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Abstract
We examined the association of social activity with cognitive decline in 1138 persons without
dementia at baseline with a mean age of 79.6 (SD = 7.5) who were followed for up to 12 years
(mean = 5.2; SD = 2.8). Using mixed models adjusted for age, sex, education, race, social network
size, depression, chronic conditions, disability, neuroticism, extraversion, cognitive activity, and
physical activity, more social activity was associated with less cognitive decline during average
follow-up of 5.2 years (SD = 2.7). A one point increase in social activity score (range = 1–4.2;
mean = 2.6; SD = 0.6) was associated with a 47% decrease in the rate of decline in global
cognitive function (p < .001). The rate of global cognitive decline was reduced by an average of
70% in persons who were frequently socially active (score = 3.33, 90th percentile) compared to
persons who were infrequently socially active (score = 1.83, 10th percentile). This association was
similar across five domains of cognitive function. Sensitivity analyses revealed that individuals
with the lowest levels of cognition or with mild cognitive impairment at baseline did not drive this
relationship. These results confirm that more socially active older adults experience less cognitive
decline in old age.
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INTRODUCTION
Declines in memory and other cognitive abilities are a common feature of aging and
associated with lowered quality of life, lack of functional independence (Gaugler, Duval,
Anderson, & Kane, 2007; Tabbarah, Crimmins, & Seeman, 2002) and mortality (Schupf et
al., 2005). Cognitive decline is the defining feature of Alzheimer’s disease and other
dementias and often signals their onset (Backman, Jones, Berger, Laukka, & Small, 2005).
Finding an effective population-based strategy to prevent or delay cognitive decline is an
increasingly salient public health priority for our aging society. Evidence from longitudinal
studies suggests that one potential modifiable risk factor for cognitive decline may be
participation in social activity. Older adults who are more socially active experience less
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declines in cognitive abilities (Barnes, Mendes de Leon, Wilson, Bienias, & Evans, 2004;
Bassuk, Glass, & Berkman, 1999; Ertel, Glymour, & Berkman, 2008; Fratiglioni, Paillard-
Borg, & Winblad, 2004; Lovden, Ghisletta, & Lindenberger, 2005; Zunzunegui, Alvarado,
Del Ser, & Otero, 2003) and have a reduced risk for dementia (Fabrigoule et al., 1995; Karp
et al., 2005; Saczynski et al., 2006). However, despite these relatively consistent findings,
many experts conclude there is still “inconclusive evidence” that social activity is a true risk
factor for cognitive decline (Daviglus et al., 2010). Methodological issues such as a lack of
robust cognitive assessment or short follow-up have been cited, and two alternative
explanations for the findings have not been fully accounted for: reverse causation (social
activity may be limited for some persons as a result of prior cognitive decline before
observation) or unmeasured confounding. Therefore, further research that addresses these
methodological limitations is still necessary.

To test the hypothesis that a higher level of social activity in later life was associated with
reduced rate of cognitive decline, we used data from more than 1,100 older participants
without dementia at baseline in the Rush Memory and Aging Project followed for an
average of 5.2 (and up to 12) years. This analysis expands upon our previous cross-sectional
finding of a relationship between social activity and cognitive function in this dataset
(Krueger et al., 2009). Linear mixed effects models were used to investigate the association
of social activity at baseline with initial level and annual rate of change in global cognitive
function. We tested whether this association was affected by a large number of potentially
confounding factors and whether the association was independent of the influence of other
types of activities that have been linked to cognition in late life, physical and cognitive
activity. We also examined whether the association of social activity and cognitive decline
varied across five specific cognitive domains. Finally, we tested whether persons who were
cognitively impaired at baseline were driving a relationship between social activity and
cognitive decline (i.e., reverse causation) by repeating analyses after removing persons with
the lowest levels of cognitive function and with diagnosed mild cognitive impairment (MCI)
at baseline. As an additional test of reverse causation, we also tested whether initial
cognitive function was related to change in social activity.

METHODS
Participants

Participants were enrolled in the Rush Memory and Aging Project, an ongoing longitudinal
cohort study of common chronic conditions of aging (Bennett et al., 2005). Participants are
older persons (age 65 or older) recruited from approximately 40 retirement and subsidized
housing facilities in the Chicago metropolitan area. All participants signed an informed
consent agreeing to annual clinical evaluation and organ donation at the time of death. The
study was approved by the Institutional Review Board of Rush University Medical Center.
The clinical evaluation has been described in detail previously (Bennett et al., 2005). The
structured baseline evaluation included medical history, neurological and
neuropsychological examinations. Annual follow-up evaluations were identical to the
baseline evaluation in essential details, with examiners blinded to previous data. At each
evaluation, diagnosis of dementia or Alzheimer’s disease was performed by an experienced
clinician after review of all available data from the clinical evaluation.

Persons with dementia at baseline or who did not have valid data from at least one follow-up
visit were excluded from analysis. At the time of these analyses, 1406 participants had
completed a baseline evaluation. Of these, 111 persons met the criteria for dementia or did
not have a valid dementia assessment and another 157 died before or had not yet reached
their first follow-up. The remaining 1138 participants completed between 2 and 13 annual
evaluations (mean = 6.2; SD = 2.7) evaluations. The mean age was 79.6 years (SD = 7.5),
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mean education was 14.5 years (SD = 3.2), and the mean score on the Mini-Mental State
Examination (MMSE) (Folstein, Folstein, & McHugh, 1975) was 27.9 (SD = 2.1) at
baseline; 74.3% were women and 87.3% were White, non-Hispanic.

Assessment of Late Life Social Activity
Frequency of social activity was assessed using a previously established scale (Bennett et
al., 2005; Buchman et al., 2009) that asks how often during the past year participants
engaged in six common types of activities that involve social interaction (1) go to
restaurants, sporting events or teletract [off-track betting], or play bingo; (2) go on day trips
or overnight trips; (3) do unpaid community or volunteer work; (4) visit relatives’ or friends’
houses; (5) participate in groups, such as senior center, Knights of Columbus, Rosary
Society, or something similar; and (6) attend church or religious services. Participants rated
how often they participated in each activity based on a five-point scale: (1) once a year or
less; (2) several times a year; (3) several times a month; (4) several times a week; and (5)
every day or almost every day. The items were summed and divided by the total number of
items to obtain a composite measure of social activity with higher scores indicating more
activity.

Assessment of Cognitive Function
Cognitive function was assessed annually using a battery of 21 tests, as previously described
(Bennett et al., 2005). Scores on 19 tests were used to create summary indices of global
cognitive function and 5 specific cognitive domains: episodic memory (7 tests: immediate
and delayed recall of story A from Logical Memory, immediate and delayed recall of the
East Boston Story, Word List Memory, Word List Recall, and Word List Recognition),
semantic memory (3 tests: a 15-item version of the Boston Naming Test, Verbal Fluency,
and a 15-item reading test), working memory (3 tests: Digit Span Forward, Digit Span
Backward, and Digit Ordering), perceptual speed (4 tests: Symbol Digit Modalities Test,
Number Comparison, and 2 indices from a modified version of the Stroop
Neuropsychological Screening Test), and visuospatial ability (2 tests: a 15-item version of
Judgment of Line Orientation and a 16-item version of Standard Progressive Matrices).

To obtain the summary indices, raw scores on each of the individual tests were converted to
z scores using the baseline mean (SD) of the entire cohort. The Z scores of all 19 tests were
averaged to compute the global cognitive function score. Summary scores for the five
cognitive domains were derived by converting raw scores on each of the individual tests to Z
scores using the mean (SD) of the entire cohort and then averaging the Z scores from tests in
a specific domain. Psychometric information on these summary scores, including factor
analytic support for the five domains, have been previously reported (Wilson et al., 2005).

Clinical diagnoses of dementia and MCI were performed using a three stage process
including computer scoring of cognitive tests, clinical judgment by an experienced
neuropsychologist, and diagnostic classification by an experienced clinician, as previously
described (Bennett et al., 2005). Diagnosis of dementia and probable AD followed the
criteria of the joint working group of the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders
Association (McKhann et al., 1984). Diagnosis of MCI was rendered for individuals found
to have cognitive impairment by the neuropsychologist but who did not meet the accepted
criteria for dementia by the clinician (Bennett et al., 2005). Persons who did not meet
criteria for MCI or dementia were classified as having no cognitive impairment.
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Assessment of Other Covariates
All covariates included in this analysis came from the baseline assessment. We quantified
social network size with standard questions about the number of children, family, and
friends seen at least once a month, as previously described (Bennett, Schneider, Tang,
Arnold, & Wilson, 2006).

Depressive symptomatology was assessed with a 10-item version of the Center for
Epidemiologic Studies Depression Scale (Kohout, Berkman, Evans, & Cornoni-Huntley,
1993) as previously described (Bennett et al., 2005). Persons were asked if they had
experienced each of 10 symptoms during the past week and the score was the total number
of items. The total number of seven self-reported chronic medical conditions (diabetes
mellitus, hypertension, heart disease, cancer, thyroid disease, head injury, and stroke) was
used as a measure of chronic illness, as described elsewhere (Wilson et al., 2002). Disability
was assessed with the Katz scale, which asks about ability to independently perform six
daily living activities: walking, bathing, dressing, eating, getting from bed to chair, and
toileting (Katz & Akpom, 1976). The score was the number of activities that the person was
unable to perform without help.

The personality traits of neuroticism, indicative of distress proneness, and extraversion,
indicative of sociability, were measured using subscales from the NEO Five-Factor
Inventory (Costa & McCrae, 1992). Participants rated agreement with each neuroticism or
extraversion item (6 items each) and total scores were computed (range: 0 to 48) with higher
scores indicating a higher level of each trait as previously described (Wilson et al., 2006).

Participants rated their current frequency of participation in nine cognitively stimulating
activities (e.g., reading a book, visiting a library) on a five-point scale, with 5 indicating
participation in the activity every day or approximately every day, and 1 indicating
participation once a year or less (Wilson et al., 2005). We excluded two items that had social
components (going to museums and concerts) and the remaining item scores were averaged
to yield a summary measure of late life cognitive activity. Frequency of physical activity
was assessed with questions adapted (McPhillips, Pellettera, Barrett-Connor, Wingard, &
Criqui, 1989) from the 1985 Health Interview Survey (U.S. Public Health Service, 1985).
Persons were asked if they had participated in each of five activities (e.g., walking for
exercise, calisthenics) during the past 2 weeks, and if so, the number of times and mean time
per occasion. Minutes in each activity were summed and divided by 120 to yield a summary
measure of hours per week of physical activity, as described elsewhere (Wilson et al., 2002).

Income was measured using the “show-card” method. Participants were asked to select 1 of
10 levels of total family income listed on a card (Cornoni-Huntley, Brock, Ostfeld, Taylor,
& Wallace, 1986). Consistent with other studies of older adults, 150 (13%) of the cohort
included in this analysis did not provide income data.

Statistical Analysis
We first examined the relationship between social activity and covariates using both
parametric and non-parametric tests of correlation and analysis of variance for categorical
variables. We used linear mixed effects models to examine the relationship of change in
cognitive function with social activity. Models were fit separately for global cognition and
each of the five cognitive domains. Models were fit with a random effects term for intercept
and follow-up time as well as fixed effects terms for time, age, sex, race, education, and
interactions of time with these demographic variables. Terms for social engagement at
baseline and the interaction of time and social engagement were added to test the association
between social engagement and baseline level of cognition and rate of change. To examine
the influence of covariates, terms were added for social networks, depressive symptoms,
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chronic conditions, disability, neuroticism, and extraversion. To examine if the influence of
social activity on cognitive decline was independent of other activities, terms were added for
cognitive activity and physical activity. Because of missing income data for some
participants, a model adjusting for all previously mentioned variables plus income was fit
separately.

Finally, we conducted a series of sensitivity analyses to test whether reverse causality could
influence our results. First, we removed persons who were most likely to have experienced
cognitive decline due to preclinical dementia in the time before baseline. We repeated the
fully adjusted model for global cognition after sequentially removing persons at the lowest
levels of baseline cognitive function in 5 percentile increments up to the lowest 30%. We
also repeated the fully adjusted model after excluding persons who were diagnosed with
MCI at baseline. Because cognitive ability could still affect social activities within the
“normal” range of cognitive performance, we also conducted an analysis of change in social
activity as a function of cognitive function. We modeled change in social activity as a
function of initial level of cognitive function using mixed effects models with terms for
time, age, sex, education, race, and their interactions of all variables with time. To examine
this association within the normal range of cognitive performance, observation time after a
diagnosis of dementia over the course of follow-up was censored from analysis. Model
validation was performed graphically and analytically and there was no evidence of
nonlinearity or nonproportionality. Programming was done in SAS version 9.2 (SAS
Institute, Inc., Cary, NC).

RESULTS
Social activity scores ranged from 1 to 4.2 (mean = 2.6; SD = 0.6). More socially active
persons had higher levels of global cognition at baseline (r = 0.30; p < .001) and were
younger (r = −0.15; p < .001), more highly educated (r = 0.15; p < .001), less neurotic (r =
−0.15; p < .001), more extraverted (r = 0.30; p < .001), and had fewer depressive symptoms
(r = −0.10; p < .001), less disability (r = −0.17; p < .001), and larger social networks (r =
0.25; p < .001) than less socially active persons. Women were more socially active than men
(mean = 2.60 vs. mean = 2.50, F = 6.7; p = .01). Chronic medical conditions and race (white
vs. all others) were not significantly associated with social activity. Social activity was
correlated with cognitive activity (r = 0.30; p < .001) and physical activity (r = 0.20; p < .
001).

Participants were followed for an average of 5.2 years (SD = 2.8; range = 0.4–12.3). In an
initial linear mixed effects model, we tested the relation of social activity to initial level of
cognitive function and rate of change in cognitive function (Table 1, Model 1). In this
model, there was an average decline of 0.074 unit per year on the global measure of
cognition. Social activity was associated with higher baseline levels of global cognition and
with a reduced rate of cognitive decline (as indicated by the statistically significant positive
estimate for the social activity × time interaction term). In a fully adjusted model that
included terms for covariates and other activity types, the association between social activity
and initial level of cognitive function was attenuated almost by half, yet the association
between social activity and rate of change in cognitive function was attenuated by less than
2% (Table 1; Model 2). In the fully adjusted model, on average, a one-point increase in
social activity score was associated with a 0.034 unit reduction in rate of cognitive decline
per year, or a 47% decrease in the annual rate of decline in global cognitive function. As
shown in the figure, compared to a person who is infrequently socially active (score = 1.83;
10th percentile), rate of global cognitive decline was reduced by an average of 70% in a
person who is frequently socially active (score = 3.33; 90th percentile). Separately, the fully
adjusted model was repeated with a term for income in the subset with income data (n =
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988) to more fully determine whether socioeconomic status accounted for the results. The
association between social activity and change in cognition was essentially not affected by
adjustment for income (estimate = 0.032; SE = 0.007; p < .001).

To examine whether social activity was related to specific cognitive abilities, we repeated
the fully adjusted analysis with the five specific cognitive abilities. Social activity was not
consistently associated with initial level of cognitive function across the cognitive abilities,
but was consistently associated with reduced cognitive decline in all five cognitive abilities
(Table 2).

To examine whether reverse causation could account for these findings, we conducted a
series of sensitivity analyses. First, we repeated the fully adjusted model for global cognition
after removing persons who were the most severely cognitively impaired at baseline, and
thus the most likely to have experienced previous cognitive decline and limited their social
activities. We first sequentially removed 30% of persons with the lowest levels of global
cognition at baseline in 5 percentile increments. The association between social activity and
global cognitive decline remained robust. Thus, in a model where we removed the lowest
30th percentile of cognition at baseline that included only 748 participants, more frequent
social activity was associated with reduced cognitive decline (estimate = 0.034; SE = 0.007;
p < .001). We also repeated the fully adjusted model after removing 322 persons with MCI
at baseline. In this model that included 766 participants with no cognitive impairment, the
association was very similar to the estimate for the analysis including persons with MCI
(estimate = 0.032; SE = 0.007; p < .001). Finally, we examined whether cognitive ability
could still affect social activities within the normal range of cognitive performance using
mixed effects models adjusted for age, sex, race, education, and their interactions with time,
using all observation time before a diagnosis of dementia [average of 4.7 years, SD = 2.7,
range = 0.4–12.1; 224 participants (19.7%) developed dementia over follow-up]. Global
cognition at baseline was associated with less social activity at baseline (estimate = 0.254;
SE = 0.037; p < .001), but it was not related to change in social activity (estimate = 0.004;
SE = 0.009; p = .61).

DISCUSSION
In a large, community-based cohort of older persons who were free of dementia at the
beginning of observation, more frequent social activity was associated with subsequent
reduced rates of cognitive decline over an average of 5 years of follow-up. On average, the
most socially active individuals (90th percentile) experienced only one quarter of the rate of
cognitive decline experienced by the least socially active individuals (10th percentile). The
association was found broadly across several cognitive abilities, including a measure of
global cognition as well as five cognitive domains. The association was robust to adjustment
for a wide array of potentially confounding variables including socioeconomic status, social
network size, health, disability, affect, and personality, as well as other types of activity:
physical and cognitive. Several sensitivity analyses did not support the alternate hypothesis
of reverse causation, including removing the most cognitively impaired participants at
baseline, as well as examining change in social activity as a function of initial cognition.
These findings are consistent with the results of previous research finding that more socially
active older adults experience less cognitive decline on average (Barnes et al., 2004; Bassuk
et al., 1999; Ertel et al., 2008; Lovden et al., 2005; Zunzunegui et al., 2003). Some of these
studies also tested for and found little evidence of reverse causation (Barnes et al., 2004;
Ertel et al., 2008; Lovden et al., 2005). Thus, while not all studies are consistent with these
inferences (Aartsen, Smits, van Tilburg, Knipscheer, & Deeg, 2002; Hultsch, Hertzog,
Small, & Dixon, 1999), a substantial body of literature is developing that supports the notion
that frequent social activity may help to prevent or delay cognitive decline in old age.
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This study bolsters previous findings by addressing several important methodological
challenges. First, this analysis had a relatively long follow-up, 5 years on average, and each
participant was observed on an average of 6 evenly spaced one year intervals (including the
baseline visit). This enhances the power to detect patterns of change in cognition. Second,
rather than relying on a single instrument or one domain of cognition, this study had robust
measures of cognitive function based on a standardized and well characterized battery of
neuropsychological tests of separate cognitive abilities. Third, we were able to adjust for a
wide variety of potential confounders in addition to the standard adjustments for
demographics, education, health, and affect. This includes personality type, which could
select for who is socially active in older age and has been shown to be related to cognitive
impairment (Hultsch et al., 1999; Wilson et al., 2007). Furthermore, the observed
associations were independent of related constructs such as the number of persons in one’s
social network, as well as other types of activity, cognitive and physical, that have been
shown to be related to reduced cognitive decline (Sofi et al., 2011; Wilson et al., 2003).
Thus, while social activity is likely to include cognitive and physical components, this
indicates that social activity is independently related to cognitive decline regardless of one’s
level of cognitive or physical activity. Adjustment for all of these variables attenuated only
the relationship between social activity and the initial level of cognitive function, but had
almost no effect on the relationship between social activity and cognitive decline.

Finally, we tested for the influence of reverse causation and the results were strongly robust
to this alternative scenario. The association withstood the removal of 30% of the cohort with
the lowest levels of baseline cognition. This study was also uniquely able to report that the
association was robust to the exclusion of persons clinically diagnosed with MCI at baseline.
These results suggest that is very unlikely that persons who previously experienced
cognitive decline (i.e., preclinical dementia) were driving the association between baseline
social activity and subsequent change in cognition. Moreover, there was no evidence that
cognitive ability was related to change in social activity within the normal (i.e.,
nondemented) range of cognitive function. Other strengths of this study include the use of a
large, well characterized community-based cohort of older persons free of dementia at
baseline and a high rate of follow-up participation (over 94%) and the use of an established
measure of late life social activity that has been correlated with other health outcomes
(Buchman et al., 2009; James, Boyle, Buchman, & Bennett, 2011).

Although this analysis attempted to account for reverse causation and confounding, due to
its observational study design, these two alternate scenarios cannot be ruled out completely.
However, if social activity does have a causal role in delaying or preventing cognitive
decline, the exact mechanisms are unknown. A commonly endorsed possibility is that social
activity challenges older adults to participate in complex interpersonal exchanges, which
could promote or maintain efficient neural networks in a case of “use it or lose it” (Hultsch
et al., 1999). This could be achieved through the building of a cognitive reserve capacity that
buffers the brain against the manifestation of cognitive impairment, even in the face of
underlying neuropathology (Stern, 2002; Valenzuela & Sachdev, 2006). Social activity
could also provide meaningful social roles and a sense of purpose in old age (Berkman,
2000), which could have direct neurohormonal influences on the brain including the
reduction of the stress response (Fratiglioni et al., 2004). Finally, although we controlled for
physical activity, social activity also requires a degree of physical activity above and beyond
regular exercise and walking which could enhance cardiopulmonary fitness, leading to
vascular changes in the brain and cerebral oxygenation that might protect against
neuropathology (Fratiglioni et al., 2004).

A limitation of this study was the assessment of social activity through self-report, which
may be subject to recall bias particularly for persons with cognitive difficulties. Another
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limitation that may limit the generalizability of these findings to the general older population
is the use of a mostly white volunteer cohort who agreed to annual evaluations and post-
mortem organ donation. Additionally, the population was on average close to 80 years of
age at baseline, thus potentially representing a cohort of “healthy survivors” who may be
more socially active than the general population of persons aged 65 and older. Finally, we
did not have the capacity to examine social activity before old age, and thus we were not
able to take into account the influence of timing and duration of social activity along the life
course. Current social activity in old age may reflect life-long patterns of behavior, changes
in lifestyle initiated in later life, or a combination of both. The data here do not allow for
inferences regarding the time-dependency of this association, nor do they address whether
adopting new social activities in old age is an effective strategy in maintaining cognitive
health. The Experience Corp, an intervention trial to increase engagement in social and other
activities in older adults, has shown promising results over a short (months to a few years)
period (Carlson et al., 2008; Fried et al., 2004), yet the greatest effect on cognitive health is
likely achieved through a lifetime of social activity. Despite a recent expert review stating
that there is inconclusive evidence of risk factors for cognitive decline based mostly on
observational data (Plassman, Williams, Burke, Holsinger, & Benjamin, 2010), well-
designed observational studies are valuable in establishing the cumulative effects of lifetime
of social activity on cognitive health. This study provides convincing evidence that a
socially active lifestyle can help to prevent cognitive decline in old age.
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Fig. 1.
Estimated decline in global cognition for participants with high (dotted line: 90th percentile,
score = 3.3) versus low (solid line: 10th percentile, score = 1.8) late life social activity. From
linear mixed model adjusted for age, age × time, sex, sex × time, race, race × time,
education, education × time, social networks, depression, chronic conditions, disability,
neuroticism, extraversion, cognitive activity, and physical activity.
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Table 1

Associations between social activity and initial level and annual rate of change in global cognition, from linear
mixed effects models

Model term

Model 1 Model 2

Estimate (SE) p Value Estimate (SE) p Value

Time −0.074 (0.004) <.001 −0.070 (0.004) <.001

Social activity 0.156 (0.024) <.001 0.085 (0.027) .002

Social activity × time 0.035 (0.007) <.001 0.034 (0.007) <.001

Note. Model 1 adjusted for age, age × time, sex, sex × time, race, race × time, education, and education × time. Model 2 adjusted for same terms as
model 1 plus: social networks, depression, chronic conditions, disability, neuroticism, extraversion, cognitive activity, and physical activity.
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