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Project
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Recent findings suggest that a rich social network may decrease the risk of developing dementia. The authors
hypothesized that such a protective effect may be due to social interaction and intellectual stimulation. To test
this hypothesis, data from the 1987-1996 Kungsholmen Project, a longitudinal population-based study carried
out in a central area of Stockholm, Sweden, were used to examine whether engagement in different activities
6.4 years before dementia diagnosis was related to a decreased incidence of dementia. Dementia cases were
diagnosed by specialists according to Diagnostic and Statistical Manual of Mental Disorders, Third Edition,
Revised, criteria. After adjustment for age, sex, education, cognitive functioning, comorbidity, depressive
symptoms, and physical functioning at the first examination, frequent (daily-weekly) engagement in mental,
social, or productive activities was inversely related to dementia incidence. Adjusted relative risks for mental,
social, and productive activities were 0.54 (95% confidence interval (Cl): 0.34, 0.87), 0.58 (95% CI: 0.37, 0.91),
and 0.58 (95% CI: 0.38, 0.91), respectively. Similar results were found when these three factors were analyzed
together in the same model. Results suggest that stimulating activity, either mentally or socially oriented, may
protect against dementia, indicating that both social interaction and intellectual stimulation may be relevant to
preserving mental functioning in the elderly. Am J Epidemiol 2002;155:1081-7.
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A positive effect of physical activities on survival has
long been recognized (1-4); more recently, a similar effect
was also reported for social and productive activities (5).
Social disengagement has been suggested as a possible risk
factor for cognitive decline in elderly persons (6-9). In a
Swedish community-based study, the Kungsholmen Project,
a rich social network showed a protective effect against
dementia (10).
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The specific effects of social and leisure activities on
dementia have been investigated in only two known case-
control (11, 12) and two follow-up studies (13, 14). These
studies found that an inactive life was related to a higher risk
of dementia. However, case-control studies have been criti-
cized because of the presence of selection and recall biases.
Follow-up studies have been hampered by the fact that sub-
jects in the early phases of dementia could reduce their
activities because of initial cognitive impairment, depres-
sive symptoms, or other dementia-related disorders.

The present study aimed to further explore the relation
between social and leisure activities and the development of
dementia and to verify whether the suggested protective
effect of a rich social network might be due to social interac-
tion or intellectual stimulation. The Kungsholmen Project’s
database gathered information on mental, physical, social,
productive, and recreational activities, collected at baseline
on average 6 years before dementia diagnosis. Engagement
in these activities was related to the incident dementia occur-
ring between the first and second follow-up examinations of
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subjects cognitively intact at baseline and still nondemented
3 years later (first follow-up). Cognitive functioning, depres-
sive symptoms, physical functioning, and comorbidity of the
subjects when their engagement in social and leisure activi-
ties was assessed were taken into account. To explore the
mechanisms underlying the reported association between
social network and dementia (10), the leisure activities were
divided into predominately intellectual, physical, social, pro-
ductive, and recreational categories.

MATERIALS AND METHODS
Study population

All inhabitants of the Kungsholmen district of Stockholm,
Sweden, aged 75 years or more in October 1987 were asked
to participate in the initial examination of the Kungsholmen
Project. Participants were interviewed by nurses, examined
by physicians, and tested by psychologists during the base-
line (1987-1989), first follow-up (1991-1993), and second
follow-up (1994-1996) examinations.

Figure 1 illustrates the study population, time of detection
of dementia cases, and assessment of engagement in social
and leisure activities. Of the 1,810 eligible participants who
underwent the baseline examination, 1,473 were diagnosed
as nondemented. The detailed procedure has been described
elsewhere (15, 16). Because impaired cognition or institu-
tionalization may limit subjects’ activity (8), 98 subjects
whose Mini-Mental State Examination (MMSE) scores
were less than 23 or who were living in an institution were
excluded from the present study; 1,375 persons remained for
analysis. Of these subjects, 269 died, 172 refused participa-
tion, and 934 participated in the first follow-up examination.
Of these 934 subjects, 158 were diagnosed as demented. The
population for the present study was composed of those 776
subjects still nondemented at the first follow-up examina-
tion. Because 44 refused to participate, a cohort of 732 non-
demented subjects was followed for another 3 years (second
follow-up) to detect incident dementia cases.

Incident dementia cases

The incident dementia cases examined in this study were
those subjects who developed dementia during the second
follow-up period. Time of dementia onset was assumed to
be the midpoint between the first and second follow-up
examinations or the time of death. At each examination, all
cohort subjects were clinically examined following a stan-
dardized protocol, which included family and personal his-
tory collected by nurses, clinical examination conducted by
physicians, and psychological tests administered by trained
personnel. If a subject was unable to answer, an informant,
usually the subject’s next of kin, was interviewed. Details on
the study design are available elsewhere (15, 16).

The diagnosis of dementia was made according to criteria
specified in the Diagnostic and Statistical Manual of Mental
Disorders, Third Edition, Revised (17) following the same
three-step diagnostic procedure used during the baseline
examination (18). Two physicians made the preliminary
diagnoses independently. Concordant diagnoses were

1,375 subjects
1987- 1989: . .
cognitively intact,
Baseline
nondemented,
and living at home
[ 269 died
[ 172 refused/moved
y v
1991-1993: 776 158
1* follow-up Nondemented Demented

I 44 refused/moved

A
560 alive

1994-1996: \

nd
follow-

2" follow-up ¥

123 incident dementia

172 dead

cases identified

during the 2™ follow-up

FIGURE 1. Study population, the Kungsholmen Project,
Stockholm, Sweden, 1987-1996. During the baseline phase of the
study, current engagement in different activities was assessed.
Incident dementia cases were identified by clinical examination of
the survivors and, for deceased subjects, by using clinical records
and death certificates.

accepted as final diagnoses, and a third opinion was
requested in case of disagreement.

If the subject had moved, he or she was traced and asked
to participate in the follow-up examination. For those sub-
jects who had died before the follow-up examination (172
died between the first and second follow-up examinations),
information regarding their health status was obtained from
the computerized inpatient register system, a registry of dis-
charge diagnoses from all hospitals in Stockholm since
1969. Individual hospital records and discharge diagnoses,
as well as death certificates, were collected and examined.

Assessment of social and leisure activities

Information on social and leisure activities was obtained
from subjects by means of a personal interview carried out
by trained nurses during the first examination. Subjects were
asked 1) whether they regularly engaged in any particular
activities or participated in any organizations, 2) to specify
the types of activities or organizations, and 3) to report the
frequency of participation.

Am J Epidemiol Vol. 155, No. 12, 2002
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Social and leisure activities were grouped following the
classification adopted in previous studies (5, 6, 8). Mental
activity includes reading books/newspapers, writing, study-
ing, working crossword puzzles, painting, or drawing.
Physical activity encompasses swimming, walking, or gym-
nastics. Social activity consists of attending the theater, con-
certs, or art exhibitions; traveling; playing cards/games; or
participating in social groups or a pension organization.
Productive activity is composed of gardening, housekeep-
ing, cooking, working for pay after retirement, doing volun-
teer work, or sewing, knitting, crocheting, or weaving.
Recreational activity includes watching television or listen-
ing to the radio.

A subject belonged to a group if he or she participated in
at least one of the group’s listed activities. A person was
considered to be in different groups if he or she participated
in two or more groups of activities. Frequency of participa-
tion was recorded as daily, weekly, monthly, or annually.

Potential confounders

Age, sex, education, cognitive functioning, comorbidity,
depressive symptoms, and physical functioning at the base-
line examination were taken into account as potential con-
founders in the present study. Information on age and sex
was obtained from the Kungsholmen Municipality.
Education was assessed according to the highest level of
schooling reported by the subject. Cognitive functioning
was evaluated by using the MMSE (19). Depressive symp-
toms were assessed by using self-reported symptoms such
as often feeling lonely and being in a low mood. Physical
functional dependence was defined as disability regarding at
least one of the basic activities of daily living: bathing,
dressing, toileting, continence, feeding, or walking (20).

Previous diseases were ascertained by reviewing the hospi-
tal discharge diagnoses using the Stockholm computerized
inpatient register system. Disease diagnoses were based on the
International Classification of Diseases, Eighth Revision
(ICD-8) (21), as follows: coronary heart disease (ICD-8 codes
410-414), cerebrovascular disease (ICD-8 codes 430-438),
diabetes mellitus (ICD-8 code 250), malignancy (ICD-8 codes
140-208 and 230-239), and hip fracture (ICD-8 code 820).
Comorbidity was considered the presence of any of these dis-
ease categories. Because this comorbidity variable took into
account only those diseases that resulted in hospitalization, we
repeated all analyses by using a new “comorbidity variable”
derived from the data collected by the physician during the
second clinical examination. The physician diagnosed dis-
eases according to the International Classification of
Diseases, Ninth Revision (ICD-9) (22), as follows: cardiovas-
cular diseases (ICD-9 codes 390-398, 401-429, and
440-459), cerebrovascular diseases (ICD-9 codes 430-438),
diabetes mellitus (ICD-9 code 250), malignancy (ICD-9 codes
140-208), and hip fracture (ICD-9 code 820). The new
comorbidity variable was defined as the presence of any of
these disease categories. Because results were similar, we
used only baseline, hospital-based comorbidity data.

Social network included marital status, living arrange-
ments, parenthood, and close social ties that defined the
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structure of social connections. Frequency of and satisfaction
with these connections represented the perceived adequacy
of the social network. Both the structure and perceived ade-
quacy of the social network were integrated in a single index
that consisted of the following four categories (10):

1. Extensive social network: a) being married and living
with someone, b) having children and having daily to
weekly satisfying contacts with them, and c) having
relatives and/or friends and having daily to weekly
satisfying contacts with them

2. Moderate social network: having any two of these
three conditions

3. Limited social network: having any one of these three
conditions

4. Poor social network: being single and living alone; no
children and no close social ties

Statistical analysis

Logistic regression analysis was used to examine differ-
ences between participants and study dropouts. To take into
account the different follow-up times, Cox proportional haz-
ards models were used to estimate the relative risks and cor-
responding 95 percent confidence intervals for the social
and leisure activities associated with development of
dementia. All analyses were performed by using SPSS soft-
ware (Statistical Package for Social Sciences; SPSS, Inc.,
Chicago, Illinois).

First, engagement in each type of activity was analyzed in
relation to the incidence of dementia by examining participa-
tion versus no participation. Second, engagement in each type
of activity was introduced into the models as a five-grade indi-
cator variable, with no participation as the reference group and
daily, weekly, monthly, and annual participation as the other
categories. Finally, a reduced three-grade variable for each
activity was derived from the original five-grade variable and
was entered into the models as an indicator variable.

All of the associations studied were first assessed with uni-
variate Cox proportional hazards models and then with mul-
tivariate models adjusted for all potential confounders. Age
and cognitive functioning (MMSE score) were entered in the
models as continuous variables (1 year/point increment).
Education was entered as a categorical variable (>12 years,
8—12 years, and <8 years of schooling) (23). Sex (female vs.
male), comorbidity (the presence of coronary heart disease,
cerebrovascular disease, diabetes mellitus, malignancy, or
hip fracture vs. the presence of none of them), depressive
symptoms (yes vs. no), and physical functioning (dependent
vs. independent) were entered as dichotomous variables.

An alternative grouping of some of the covariates was
also used to assess the associations studied. For example,
education was grouped according to the number of years of
schooling, physical functioning was classified into seven
categories—1 as most independent (requiring no personal
assistance with any of the six activities of daily living) and
7 as most dependent (requiring assistance with all six of
these activities)—and comorbidity was categorized as no
disease, one disease, or two or more diseases.
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RESULTS

The study population was composed of 776 subjects (fig-
ure 1). The mean age of participants was 81.1 (standard
deviation, 4.9) years, and the mean MMSE score at baseline
was 27.3 (standard deviation, 1.5). In comparison with those
subjects who participated in the study, the 44 nonpartici-
pants (4.7 percent) had less comorbidity and participated
less often in mental activity and more often in social activ-
ity (odds ratios = 0.4 and 1.9, respectively; p < 0.05). The
distributions of age, sex, education, cognitive functioning,
depressive symptoms, physical functioning, and other types
of activities were similar.

During the second follow-up, 123 incident cases of
dementia were identified. Of these cases, one (0.8 percent)
was due to Parkinson’s disease and one (0.8 percent) to alco-
holism. Table 1 shows the baseline characteristics of the 732
cohort subjects and the distribution of the 123 incident
dementia cases. Demented subjects were older, had lower
MMSE scores, had more comorbidity, had more depressive
symptoms, and were more physical-functioning dependent
compared with the corresponding reference group for each
variable.

The adjusted relative risks of dementia associated with
participation versus no participation in the following activi-
ties were 0.67 (95 percent confidence interval (CI): 0.45,
1.01) for mental activity, 0.70 (95 percent CI: 0.49, 1.01) for
social activity, 0.67 (95 percent CI: 0.34, 1.33) for physical
activity, 0.61 (95 percent CI: 0.40, 0.93) for productive
activity, and 0.97 (95 percent CI: 0.61, 1.57) for recreational
activity. Table 2 shows the adjusted relative risks of demen-
tia in relation to social and leisure activities when frequency
of participation was taken into account. Compared with
those who did not, elderly subjects who participated in men-
tal, social, or productive activity had a lower incidence of
dementia. Dementia incidence decreased with increasing
frequency of participation in the three types of activities.

TABLE 1.

TABLE 2. Adjusted* relative risks of dementia in relation to
social and leisure activities engaged in 6.4 years prior to
diagnosis, the Kungsholmen Project, Stockholm, Sweden,
1987-1996

No. of
dementia RRt 95% CIt
cases

Mental activity

No 34 1

Less than daily 40 0.81 0.52, 1.26

Daily 49 0.54 0.34, 0.87
Physical activity

No 114 1

Less than daily 6 0.97 0.42,2.22

Daily 3 0.41 0.13, 1.31
Social activity

No 72 1

Less than weekly 27 0.92 0.57,1.47

Daily-weekly 24 0.58 0.37, 0.91
Productive activity

No 94 1

Less than weekly 3 0.95 0.30, 3.00

Daily-weekly 26 0.58 0.38, 0.91
Recreational activity

No 102 1

Less than daily 6 1.06 0.46, 2.45

Daily 15 0.95 0.55, 1.63

* Adjusted for age, sex, education, baseline Mini-Mental State
Examination score, comorbidity, depressive symptoms, and physical
functioning.

1 RR, relative risk; Cl, confidence interval.

Furthermore, these associations were independent of the
effects of age, sex, education, cognitive functioning, comor-
bidity, depressive symptoms, and physical functioning. The
observed associations between frequent engagement in

Baseline (1987-1989) characteristics of the cohort subjects and distribution of the incident

dementia cases occurring during the second follow-up (1994-1996), the Kungsholmen Project,

Stockholm, Sweden, 1987-1996

Participants Incident dementia cases

Baseline characteristics (n=732) (n=123)
No. % No. %

Age (years)

75-79 364 49.7 36 29.3

80-84 232 31.7 55 447

>85 136 18.6 32 26.1
Sex: female 543 74.2 93 75.6
Education*: >7 years 343 471 53 43.1
MMSET score

24-26 178 24.3 38 30.9

27-30 554 75.7 85 69.1
Comorbidity* 179 24.6 46 374
Depressive symptoms?* 201 27.6 53 43.1
Physical dependencet 132 18.2 30 24.4

* For three subjects, information was missing.
1 MMSE, Mini-Mental State Examination.
} For eight subjects, information was missing.

Am J Epidemiol Vol. 155, No. 12, 2002
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activities and incidence of dementia persisted even when the
effect of social network was taken into account (relative risk
(RR) = 0.60, 95 percent CI: 0.37, 0.98 for mental activities;
RR = 0.60, 95 percent CI: 0.38, 0.94 for social activities;
and RR = 0.61, 95 percent CI: 0.39, 0.96 for productive
activities).

In addition, the observed associations were independent
of each other. When the three types of activities were intro-
duced into the multivariate models simultaneously, the
adjusted relative risks of dementia were 0.7 (95 percent CI:
0.5, 1.3) for mental activity, 0.7 (95 percent CI: 0.5, 1.0) for
social activity, and 0.6 (95 percent CI: 0.4, 0.9) for produc-
tive activity. Table 3 shows that daily/daily-weekly partici-
pation in each activity was independently associated with a
lower risk of dementia. Entering the alternative grouping of
potential confounders as covariates in the models did not
change the observed results substantially.

The following statistical analyses were performed to ver-
ify the results:

e Although we included only those subjects whose
baseline MMSE scores were more than 23, weaker
cognitive functioning (MMSE score, 24-26) may
have had an impact on the studied relation. Therefore,
we repeated all analyses for subjects whose MMSE
scores were more than 26 at the first examination.
Similar results were observed.

e To avoid biases introduced by underdiagnosis of
dementia cases among deceased subjects during fol-
low-up, further analyses were conducted for a sub-
group of subjects who were survivors at the second
follow-up examination. The results did not change.

¢ To eliminate the possibility that depression may be the
cause of inactivity in elderly people, all analyses were

TABLE 3. Independent effect of mental, social, and
productive activities on dementia occurrence derived from
the same Cox regression model, contrasting different
frequencies of participation with nonparticipation in the
activities, the Kungsholmen Project, Stockholm, Sweden,
1987-1996*

RR 95% CI

Mental activity

No 1

Less than daily 0.83 0.54, 1.30

Daily 0.59 0.37, 0.96
Social activity

No 1

Less than weekly 0.88 0.54, 1.41

Daily-weekly 0.60 0.38, 0.94
Productive activity

No 1

Less than weekly 0.81 0.25, 2.58

Daily-weekly 0.61 0.39, 0.95

* Relative risks (RR) and 95% confidence intervals (Cl) were
derived from multiple Cox regression models and were adjusted for
age, sex, education, baseline Mini-Mental State Examination score,
comorbidity, depressive symptoms, physical functioning, and
mental, social, or productive activities.

Am J Epidemiol Vol. 155, No. 12, 2002

repeated for subjects who did not have any depressive
symptoms. The observed associations remained
unchanged.

¢ We also examined the genetic influence by both intro-
ducing the apolipoprotein E (APOE) genotypes into
the models as covariates and conducting stratified
analyses for subjects with and without the APOE*&4
allele. No substantial variations were observed.

DISCUSSION

We examined the influence of engagement in mental,
physical, social, productive, and recreational activities on
dementia incidence in a community-based cohort of nonde-
mented subjects living at home, whose initial cognition level
was good. Participation in these activities was assessed on
average 6 years before dementia diagnosis. Our results sug-
gest that frequent participation in mental, social, or produc-
tive activity is associated with a lower risk of dementia in
the elderly. These associations are independent of the influ-
ence of age, sex, education, cognitive functioning, presence
of other chronic diseases and depressive symptoms, and
physical functioning.

Some possible mechanisms may be hypothesized:

e The process of mental stimulation may play a role in
preserving cognition. It has been reported that contin-
uing to engage in intellectually challenging activity
may promote stability of or enhance cognitive perfor-
mance (8). Mental activity involves thinking and
attention control processes, which might increase or
maintain brain reserve even in old age (8, 24).

e Psychosocial pathways may be involved in the bene-
ficial effect on dementia. Participation in productive
or social activities fulfills a meaningful social or eco-
nomic role, which could potentially sustain a person’s
self-concept of usefulness and competence (25). A
sense of self-efficacy has been linked to several
important health outcomes in middle-aged or elderly
adults (26, 27). In addition, experimental studies have
shown that an enriched environment improves the
plasticity and thickness of the cerebral cortex of old
rats (28). Maintenance of many social connections
and a high level of participation in social activities
have been found to be related to a high memory per-
formance score or to prevent cognitive decline in
community-dwelling elderly persons (6, 8).

Yoshitake et al. reported that regular, moderate physical
activity may preserve cognitive function (14), but we were
unable to identify a significant beneficial effect of physical
activity. However, only a few elderly people engaged in this
type of activity, leading to limited power to detect a moder-
ate effect.

The present findings are in line with our previous report
concerning a decreased dementia risk for subjects who have
a rich social network (10). The fact that a rich social net-
work could reduce the incidence of dementia might be
explained by factors other than social and emotional stimu-
lation. For example, such subjects could have received more
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help with their daily needs, such as with nutrition or health
care. In this study, we excluded the possible effect of social
support by introducing the social network index into the
models; the protective effects of mentally and socially stim-
ulating activities were still present. The findings from our
previous and present studies, taken together, suggest that a
stimulating life, which includes participating in creative,
educational, or interactive activities, may produce beneficial
effects on dementia development.

Our findings confirmed the beneficial effect of an active
life on dementia in the elderly, findings that have cautiously
been suggested by a few previous reports (11-14). The cau-
tion was due to methodological limitations highlighted by
the authors themselves. In our study, we overcame most of
these limitations. Information on activities was collected
directly from the subjects several years before dementia
diagnosis. We controlled for the effects of the most relevant
confounders. The possibility that depressive mood might
have caused subjects’ inactivity was ruled out by finding
similar results for subjects without any depressive symp-
toms. Initial cognitive functioning was controlled for in the
analysis, and similar associations were found for subjects
whose cognition level was initially good. The influence of
genetic variability was excluded by conducting additional
stratified analyses of subjects with and without the
APOE*¢&4 allele. Possible confounding due to the presence
of other chronic diseases common in old age, as well as
physical disability, was also eliminated. Finally, the effect of
social support likely to be associated with an active lifestyle
was excluded by adjusting for the social network index (10).

Four limitations of our study need to be discussed. First,
an open question was used to obtain information on social
and leisure activities; subjects were asked whether they reg-
ularly participated in any activities. Although we ascertained
information regarding the frequency of participation, we do
not know the extent to which subjects participated in these
activities, for example, how strenuous the activity was and
how long it lasted. Furthermore, because of the small num-
ber of elderly participants, we could not determine the effect
of any one particular activity on dementia development.

Second, recent reports on the preclinical stages of
Alzheimer’s disease have shown deficits in specific cogni-
tive domains in subjects who developed dementia 7 (29, 30)
and 10 (31) years later. Although time of engagement in the
activities referred to a period of life preceding by 6 years the
onset of dementia, some cognitive disturbances might be
present in those subjects who will later develop dementia.
However, the impairment found during the preclinical phase
was limited to episodic memory and clearly did not affect
daily life. In addition, we found similar results when we
analyzed a subgroup of subjects whose MMSE scores were
high, and all of our results were adjusted for initial cognitive
functioning.

Third, Berger et al. (32) reported that depressive symptoms
might be part of the preclinical phase of Alzheimer’s disease.
In our study, the possibility that depressive symptoms might
have biased the associations between these activities and
dementia was ruled out because similar findings were
observed for subjects without any depressive symptoms.

Finally, although we controlled for many potential con-
founders such as age, sex, education, cognitive functioning,
chronic diseases, depressive symptoms, social network, phys-
ical functioning, and genetic variability, latent and unmea-
sured differences might have determined the associations
between mental, physical, social, productive, and recreational
activities and the incidence of dementia. Premorbid personal-
ity is one possible factor that may represent such differences.
Associations between dementia and specific personality traits
have been suggested by two case-control studies (33, 34).
Evidence on this topic is limited by two factors. First, only
two known studies have focused on this subject. Second,
there are difficulties in studying this topic, which result from
the retrospective assessment of personality and the presence
of personality changes during the early phase of Alzheimer’s
disease.

In conclusion, stimulating activities that involve either
mental or psychosocial components may act as stimuli to
preserve cognition or hinder cognitive decline, therefore
preventing elderly persons from developing dementia. We
could not demonstrate a causal relation and rule out all pos-
sible confounding effects. However, because of their poten-
tial value, these results deserve to be explored further.
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