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Abstract
Background: Despite the growing evidence on the modifiable and genetic factors associated with cognitive health, little

is known about the role of the apolipoprotein E (APOE) gene ϵ4 allele in the associations between productive or leisure

activities and cognitive health.

Objective: This study fills a gap of knowledge by examining the associations among employment, civic engagement, and

leisure activities and cognitive health by the presence of APOE ϵ4 allele, an established risk factor of Alzheimer’s disease
(AD).

Methods: Using pooled data from the Health and Retirement Study (HRS) Psychosocial and Lifestyle Questionnaires

(2010–2016) and the HRS data on APOE ϵ4 alleles, linear regression models with a lagged dependent variable were per-

formed to examine associations between productive or leisure activities and cognitive functioning at the follow-up time

point, as well as the role of APOE ϵ4 in these associations.

Results: Among all participants, employment, low or high-intensity volunteering, and cognitive/social leisure activities were

associated with higher levels of cognitive functioning. The presence of at least one ϵ4 allele was related to poorer cognitive

functioning at the follow-up time point. Among people without the APOE ϵ4 allele, employment, high-intensity volunteering,

and cognitive/social leisure activities were significantly associated with cognitive functioning. Among people with at least one

APOE ϵ4 allele, low-intensity volunteering and cognitive/physical leisure activities were significantly associated with better

cognitive functioning.

Conclusions: We found that employment, civic engagement, and leisure activities all contribute to cognitive health,

although the benefits may be restricted to low-intensity volunteering and cognitive/physical leisure activities among indivi-

duals with at least one APOE ϵ4 allele, who are known to be inherently at a greater risk of AD, highlighting an avenue to a

relatively easily implementable strategy to promote cognitive health in this subpopulation.
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Introduction
Alzheimer’s disease (AD) is one of the leading causes of death
in the United States.1 Age is the biggest risk factor for AD,
and more Americans are living into old age. With an increas-
ing number of individuals living longer, research is needed to
identify modifiable health behaviors to delay the onset and
severity of cognitive decline.2 Productive activities, employ-
ment, and civic engagement are associated with healthy
brain structure and cognitive health benefits.3–6 In addition,
there is growing evidence regarding the cognitive health ben-
efits of leisure activities.7–9 Yet, important gaps in knowledge
still remain, notably evidence regarding the role of genetic
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predisposition, such as the presence of the apolipoprotein E
(APOE) gene ϵ4 allele, an established risk factor for AD,10

in the association between productive activities and cognitive
functioning.

Theory and empirical evidence
The environmental complexity hypothesis suggests that
healthy brain development can occur due to exposure to
complex environments, including occupational environ-
ments.11–13 Importantly, this theoretical framework suggests
that cognitive health and functioning can be maintained
across the lifespan through continuous complex interactions
with the environment. Although advanced older age is asso-
ciated with cognitive decline, this perspective argues that the
absence of complex activities, not age alone, is a risk factor
for cognitive decline. Productive activities, such as paid work
and civic engagement that contribute to the greater society,
can offer cognitively challenging and stimulating environ-
ments.3,5 Among the many health benefits of volunteer-
ing,14,15 longitudinal and experimental studies reveal
that civic activities are associated with executive function,
memory, enhanced speed of processing, and neurocognitive
plasticity.16–19 In addition, some leisure activities are also
associated with cognitive health benefits. For instance,
among older adults in Colombia, leisure activities were
found to be associated with a decreased risk of cognitive
impairment without dementia and a lower risk of dementia
altogether, independent of educational attainment and liter-
acy, when examined cross-sectionally.20 Similar findings
are evident among older Chinese and Swedish adults.21,22

Shin and colleagues (2021) found that the number of hours
spent reading books and using a computer was positively
associated with crystallized intelligence score, which is one
of the proxies for cognitive functioning that is focused on
learned knowledge and language. In addition to reading
books, their study revealed that engaging in hobbies, attend-
ing movies and the theater, attending study circles,
and visiting and/or being visited by friends and/or relatives
were associated with better cognition. Another study focus-
ing on Chinese older adults found that frequent engagement
in social activities (e.g., playing cards and visiting cinemas)
and physical activities (e.g., walking and active sports)
were associated with lower odds of cognitive decline.23

Interventions that focus on leisure activity are important
domains for interventions because they can be performed
until the end of life.7 Thus, engaging in various activities,
both productive and non-productive, may help maintain
and protect brain health in later life. To summarize, product-
ive activities are paid or unpaid activities performed by older
adults that can bring social benefits distinguishable from
leisure activities. The present study explores how productive
and leisure activities are associated with cognitive health
while considering important covariates.

There are important genetic factors that affect the onset
of AD, other age-related cognitive impairments, and cardio-
vascular conditions.2,24,25 One of the well-known genes that
are associated with increased risk for AD is the allele 4
variant of the apolipoprotein E gene (APOE ϵ4).
Compared to those with one or no APOE ϵ4 alleles; those
with two APOE ϵ4 are at higher risk of developing
AD.25–27 The reason why APOE ϵ4 increases the risk of
AD is still unclear, but research indicates that it may be
associated with the function of apolipoprotein E (ApoE)
in helping carry cholesterol and fat in the bloodstream.28

ApoE operates as a lipid transport protein.29 When lipids
are not regulated properly, they could be associated with
neurodegenerative diseases.29 One recent study found that
APOE ϵ4 had a negative effect on the association between
lifestyle activities and cognitive reserve in women only,
concluding that sex and APOE ϵ4 carrier status are import-
ant factors to consider in these associations.30 Despite the
importance of incorporating APOE ϵ4 into cognitive
health research, existing studies in productive and leisure
scholarly discourses have not examined the effect of
APOE ϵ4.

The present study
The present study examined the associations between pro-
ductive or leisure activities and cognitive functioning
among older adults in the United States (U.S.) with four
waves (2010, 2012, 2014, and 2016) from the Health and
Retirement Study (HRS). This study was guided by the fol-
lowing research question: Are there associations between
activities and the maintenance of cognition? Are the asso-
ciations between activities and maintenance of cognition
different for those without APOE ϵ4 than for those with
APOE ϵ4? We hypothesized that productive and leisure
activities would be associated with higher cognitive func-
tioning on follow-up for older adults both with or without
the APOE ϵ4 allele overall, but that there will be a differ-
ence by APOE ϵ4 status. This would mean that those with
APOE ϵ4, who are at a higher risk of AD, could benefit
from the modifiable factors of productive and leisure activ-
ities. To the best of the authors’ knowledge, this is the first
study to examine how both productive and leisure activities
are associated with cognitive functioning among diverse
older adults in the U.S. while considering the presence of
APOE ϵ4.

Methods

Sample
Data come from the HRS: the longitudinal HRS core
data, the Research and Development (RAND) HRS data,
the Psychosocial Lifestyle Questionnaires (also called
Leave-Behind Questionnaires [LBQ], which contain
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leisure activity information), and the HRS APOE and
Serotonin Transporter Alleles. The HRS is a longitudinal,
nationally-representative, population-based study of older
adults aged 51+ years, sponsored by the National
Institute on Aging (NIA U01AG009740) and conducted
by the University of Michigan.31–33 Beginning in 1992, par-
ticipants have responded to the HRS core survey every two
years. The sample is replenished every six years. Most vari-
ables come from the RAND HRS data files from the RAND
Center for the Study of Aging. The RAND HRS variables
are harmonized across waves and are imputed if they
would otherwise have a high number of missing cases
(e.g., cognition) in the raw data set.31 The LBQ is collected
in each biennial wave from a rotating 50% of the core panel
respondents.33 For instance, data from the randomly
selected half of Group A were collected in 2006, 2010,
and 2014, whereas the data from the remaining half of
Group B were collected in 2008, 2012, and 2016.
Sociodemographic characteristics, health characteristics,
and cognitive health variables were selected from the
RAND HRS. Some measurements changed over time.
Thus, to select consistent measures, the present study
used the data from 2010 to 2016 (4 waves: waves 2–4 are
follow-ups).

Following the recommended representative ages based on
the birth cohorts from HRS, the sample was restricted to parti-
cipants aged 51+ . The HRS employs a steady-state design,
where the sample is replenished every six years with a
younger cohort. Thus, theminimum age among cohort-eligible
participants in follow-up waves may vary, requiring the limit-
ing of the ages of the respondents for each wave.34 Pooled
together, after matching the HRS LBQ respondents with the
APOE data respondents, there were 12,542 participants with
cognitive functioning measures at Time 1 (T1, pooled 2010
and 2012) and 10,291 participants at Time 2 (T2, pooled
2014 and 2016). If the responses were provided by a proxy in
either wave, they were excluded (resulting in 12,542 partici-
pants with cognitive functioning measures in T1 and 10,281
in T2). We excluded those with cognitive functioning below
a normal range, indicating a ‘demented’ state at T1 (e.g., cogni-
tive functioning score six or less), resulting in 12,117 partici-
pants with cognitive measures in T1 and 10,120 in T2. There
were 8,744 participants who did not miss the cognitive
measure in both T1 and T2. We included a final analytic
sample of 7,605 participants who had the study variables.
Sensitivity analyses indicated that participants included in the
listwise deletion models were younger, better educated, and
had slightly more female representation compared to the parti-
cipants excluded from the listwise deletion process. The mul-
tiple imputation results were similar in the direction and
significance of the major predictors (i.e., work, volunteering,
and leisure activity variables). However, in the multiple imput-
ationmodels, having twoandoneAPOE ϵ4 alleles compared to
no APOE ϵ4 allele was associated with lower cognitive func-
tioning at T2 across models.

Measures
Cognitive functioning (dependent variable at T2). Total cogni-
tive functioning scores ranged from 0 to 27, with higher
scores representing better cognitive functioning.35,36

The measure assesses three major areas of cognitive func-
tioning: episodic memory (i.e., immediate word recall
test, scored: 0–10, and delayed word recall test, scored:
0–10),37 working memory (serial sevens test, scored:
0–5), and attention/processing speed (backward counting,
scored: 0–2). Cognitive functioning as a continuous vari-
able was used.

Productive activities (employment and volunteering; independent
variables at T1). Employment status was categorized into the
following four groups: employed full-time, employed
part-time/partly retired, retired, and unemployed/dis-
abled/not in the labor force. Formal volunteering was
asked as the following: ‘These next questions ask about
volunteer work and helping activities. Have you spent
any time in the past 12 months doing volunteer work for
religious, educational, health-related or other charitable
organizations?’ Volunteering in the past 12 months was
categorized into the following three groups: no volunteer-
ing, low-intensity volunteers (less than 100 h),
moderate-intensity (100 h to 200 h), and high-intensity
volunteers (more than 200 h).

Leisure activities (independent variables at T1). Cognitive,
social, and physical leisure activity variables and classifica-
tions were selected based on previous research.38–41 For
cognitive, social, and physical leisure activities, the
responses were categorized into the following three categor-
ies: no engagement (never/not in the last month), monthly
engagement (once a month/several times a month), and weekly
engagement (once a week/several times a week/daily).
Categorization based on the count was informed by the
study by Bone and colleagues.39 Using continuous vari-
ables resulted in the same significant leisure activity
variables.

Cognitive leisure activity used the following ten 7-point
scale items (1= daily, 2= several times a week, 3= once a
week, 4= several times a month, 5= at least once a month,
6= not in the last month, 7= never/not relevant): (1)Attend
an educational or training course; (2) Pray privately in
places other than a church or synagogue; (3) Read books,
magazines, or newspapers?; (4) Do word games such as
crossword puzzles or Scrabble; (5) Play cards or games
such as chess; (6) Write (such as letters, stories, or journal
entries); (7) Use a computer for e-mail, Internet or other
tasks; (8) Bake or cook something special; (9) Make
clothes, knit, embroider, etc.; and (10) Work on a hobby
or project.

Social leisure activity used the average of the following
three 7-point scale items: (1) Do activities with
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grandchildren, nieces/nephews, or neighborhood children;
(2) Go to a sport, social, or other club; (3) Attend meetings
of non-religious organizations, such as political, commu-
nity, or other interest groups.

Physical leisure activity used the following two 7-point
scale items: (1) Play sports or exercise and (2) Walk for
20 min or more.

APOE ε4 gene(ε2 / ε2, ε2

/ ε3, ε2/ε4, ε3/ε3, ε3/ε4, and ε4

/ ε4 were categorized as 0

= no ε4 allele and 1 = one ε4 allele or two ε4 alleles)

Covariates (T1). Sociodemographic characteristics include
age (years), gender (1=male, 0= female), education
(1= high school or lower, 2= some college, 3= college
degree and above), race/ethnicity (1= non-Hispanic
White, 2= non-Hispanic Black, 3=Hispanic), marital
status (1=married/partnered, 2= separated/divorced,
3=widowed, 4= never married), and log-transformed
income. The following health-related factors were included,
given evidence of their association with cognitive perform-
ance: T1 cognitive functioning, CESD depressive symp-
toms (0–8, this is a continuous variable where a higher
score indicates a higher level of depressive symptoms),
self-rated health (The original variable ranged from
1= excellent, 2= very good, 3= good, 4= fair, and to
5= poor; this measure was reverse-coded for interpretation:
1= poor to 5= excellent), diabetes (1= yes, have the condi-
tion; 0= no, do not have the condition),2 and smoking status
(1= never, 2= previous smoker, and 3= current smoker).

Statistical analysis
Descriptive statistics with weights were conducted to
describe the sample characteristics. Next, lagged dependent
variable regression models were performed controlling for
cognitive functioning at T1 to answer the proposed research
questions. In Table 2, all participants (n= 7605) were
included to examine the following set of models: Model 1a
focused on employment and key predictors of cognitive
health; Model 1b focused on formal volunteering and key
predictors; Model 1c-1 focused on cognitive leisure activities
and key predictors; Model 1c-2 focused on social leisure
activities and key predictors; and Model 1c-3 focused on
physical leisure activities and key predictors. In Table 3,
the same models were examined among participants
without the APOE ϵ4 allele (n= 5630). In Table 4, the
same models were examined among participants with at
least one APOE ϵ4 allele (n= 1975). Analyses were con-
ducted in Stata MP version 17.42 The complex survey
design and weighting were applied following previous
studies.43,44

Results
The sample characteristics are presented in Table 1. Focusing
on the weighted distribution, the mean age of respondents
was 64 years (SE= 0.26). More than half of the respondents
were female (54%), with almost 43% having a high school or
lower education level. The majority of the participants were
non-Hispanic White (85%), and 70% were married. The
mean log-transformed income was 10.87 (SE= 0.03). In
terms of health, the mean score of cognitive functioning at
T1 was 16 (SE= 0.07, range: 7–27). Over 74% of partici-
pants had no ϵ4 allele, and 26% had one or two ϵ4 alleles.
On average, respondents had a score of 1.15 (SE= 0.03)
for depressive symptoms (10.76% of having depressive
symptoms), which indicates a lower frequency of depressive
symptoms. They had a mean self-reported health of 3.40
(SE= 0.02), indicating good self-rated health. About 19%
had diabetes, and 12% were current smokers. Among the
productive activities, 34% worked full-time, and 55% did
not volunteer. The frequency of leisure engagement
varied across cognitive, social, and physical leisure activ-
ities. Cognitive functioning at T2 had a mean score of 16.03
(SE= 0.08).

Table 2 represents associations between productive or
leisure activities and cognitive functioning at T2 among
all participants (n= 7605): employed part-time/partly
retired, volunteered at low or high intensity, and some
leisure activities were associated with cognitive function-
ing. Model 1a indicated that among all participants, being
employed part-time/partly retired was associated with
better cognitive functioning (B= 0.32, p= 0.017). In
Model 1b, compared to those who did not volunteer, people
who were engaged in low-intensity volunteering (B=0.21, p
=0.033), and those who were engaged in high-intensity volun-
teering (B=0.36, p=0.046) had better cognitive functioning at
T2. When cognitive leisure activities were examined in Model
1c-1, weekly engagement word games (B=0.33, p<0.001)
and weekly engagement in using a computer (B=0.67, p<
0.001) were associated with better cognitive functioning at
T2. Model 1c-2 indicated that weekly engagement in attending
meetings of non-religious organizations was marginally asso-
ciated with higher levels of cognitive functioning at T2 (B=
0.55, p=0.009). Physical leisure activities in Model 1c-3 pre-
sented a marginally significant association between monthly
exercise and cognitive functioning at T2 (B=0.19, p=
0.095). Across all models, the presence of the APOE ϵ4
alleles was statistically associated with lower cognitive func-
tioning. Variables in all models explained approximately 51%
to 52% of the variance in cognitive functioning at T2.

Table 3 represents associations between productive or
leisure activities and cognitive functioning at T2 among par-
ticipants without the APOE ϵ4 allele (n= 5630).
Employment, volunteering, cognitive leisure activities, and
social leisure activities were significantly associated with
cognitive functioning. Model 1a indicated that part-time
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Table 1. Descriptive statistics.

Variables

Mean (SD) or %

Unweighted (n= 7605)

Mean (SE) or %

Weighted (n= 7605) Range

Raw data

Independent variables

Employment status

Employed full-time 25.73% (n= 1957) 34.23% 1–4
Employed part-time/partly retired 15.04% (n= 1144) 15.99%

Retired 51.37% (n= 3907) 41.89%

Unemployed/disabled/not in labor force 7.85% (n= 597) 7.89%

Formal volunteer

No volunteering 56.27% (n= 4279) 54.97% 0–3
Low intensity 25.75% (n= 1958) 27.28%

Moderate intensity 10.01% (n= 761) 9.73%

High intensity 7.98% (n= 607) 8.01%

Cognitive leisure activities 1–3
Attend an educational or training course

No engagement 87.00% (n= 6616) 85.46%

Monthly engagement 9.15% (n= 696) 10.84%

Weekly engagement 3.85% (n= 293) 3.7%

Pray privately in places other than a church or synagogue

No engagement 23.68% (n= 1801) 25.89%

Monthly engagement 13.44% (n= 1022) 14.17%

Weekly engagement 62.88% (n= 4782) 59.94%

Read books, magazines, or newspapers

No engagement 4.05% (n= 308) 4.11%

Monthly engagement 8.68% (n= 660) 8.68%

Weekly engagement 87.27% (n= 6637) 87.21%

Do word games (e.g., crossword puzzles, Scrabble)

No engagement 48.45% (n= 3685) 49.88%

Monthly engagement 14.92% (n= 1135) 14.69%

Weekly engagement 36.62% (n= 2785) 35.43%

Play cards or games

No engagement 62.70% (n= 4768) 62.29%

Monthly engagement 17.78% (n= 1352) 18.56%

Weekly engagement 19.53% (n= 1485) 19.15%

Write

No engagement 61.46% (n= 4674) 61.5%

Monthly engagement 19.76% (n= 1503) 19.45%

Weekly engagement 18.78% (n= 1428) 19.05%

Use a computer for e-mail, internet or other tasks

No engagement 31.74% (n= 2414) 24.54%

Monthly engagement 4.79% (n= 364) 4.48%

Weekly engagement 63.47% (n= 4827) 70.99%

Bake or cook something special

No engagement 27.19% (n= 2068) 27.4%

Monthly engagement 29.23% (n= 2223) 29.65%

Weekly engagement 43.58% (n= 3314) 42.95%

Make clothes, knit, embroider, etc.

No engagement 86.00% (n= 6540) 86.82%

Monthly engagement 6.80% (n= 517) 6.6%

Weekly engagement 7.21% (n= 548) 6.58%

Work on a hobby or project

No engagement 46.86% (n= 3564) 42.95%

Monthly engagement 25.63% (n= 1949) 27.15%

Weekly engagement 27.51% (n= 2092) 29.9%

(continued)
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Table 1. Continued.

Variables

Mean (SD) or %

Unweighted (n= 7605)

Mean (SE) or %

Weighted (n= 7605) Range

Social leisure 1–3
Do activities with grandchildren, nieces/nephews,

or neighborhood children

No engagement 42.64% 43.42%

Monthly engagement 31.51% 30.95%

Weekly engagement 25.85% 25.62%

Attend a sport, social, or other club

No engagement 62.60% 61.46%

Monthly engagement 22.59% 22.83%

Weekly engagement 14.81% 15.7%

Attend meetings of non-religious organizations

No engagement 81.54% 81.6%

Monthly engagement 14.31% 14.25%

Weekly engagement 4.16% 4.15%

Physical leisure 1–3
Play sports or exercise

No engagement 38.08% 35.38%

Monthly engagement 17.40% 17.06%

Weekly engagement 44.52% 47.56%

Walk 20 min or more

No engagement 26.55% 24.6%

Monthly engagement 18.83% 19.06%

Weekly engagement 54.62% 56.34%

Dependent variable
Time 2 cognitive functioning 15.333 (SD= 4.091) 16.032 (SE= 0.077) 0–27

Covariates

Age 66.919 (SD= 9.438) 64.320 (SE= 0.258) 51–96
Gender

Female 59.03% 54.40%

Male 40.97% 45.60%

Education 13.220 (SD= 2.699) 13.549 (SE= 0.070) 0–17
High school or lower 47.80% 42.68%

Some college 26.38% 27.22%

College and above 25.83% 30.1%

Race and ethnicity

Non-Hispanic White 77.51% 85.29%

Non-Hispanic Black 13.85% 7.90%

Hispanic 8.64% 6.81%

Marital status

Married/partnered 68.73% 70.37%

Separated/divorced 12.44% 13.22%

Widowed 14.70% 10.90%

Never married 4.13% 5.51%

Log transformed income 10.710 (SD= 0.985) 10.867 (SE= 0.026) 2.079–14.858

Health

Time 1 cognitive functioning 15.980 (SD= 3.625) 16.491 (SE= 0.073) 7–27
ApoE ϵ4

No ϵ4 allele 74.03% 74.38%

One ϵ4 allele or two ϵ4 alleles 25.97% 25.62%

Depressive symptoms (CESD) 1.198 (SD= 1.823) 1.153 (SE= 0.029) 0–8
Self-rated health 3.335 (SD= 1.011) 3.396 (SE= 0.020) 1–5
Diabetes

No, do not have the condition (0) 79.57% 81.37%

Yes, have the condition (1) 20.43% 18.63%

(continued)
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employment and partial retirement status were associated
with higher cognitive functioning at T2 (B= 0.38, p=
0.037). In Model 1b, compared to those who did not volun-
teer, people who were engaged in high-intensity volunteering
had better cognitive functioning at T2 (B= 0.48, p= 0.025).
When cognitive leisure activities were examined in Model
1c-1, weekly engagement in word games (B= 0.38, p<
0.001) and using a computer (B= 0.63, p<0.001) were asso-
ciated with better cognitive functioning at T2. Model 1c-2
indicated that weekly engagement in attending meetings of
non-religious organizations was associated with higher levels
of cognitive functioning at T2 (B=0.43, p=0.026). In all
models, the independent variables explained approximately
51% of the variance in the outcome.

Table 4 represents associations between productive or
leisure activities and cognitive functioning at T2 among
participants with at least one APOE ϵ4 allele (n= 1975).
Among people with at least one APOE ϵ4 allele, volun-
teering and some leisure activities were associated with
cognitive functioning. In Model 1b, compared to those
who did not volunteer, people who were engaged in low-
intensity volunteering had better cognitive functioning at
T2 (B= 0.50, p= 0.008). When cognitive leisure activ-
ities were examined in Model 1c-1, weekly engagement
in using a computer (B= 0.78, p < 0.001) and monthly
baking/cooking (B= 0.46, p= 0.038) were associated with
better cognitive functioning at T2. Model 1c-2 indicated that
weekly engagement in attending meetings of non-religious
organizations was marginally associated with higher levels
of cognitive functioning at T2 (B= 0.89, p= 0.070). Model
1c-3 examined the association between physical leisure
activities and cognitive functioning at T2. Walking weekly
was associated with higher levels of cognitive functioning
(B= 0.46, p= 0.044). Independent variables in all models
explained approximately 53% to 54% of the variance in
cognitive functioning at T2.

Overall, among the covariates, it was found that being
older, Black, Hispanic, a current smoker, and having low edu-
cation, lower baseline cognitive functioning, low income,
worse self-rated health, diabetes, and depressive symptoms
were associated with lower cognitive functioning at T2.

Discussion
The present study examined productive and leisure activ-
ities in relation to cognitive functioning in later life

among older adults in the U.S. while considering the role
of APOE ϵ4, a major risk factor for AD. The main findings
indicate that among participants without at least one APOE
ϵ4 allele, employment (i.e., working part-time or being
partly retired), volunteering (i.e., high-intensity), weekly
engagement in word games, weekly computer usage, and
attending meetings of non-religious organizations were
associated with higher levels of cognitive functioning at
follow-up, compared to their counterparts. Among partici-
pants with at least one APOE ϵ4 allele, low-intensity volun-
teering, weekly engagement in using a computer, monthly
baking/cooking, and walking weekly were associated with
higher levels of cognitive functioning at T2. These results
provide insights into activities that can be recommended
for those with APOE ϵ4 who are inherently at a higher risk
of developing AD and often in search of modifiable activities
that could be implemented into their daily lives. When the
full sample was analyzed, employment (i.e., being employed
part-time/partly retired), low-intensity volunteering, high-
intensity volunteering, weekly engagement in word games,
and weekly engagement in using a computer were associated
with better cognitive functioning at T2.

These results are mostly consistent with studies focused
on the environmental complexity hypothesis and productive
aging research indicating that cognitively stimulating and
socially engaging activities are beneficial to the human
brain and cognitive health.3,11–13,17,23 Also, the finding of
having APOE ϵ4 alleles to be a risk factor for cognitive
health is supported by the previous literature.25

Productive and some leisure activities were associated
with better cognitive functioning while controlling for the
APOE ϵ4 alleles. Modifiable cognitive health interventions
to promote these activities may reduce the development of
cognitive decline and impairment. More studies are needed
to try to replicate these findings, as well as to assess which
groups might benefit the most (e.g., populations with a
genetic predisposition to cognitive impairment, racial and
ethnic minorities, lower-educated, worse health, socially
isolated, etc.) from particular activities.

Findings from this study are similar to other studies that
show maintained or improved cognitive functioning among
older adults who engaged in productive activities,2,5,7,14,20,45

especially varying levels of intensity in intergenerational vol-
unteer programs, such as AARP’s Experience Corps.17 The
findings about cognitively stimulating leisure activities (i.e.,
a significant association between word game/using a

Table 1. Continued.

Variables

Mean (SD) or %

Unweighted (n= 7605)

Mean (SE) or %

Weighted (n= 7605) Range

Smoking status

Never 45.52% 45.27%

Previous smoker 42.76% 42.38%

Current smoker 11.72% 12.35%
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computer and cognitive functioning) were consistent with a
research study that found a significant positive association
between the number of hours spent using a computer or
playing cards/games/solving puzzles and total cognition
score.22 The cognitive health benefits of exercise were sup-
ported in previous literature.46

Research has generally found a dose-response relation-
ship between civic engagement and health outcomes:
More volunteer hours are positively associated with
various health outcomes. For instance, volunteering at
least 100 h per year was found to be significantly associated
with increased positive self-perceptions of aging and fewer
depressive symptoms;47 volunteering at least 200 h per year
was associated with lower odds of developing hypertension
and better psychological well-being and physical activity
compared to not volunteering;48 greater hours of volunteer-
ing were associated with higher levels of well-being.49

One study revealed a nonlinear association between volun-
teering hours and health, showing decreased perceived
physical health benefits of volunteering after 100 h per
year.50 A study by Proulx et al.36 found that all levels of
formal and informal volunteering were associated with
higher levels of cognitive functioning when compared to
not volunteering. They also found that the cognitive bene-
fits of volunteering 100–199 h per year reduced over
time. None of these studies examined how APOE ϵ4
allele status plays a role, but some evidence indicates pos-
sible nonlinear volunteering health benefits. Clearly, more
research is needed to clarify linear and curvilinear associa-
tions between civic activities and health.

Limitations
Although the study utilized the domains of labor force
status and leisure activities, people who may be engaged
in other types of activities may not have been captured,
such as homemakers and caregivers who may be exposed
to highly stimulating environments depending on the
demands of those roles. Second, all of the health measures
are self-reported, thus they may be subject to reporting and
social desirability biases. Moreover, some of these activities
merely measured the roles and not the mechanisms.
Furthermore, while the study captured time spent volunteer-
ing, it did not capture the complexity of volunteering—a
measure that needs to be developed. Similarly, this study
did not examine the underlying mechanisms of
how leisure activities (e.g., word games, computer usage,
social engagement) are associated with cognitive health.
Further research is needed to understand the mechanisms
to examine how these civic and leisure activities can be pro-
tective factors for cognitive health in later life. Finally, alter-
native statistical methods, such as propensity score
weighting and latent class analyses, can help clarify causal-
ity across diverse groups that might share similar genetic
and health behaviors.

Implications and conclusion
Despite these limitations, there are important implications
for research, practice, and social policy. The present study
findings are consistent with the previous literature indicat-
ing the benefits of cognitive, social, and physical activities
in relation to dementia.51 To advance scientific knowledge,
future research could identify barriers to productive and
leisure activity engagement among older adults. It is import-
ant to understand how these activities are associated with
cognitive health across racially and ethnically diverse
older adults and design interventions for populations at
greater risk for developing cognitive impairment. Studies
examining the mechanisms of activity engagement and cog-
nitive health benefits can help develop cognitive health pro-
grams for older adults. Future research can also explore
different cognitive health domains as outcomes.

In this study, we found employment, volunteering, and
some leisure activities have cognitive health benefits regard-
less of the APOE ϵ4 allele’s presence. It is important to note
that among people with at least one APOE ϵ4 allele, volun-
teering and some leisure activities were important factors
that were associated with cognitive functioning. Providing
opportunities to engage in moderate volunteering consist-
ently would be critical in promoting the cognitive health of
people at higher risk of dementia and other related condi-
tions. Expanding opportunities for formal education, reduc-
tion in the prevalence of poverty, support for mental
health, and prevention of diabetes and smoking could be
examples of potential cognitive health promotion programs.
Volunteering opportunities could also provide chances for
older adults to learn more about health education.

Offering cognitive and social leisure activity programs
for older adults may provide cognitively stimulating
environments in later life. Gerontologists, social workers,
and health care providers working with older adults should
make plans with their clients and patients to understand the
impact of active lifestyles on cognitive performance and to
develop diverse activity portfolios with consideration of the
environment and needed resources.

Our findings have implications for social policy at the
federal level in the U.S. Senior Corps (Retired and Senior
Volunteer Program, Foster Grandparent Program, and
Senior Companion), Older Americans Act, and senior
centers have become resources for older adults to access
opportunities for civic engagement, employment, social
activities, and better health.52 Senior centers serve approxi-
mately 1 million older adults and policies should encourage
collaborations with community organizations to increase
cognitive and social leisure activities and other productive
activity engagement.

In conclusion, the present study provides empirical evi-
dence that not just productive activities, but also cognitively
and socially stimulating leisure activities, can be important
to maintaining cognitive functioning, while considering the
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role of APOE ϵ4. Productive and leisure activity programs
can be cost-effective modifiable interventions to prevent
or delay cognitive impairment in later life, especially for
those who are at a higher risk of AD.

Acknowledgments
The researchers are grateful to the study participants, data provi-
ders, and Kuakini COBRE for making this study possible. The
authors have no further acknowledgments to report.

ORCID iDs
Yeonjung Jane Lee https://orcid.org/0000-0001-6406-8950

Statements and declarations

Author contributions
Yeonjung Jane Lee (Conceptualization; Data curation; Formal ana-
lysis; Funding acquisition; Investigation; Methodology; Project
administration; Writing – original draft; Writing – review &
editing); Ernest Gonzales (Conceptualization; Supervision;
Writing – original draft; Writing – review & editing); Yanyan Wu
(Methodology; Supervision; Writing – review & editing); Kathryn
L Braun (Supervision; Writing – review & editing); Peter Martin
(Methodology; Supervision; Writing – review & editing); Bradley
Willcox (Funding acquisition; Supervision; Writing – review &
editing); Ross Andel (Conceptualization; Methodology;
Supervision; Writing – original draft; Writing – review & editing).

Funding
KuakiniMedicalCenter,NIHgrant 1P20GM125526-01A1(Kuakini
Honolulu Heart Program Center of Biomedical Research Excellence
for Clinical and Translational Research on Aging).

Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Data availability
The publicly available datasets can be found at https://hrs.isr.
umich.edu/data-products. Due to the incorporation of sensitive
data, the study dataset is not available.

References
1. 2022 Alzheimer’s disease facts and figures. Alzheimers

Dement 2002; 18: 700–789.
2. Livingston G, Huntley J, Sommerlad A, et al. Dementia pre-

vention, intervention, and care: 2020 report of the Lancet
Commission. Lancet 2020; 396: 413–446.

3. Andel R, Crowe M, Pedersen NL, et al. Complexity of work
and risk of Alzheimer’s disease: a population-based study of
Swedish twins. J Gerontol B Psychol Sci Soc Sci 2005; 60:
P251–P258.

4. Gonzales E, Whetung C, Lee YJ, et al. Work demands and
cognitive health inequities by race and ethnicity: a scoping
review. Gerontologist 2022; 62: e282–e292.

5. Guiney H, Keall M and Machado L. Volunteering in older
adulthood is associated with activity engagement and cogni-
tive functioning. Neuropsychol Dev Cogn B Aging
Neuropsychol Cogn 2021; 28: 253–269.

6. Lee YJ, Gonzales E and Andel R. Multifaceted demands of
work and cognitive functioning: findings from the Health
and Retirement Study. J Gerontol B Psychol Sci Soc Sci
2022; 77: 351–361.

7. Andel R, Silverstein M and Kåreholt I. The role of
midlife occupational complexity and leisure activity in late-
life cognition. J Gerontol B Psychol Sci Soc Sci 2015; 70:
314–321.

8. Doi T, Verghese J, Makizako H, et al. Effects of cognitive
leisure activity on cognition in mild cognitive impairment:
results of a randomized controlled trial. J Am Med Dir
Assoc 2017; 18: 686–691.

9. Stern C and Munn Z. Cognitive leisure activities and their
role in preventing dementia: a systematic review. Int J Evid
Based Healthc 2010; 8: 2–17.

10. Hsiung GYR, Sadovnick AD and Feldman H.
Apolipoprotein E ϵ4 genotype as a risk factor for cognitive
decline and dementia: data from the Canadian Study of
Health and Aging. CMAJ 2004; 171: 863–867.

11. Kohn ML and Schooler C. The reciprocal effects of the sub-
stantive complexity of work and intellectual flexibility: a lon-
gitudinal assessment. Am J Sociol 1978; 84: 24–52.

12. Kohn ML and Schooler C. Work and personality: an inquiry
into the impact of social stratification. Norwood: Ablex,
1983, pp.1–389.

13. Schooler C. Psychological effects of complex environments
during the life span: a review and theory. Intelligence 1984;
8: 259–281.

14. Gonzales E, Matz-Costa C and Morrow-Howell N.
Increasing opportunities for the productive engagement of
older adults: a response to population aging. Gerontologist
2015; 55: 252–261.

15. Morrow-Howell N. Volunteering in later life: research
frontiers. J Gerontol B Psychol Sci Soc Sci 2010; 65B:
461–469.

16. Carlson MC, Erickson KI, Kramer AF, et al. Evidence for
neurocognitive plasticity in at-risk older adults: the experi-
ence corps program. J Gerontol A Biol Sci Med Sci 2009;
64: 1275–1282.

17. Fried LP, Carlson MC, Freedman M, et al. A social model
for health promotion for an aging population: initial evi-
dence on the Experience Corps model. J Urban Health
2004; 81: 64–78.

18. Fried LP, Carlson MC, McGill S, et al. Experience Corps: a
dual trial to promote the health of older adults and children’s
academic success. Contemp Clin Trials 2013; 36: 1–13.

19. Rebok GW, Carlson MC, Barron JS, et al. Experience
Corps®: a civic engagement-based public health intervention

Lee et al. 1513

https://orcid.org/0000-0001-6406-8950
https://orcid.org/0000-0001-6406-8950
https://hrs.isr.umich.edu/data-products
https://hrs.isr.umich.edu/data-products
https://hrs.isr.umich.edu/data-products


in the public schools. In: P Hartman-Stein and A LaRue (eds)
Enhancing cognitive fitness in adults. New York: Springer,
2011, pp.469–487.

20. Guerrero Barragán A, Lucumí D and Lawlor B. Association
of leisure activities with cognitive impairment and dementia
in older adults in Colombia: a SABE-based study. Front
Neurol 2021; 12: 629251.

21. Tang F, Chi I, Zhang W, et al. Activity engagement and cog-
nitive function: findings from a community-dwelling U.S.
Chinese aging population study. Gerontol Geriatr Med
2018; 4: 2333721418778180.

22. Shin SH, Park S, Wright C, et al. The role of polygenic score
and cognitive activity in cognitive functioning among older
adults. Gerontologist 2021; 61: 319–329.

23. Niti M, Yap KB, Kua EH, et al. Physical, social and product-
ive leisure activities, cognitive decline and interaction with
APOE-epsilon 4 genotype in Chinese older adults. Int
Psychogeriatr 2008; 20: 237–251.

24. Filippini N, MacIntosh BJ, Hough MG, et al. Distinct patterns of
brain activity in young carriers of the APOE-ϵ4 allele. Proc Natl
Acad Sci U S A 2009; 106: 7209–7214.

25. National Institute on Aging. Causes of Alzheimer’s Disease
Alzheimer’s Disease Genetics Fact Sheet, https://www.
nia.nih.gov/health/alzheimers-disease-genetics-fact-sheet#:∼:
text (2023, 10 March 2024).

26. Petersen RC, Smith GE, Waring SC, et al. Mild cognitive
impairment: clinical characterization and outcome. Arch
Neurol 1999; 56: 303–308.

27. Liu CC, Kanekiyo T, Xu H, et al. Apolipoprotein E and
Alzheimer disease: risk, mechanisms and therapy. Nat Rev
Neurol 2013; 9: 106–118.

28. National Institute on Aging. Study reveals how APOE4
gene may increase risk for dementia. https://www.nia.nih.
gov/news/study-reveals-how-apoe4-gene-may-increase-risk-
dementia (2021, accessed 1 December 2023).

29. Sienski G, Narayan P, Bonner JM, et al. APOE4 Disrupts
intracellular lipid homeostasis in human iPSC-derived glia.
Sci Transl Med 2021; 13: eaaz4564.

30. Pa J, Aslanyan V, Casaletto K, et al. Effects of sex, APOE4,
and lifestyle activities on cognitive reserve in older adults.
Neurology 2022; 99: 789–798.

31. Bugliari D, Campbell N, Chan C, et al. RAND HRS
data documentation, version P. RAND Center for the
Study of Aging, https://hrsonline.isr.umich.edu/modules/
meta/rand/randhrsp/randhrs_P.pdf (2016, accessed 1
December 2023).

32. Health and Retirement Study Public Use Dataset. Produced
and distributed by the University of Michigan with funding
from the National Institute on Aging (grant number NIA
U01AG009740). University of Michigan 2019.

33. Smith J, Ryan L, Fisher G, et al. HRS psychosocial and life-
style questionnaire 2006–2016: Documentation report.
https://hrs.isr.umich.edu/sites/default/files/biblio/HRS%
202006-2016%20SAQ%20Documentation_07.06.17_0.pdf
(2017, accessed 1 December 2023).

34. Sonnega A, Faul JD, Ofstedal MB, et al. Cohort profile: the
health and retirement study (HRS). Int J Epidemiol 2014;
43: 576–585.

35. Crimmins EM, Kim JK, Langa KM, et al. Assessment of cog-
nition using surveys and neuropsychological assessment: the
Health and Retirement Study and the Aging, Demographics,
andMemory Study.Gerontol B Psychol Sci Soc Sci 2011; 66:
i162–i171.

36. Proulx CM, Curl A and Ermer AE. Longitudinal associations
between formal volunteering and cognitive functioning.
Gerontol B Psychol Sci Soc Sc 2018; 73: 522–531.

37. Ofstedal MB, Fisher GG and Herzog AR. Documentation of
cognitive functioning measures in the Health and Retirement
Study. Ann Arbor, MI: University of Michigan. http://
hrsonline.isr.umich.edu/sitedocs/userg/dr-006.pdf (2005,
accessed 15 November 2023).

38. Adams KB, Leibbrandt S and Moon H. A critical review of
the literature on social and leisure activity and wellbeing in
later life. Ageing Soc 2011; 31: 683–712.

39. Bone JK, Bu F, Fluharty ME, et al. Engagement in leisure
activities and depression in older adults in the United
States: longitudinal evidence from the Health and
Retirement Study. Soc Sci Med 2022; 294: 114703–
114703.

40. Chang PJ, Wray L and Lin Y. Social relationships, leisure
activity, and health in older adults. Health Psychol 2014;
33: 516–523.

41. Paillard-Borg S, Wang HX, Winblad B, et al. Pattern of
participation in leisure activities among older people in
relation to their health conditions and contextual factors:
a survey in a Swedish urban area. Ageing Soc 2009; 29:
803–821.

42. StataCorp. Stata Statistical Software: Release 17. College
Station: StataCorp LLC, 2021.

43. Hand CL and Howrey BT. Associations among neighbor-
hood characteristics, mobility limitation, and social participa-
tion in late life. Gerontol B Psychol Sci Soc Sc 2019; 74:
546–555.

44. Howrey BT and Hand CL. Measuring social participation in
the Health and Retirement Study. Gerontologist 2019; 59:
415–423.

45. Peterson RL, Gilsanz P, George KM, et al. Differences in
association of leisure time activities and cognition in a
racially/ethnically diverse cohort of older adults: findings
from the KHANDLE study. Alzheimers Dement (N Y)
2020; 6: e12047.

46. Gomes-Osman J, Cabral DF, Morris TP, et al. Exercise
for cognitive brain health in aging: a systematic review for an
evaluation of dose. Neurol Clin Pract 2018; 8: 257–265.

47. Huo M, Miller LMS, Kim K, et al. Volunteering, self-
perceptions of aging, and mental health in later life.
Gerontologist 2021; 61: 1131–1140.

48. Sneed RS and Cohen S. A prospective study of volunteerism
and hypertension risk in older adults. Psychol Aging 2013;
28: 578–586.

1514 Journal of Alzheimer’s Disease Reports

https://www.nia.nih.gov/health/alzheimers-disease-genetics-fact-sheet#
https://www.nia.nih.gov/health/alzheimers-disease-genetics-fact-sheet#
https://www.nia.nih.gov/health/alzheimers-disease-genetics-fact-sheet#
https://www.nia.nih.gov/news/study-reveals-how-apoe4-gene-may-increase-risk-dementia
https://www.nia.nih.gov/news/study-reveals-how-apoe4-gene-may-increase-risk-dementia
https://www.nia.nih.gov/news/study-reveals-how-apoe4-gene-may-increase-risk-dementia
https://www.nia.nih.gov/news/study-reveals-how-apoe4-gene-may-increase-risk-dementia
https://hrsonline.isr.umich.edu/modules/meta/rand/randhrsp/randhrs_P.pdf
https://hrsonline.isr.umich.edu/modules/meta/rand/randhrsp/randhrs_P.pdf
https://hrsonline.isr.umich.edu/modules/meta/rand/randhrsp/randhrs_P.pdf
https://hrs.isr.umich.edu/sites/default/files/biblio/HRS%202006-2016%20SAQ%20Documentation_07.06.17_0.pdf
https://hrs.isr.umich.edu/sites/default/files/biblio/HRS%202006-2016%20SAQ%20Documentation_07.06.17_0.pdf
https://hrs.isr.umich.edu/sites/default/files/biblio/HRS%202006-2016%20SAQ%20Documentation_07.06.17_0.pdf
http://hrsonline.isr.umich.edu/sitedocs/userg/dr-006.pdf
http://hrsonline.isr.umich.edu/sitedocs/userg/dr-006.pdf
http://hrsonline.isr.umich.edu/sitedocs/userg/dr-006.pdf


49. Morrow-Howell N, Hinterlong J, Rozario PA, et al. Effects of
volunteering on the well-being of older adults. Gerontol B
Psychol Sci Soc Sc 2003; 58: S137–S145.

50. Van Willigen M. Differential benefits of volunteering across
the life course. J Gerontol B Psychol Sci Soc Sci 2000; 55:
S308–S318.

51. Su S, Shi L, Zheng Y, et al. Leisure activities and the risk of
dementia: a systematic review and meta-analysis. Neurology
2022; 99: e1651–e1663.

52. National Council on Aging. Senior centers for professionals.
Get the facts on senior centers. https://ncoa.org/article/get-the-
facts-on-senior-centers (2023, accessed 1 November 2023).

Lee et al. 1515

https://ncoa.org/article/get-the-facts-on-senior-centers
https://ncoa.org/article/get-the-facts-on-senior-centers
https://ncoa.org/article/get-the-facts-on-senior-centers

	 Introduction
	 Theory and empirical evidence
	 The present study

	 Methods
	 Sample
	 Measures
	 Cognitive functioning (dependent variable at T2)
	 Productive activities (employment and volunteering; independent variables at T1)
	 Leisure activities (independent variables at T1)
	 Covariates (T1)

	 Statistical analysis

	 Results
	 Discussion
	 Limitations
	 Implications and conclusion

	 Acknowledgments
	 Statements and declarations
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


