functional ability during the
aging process and reducing the risk of common age-related chronic dis-
eases [3-5].

In recent decades, increasing attention has been paid to the role of
leisure activities as a protective factor against the occurrence of demen-
tia in old age. Despite the cumulative knowledge on the topic, the key
question remains: do leisure activities prevent or postpone cognitive
decline or dementia? How strong is the evidence? To answer these
questions, we performed a systematic critical review to present the
evidence from observational studies concerning the impact of leisure
activities, specifically mental, physical and social activities, on the risk
of dementia and cognitive decline and provided some evidence from
intervention studies on the topic.


https://core.ac.uk/display/82599378?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1016/j.bbadis.2011.09.002
mailto:huixin.wang@ki.se
mailto:weili.xu@ki.se
mailto:Jin-Jing.Pei@ki.se
Unlabelled image
http://dx.doi.org/10.1016/j.bbadis.2011.09.002
Unlabelled image
http://www.sciencedirect.com/science/journal/09254439

H.-X. Wang et al. / Biochimica et Biophysica Acta 1822 (2012) 482-491 483

2. Methods

This systematic review summarized epidemiological studies on
leisure activities and dementia according to methods and inclusion
criteria developed by our group in a project promoted by the Swedish
Council on Technology Assessment in Health Care to summarize the
epidemiological evidence in dementia (SBU) [6,7].

Search strategy and inclusion criteria: Studies were identified by
searching Medline, Medline plus, and PubMed using terms such as ‘cog-
nition’, ‘cognitive function’, ‘dementia’, and ‘Alzheimer's disease (AD)’
in combination with ‘physical activity’, ‘exercise’, ‘intellectual activity’,
‘mental activity’, ‘cognitive activity’, ‘social activity’, ‘leisure activities’,
as well as ‘social engagement’. Only original papers published in English
from 1991 to March 2011 were included in the review. In order to
minimize reverse causality, we only included longitudinal studies and
cross-sectional studies that collected the exposure information at mid-
life. All suitable articles were evaluated taking into account their inter-
nal validity and classical causal criteria. A final index for each study
was calculated by following a three-step procedure: 1) The internal
validity of the article was evaluated with a four-grade score taking
into account population type, drop-out rate, study design, case ascer-
tainment, diagnostic procedure, exposure assessment, confounding
control, presence of bias, and statistical power; 2) Three specific causal
criteria (strength of the association, temporality and biological gradi-
ent) were examined and graded for each article; 3) Internal validity
and causal criteria were then integrated in a four-level index: not
acceptable, low, medium and high validity [7]. In this review, only stud-
ies with medium and high validity were included to summarize the
epidemiological evidence on the topic.

3. Results
3.1. Evidence from observational studies

3.1.1. Physical activity in relation to cognitive function and dementia

We identified 23 observational studies that examined the effect of
physical activity on cognitive function (Table 1) and 22 studies on risk
of dementia (Table 2). Most of the studies were done in Europe and
North America, with the exception of three conducted in China, two
in Australia, and one in Japan.

The study populations varied: while most studies were population-
based studies carried out in specific geographic areas, a number of stud-
ies included a nation-wide sample covering several geographic areas
with a large number of participants [8-11], others included specific
populations such as a national birth cohort [12], men [13-15], male
twin pairs [16], women [17], female nurses [18], and Catholic nuns,
priests, and brothers [19]. The follow-up time varied from 2 to 40 years.

Some of the studies investigated the effect of ‘physical activity’ as a
type of activity, some studied the individual physical activity items,
and some examined a summary score of leisure activities that included
different items of physical activity, ranging from intense physical activ-
ities (e.g. aerobic exercise) to light physical movement (e.g. walking).
The assessment of physical activity varies between the studies, ranging
from the frequency and duration of participating in predefined specific
physical activity items to self reported participation. In addition, some
studies calculated total kilocalories (energy) per week expended in
leisure activities, taking into account the amount, duration, as well as in-
tensity [17,18,20]. While most studies on the topic focused on late life,
several studies investigated the effect of midlife physical activity on
cognitive function or dementia [12,16,21-23].

Substantial variation was observed in the assessment of cognitive
function, ranging from global cognitive tests [24], specific cognitive
domain tests [22,25-27], large neuropsychological batteries testing
multiple cognitive domains [19,28,29], and brain volumes [30], to global
and regional specific measures of neuropathology [31]. The definitions
of cognitive impairment also varied from cognitive decline, cognitive

impairment, mild cognitive impairment (MCI) to amnestic MCI
(aMCI). Most studies on dementia focused on all types of dementia
and AD as outcomes. Although the diagnostic criteria for dementia
were different, they are generally comparable across studies.

All observational studies suffer from methodological limitations.
Despite the limitations presented in each of the studies, researchers
consistently tried to control for potential confounders and verified the
possible effects of the limitations on the reported results. In spite of dif-
ferences in study design, population, location, assessment and categori-
zation of exposures, definition of outcomes and length of follow-up a
protective effect of regular physical activity in middle age or late life
was reported in 16 out of 23 (70%) on the risk of cognitive decline/
impairment and 16 out of 22 (73%) studies on the risk of dementia,
including one study that even found a dose-response effect [8].

A recently published meta-analysis of 15 prospective studies that
followed-up 33816 subjects without dementia for 1-12 years also
reported that physical activity had a moderate protective effect against
cognitive decline. Subjects who performed high levels of physical activ-
ity reduced the risk of cognitive decline by 38% (HR=0.62, 95% CI:
0.54-0.70). Even low-to-moderate level exercise showed a significant
protective effect, reduced the risk by 35% (HR=0.65, 95% CI: 0.57-
0.75) [32].

3.1.2. Mental activity in relation to cognitive function and dementia

We identified 9 observational studies that investigated the effect of
mental activity on the risk of cognitive decline/impairment (Table 1)
and 9 studies on the risk of dementia (Table 2). Most of the studies
were conducted in North America and Europe, with the exception of
one conducted in China. Almost all studies were population-based and
carried out in specific geographic areas, except for one that included a
nation-wide sample [21], one that recruited members of the World
War II veteran male twin pairs [16], and another study that enrolled
Catholic nuns, priests, and brothers [19]. The follow-up times of these
studies are quite similar, with the mean ranging from 4 to 6 years, ex-
cept for one study that investigated the effect of midlife activities
20 years before the cognitive assessment [21], and another that exam-
ined such activities from a life course perspective, e.g. during childhood,
young adulthood, middle age, and old age on cognitive. The follow-up
time of the studies concerning the effect of mental activity on the risk
of dementia varied from 4 to 40 years.

Most of the studies used the term ‘mental activity’ to describe a
number of different mental activities such as reading, playing
games, and studying. They subsequently analyzed participation in
any one of these mental activities or a summary composite score.
The assessment of mental activity is similar among the studies; typi-
cally it is the frequency of participation in predefined or self-reported
mental activity items. While most studies on the topic focused on late
life mental activity, one study investigated midlife activity [16].

Variations were also observed in the measures of cognitive function,
ranging from specific cognitive domains [19,27,28,33] to global cogni-
tive function [20,21,25,34]. One study even assessed global and regional
specific measures of neuropathology [31]. There was a variety of tar-
geted outcomes including cognitive decline, cognitive impairment,
MCI, and aMCI. Most of the studies on dementia included all types of de-
mentia, and several studies included also AD [11,19,31,35]. One study
investigated all types of dementia, AD, and VaD [33]. All studies con-
trolled for potential confounders and showed a protective effect of
mental activity against cognitive decline, cognitive impairment, demen-
tia, AD, or VaD regardless the differences in study design, population, lo-
cation, definition of the outcomes, the length of follow-up, and the time
window of the exposure assessed during the life course.

3.1.3. Social and other types of leisure activities in relation to cognitive
function and dementia

The influence of social and other types of leisure activities on the risk
of cognitive decline/impairment and dementia has been investigated



Table 1
Evidence on the association between leisure activities and cognition.
Reference Location Pop. Age  F-up Assessment Outcomes Covariates Results Activity
year of activities type
Albert et al. 3 cities in USA 1192 70- 2.5 PA: freq. and energy expended Sum of language, memory, Demographic, psychosoc., CD: higher levels PA
[29] 79 in daily activities around the conceptualization, phys. variables PA (p<0.05)
house, e.g. yard work visuospatial ability
Carmelli California, 566 men 65- 6 PA CD: lost >1 quartile of the Age, educ., health CD: PA (p<0.05) PA
etal. [13] USA 86 sum rank of visual retention,
controlled oral word
association, and digit
symbol substitution tests
Broe et al. [74] Sydney, Australia 327 75- 3 Freq. of gardening, yard work, Constructional ability Age, sex, educ. Walking associated with PA
96 sports, exercise, walking memory poorer construc. ability
verbal fluency
Bassuk et al. New Haven, USA 2812 65+ 12 SE:spouse, contact friends, CcD Demographic, cogn., CD: OR=2.4, 1.1-4.9 for SE SA
[24] religious membership, services, income, health, PA,
n. recreational SA depr. lifestyle
Laurinetal.[8] 10 provinces in 4615 65+ 5 PA: freq. and intensity of exercise Cl Age, sex, educ. Cl: OR=0.6, 0.4-0.8 for PA
Canada high levels vs. no PA.
A dose-response assoc.
Hoetal.[75] Hong Kong, China 2030 70+ 3 Exercise Cl Demographic, gait time, CI: RR=2 for no exercise PA
CVD residence women
Schuit et al. Zutphen, 347 men 746 3 Sum: freq. duration of walking, CD: >3 points decline Age, educ, alco., CD: OR=2.0, 0.9-4.8 for PA PA
[14] Netherlands sport bicycling, hobbies, on MMSE smoking, cogn. 1 h/day vs. the rest. APOE ¢4
gardening, odd jobs carriers: OR=3.7, 1.1-12.6
Yaffeetal. [17] 4 places in USA 5925 65+ 8 PA: n. of blocks walked; CD: >=3-point decline Age, educ., comorbidity, CD: OR=0.7, 0.5-0.8 for PA
women kilocalories expended in on MMSE smoking, estrogen, function blocks walked; OR=0.7,
recreation, walking, 0.6-0.9 kcal in highest vs.
climbing stairs lowest quartiles
Aartsen 3 places in 2076 55- 6 SA: church, org. Experiential: Immediate recall learning Age, sex, educ., health Cognition: none of PA MA SA
etal. [28] Netherlands 85 trips, museum, theater, cinema, fluid intelligence the activities other
restaurant. Developmental: processing speed
study, sports MMSE
Wilsonetal. A number of 801 nuns, 65+ 4.5 CA: freq. TV, radio, reading, Global cognition Age, sex, educ., cogn. Reduced decline in glo PA MA
[19] places in USA priests, games, puzzles, museum. working memory bal cognition 47%, working
brothers PA: n. of minutes in walking, perceptual speed memory 60%, perceptual
jogging, running, gardening, speed 30% for 1-point
dancing, other sports increment in CA
Richards etal.  Across UK 1919 British 35 18  Checklist of 25 sports and Verbal memory, Sex, educ,, SES, IQ at Verbal memory at 43 years: PA other
[12] birth cohort recreational activities memory decline 15 years, health, distress all activities. Memory
decline from 43 to
53 years: PA
Verghese et al. NY, USA 469 75- 5.1 Sumoffreq.in 6 Buschke selective reminding Age, sex, educ., med. Two tests: annual rate MA
[33] 85 predefined CA test and Fuld object-memory illnesses, cogn. of decline reduced by 0.043
evaluation and 0.006 points for 1-point
incr. in CA score (p<0.05)
Wilson et al.  Chicago, USA 4392 65+ 5.3  CA: freq. TV, radio, reading, cD Age, sex, race, educ. CD: A 19% decrease for MA
[20] games, crosswords; museum cogn., depr. symp. health 1-point increase in CA
score (p<0.001)
Barnes et al.  Chicago, USA 3899 65+ 5.3  SE:religious services, CD: Demographic, SES, CA, PA, CD: reduced by 91% for SA
[38] museum, activities, work depr. symp., health high level (90th percentile)
vs. low (10th) of SE, p<0.001
Lytle et al. Pennsylvania, USA 929 65+ 2 Composite exercise level: CD: MMSE score >3 points  Age, sex, educ., CD: OR=0.5, 0.2-0.95 PA
[76] combination of type, (90th percentile) self-rated health for high- and OR=0.6,

duration, and freq

0.4-0.997 for low level vs.
no exercise

78y
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van Gelder Finland, Italy,
etal. [15] the Netherlands

Weuve 11 states in USA
etal. [18]

Newson and  Adelaide, Australia
Kemps [26]

Sturman Chicago, USA
etal. [77]

Verghese NY, USA
etal. [25]

Ghisletta French speaking
et al. [27] region, Switzerland

Wang Chongqing, China
et al. [34]

Wilson Chicago, USA
etal. [31]

Angevaren The Netherlands
et al. [78]

Chang et al. Reykjavik, Iceland
[22]

Etgen et al. Bavaria, Germany
[79]

Erickson Pittsburgh, USA
et al. [30]

Scarmeas NY, USA
et al. [80]

Kareholt Sweden
etal. [21]

295 men MMSE
score>18

16,466 female nurses

755

4055

437

529

5437

775

1904

4761

3903
299
357

1643 national-
wide sample

70+

70-
81

774

65+

75+

80-
85

55+

65+

45-

75

51

55+

78

65+

46-
75

10

6.4

5.6

6.4

26

52

20

PA: daily duration (min/day),
mean intensity, changes in
duration and intensity

Energy expenditures of running,
jogging, walking, hiking, sports,
bicycling, dance, exercise;
walking pace; stairs climbed
Sum of freq. of household
maintenance, domestic chores,
SA, service

PA index: time spend in walking,
jogging, yard work, dancing, exercise,
bicycling, swimming, bowling

CA: time spend on reading, writing,
crossword puzzles, games, discussions,
music. PA: tennis, golf, swimming,
bicycling, dancing, exercises, walking,
climbing stairs, babysitting

Media: radio, TV, reading. CA: games,
crossword puzzles. Manual: gardening,
craft. PA: walking, exercise. SA:
restaurants, trips; religious

CA: time spend on games, reading,
writing, painting. PA: traveling,
fishing, gardening, walking.

SA: music, dancing, TV, radio,

visit friends

Freq. reading, games, library,

play during childhood, young,
middle age, or current

Average time spent on walking,

odd jobs, bicycling, housekeeping,
gardening, walking, bicycling

The hours per week in sports,
exercise during their adult life

PA: n. days per week walking, hiking,
bicycling, swimming, gardening, etc.
PA: number of blocks walked

over a week

PA: time spend on vigorous,
moderate, light activities

MA: reading, hobby, instrument,
singing. PA: dancing, sports,
gardening. SA: visiting.

SC: movies, theater, study. Political:
appeal, speech. Organizations

cD

Cognition memory attention

category fluency

Processing speed
picture naming
incidental recall

CD: sum of immediate
memory, delayed recall,
MMSE, symbol digit
modalities test

aM(Cl

Perceptual speed
verbal fluency
performance

Cl

MCI

(@)]
Neuropathology
Processing speed

Processing speed
memory
executive function
a

a
Brain volumes

cD

MMSE

Cogn., ADL, demographic,
lifestyle, depr., vasc. factors

Age, SES, educ.,, alco.,
smoking, health,
APOE, vasc. factors

Age, sensory function

Age, sex, race, educ.

Age, educ,, sex, illnesses

Age, sex, SES, hearing,
vision, health

Demographic, occup.,
health, ADL, lifestyle,
depr. cogn., activities

Age, sex, educ. SES, vasc.,
factor, CA, SA, PA, cogn.

Age, educ, sex, vasc.
factors, PA, cogn.

Age, BP, BMI, cholesterol,
smoking, heart rate,

educ., depr. APOE

Age, sex, vasc. factors, kidney
disease, depression

White matter hyper-intensities,
ventricular grade, health
Age, sex, educ., ethn. APOE,
CDR, smoking, comorbidity
Age, sex, educ., f-u, mobility,
distress, alco. employment,
SES, smoking

CD: 1.7 points decline
(p<0.001) for decrease

PA duration >60 min/day vs.
maintained; 1.8 to 3.5 times
more for lowest intensity vs.
other quartiles

Higher level of PA related

to less decline (p<0.001)

on all tests except

category fluency

Activity was a sign. predictor
of cognitive change in speed,
picture naming, and
incidental recall.

No sign. associations

aMCI: HR=10.95, 0.9-0.99
for one-point increment in
CA, not PA

Increased media and CA lessened
decline in perceptual speed,
not other functions

Cl: RR=0.97, 0.9-1.0 for playing
games, RR=0.9, 0.8-1.0 for reading,
RR=0.96, 0.9-0.99 for composite CA,
RR=1.1, 1.07-1.12 for watching TV

CA associated with reduced MCI
and less rapid CD, not neuropathology

Processing speed: 3= 0.06, p<0.05
for changes in intensity on PA

PA related to all measures, p
for trend <0.0001 for all

CI: OR=0.6, 0.4-0.9 for moderate,
OR=0.5, 0.4-0.8 for high PA level
Greater PA predicted greater volumes.
Cl: OR=3.2, p<0.07 for less PA

CD: not related to PA

Cognition: 3 =0.17, p<0.01 for
political, p=0.11, p<0.05
for MA. PA in women.

PA

PA

SA other

PA

PA MA

PA MA SA

other

PA MA SA

MA

PA

PA

PA

PA

PA

PA MA other

Abbreviations: AD: Alzheimer's disease; BP: blood pressure; BMI: body mass index; MCI: mild cognitive impairment; aMCI: amnestic mild cognitive impairment; MMSE: Mini-Mental State Examination; PA: physical activity; MA: mental
activity; SA: social activity; SE: social engagement; SC: social cultural activity; Ind.: individual activity; Other: other type of activities rather than PA, MA and SA; CD: cognitive decline; CI: cognitive impairment; VaD: vascular dementia; CVD:

cardiovascular disease; HR: hazard ratio; OR: odds ratio; ADL: activity of daily living.
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Table 2
Evidence on the association between leisure activities and dementia.
Reference Country Pop. Age F-up  Assessment of Outcomes Covariates Results Activity type
year  activities
Liet al. [81] Beijing, China 739 60+ 3 Limitation in indoor PA Dementia Age Dementia: RR=8.7, p<0.05 PA
for limited indoor PA
Fabrigoule Gironde, 2040 65+ 3 Sports, gymnastics, traveling, Dementia Age, cogn. performances Dementia: Traveling (RR=0.5, Ind.
et al. [82] France visit friends, child care, clubs, 0.2-0.9), odd jobs/knitting
associations, reading, TV, (RR=0.5, 0.3-0.9), gardening
games, gardening, odd jobs, (RR=0.5,0.3-1.0).
knitting A dose-response pattern
Yoshitake Kyushu, Japan 828 65+ 7 PA: daily exercise during AD Age, sex, AD: RR=0.2, 0.1-0.7 for PA PA
etal. [83] leisure time or moderate BP, alco.,
to rigorous PA at work stroke, diab.
dementia scale
Helmer 91 areas 3675 65+ 43 Leisure activities: gardening, Dementia Educ,, cogn., Dementia: RR=2.4, 1.1-5.3 Ind.
et al. [84] in France traveling, odd jobs or knitting depr. symp., for none vs. 3 activities
alco., soc. network,
marital status
Fratiglioni Stockholm, 1203 75+ 3 SE: marital status, living Dementia Age, sex, Dementia: RR=1.9, 1.2-3.1 SA
etal. [85] Sweden arrangement, contacts ADL, educ., for single living alone vs.
with friends BP, cogn., married. RR= 1.6, 1.0-2.6
VD, depr. symp. for no friends
Laurin 10 provinces 4615 65+ 5 PA: freq. intensity of exercise Dementia, Age, sex, educ. Dementia: OR=10.6, 0.4-0.98. PA
etal. [8] in Canada AD AD: OR=0.5, 0.3-0.9 for high
levels vs. no PA
Scarmeas 3 cities 1172 65+ 7 CA: reading, games, studying. PA: Dementia Cogn., health, Dementia: RR=0.8, 0.6-0.9 PA MA SA
et al. [86] in USA walking, excursion, physical cerebrovasc. for high level CA
conditioning. SA: visiting friends, dis., depr. RR=0.8, 0.7-0.97 PA
movies, restaurants, clubs, RR=0.85, 0.8-0.9 SA
work, church, synagogues
Lindsay 10 provinces 4615 65+ 5 Engagement in regular exercise AD Age, sex, educ. AD: RR=0.7, 0.5-0.96 for PA
etal. [9] in Canada with yes or no answers regularly PA
Wang Stockholm, 732 75+ 6 Freq. regular participation in Dementia Age, educ., Dementia: RR=0.5, 0.3-0.9 PA MA SA
etal. [5] Sweden mental, social, recreational, sex, cogn. for CA, similar for SA and other
productive, and physical comorbid., productive, but not PA
activities depr. symp., (RR=04, 0.1-1.3)
ADL, activities
Wilson Chicago, USA 842 65+ 4.2 CA: freq. TV, radio, reading, AD Age, sex, AD: OR=04, 0.2-0.7 PA MA
etal. [35] games, crosswords, puzzles, race, educ., for 1-point increment in
museum. PA: times, minutes in APOE ¢4, race CA score, but not PA
walking, jogging, running, and ¢4 interaction,
gardening, dancing, exercise, f-u time
golf, bowling, bicycle, riding, swim.
Wilson A number of 801 nuns, 65+ 4.5 CA: freq. TV, radio, reading, AD Age, sex, AD: HR=0.7, 0.5-0.9 PA MA
etal. [19] places in USA  priests, games, crosswords, puzzles, educ., APOE, for 1-point increment in
brothers museum. PA: times, minutes in med. conditions CA score, not PA
walking, jogging, running,
gardening, dancing, exercise,
golf, bowling, bicycle, riding,
swimming
Crowe Sweden 107 national- 75+ 20 Freq. participation in 11 Dementia Sex, educ., AD: OR=0.5, 0.3-1.0 Dementia: Ind. Other
et al. [36] wide twins intellectual-cultural, self- AD zygosity OR=0.6, 0.4-1.0 for greater
improvement, and domestic number of activities. AD:
activity before the age of 40 greater intellectual-cultural
for women not men
Verghese et al. NY, USA 469 75-85 5.1 Dementia PA MA

(33]
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Abbott et
al. [87]

Podewils
etal. [10]

Rovio
et al. [23]

Simons
et al. [88]

Larson
et al. [89]

Karp
etal. [3]

Saczynski
et al. [37]

Wilson
etal. [19]

Kivipelto
et al. [90]

Carlson
etal. [16]

Taaffe
etal [91]

Akbaraly
etal [11]

Scarmeas
etal. [92]
Chang

et al. [22]

Hughes
et al. [93]

Scarmeas
et al. [80]

Hawaii, USA

4 communities
in USA

2 cities in
Finland

Dubbo,
Australia
Seattle, USA

Stockholm,
Sweden

Hawaii, USA

Chicago, USA

Two cities
in Finland
42 states
in USA

Hawaii, USA
Three cities
in French

NY, USA

Reykjavik,
Iceland

Pennsylvania,
USA

NY, USA

2257
Japanese men

3375

1449

2805

1740

732

Midlife: 1748

Late-life: 2513 Japanese-
American men

775

1449
147 world war II

veteran white
male twins

2263 Japanese-

American men

5698

1880

4761

942

357

71-93

65+

65-79

60+

65+

75+

45-60
71-86

65+

44.7

71-92

65+

65+

51

65+

65+

4.7

21

6.2

275
4.6

21

20-
40

6.1

5.4

26

5.2

Freq. participation in 6 predefined
CA and 11 PA. One point =1
activity for 1 day per week
Average amount of distance
walked per day

Energy expenditure of walking, household
chores, mowing, raking, gardening, hiking,
jogging, biking, exercise, cycling, dancing,
aerobics, bowling, golfing, swimming

Freq. PA that lasts at least 20-30 min and
causes breathlessness and sweating. Active:
at least twice a week, sedentary:

<twice a week

PA: walking, gardening, sports

Number of days per week of exercises for
<15 min. Freq. exercise calculated by the
times per week

Freq. of regularly participation in cognitive,
social, physical activities

SE: sum of marital status, living arrangement,
social, political, community groups, social events,
have a confidant

Freq. of childhood, young adulthood, middle
age, current: reading, games, library

PA that last at least 20-30 min each time

and causing sweating and breathlessness
Novel CA: reading, courses, extra work;
Intermediate: home activities, visiting, club,
hobbies; Passive: TV, radio; movies, theater,
art, music. PA: sports, outdoor activities,
gardening, exercise

PA: sum of time spend (in basal, sedentary,
slight, moderate, heavy activities) «

weight (oxygen consumption)

Time, freq. in stimulating activities;

social support activities; PA; passive

leisure activities

PA: time spend on aerobic, dancing, jogging,
handball, bicycling, swimming, hiking, tennis,
walking, dancing, calisthenics, golfing, bowling,
gardening, horse riding

Time spend in sports or exercised during their
adult life in winter and summer

Reading, hobbies, games, crafts, crosswords,
jigsaw, musical instruments, bridge, gardening,
baking, painting

The typical time spend in vigorous, moderate
and light activities. PA: min *times* coefficient
in 3 categories: no PA, some, much

Dementia

Dementia
AD
VaD

Dementia

AD

Dementia

Dementia

Dementia

Dementia

AD

Dementia

Dementia

Dementia
AD

Dementia
AD

AD

Dementia

Dementia

AD

Age, educ.,

sex, med.

illnesses, cogn.
APOE ¢4, cogn,
declines in PA

since mid-age

Age, sex, race,
APOE, educ., ADL,
cogn., social support,
white-matter grade
Age, sex, educ.,, f-u,
locomotor disorders,
APOE, vasc. factors

Age, sex, marital
status, educ.,
stroke, ADL
Age, sex

Age, educ.,

sex, cogn., ADL,
comorbidity,

depr. symp.,

Age, educ., stroke,
CHD, disability,
APOE, cogn., depr.
Age, sex, educ.,

SES, vasc. burden,
CA, SA, PA, cogn.
Age, educ,, sex,

f-u time, vasc. factors
Occupation, zygosity,
APOE

Age, educ., APOE, cogn.

Vasc. factors,

depr. symp., phys.
func., activities

Cohort, age, sex,
ethnicity, educ.,

APOE, health,

depr., activities

Age, sex, educ.,

BMI, vasc. factors
APOE, health, heart rate
Age, sex, educ., depr.
symp., IADL, PA, health,
recruitment status

Age, education, sex,
ethnicity, APOE,
smoking, co-morbidity,
baseline CDR

Dementia: RR=0.9, 0.9-0.96

AD: RR=10.9, 0.9-0.98 for 1-point increment
in CA score but not PA

Dementia: HR= 1.9, 1.1-3.3 for men walked
<0.25 mile vs. >2 miles AD: HR = 2.2 walked
least vs. most

Dementia: RR=10.5, 0.3-0.8 for >3

PA vs. 0-1. More marked in ¢4 noncarriers,
absent in carriers. Similar for AD and VaD

Dementia: OR=0.5, 0.2-0.9. AD: OR=0.4,
0.2-0.9 for midlife PA at least twice a week.
More pronounced among ¢4 carriers

Dementia: HR= 0.6, 0.4-0.8 for daily
gardening, RR=0.6, 0.4-0.9 for daily
walking among men

Dementia: RR= 0.6, 0.4-0.9 exercised
>2 times/week vs. less

Dementia: RR=0.7, 0.5-1.0 for high CA,
RR=10.6, 0.4-0.9 PA, RR=0.7, 0.5-1.0 SA

Dementia: RR=2.3, 1.2-4.7 for late-life SE.
HR=1.9, 1.1-3.1 for decreased SE from mid-
to late life vs. highest quartile at both periods
AD: RR=0.6, 0.4-0.8 for frequent current CA

Dementia: OR=2.0, 1.1-3.9 for no PA,
especially among ¢4 carriers

Dementia: OR=10.7, 0.6-0.9 for greater

midlife CA, not PA. Robust in mono-zygotic
twins for CA and SA. More evident in €4 carriers

Dementia: HR= 0.5, 0.3-0.9 for high PA vs.
least in men with low physical function, not
with high function

Dementia: HR=0.5, 0.3-0.8; AD: HR=04,
0.2-0.7 for stimulating, not other activities

AD: HR=0.8, 0.5-1.04 for some PA; HR=0.7,
0.5-0.95 for much activity. p for trend: 0.03
Dementia: OR=0.6, 0.4-0.9 for >5 h PA
Dementia: HR=0.9, 0.8-0.99 for greater
number of activities

Exercise may affect not only risk for AD but also

subsequent disease duration: more PA is associated
with prolonged survival in AD

PA

PA

PA

PA

PA

PA MA SA

SA

MA

PA

PA MA

PA

PA MA SA

PA

PA

Ind.

PA

Abbreviations: AD: Alzheimer's disease; BP: blood pressure; BMI: body mass index; MCI: mild cognitive impairment; aMCI: amnestic mild cognitive impairment; MMSE: Mini-Mental State Examination; PA: physical activity; MA: mental
activity; SA: social activity; SE: social engagement; Ind.: individual activity; Other: other type of activities rather than PA, MA and SA; CD: cognitive decline; CI: cognitive impairment; VaD: vascular dementia; CVD: cardiovascular disease;
HR: hazard ratio; OR: odds ratio; ADL: activity of daily living.
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less. We identified only 6 studies on social activity and 5 on other activ-
ity types or individual activity items on cognition (Table 1) and the
same number of studies on dementia (Table 2). These studies were car-
ried out in the USA, the Netherlands, Australia, Switzerland, and China.
All studies are population-based investigations in cognition studies,
with the exception of in dementia studies one study included twin
pairs [36], and another included Japanese-American men [37]. The fol-
low-up time ranged from 4 to 12 years in cognition studies and 3 to
7 years in dementia studies.

Three of the 6 studies investigated the effect of ‘social activity’ as a
type of activity that included a number of individual social activities
and were summed up into a composite score. One study investigated
the effects of individual social activity items [34], and another two
examined social engagement's effect [24,38] on cognition. One study
examined the effect of productive and recreational activities on risk of
dementia, and 4 studies investigated the influence of individual leisure
activity items or the number of leisure activities on risk of dementia.

The outcome measures of cognitive function ranged from specific
cognitive domains [26-28] to general global cognitive function
[24,34,38]. Most of the studies on dementia targeted all types of demen-
tia as outcome, only one study also included AD [36]. Potential
confounders were considered in all these studies.

The results from these studies are inconsistent. Three of the 6 studies
reported a protective effect [24,26,38] of social activity on the risk of
cognitive decline/impairment, and the other three did not find a signif-
icanteffect [27,28,34]. There are limited studies on other types of leisure
activities in relation to cognitive function, and results were inconclusive
and the effect was domain specific. For example, one study reported
that participation in political activity, but not social-cultural and organi-
zational activities, was related to better cognition [21], and another
found that increased media activity, such as reading, watching TV and
listening to radio, may lessen decline in perceptual speed, but not in
verbal fluency or performance, whereas no significant effect of social
and religious activities on any of the cognitive domains was found
[27]. A protective effect of social engagement/activity, productive activ-
ity, and individual activities, such as traveling, gardening, odd jobs or
knitting, and having a larger number of leisure activities on the risk of
dementia was reported. One study even reported a dose-response
effect of the number of leisure activities on the risk of dementia. In
contrast, two studies did not find a significant protective effect of late
life social support activity [11] or midlife social engagement [37] on
the risk of dementia. However, the later study did find a protective
effect of late life social engagement on the risk of dementia [37].

3.2. Evidence from randomized controlled trials

Although the observational studies have several advantages such
as a large number of participants, acquisition of information about
many factors, and following the participants for many years some
for decades, a major limitation of such studies is that findings can
only establish the presence of an association between a designated
factor and a clinical outcome, but they do not provide proof of causal-
ity. Uncertainty remains about the potential influence of unidentified
factors, and whether an intervention directed at a particular factor
would necessarily change the outcome in clinically significant ways.
Intervention studies in humans would be considered to be the “gold
standard” for the proof of a factor's impact on an outcome.

3.2.1. The effect of physical activity on cognitive function

A number of randomized controlled trials (RCT) have been carried
out to examine whether physical activity improves cognitive function
or prevents cognitive decline. To date, the evidence is intriguing but
controversial. A recent RCT examined the effects of aerobic exercise
on cognitive function in 152 participants aged 70-80 years with MCI
[39]. The participants were randomly assigned to a moderate-intensity
walking program; taking a daily B vitamin pill; or to a placebo control

group for one year. No effects for walking interventions at 6 or
12 months, but there were trends for effects in improving memory in
men, and memory and attention in women with better adherence.

However, a study that included 138 participants aged 50 years and
above with memory complaints showed promising results [40]. A 24-
week home-based program of physical activity modestly improved cog-
nition relative to controls. Participants in the intervention group im-
proved 0.73 points (95% confidence interval (CI): —1.27 to 0.03) on
the cognitive test scores and the control group (usual care) remained
unchanged (0.04, 95% CI: —0.46 to 0.88) after 18 months of the inter-
vention. In a recently published RCT that included 33 adults aged 55
to 85 years with aMCI [41], aerobic exercise had sex-specific effects on
cognition. The high-intensity aerobic group exercised at 75-85% of
heart rate reserve for 45-60 min per day, 4 days per week for 6 months.
The control group carried out stretching exercise but maintained their
heart rate at or below 50% of their heart rate reserve. For women, aero-
bic exercise improved performance on multiple tests of executive func-
tion, but for men the effect was only found on Trails B performance.

Particularly intriguing are the exercise intervention studies that
looked at effects on not only cognition but also the underlying brain
structure and activity. A previous study reported that a 6-month aerobic
training (1 h, 3 times per week) in persons aged 60-79 years increased
brain volume in both gray and white matter regions [42], and that
increases in cardiovascular fitness (walking for 40-45 min per session,
3 times per week for 6-month) in 29 high-functioning, community
dwelling older adults aged 58 to 77 years resulted in increased func-
tioning of the attentional network and greater neural activity in regions
associated with attention control and less activity in the anterior cingu-
late cortex [43]. These results provide a strong biological basis for the
role of aerobic fitness in maintaining and enhancing the health of
central nervous system and cognitive functioning [42] and in improving
the plasticity of the aging human brain [43].

A number of meta-analyses have also been carried out to examine
whether aerobic fitness training enhances cognitive function. The anal-
ysis from 18 intervention studies published between 1966 and 2001 in
healthy but sedentary older adults [44] showed that most fitness train-
ing had robust but selective benefits for cognition, with the largest fit-
ness-induced benefits occurring for executive-control processes. These
results are in line with a recently published meta-analytic review of
29 randomized controlled trials carried out between 1966 and 2009
[45]. Individuals who were randomly assigned to receive aerobic exer-
cise training demonstrated modest improvements in attention and pro-
cessing speed (g=0.16, p=0.003), executive function (g=0.12,
p=0.02), and memory (g=0.13, p=0.03). In addition, similar training
effects on cognitive performance (effect sizes=0.57,95% Cl: 0.43-1.17)
were found in a meta-analysis in elderly persons with cognitive impair-
ment and dementia [46].

3.2.2. The effect of physical activity on risk of dementia

Basic science and observational evidence on humans strongly sup-
ports the hypothesis that increased physical activity prevents the
onset of dementia. There is now increasing amounts of trial evidence
to support this hypothesis in terms of cognitive benefits in healthy
older people as well as in people at risk for dementia [32,40,47]. How-
ever, to date there are no RCTs confirm that increased physical activ-
ity prevents dementia.

3.2.3. The effect of mental activity on cognitive function

Clinical research has evaluated cognitive training in normal aging,
MC], and in people with dementia [47]. Consistent with the findings
from observational studies, the analysis of 7 randomized clinical trials
in healthy older adults showed that cognitive exercise interventions
had an average effect size of 0.6 on neuropsychological performance
[48]. The effect size was similar for RCTs with longer (greater than
2 years) and shorter follow-up periods. However, the quality of report-
ing of the trials was generally low. The overall findings to date indicate
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that multi-domain cognitive training has the potential to improve cog-
nitive function in healthy older adults and slow decline in affected indi-
viduals [49]. However, more controlled studies are needed to establish a
protocol of recommendations regarding the systemization of exercise
necessary to produce benefits on cognitive function in people with
MCI [40,47,50].

3.2.4. The effect of mental activity on risk of dementia

The potential impact of mental activity/cognitive training on older
adults has been a topic of increasing interest. Three recent meta-ana-
lyses of clinical trials yielded different results. The lack of randomized
clinical trials and methodological issues for clinical evidence makes it
difficult to draw any conclusion on whether cognitive training
programs for older adults can reduce the risk of dementia.

3.2.5. The effect of social and other types of activity on cognitive function
and dementia

To our knowledge, there is no RCT to date that has focused on the
effects of social and other types of activity in improving cognitive func-
tion or preventing dementia.

4. Discussion

We conducted this review to systematically summarize the influ-
ence of leisure activities on the risk of dementia and cognitive decline.
The evidence to-date indicates that leisure activities, especially men-
tal and physical activities may protect against cognitive decline and
dementia. However, the beneficial effect of physical activity on the
risk of dementia needs to be confirmed in well designed randomized
clinical trials. Although other types of leisure activities may play a
protective role on the risk of dementia and cognitive decline, the ev-
idence to date is insufficient to allow us to draw any firm conclusions.
This is in line with the conclusion from the 2010 NIH panel's review of
the state of the evidence on dementia prevention that ongoing studies
on physical activity and cognitive engagement may provide new in-
sights into the prevention or delay of cognitive decline or Alzheimer's
disease [51].

The discrepancies found in the effects of different leisure activities
on the risk of dementia or cognitive decline might be interpreted by
the variation in: 1) selection of study population, age and sex of the
participants, and age of exposure assessment; 2) duration of follow-
up; 3) assessment of exposure: the type, the frequency, and the intensi-
ty of the activities; 4) assessment of outcomes: cognitive test batteries
used for cognitive assessment; and 5) competitive risk of mortality.

Although most of the observational studies included only partici-
pants without a dementia diagnosis or cognitive impairment at base-
line, some included people with an MMSE score >18 [15]. The
youngest age of the participants varied from 55 to 75+. It is well
known that the incidence of dementia increases with age, the older
the cohort studied, the more likely it is that the cognitive decline ob-
served represents prodromal dementia, therefore, decreased leisure ac-
tivities may be a consequence or a symptom of preclinical dementia. In
the timing of exposure assessment, age is also a key issue. Most of the
studies assessed leisure activities in late life, although some studies
did assess midlife leisure activities, only one study assessed the life
course leisure activities and examined their effect on cognitive function
in late life [31].

Due to biological, social, and other differences between the sexes,
the effect of leisure activities on risk of dementia and cognitive decline
may vary between men and women. Although there is no conclusive
evidence, sex differences have been observed in dementia occurrence,
risk factors, and outcomes [52-54].

It is generally accepted that mild memory disturbance is one of the
first symptoms of dementia, and that a more global pattern of low
cognitive performance emerges closer to the diagnosis of dementia
[55]. Cognitive changes may predate clinical diagnosis by at least

10 years [56] and can be present as much as 20 years before diagnosis
[57]. Different follow-up times (varied greatly from 2 to 40 years)
may explain the different results from various studies.

The assessment and analytic strategy of leisure activities varied from
study to study. Some studies collected information on activities with
only “yes” or “no” answers, some with more detailed information, and
others calculated a composite activity score. The categorization of
leisure activities also varies across the studies, with the exception of
mental activity. Different types of activities or individual activity items
often comprise different components of physical, mental, and social
activities which likely have differing effects on the functioning of the
brain.

Diagnosis of dementia is generally comparable across the studies,
although some selected all types of dementia as the outcome, others
used AD or VaD. However, the definition of cognitive decline varied
greatly. Some studies studied incident MCI or cognitive impairment
without dementia, others used arbitrary categorization of decline on
general cognition, specific domains of cognition, and some studied
changes in brain volumes or neuropathology. The discrepancy between
the outcome measures of dementia and cognition might be explained
by the large gap (10-20 years) between the first cognitive changes
and clinical diagnosis of dementia. At older ages dementias are often
characterized by a mixture of AD and cerebrovascular pathology [58],
which might influence the type of cognitive symptoms experienced
already in the preclinical stage of dementia. Further, it may also be
explained by the fact that competitive risk of mortality increases with
age and mild cognitive symptoms are related to elevated mortality [59].

The variation between the results from observational and inter-
vention studies might be due to: 1) the disparity in type, duration
and intensity of the leisure activities; 2) the time point in the life
course that exposure was measured, 3) the length of follow-up, 4)
the selection of study population: cognitively normal, old adults
with MCI, patients with a dementia diagnosis; 5) the age and sex of
the participants. The magnitude of the influence of leisure activities
is determined not only by the type of activity, but also the intensity
and the duration of the exposure, and the time period in the life
course. The population selected for intervention included older adults
with good cognitive function, those with MCI or memory complains,
and those with dementia.

Several limitations need to be mentioned. Although we employed
similar search strategies used in other systematic reviews, we might
have overlooked or missed some relevant studies in the existing litera-
ture. Further, we could not rule out the influence of publication bias.
However, given the increasing interest and debate on the topic of lei-
sure activities and dementia, even studies reporting negative results
might have had a good chance of being published. Moreover, although
we included only longitudinal studies, the possibility of reverse causa-
tion remains a major limitation for the observational studies of cogni-
tion and dementia.

The precise mechanism through which leisure activities impact
cognition is still unclear, but there are a number of proposed hypothe-
ses. One of them is cognitive reserve, where the life experience, such
as leisure activities, may influence neural processing and synaptic orga-
nization by permitting neurological processes to become more efficient,
adaptive, and plastic thus allowing some people to cope with progres-
sing dementia pathology better than others [60,61]. Although environ-
ments that involve diverse cognitive stimuli may be the most conducive
in increasing cognitive reserve, physiological benefits of physical activ-
ity have been related to changes in hormone levels, improved cerebral
blood flow, and an increased number of neuronal synapses and brain
volume and plasticity [42,43]. Social activities may offer a stimulating
social environment that involves not only dealing with complex and
challenging social issues, but also physical movement and information
processing. In addition, more prominent cerebral blood flow (CBF) def-
icits were related to all the three types of activities in patients with early
AD, but not in the healthy controls [62].
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Leisure activities may also have beneficial effects through psycho-
logical and behavioral pathways by lowering stress [36], having a better
diet and healthier lifestyle, promoting psychological well-being [63,64],
and lowering inflammation [65], consequently reducing the risk of
developing cognitive decline, dementia or various diseases (e.g. cardio-
vascular diseases, diabetes) that are associated with cognitive decline
and dementia [66-68]. Moreover, evidence from experimental, neuro-
pathological, and epidemiological studies supports both a direct and in-
direct effect of severe atherosclerosis on dementia and AD in old people
[69-73].

In summary, a protective effect of mental activity on cognitive
decline has been consistently reported in both observational and inter-
ventional studies, but the effect on the risk of dementia or AD remains
inconsistent from the later studies. Most of the observational studies
provided evidence of the protective role of physical activity on the
risk of cognitive decline/impairment and dementia, but this finding is
less evident in intervention studies. The evidence of other types of
leisure activities on the risk of dementia and cognitive decline to date
is insufficient to allow us to draw any firm conclusions. Standardized
assessments on frequency, intensity, and duration of predefined indi-
vidual activity items as well as on the type of activities as well as univer-
sal test batteries on cognitive function are warranted. Well designed
studies with large sample size and long follow-up time confirming the
potential protective effect of other types of leisure activities on cogni-
tive function and dementia would lead to significant public health ben-
efits because currently no efficient treatment for dementia and
cognitive impairment is available.
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