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Although perceived control is a well-established predictor of cognitive aging, less is known about how
and under what developmental circumstances these beliefs about personal influence may protect against
cognitive declines. Our study examined light physical activity (LPA) as an unexplored mechanism that may
link changes in two facets of perceived control (personal mastery, perceived constraints) to longitudinal
trajectories of cognitive functioning. We also examined whether mediated pathways were moderated by
age (i.e., differed across the adult lifespan). We analyzed two-wave, 9-year data from the national Midlife in
the United States Study (n = 2,456; M,,. = 56 years, range = 30-84; 56% female) using autoregressive
mediation and moderated mediation models. Mediation models showed that changes in personal mastery
and perceived constraints predicted episodic memory and executive functioning via self-reported change in
LPA. Only the mediated effects of constraints remained significant in a model that included both mastery
and constraints as predictors. Moderated mediation models showed that, for episodic memory, the mediated
pathways were strongest in old age and emerged only for constraints: For older but not younger adults,
declines in constraints were associated with less decline in episodic memory, as mediated by increases in
LPA. Results were consistent in sensitivity analyses that controlled for levels and change in moderate-to-
vigorous physical activity. Findings inform lifespan theories of control and provide initial evidence that
change in a largely overlooked health behavior (LPA) may underlie the link between perceived constraints
and cognitive functioning, with this pathway becoming more pronounced in late life.

Public Significance Statement

People differ in the rate at which their cognitive functioning worsens with age. Although people with
higher perceived control generally have slower rates of cognitive decline, little was known about how
and at what stage in the lifespan this modifiable psychological resource is linked to preserved cognitive
functioning. Using two waves of data collected 9 years apart in a national U.S. sample, we found that
light physical activity was an overlooked but important health behavior that linked declines in perceived
constraints (a facet of control) to slower cognitive declines, especially in old age. Our findings inform
theories of lifespan development and point to the value of developing interventions that target changes in
core psychological and behavioral factors to help slow cognitive declines.
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activity
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Data and study materials for Midlife in the United States Study (MIDUS)
are publicly available from the Inter-University Consortium for Political and
Social Research after registration (https://www.icpsr.umich.edu/icpsrweb/
ICPSR/series/203). A bibliography of publications using MIDUS data are
available at https://midus.wisc.edu/findings/index.php. Code for our
statistical analyses have been made publicly available in the online
Supplemental Materials. The research presented in this article has not
been previously disseminated.

Participants in the present study were drawn from the MIDUS. To our
knowledge, only one other study using MIDUS data has examined
longitudinal light physical activity (LPA) as a predictor of cognitive aging
(Hamm et al., 2024). However, Hamm et al. (2024) focused only on LPA as a
health behavior predictor of cognitive functioning and did not consider the
role of psychological variables. Although the present study is also based on
MIDUS data, these studies are distinct in their research questions and
methodologies. In contrast to Hamm et al. (2024), the present study focuses
on the central role of psychological variables (personal mastery, perceived
constraints) as predictors of cognitive aging. Specifically, the present study
sought to identify how the relationship between two underexamined facets of
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The beliefs that people hold about their ability to influence life
circumstances (perceived control) are a critical psychological
resource linked to reduced risk of age-related chronic disease,
functional impairment, and cognitive decline (Caplan & Schooler,
2003; Hong et al., 2021; Infurna et al., 2011; Menec & Chipperfield,
1997). For example, national studies from the United States and
Australia have shown that middle-aged and older adults with higher
levels of perceived control experience attenuated declines in
their episodic memory and executive functioning over time periods
of 4-20 years (Infurna & Gerstorf, 2013; Robinson & Lachman,
2018; Windsor & Anstey, 2008). Although the link between
perceived control and cognitive aging is well-established, less is
known about the behavioral mechanisms that underlie this
association and whether these mechanistic pathways differ across
the adult lifespan.

Change in light physical activity (LPA) may reflect one such
important pathway linking perceived control to healthy cognitive
aging. However, LPA remains an understudied mechanism despite
the fact that it remains feasible, ingrained in everyday activities,
and modifiable in late life, which may make it an ideal behavioral
mechanism amenable to intervention (Chipperfield, 2008; Chipperfield
et al., 2008; Erlenbach et al., 2021; Trinh et al., 2022). Research has
also yet to examine how such an LPA-mediated pathway may become
prominent as individuals age and encounter increasing developmental
constraints that reduce the feasibility of more intense forms of physical
activity. There is an urgent need to fill these knowledge gaps by
identifying modifiable health behavior pathways such as LPA through
which perceived control may support cognitive functioning and to
establish how these pathways differ across the adult lifespan. This is
because rates of dementia are expected to triple by 2060 in the
absence of major advances in scientific understanding of modifiable
factors that remain amenable to change in midlife and old age and
that can be targeted using evidence-based interventions to buffer
against cognitive declines (Matthews et al., 2019).

We used two-wave data from the national Midlife in the United
States (MIDUS) Study to examine the mediated and moderated
pathways linking changes in two core facets of perceived control
(personal mastery, perceived constraints) to 9-year trajectories of
cognitive functioning. We distinguished mastery from constraints,
in contrast to previous mechanistic research that has typically
focused on composite indicators of control that combine these two
facets (Infurna & Gerstorf, 2013; Robinson & Lachman, 2018;
Windsor & Anstey, 2008). Our rationale for this approach was based
on core distinctions in the approach-oriented nature of mastery
versus the avoidance- or maintenance-oriented nature of constraints

that may become increasingly relevant in later life (Freund et al.,
2012,2021; Heckhausen et al., 2013). The present study thus sought
to contribute to a more nuanced theoretical understanding of their
unique roles in buffering against key developmental losses in
midlife and old age.

We first examined whether change in self-reported LPA mediated
the association between shifts in mastery and constraints and
changes in cognitive functioning. We subsequently tested whether
these mediated pathways differed across the adult lifespan based
on the premise that associations between mastery and especially
constraints, LPA, and cognitive aging may become pronounced in
later life. This is because old age reflects a period of the lifespan
when maintaining LPA may become more challenging and yet
increasingly implicated in the preservation of cognitive functioning.
We also evaluated the extent to which the proposed pathways were
robust when adjusting for levels and change in moderate-to-
vigorous physical activity (MVPA).

Mechanisms That Link Perceived Control to
Cognitive Aging

Lachman’s process model of control provided a theoretical basis
for our examination of LPA as an understudied mechanism that
may underlie the association between perceived control and healthy
cognitive aging (Lachman, 2006; Robinson & Lachman, 2016;
Soederberg Miller & Lachman, 1999). Derived from cognitive—
behavioral theory (Bandura, 1986, 1997), Lachman’s model
specifies the motivation (e.g., effort), affective (e.g., depression),
and health behavior (e.g., physical activity) pathways via which
perceived control should buffer against declines in health and
cognition. The processes in this model are posited to be reciprocal in
nature. This means that, while perceived control is expected to
influence cognitive aging trajectories via the proposed mechanisms,
changes in cognitive functioning are also assumed to influence
perceptions of control.

Consistent with the process model, there is growing evidence
that MVPA reflects a positive health behavior that mediates the
protective influence of perceived control on cognitive functioning
(Infurna & Gerstorf, 2013; Robinson & Lachman, 2018, 2020). For
example, Robinson and Lachman (2018) found that higher levels of
perceived control predicted slower rates of longitudinal decline in
episodic memory and executive functioning via increases in MVPA.
Although this MVPA-mediated pathway is well-supported, little is
known about the extent to which less strenuous and more feasible

perceived control (mastery, constraints) and cognitive functioning may be
mediated by previously unexplored changes in LPA. The present study also
extended previous work by identifying the age-related developmental
circumstances under which these mediated pathways may become
pronounced (moderated mediation).
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forms of light activity may underlie the association between
perceived control and cognitive aging.

LPAs have metabolic equivalent of task values of 1.6-2.9 and
include light walking, light sweeping, folding laundry, and washing
dishes (Ainsworth et al., 1993; Mansoubi et al., 2015). There is
growing evidence that maintaining LPA in midlife and old age
has benefits for cognitive aging. Early research by Laurin et al.
(2001) found that higher baseline levels of LPA predicted reduced
risk of 5-year cognitive impairment in a national sample of older
Canadians. Similar results were observed in subsequent studies that
found older adults with higher LPA were at lower risk of cognitive
impairment over 2- to 8-year follow-up periods (S. Lee et al., 2013;
Lytle et al., 2004; Stubbs et al., 2017; Yaffe et al., 2001). Recent
research by Hamm et al. (2024) extended this earlier work by
showing that the protective influence of LPA extended to more
sensitive (subclinical) indicators of cognitive aging. Their results
indicated that increases in LPA buffered against longitudinal
declines in episodic memory and executive functioning in middle-
aged and older adults when adjusting for MVPA. These findings
point to LPA as a potentially critical behavioral mechanism that
supports healthy cognitive aging. Research is needed to examine
whether such light activities, which remain ingrained in everyday
life, reflect a core mechanism underlying the link between perceived
control and cognitive functioning in midlife and old age.

Perceived control consists of two facets involving personal
mastery and perceived constraints (Lachman, 2006; Lachman &
Weaver, 1998). Personal mastery refers to beliefs about one’s ability
to perform specific actions to achieve goals. Perceived constraints
refer to beliefs about external obstacles or deterrents that undermine
the efficacy of personal actions to achieve goals. As discussed
by Lachman and Weaver (1998) and Infurna and Mayer (2015),
this two-facet conceptualization is in line with Skinner’s (1996)
perspective of perceived control as consisting of perceptions of
competence (cf. mastery) and contingency (cf. constraints).
Previous research has typically combined mastery and constraints
into a composite (overarching) measure of control, but such an
approach obscures important conceptual and empirical distinctions
that separate these facets.

Conceptually, definitions and operationalizations of mastery
focus on beliefs about personal competence, influence, tenacity,
and responsibility (emphasis on “I can”; Infurna & Mayer, 2015;
Lachman & Weaver, 1998). This implies that mastery may motivate
the selection and pursuit of approach-oriented goals that are new,
ambitious, and challenging such as increasing MVPA (Freund et al.,
2012; Guo et al., 2023). Definitions and operationalizations of
constraints focus on beliefs about a lack of contingency, external
barriers, powerful others, and helplessness (emphasis on “I cannot™;
Infurna & Mayer, 2015; Lachman & Weaver, 1998). Within the
context of adult development and aging, constraints may be
implicated in the selection and pursuit of avoidance-oriented goals
that focus on not losing one’s ability to engage in more basic and
everyday tasks such as LPA and cognitively stimulating activities
(Freund et al., 2012, 2021; Heckhausen et al., 2013).

Empirically, past work suggests that mastery and constraints are
only moderately correlated, with less than half of their variance
being shared (s = —.40 to —.65; Hamm, Shane, et al., 2023; Infurna
& Mayer, 2015; Lachman & Weaver, 1998). There is also emerging
evidence to suggest that the consequences of mastery and
constraints for health-related developmental outcomes may differ

in midlife and old age. Studies by Lachman and Weaver (1998) and
Infurna and Mayer (2015) found that constraints (vs. mastery)
exhibited stronger associations with self-rated health across four
national samples of U.S. adults. A similar pattern has been observed
for cognitive functioning such that constraints (vs. mastery) was a
stronger correlate of subjective memory complaints, executive
functioning, episodic memory, and cognitive impairment in midlife
and old age (Hong et al., 2021; Infurna et al., 2018; Khoo & Yang,
2020; P.-L. Lee, 2016; Wong & Yang, 2023). Conceptual and
empirical considerations thus suggest that mastery and constraints
may differ in their implications for core developmental outcomes
such as maintaining cognitive functioning into later life, but research
has yet to systematically examine the behavioral mechanisms that
underlie these associations.

Open questions also remain regarding whether longitudinal
changes over time in mastery and constraints may have con-
sequences for age-related declines in episodic memory and executive
functioning. Research has yet to address this issue because past
studies have largely focused on the role of mastery and constraints
assessed at a single time point (Infurna et al., 2018; Khoo & Yang,
2020; Sutin et al., 2018; Wong & Yang, 2023). This approach fails
to capture ecological realities and critical long-term trends wherein
these facets of control can decline, remain stable, or increase as
people age and encounter shifting developmental opportunities
(e.g., increased time) and constraints (e.g., functional limitations;
Hamm, Shane, et al., 2023; Heckhausen et al., 2019). These shifting
ecological realities also exist for long-term changes in health
behaviors such as LPA that may reflect a key mediating mechanism
(Hamm et al., 2024). Research is thus needed to examine whether
longitudinal changes in mastery and constraints predict correspond-
ing shifts in cognitive functioning, as mediated by change in LPA.

The Moderating Role of Age

Little is known about whether the mediated pathways that link
mastery and constraints to cognitive functioning depend on
age. Lifespan developmental theory suggests that constraints in
particular may become increasingly influential in later life when
people encounter a growing number of developmental losses
(e.g., functional limitations, chronic disease; Baltes & Baltes, 1990;
Heckhausen et al., 2019). How older adults appraise or perceive
these constraints may be central to sustaining their motivation to
maintain adaptive health behaviors such as LPA that have been
shown to support healthy cognition into late life.

Although research has yet to examine whether such mediated
associations differ across the adult lifespan, studies based on
overarching measures of control provide some mixed evidence that
age may play a moderating role. For example, several studies have
observed stronger associations between perceived control and
healthy cognitive functioning among older, rather than younger,
adults (Oumohand et al., 2020; Raldiris et al., 2021; Windsor &
Anstey, 2008). However other cognitive aging studies have not
observed such an age-moderated association (Agrigoroaei &
Lachman, 2011; Infurna & Gerstorf, 2013).

Similarly mixed findings have been observed in studies
examining whether age moderates (a) the link between perceived
control and physical activity or (b) the physical activity mediated
pathways that link perceived control to cognitive functioning.
Renner et al. (2007) found that perceived control (self-efficacy) was
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a stronger correlate of MVPA in midlife and early old age, whereas
Cotter and Lachman (2010) did not observe such an age-moderated
association. Studies by Infurna and Gerstorf (2013) and Robinson
and Lachman (2020) did not yield age differences in the MVPA-
mediated pathways that linked perceived control to cognitive
functioning. Such inconsistent findings may be due to the fact that
these studies were largely based on cross-sectional designs or
relatively brief follow-up periods, did not consider LPA (vs.
MVPA) as a mediator, and employed measures of perceived control
that did not take into account the distinction between mastery and
constraints. Longitudinal investigations are needed to examine the
extent to which the links between mastery, constraints, and
cognitive functioning are mediated by LPA and whether these
mediated pathways become prominent as individuals age and
encounter developmental losses that make vigorous forms of
activity less feasible.

The Present Study

We used two-wave, 9-year data from the national MIDUS study
to address our research objectives. The first objective was to
examine the extent to which change in self-reported LPA reflects
an important, understudied, and feasible health behavior pathway
linking shifts in personal mastery and perceived constraints to
healthy cognitive aging. We focused on longitudinal (autoregres-
sive) changes in central indicators of cognitive functioning shown to
be sensitive to early age-related declines: episodic memory and
executive functioning (Hughes et al., 2018). We expected increases
in mastery and declines in constraints to predict less decline in
cognitive functioning and that this association would be mediated by
increases in LPA.

The second objective was to examine whether these mediated
pathways differed across the adult lifespan (i.e., were moderated by
age). We expected the indirect effects of mastery and constraints to
become more pronounced in old age. Specifically, we expected that
changes in mastery and especially constraints would more strongly
predict corresponding shifts in LPA in later life when individuals
commonly encounter developmental losses that can undermine
more vigorous forms of activity. In turn, we expected that increases
in LPA would be more strongly linked with preserved cognition in
old age, a period of the lifespan when maintaining LPA may become
more challenging and yet increasingly tied to the maintenance of
cognitive functioning. The present study was thus designed to
directly extend our recent work based on national MIDUS data that
showed longitudinal increases in LPA buffered against cognitive
declines (Hamm et al., 2024; see Data Transparency Statement in
author note for further details).

Method
Transparency and Openness

Participants in the present study were drawn from MIDUS. Data
and study materials for MIDUS are publicly available from the Inter-
University Consortium for Political and Social Research after
registration (https://www.icpsr.umich.edu/icpsrweb/ICPSR/series/
203). Code for our statistical analyses have been made publicly
available in the online Supplemental Materials. The design,
hypotheses, and analytic plan were not preregistered. As described

below, we report how sample size was determined, any data
exclusions, all data preparations, and all measures used for our
analyses.

Participants and Procedure

We examined our research questions using data from the MIDUS
National Longitudinal Study of Health and Well-being. A detailed
summary of MIDUS can be found elsewhere (Brim et al., 2004; Ryff
et al., 2017). Briefly, MIDUS is an ongoing national study of U.S.
adults who were 25-75 years old at baseline assessment (1995-
2013). Baseline data were assessed in 1995 (Wave 1; n=7,108), and
all willing participants were reassessed in 2004 (Wave 2; n =4,963)
and 2013 (Wave 3; n = 3,294). The present study focused on
participants from Waves 2-3 because LPA and cognitive
functioning were not assessed at Wave 1. At both Waves 2 and
3, survey data on our predictor (mastery, constraints) and mediator
(LPA) variables were assessed approximately 1 month prior to data
on our cognitive outcome measures (episodic memory, executive
functioning).

Inclusion criteria for the present study were that participants
provided data at Waves 2 and 3 on our focal predictors (mastery,
constraints) and at least one of our mediators (LPA) or outcome
measures (episodic memory, executive functioning). These criteria
allowed us to examine how longitudinal changes in facets of
perceived control predicted corresponding trajectories of cognitive
functioning, as mediated by LPA and moderated by age. At Wave 2,
the analyzed sample (n = 2,456) had a mean age of 56 + 11 years
(range = 30-84), was 56% female and 94% White, had an average
household income of $75,503, and 71% had some postsecondary
education. MIDUS data collection was reviewed and approved
by the Education and Social/Behavioral Sciences and the Health
Sciences Institutional Review Boards at the University of Wisconsin—
Madison.

As is typical in longitudinal studies (Lindenberger et al., 2001;
Radler & Ryff, 2010), participants in the analyzed sample (who
provided longitudinal data at Waves 2 and 3) were more likely to be
younger, female, have higher education and income, have
fewer functional limitations, to report fewer perceived constraints,
to be more physically active, and to have higher episodic memory
and executive functioning (ps = .001-.039). The magnitudes of
these differences were small (ds = 0.07-0.39; Cohen, 1988). A
detailed summary of attrition in MIDUS can be found elsewhere
(Hughes et al., 2018; Radler & Ryff, 2010).

Study Measures
Personal Mastery and Perceived Constraints

Mastery and constraints were assessed at Waves 2 and 3 using
the 12-item MIDUS Sense of Control Scale (Lachman & Weaver,
1998). The scale is comprised of two subscales that capture personal
mastery (e.g., I can do just about anything I set my mind to) and
perceived constraints (e.g., What happens in my life is often beyond
my control). Participants indicated their agreement with the four
mastery and eight constraint items using a 7-point scale (1 =
strongly agree, 7 = strongly disagree). Missing item-level data for
each scale were minimal in the analyzed sample (<1%). Mastery and
constraint scores were derived by calculating mean scores of the
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reverse-coded items for each subscale, such that higher scores
reflected higher levels of mastery (as = .74—.75) and constraints (s
= .85-.87).

As recommended by Cohen et al. (2013) when using two-wave
longitudinal data, we subsequently generated our primary
predictor measures of regressed (residualized) change in mastery
and constraints by regressing Wave 3 scores on the corresponding
baseline (Wave 2) levels of each measure. Residuals from these
analyses reflected regressed change that statistically partialed out
(adjusted for) variance due to baseline levels in each facet of
perceived control (Maxwell et al., 2017; Tennant et al., 2022). We
saved these residuals and used them as indicators of regressed,
longitudinal change in each measure of control (Cohen et al.,
2013). Scores of 0 on our regressed change measures roughly
reflect average (expected) sample rates of 9-year decline in mastery
(raw decline M = —0.17) and increases in constraints (raw increase
M = 0.15). Positive regressed change values indicate less decline
than expected in this sample, whereas negative values indicate
steeper (more) decline than expected in this sample. See Table 1
and Supplemental Table S1 for a summary of the sample
characteristics and interitem correlations between the study
variables.

LPA

Frequency of light (LPA), moderate (MPA), and vigorous
physical activity (VPA) were assessed with 18 items at Waves 2 and
3 using a 6-point scale (1 = several times a week or more, 6 = never).
We reverse coded all items so that higher scores reflected more
frequent physical activity. Missing item-level data for each scale
were minimal in the analyzed sample (<5%). Participants were
asked to report how often they engaged in LPA that requires little
physical effort. Examples of LPA provided to participants included:
light housekeeping like dusting or laundry, bowling, archery, easy
walking, golfing with a power cart, or fishing. They reported how

Table 1
Sample Characteristics and Interitem Correlations

often they engaged in LPA during summer and winter and in home,
work, and leisure settings. Thus, items captured LPA across multiple
domains and seasons.

We created a continuous measure of our LPA mediator at Waves
2 and 3 following the approach developed by Cotter and Lachman
(Cotter & Lachman, 2010; Robinson & Lachman, 2018).
Participants’ highest LPA score from either the home, work, or
leisure domain in summer was averaged with their highest LPA
score from either the home, work, or leisure domain in winter. In this
way, participants who engaged in regular light activity during
leisure time but not at work or home (or vice versa) were still scored
as being frequently engaged in LPA. As with personal mastery and
perceived constraints, we generated our primary measures of
regressed (residualized) change in LPA by regressing Wave 3 scores
on corresponding baseline levels of LPA (Wave 2; Cohen et al.,
2013; Maxwell et al., 2017; Tennant et al., 2022). Residuals from
these analyses were saved and used as indicators of regressed,
longitudinal change in LPA (Cohen et al., 2013). Scores of 0 on our
regressed change measure roughly reflect average (expected) sample
rates of 9-year decline in LPA (raw decline M = —0.10). Positive
regressed change values indicate less decline than expected in this
sample, whereas negative values indicate steeper (more) decline
than expected in this sample.

A similar approach was employed to create MVPA scores at
Waves 2 and 3, which were used as covariates in our sensitivity
analyses (Cotter & Lachman, 2010). MPA (e.g., brisk walking, low-
impact aerobics) and VPA (e.g., running, lifting heavy objects) were
also assessed during summer and winter and in home, work, and
leisure settings. MPA and VPA scores were first created using the
same method described for LPA. As recommended by Cotter and
Lachman (2010), MVPA scores at each wave were then generated
based on whichever score was highest (MPA or VPA). We created
measures of regressed (residualized) change in MVPA by regressing
Wave 3 scores on the corresponding baseline levels of MVPA
(Wave 2).

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1. Age® —

2. Sex (female)® —.01 —

3. Race (minority)”  —.02 04—

4. SES® -09 -19 -02 —

5. ADL limitations® 27 17 .01 -.26 —

6. Mastery -02 —.06 .00 19 -18  —

7. Constraints -.05 11 .03 =31 27 -.50 —

8. LPA® -.10 07 -.10 17 =15 07 -12  —

9. EM® -27 23 —04 14 -1 03 —.08 16  —

10. EF* -38 -13 -12 36 -24 04 =13 17 37 —

11. AMastery™ -10 -01 -.02 10 =10 00 -.14 07 05 (L —

12. AConstraints* 14 .00 00 —.17 14 -08 -01 -10 -11 -—12 -28 —

13. ALPA™ -19 04 —05 12 -16 03 —07 01 .10 14 09 N T —

14. AEM™ -29 14 —.04 A1 =13 02 —.04 .09 01 20 05 —11 12 —

15. AEF* -29 -02 -.03 06 -13 —.02 .00 05 05 .00 06 -10 17 2 —
M 5557 156 006 008 169 576 246 522 010 013 000 —0.01 000 0.00 0.00
SD 1122 050 023 070 081 103 111 132 091 064 089 096 135 083 047

Note. All correlations >.105] are significant at p < .05.; n range = 1,977-2,456. SES = socioeconomic status; ADL = activities of daily living
(limitations); LPA = light physical activity; EM = episodic memory; EF = executive functioning; A = regressed change; Mastery = personal mastery;

Constraints = perceived constraints.
*Wave 2. °Wave 1. ©Wave 3.
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Cognitive Function

The Brief Test of Adult Cognition by Telephone (BTACT) was
used to assess episodic memory and executive functioning at Waves
2 and 3 (Lachman & Tun, 2008; Tun & Lachman, 2006). Previous
research with middle-aged and older adults has shown the BTACT
to be areliable and valid measure of central dimensions of cognition
involving episodic memory and executive functioning (Hamm et al.,
2020; Lachman et al., 2014; Tun & Lachman, 2006). A detailed
summary of the BTACT can be found elsewhere (Hughes et al.,
2018; Lachman et al., 2010, 2014).

Briefly, the BTACT battery includes two cognitive tests to assess
episodic memory and five tests to evaluate executive functioning
(Lachman et al., 2014). Episodic memory was assessed using
immediate and delayed recall tasks (free recall of 15 words).
Executive functioning was assessed using measures of inductive
reasoning (completing patterns in a number series), category verbal
fluency (number of animal names produced in 1 min), working
memory span (backward digit span), processing speed (number of
digits produced counting backward from 100 in 30 s), and attention
switching and inhibitory control (Stop and Go Switch Task). The
Stop and Go Switch Task comprised a reaction time test involving
normal (respond GO to stimulus GREEN and STOP to stimulus
RED) and reverse conditions (respond STOP to stimulus GREEN
and GO to stimulus RED; Tun & Lachman, 2008). For the executive
functioning measure, we used a recommended filter that retained
data only for participants with valid scores on the Stop and Go
Switch Task (Lachman et al., 2014; Tun & Lachman, 2008). Valid
scores were those in which there were no technical malfunctions,
the participant understood the task, and the participant was not
distracted by external events.

Measures of episodic memory and executive functioning factors
were calculated by averaging the standardized values of their
respective subtests at each wave (Hughes et al., 2018). We removed
one extreme outlier with a Wave 3 executive functioning score that
was more than 12 SDs above the mean. We generated our primary
outcome measures of regressed (residualized) change in episodic
memory and executive function by regressing Wave 3 scores on the
corresponding baseline (Wave 2) levels of each measure (Cohen et
al.,2013; Maxwell et al., 2017; Tennant et al., 2022). Residuals from
these analyses were saved and used as indicators of regressed,
longitudinal change in episodic memory and executive functioning
(Cohen et al., 2013). Scores of 0 on our regressed change measures
roughly reflect average (expected) sample rates of 9-year decline
in episodic memory (raw decline M = —0.13) and executive
functioning (raw decline M = —0.26). Positive values indicate less
decline than expected in this sample, and negative values indicate
steeper (more) decline than expected.

A similar approach was employed to create composite cognitive
functioning scores at Waves 2 and 3, which were used as an
alternative indicator of cognition in our sensitivity analyses. We
z-scored and then averaged each of the seven cognitive tests to create
a composite indicator of cognitive functioning at Wave 2 and Wave
3. Consistent with previous research, we used the raw Wave 2 means
and standard deviations to generate the z scores for each test at
Wave 3. We created measures of regressed (residualized) change in
composite cognitive functioning by regressing Wave 3 scores on the
corresponding baseline levels at Wave 2.

Demographic Covariates

Age, sex, race, socioeconomic status (SES), and functional
limitations in activities of daily living (ADLs) are well-established
correlates of physical activity and cognitive functioning and were
thus included as covariates in the main analyses (Dixon & Lachman,
2019; Hughes et al., 2018; Lachman et al., 2014; Robinson &
Lachman, 2018; Tran et al., 2014). Age in years was assessed at
Wave 2. Sex (1 = male, 2 = female) and race (0 = White, 1 = non-
White) were assessed at Wave 1. Three self-report measures of SES
were assessed at Wave 2: level of formal education completed (1 =
no school or grade school, 12 = doctoral degree), total household
income in U.S. dollars, and perceived SES using the reverse-coded
MacArthur Scale of Subjective Social Status (1 = fop rung,
10 = bottom rung). Because the three SES indicators were positively
correlated (rs = .13-.35), we computed a composite SES score by
first z-standardizing and then averaging the z-scored measures (M =
0.09, SD = 0.69; Hamm et al., 2021; Wrosch et al., 2018). ADL
limitations were assessed at Wave 2. Participants reported the extent
to which health limited their ability to perform seven ADLs using a
4-point scale (1 = a lot, 4 = not at all): lifting or carrying groceries;
climbing several flights of stairs; bending, kneeling, or stooping;
walking more than a mile; walking several blocks; vigorous
activities (e.g., running); and moderate activities (e.g., vacuuming).
Scores were reverse coded so that higher scores reflected greater
functional limitations.

Rationale for Analyses

We conducted autoregressive models to assess the mediated and
moderated pathways linking changes in each facet of perceived
control (personal mastery, perceived constraints) to two-wave,
longitudinal changes in cognitive functioning (Hayes, 2017). Step 1
models assessed the extent to which regressed changes in mastery
and constraints predicted regressed changes in cognitive function-
ing, as mediated by regressed change in LPA (mediation models; see
Supplemental Figure S1). Step 2 models incorporated interaction
terms with age (Age X AMastery, Age X AConstraints, Age X
ALPA) to assess whether the link between regressed changes in the
predictors and the mediators differed across the adult lifespan
(moderated mediation models; see Supplemental Figure S1). All
models controlled for age, sex, race, SES, functional limitations, and
baseline levels of each predictor, mediator, and outcome measure
(i.e., autoregressive effects). We controlled for baseline levels of
each outcome variable to account for their associations with the
other predictor variables in the model. The predictor, mediator, and
outcome variables in our models reflected regressed change in facets
of perceived control, physical activity, and cognitive functioning
rather than raw change or gain scores, which can produce misleading
results (Cohen et al., 2013; Maxwell et al., 2017; Tennant et al.,
2022). We also conducted sensitivity analyses to test whether all
pathways were robust when controlling for levels of, and change in,
MVPA. Sensitivity analyses were also conducted using a composite
indicator of cognitive functioning as the outcome variable based on
the z-scored average of the seven cognitive tests (instead of treating
episodic memory and executive functioning as separate indicators
of cognitive functioning).

All models were conducted in Mplus 8 using maximum likelihood
estimation, with missing data handled using full information
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maximum likelihood. We tested indirect (mediation) and conditional
indirect effects (moderated mediation) for significance using a
bootstrap approach that employed 95% confidence intervals (ClIs;
Hayes, 2017; Preacher & Hayes, 2008). Mediation was confirmed if
zero fell outside the 95% CI based on 5,000 samples of the
unstandardized beta weights. Standardized and unstandardized
regression coefficients are presented for all models.

Results

Step 1: Mediation Models Predicting Longitudinal
Changes in Cognitive Functioning

Preliminary Analyses

Initial Step 1 autoregressive models tested whether changes in
personal mastery and perceived constraints predicted corresponding
trajectories of episodic memory and executive functioning in the
absence of the proposed mediator (LPA). Models controlled for age,
sex, race, SES, functional limitations, and baseline levels of the
predictors and outcomes. Results of separate models showed that
only declines in constraints (f = —.06, b = —.06, SE = .018, p =
.002) predicted less decline in episodic memory. Increases in
mastery did not predict changes in episodic memory (p = .484). The
same pattern was observed for executive functioning such that
declines in constraints (f = —.06, b = —.03, SE = .011, p = .002) but
not increases in mastery (p = .296) predicted less decline in
executive functioning.

Main Analyses

Step 1 autoregressive mediation models tested whether (a)
regressed changes in perceived mastery and constraints predicted
corresponding change in LPA (mediator) and (b) regressed changes
in the predictors and mediator predicted longitudinal changes in
episodic memory and executive functioning (outcomes). Mastery

Table 2

and constraints (predictors) were first run in separate models and
then in simultaneous entry models to evaluate their unique influence.
See Tables 2-3 for a summary of all Step 1 analyses.

Episodic Memory Models. Results of separate mediation
models showed that increases in mastery and declines in
constraints both predicted corresponding increases in LPA (see
Table 2). Changes in constraints, but not mastery, predicted less
decline in episodic memory. Increases in LPA predicted less decline
in episodic memory. We subsequently used a bootstrap approach to
test whether changes in mastery and constraints had indirect effects
on changes in episodic memory via increases in LPA. Results
indicated that increases in mastery (f = .0032, b = .0031, 95% CI
[.0004, .0072] percent mediated = 31%) and declines in constraints
(B = —.0041, b = —.0036, 95% CI [-.0081, —.0006], percent
mediated = 7%) were associated with less decline in episodic
memory, as mediated by increases in LPA (see Figure 1). Results of
subsequent mediation models that simultaneously entered mastery
and constraints showed that only the indirect effects of constraints
remained significant (B = —.0037, b = —.0033, 95% CI [-.0075,
—.0004], percent mediated = 6%).

We conducted several sets of sensitivity analyses to evaluate the
robustness of our findings. Results were consistent when controlling
for baseline levels and regressed change in MVPA, with the only
exception being that the mediated mastery pathway was reduced to
nonsignificance (see Supplemental Table S2). Similarly, results were
also consistent when controlling for regressed change in ADL
limitations, with the only exception being that the mediated mastery
pathway was reduced to nonsignificance. Finally, results remained
consistent in sensitivity analyses that employed a composite indicator
of cognitive functioning as the outcome variable based on the z-scored
average of the seven cognitive tests (see Supplemental Tables S6-S7).

Executive Functioning Models. We note that the only
distinction between the episodic memory and executive functioning
models was that they predicted different outcomes (i.e., the same
autoregressive mediation models were employed to predict executive

Step 1 Mediation Analyses Predicting Longitudinal Changes in Light Physical Activity (LPA) and Episodic Memory

Mastery model

Constraints model Mastery and Constraints model

ALPA AEpisodic memory ALPA AEpisodic memory ALPA AEpisodic memory
Predictor p b (SE) B b (SE) i b (SE) p b (SE) p b (SE) B b (SE)

Baseline —05 —.05(02D)* —15 —.14 (0200 —06 —-.06(.02D)* —15 —.14 (020" —06 —.06(021)* —16 -.15(.020)*
Age —15 —.02 (002)* —28 —.02(.002)* —.15 —.02(.003)* —28 —.02(.002)* —16 -.02 (.003)* —28 —.02(.002)*
Sex (female) 16 .21 (.055)% 40 34 (035" .16 21 (055)* 40 .34 (.035* .16 .21 (055" 40 .34 (.035)*
Race (minority) —25 =34 (117)* =20 —.17(076)* -25 -33(116)" —.19 —.17 (076)" —25 -.34(116)* —-21 -.18 (.076)*
SES 09 .19 (04D* 12 14 (02600 .09 .15 (042 .11 13 (0260 .08 .15(.042)* .10 .13 (.026)*
ADL limitations —11 =19 (036)* —05 —.06(.023)* —10 -.17 (037)* —05 —.04 (.023)* —10 —.17 (037)* —-.04 —.05(.023)*
Baseline mastery —-.01 -.01(027) -.00 -.002 (.017) —-.04 -.05(030) -.03 -.02(.019)
AMastery .06 .09 (.030)* .01 .007 (.019) 03  .05(.032) —-.01 -.01(.020)
Baseline Constraints —05 —.06(026" —.03 —-.03(016) —-.06 —.08(.030)* —.05 —.04(019)*
AConstraints —.08 —.11(.029)* —.05 —.05 (.018)* —.07 —.10 (.030)* —.06 —.05 (.019)*
Baseline LPA .04 .02 (.013) .03 .02 (.013) .03 .02 (.013)
ALPA .06 .04 (.013)* .05 .03 (.013)* 05 .03 (.013)*
Note. Parameter estimates for the main predictors (AMastery, AConstraints) and mediators (ALPA) in our mediation models are shown in bold font. A =

regressed change; SE = standard error; SES = socioeconomic status; ADL = activities of daily living (limitations); Mastery = personal mastery;

Constraints = perceived constraints.
*p < .05.
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Table 3

Step 1 Mediation Analyses Predicting Longitudinal Changes in Light Physical Activity (LPA) and Executive Functioning

Mastery model

Constraints model Mastery and Constraints model

AExecutive AExecutive AExecutive

ALPA function ALPA function ALPA function

Predictor B b (SE) B b (SE) B b (SE) B b (SE) i b (SE) B b (SE)
Baseline —05 —.05(02D)* —19 -.14(018)* —06 —.06(021)* —18 —.14(.018)* —06 —.06(.021)* —19 —.14 (018)*
Age —15 —.02 (.002)* —-31 -.01(00D)* -.16 -.02(.003)* —-31 -.01(00D)* —.16 —.02(.003)* —31 —01 (00D)*
Sex (female) 16 21(055) —.07 —.03 (.020) 16 21 (.055)% —.07 —.03 (.020) 16 21 (.055)% —.07 —.03 (.020)
Race (minority) —25 =34 (117* =21 =10 (046)* —25 —33(116)*% —22 —.11(046)* —25 —34(116)* —21 —.10 (.046)*
SES 10 .19 (04D* .06 .04 (016)* .08 .15 (.042)* .05 .03 (016)* .08 .15(042* .05 .04 (.016)*
ADL limitations —11 =19 (036)* —.04 —-.02(013) —.10 —.17 (.037)* —.03 —-.02(014) —.10 —.17(037)* —-.03 —.02(.014)
Baseline Mastery -01 —-.01(027) —-.03 —.02(.010) —.04 -05(030) -.05 -.0301D)*
AMastery .06 .09 (.030)* .01 .01 (.011) 03 .05(.032) —.01 —.01(.012)
Baseline Constraints —05 —.06(026* —01 —.00(010) —.06 —.08(.030)* —.04 —.02(011)
AConstraints —.08 —.11(.029* —.05 —.03 (011)* —.07 —.10(.030)* —.06 —.03 (.011)*
Baseline LPA 03 .01 (.008) .03 .01 (.008) 03 .01 (.008)
ALPA A3 .05 (.008)* A3 .05 (.008)* 12 .04 (.008)*

Note. Parameter estimates for the main predictors (AMastery, AConstraints) and mediators (ALPA) in our mediation models are shown in bold font. A =
regressed change; SE = standard error; SES = socioeconomic status; ADL = activities of daily living (limitations); Mastery = personal mastery;

Constraints = perceived constraints.
*p < .05.

functioning). As a result, the pattern of associations linking mastery
and constraints (predictors) to change in LPA (mediator) were
consistent with those reported above (see Table 3).

Results of separate mediation models showed that changes in
constraints, but not mastery, predicted less decline in executive
functioning. Increases in LPA predicted less decline in executive
functioning. Results of bootstrapped tests indicated that increases
in mastery (p = .0073, b = .0040, 95% CI [.0010, .0079], percent
mediated = 40%) and declines in constraints (f = —.0098, b =

—.0050,95% CI[-.0089, —.0018], percent mediated = 16%) were
associated with less decline in executive functioning, as mediated by
increases in LPA (see Figure 1). Results of subsequent mediation
models that simultaneously entered mastery and constraints
showed that only the indirect effects of constraints remained
significant (B = —.0090, b = —.0045, 95% CI [—-.0087, —.0014],
percent mediated = 13%).

We conducted several sets of sensitivity analyses to evaluate the
robustness of our findings. Results were consistent when controlling

Figure 1
Step 1 Mediation Models
(A)
ALPA
-.08* 05"
AConstraints -05 » AEM
(B)
ALPA
-.08* 137
AConstraints -0 » AEF

Note. Step 1 mediation models predicting two wave, 9-year AEM (Panel A) and AEF (Panel B) via changes in light physical activity
(ALPA). Standardized regression weights are reported. Results for only the perceived constraints (AConstraints) models are presented
for brevity. Results were consistent for personal mastery when mastery and constraints were entered in separate models, but mastery
paths were attenuated to nonsignificance in models that simultaneously entered mastery and constraints as predictors (see Tables 2-3).
A = regressed change; EM = episodic memory; EF = executive functioning; LPA = light physical activity.

*p < .05.
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for baseline levels and regressed change in MVPA (see Supplemental
Table S3). Similarly, results were also consistent when controlling for
regressed change in ADL limitations, with the only exception being
that the mediated mastery pathway was reduced to nonsignificance.
Finally, our results remained consistent in sensitivity analyses that
employed a composite indicator of cognitive functioning as the
outcome variable based on the z-scored average of the seven cognitive
tests (see Supplemental Tables S6-S7).

Step 2: Moderated Mediation Models Predicting
Longitudinal Changes in Cognitive Functioning

Preliminary Analyses

Initial Step 2 autoregressive models tested for age-moderated
associations between changes in each facet of perceived control and
corresponding trajectories of episodic memory and executive
functioning in the absence of the mediator (LPA). Models controlled
for age, sex, race, SES, functional limitations, and baseline levels of
the predictors and outcomes. Results of separate models predicting

Figure 2

changes in episodic memory showed that age-moderated associations
were only observed for changes in perceived constraints (f = —.04,
b = —.003, SE = .001, p = .047). Simple slope analyses showed
that declines in constraints were associated with less decline in
episodic memory for older (+1 SD = aged 67 years; p = —.10,
b=-.08, SE=.023, p <.001) but not younger adults (—1 SD = aged
44 years; p = —.02, b = —.02, SE = .025, p = .451).

A similar pattern was observed for executive functioning. Results
of separate models revealed age-moderated associations for changes
in constraints (p = —.07, b = —.003, SE = .001, p = .001), but
not mastery (p = .912). Simple slope analyses showed that declines
in constraints were associated with less decline in executive
functioning for older (+1 SD = aged 67 years; f = —.13, b = —.06,
SE =.014, p < .001) but not younger adults (—1 SD = aged 44 years;
f = .01, b =.004, SE = .015, p = .807).

Predicted values (PVs) that adjusted for average (raw) sample
declines of —.13 units in episodic memory and —.26 in executive
functioning serve to contextualize the practical significance of
these effect sizes (see Figure 2). Small but meaningful differences
emerged between older adults who perceived declines in their

Age x AConstraints Interactions on Longitudinal Cognitive Functioning

(A)
0.40
0.35-
0.30-
0.25-

0.20-
0.15- \
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0.00+
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-0.104
-0.154
-0.204
-0.254
-0.304
-0.354
-0.40+
-0.454
-0.504
-0.55+
-0.604
-0.65+
-0.70+
-0.75+
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Adjusted AEpisodic Memory

Younger Adults (-1 SD)
Older Adults (+1 SD)

AConstraints

Note.

(B)

0.35
0.30
0.254
0.20 o B
0.15 B U

0.104 I ———————
0.054
0.001
-0.05+
-0.10-
-0.15+
-0.20-
-0.254
-0.30-
-0.354
-0.40-
-0.45-
-0.50-
-0.55+
-0.60-
-0.65+
-0.70-
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-0.80-
-0.85+
-0.90-
-0.95+
-1.00-

-1.05 T T T T T

T T T T
25 -20 15 -10 -05 00 05 10 15 20 25

Adjusted AExecutive Functioning

Younger Adults (-1 SD)
Older Adults (+1 SD)

AConstraints

Age x AConstraints interactions predicting two-wave, 9-year AEM (Panel A) and AEF (Panel B). Standardized simple slopes of AConstraints with

95% confidence intervals are presented at younger (—1 SD in red) and older ages (+1 SD in blue). Predicted values were adjusted for average (raw) sample
declines of —.13 units in episodic memory and —.26 units in executive functioning. A = regressed change; EM = episodic memory; EF = executive
functioning; Constraints = perceived constraints. See the online article for the color version of this figure.
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constraints: PV estimates suggested that rates of 9-year decline in
episodic memory (PVs = —.33 vs. —.43) and executive functioning
(PVs = —.45 vs. —.57) were reduced by approximately 22%—-23%
for older adults whose constraints declined by a standard deviation
relative to those who remained stable.

Main Analyses. Step 2 autoregressive models incorporated
interaction terms with age to assess whether the mediated mastery/
constraints — LPA — cognitive functioning pathways were
moderated by age (i.e., differed across the adult lifespan). We
thus simultaneously tested the extent to which age moderated the
mastery/constraints—LPA relationships, the mastery/constraints—
cognitive functioning relationships, and the LPA—cognitive func-
tioning relationships. Variables involved in the interaction terms
were mean-centered to facilitate interpretation. See Tables 4-5 for a
summary of all Step 2 analyses.

Episodic Memory Models. Results of separate models showed
that age moderated the association between changes in constraints,
but not mastery, and longitudinal change in LPA (see Table 4).
Simple slope analyses showed that declines in constraints were
associated with increases in LPA for older (+1 SD; p = —.11, b =
—.16,SE =.037, p <.001) but not younger adults (—1 SD; p = —.04,
b =-.05, SE = .041, p = .205).

Age moderated the associations between change in LPA and
change in episodic memory. Simple slope analyses showed that
increases in LPA were associated with less decline in episodic
memory for older (+1 SD; f = .08, b = .05, SE = .015, p =.001) but
not younger adults (=1 SD; p = -.02, b = —-.01, SE = .021, p =
.581). Because age moderated both the constraints—LPA and LPA—
episodic memory associations, we subsequently used a bootstrap
approach to test whether changes in constraints had conditional
indirect effects on changes in episodic memory via change in LPA.
This allowed us to examine whether the mediated effects we observed
in Step 1 were pronounced for older adults. Results indicated that,
for older but not younger adults, declines in constraints (f = —.0094,

Table 4

b = —.0081, 95% CI [-.0162, —.0022], percent mediated = 10%)
were associated with less decline in episodic memory, as mediated by
increases in LPA (see Figure 3). Results of subsequent models that
simultaneously entered mastery and constraints showed that the
conditional indirect effects of constraints, but not mastery, remained
significant (§ = —.0089, b = —.0077, 95% CI [-.0158, —.0019],
percent mediated = 9%).

We conducted several sets of sensitivity analyses to evaluate
the robustness of our findings. Results were consistent when
controlling for baseline levels and regressed change in MVPA (see
Supplemental Table S4). Similarly, results were also consistent
when controlling for regressed change in ADL limitations. Finally,
results were also largely consistent in sensitivity analyses that
employed a composite indicator of cognitive functioning as the
outcome variable based on the z-scored average of the seven cognitive
tests (see Supplemental Tables S8—S9). The only exception was that
the Age X ALPA interaction predicting the composite indicator of
cognitive functioning was reduced to nonsignificance, suggesting
that the doubly moderated mediation findings for episodic memory
in our main analyses should be interpreted with some caution.
However, there was still consistent support across all analyses for a
simplified moderated mediation model that omitted the Age X
ALPA interaction as a predictor of cognitive functioning. Findings
from this more conservative and robust model indicated that there
was an increasingly strong association between changes in
constraints and changes in cognitive functioning with advancing
age, and this conditional association was mediated by changes in
LPA. However, the link between changes in LPA and changes in
composite cognitive functioning did not depend on age.

Executive Functioning Models. We note that the only
distinction between the episodic memory and executive functioning
models was that they predicted different outcomes (i.e., the same
moderated mediation model was employed to predict executive
functioning). As a result, the pattern of age-moderated associations

Step 2 Moderated Mediation Analyses Predicting Longitudinal Changes in Light Physical Activity (LPA) and Episodic Memory

Mastery model

Constraints model Mastery and Constraints model

ALPA AEpisodic memory ALPA AEpisodic memory ALPA AEpisodic memory
Predictor i b (SE) i b (SE) i} b (SE) i b (SE) p b (SE) i b (SE)

Baseline —.05 —.05(02D)* —16 —.15(.0200* —-.06 —.06(021)* —.16 —.15(0200* —06 —.06(021)* —16 —.15 (020)*
Age —15 —.02 (002)* —-28 —.02(.002* —.15 —.02(.003)* —28 —.02(.002)* —.15 —.02(003)* —27 —.02(002)*
Sex (female) 16 21 (055)* 42 34 (036)* .16 21 (055)* 42 35(036)* .16 .21 (.055)* 41 .35 (.036)*
Race (minority) —25 =34 (117D* -21 —18(078)* —-25 —33(116)* —-21 —.17(076)* —25 -34(116)* -21 -.18 (076)*
SES A0 .19 (04D* 12 .14 (026)* .08 .15(042* .10 .12 (.026)* .08  .15(.042* .10 .12 (.026)*
ADL limitations —11 —.19 (036)* —.06 —.06(.023)* —.10 —.17(037)* —.04 —.05(023) —.10 —.17(037)* —04 —.05(.023)*
Baseline Mastery -01 —01(027) —-.01 .00(017) —.04 —.05(030) -.03 —.02(.019)
AMastery 06 .08 (030)* .01 .01 (.019) 03 —.01(020) —-.01 -.01(.020)
Age X AMastery 01 .00 (.003) —.01 .00 (.002) .01 =00 (.003) —.01 —.00 (.002)
Baseline Constraints —.05 —.06 (026 —03 -.03(016) —-.06 -.07(030)* —05 —.04(019*
AConstraints —07 —.11(029* —05 —-.04(018)* —07 —.10(030) —-.05 -.05(019)*
Age x AConstraints —.04 —.01(.002)* —.03 —.00(.013) —.04 —.01(002) —.03 —.00 (.002)
Baseline LPA 03 .02 (.013) 03 .02 (.013) 03 .02(.013)
ALPA 04 .02 (.014) 03 .02(.014) 03 .02(.014)
Age X ALPA .06 .003 (.001)* .05 .003 (.001)* .06 .003 (.001)*

Note.

Parameter estimates for the main predictors (Age X AMastery, Age X AConstraints) and mediators (Age X ALPA) in our moderated mediation

models are shown in bold font. A = regressed change; SE = standard error; SES = socioeconomic status; ADL = activities of daily living (limitations);

Mastery = personal mastery; Constraints = perceived constraints.
3k
p < .05.
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Table 5

Step 2 Moderated Mediation Analyses Predicting Longitudinal Changes in Light Physical Activity (LPA) and Executive Functioning

Mastery model

Constraints model Mastery and Constraints model

AExecutive AExecutive AExecutive
ALPA function ALPA function ALPA function
Predictor B b (SE) B b (SE) B b (SE) B b (SE) i b (SE) B b (SE)
Baseline -05 -.05(02D)* —19 -.14(018)" -06 -.06(021)* —.19 -.14(018)* —06 —-.06(02D)* —19 —.15(018)*
Age —15 —.02(.002)* -32 —-01(001)* —.15 -.02(003)* —-32 —.01(001)* —.15 —-.02(.003)* —31 —.01 (001)*
Sex (female) 16 .21 (.055) —-.07 -.04 (.021) 16 21 (.055)% —.07 —.03 (.020) A5 21 (.055)% —.07 —.04 (.020)
Race (minority) —25 =34 (117" -22 —10(046)" —-25 -33(116)* —23 —.11(046)" —25 —34(116)* —22 —.11 (.046)
SES 10 .19 (04D)* .06 .04 (016)* .08  .15(.042* .05 .03 (016)* .08 .15(042* .05 .04 (016)*
ADL limitations —11 —-.19 (.036)* —.04 —.02(014) -.10 -.17 (037)* —-03 —02(014) —.10 —.17(.037)* —.03 —.02 (.014)
Baseline Mastery -0l -.01(027) -.04 -.02(.010) —.04 —05(030) -.06 -.03(01D)*
AMastery 06 .08 (030)* .01 .01 (.012) .03 .05 (.032) .00 .00 (.012)
Age X AMastery 01 .00 (.003) .00 .00 (.001) 01 .00 (.003) —.01 -—.00(.001)
Baseline Constraints —.05 —.06 (026 —01 —.00(010) —.06 -.07(030) —.04 -.02(.011)
AConstraints —07 =11 (029* -05 -.02(011)* —07 —-.10(.030)* —05 -.03(01D)*
Age X AConstraints 04 —01 (.002* —.06 —.00(.001)* —.04 —.01(.002) —.07 —.00(.001)*
Baseline LPA .03 .01 (.008) .03 .01 (.008) .03 .01 (.008)
ALPA 13 .04 (008)* A2 .04 (.008)* A2 .04 (.008)*
Age X ALPA 02 .00 (.001) .01 .00 (.001) .01 .00 (.001)
Note. Parameter estimates for the main predictors (Age X AMastery, Age X AConstraints) and mediators (Age X ALPA) in our moderated mediation

models are shown in bold font. A = regressed change; SE = standard error; SES = socioeconomic status; ADL = activities of daily living (limitations);

Mastery = personal mastery; Constraints = perceived constraints.
*
p < .05.

linking each facet of perceived control (predictors) to change in LPA
(mediators) were consistent with those reported above (see Table 5).
Age-moderated associations were only observed for changes in
constraints when predicting changes in executive functioning.
No age-moderated associations were observed for change in
LPA (mediator) when predicting changes in executive functioning
(outcome). Consequently, tests of conditional indirect effects
(moderated mediation) were not conducted because the mediator—
outcome paths were not moderated by age.

Discussion

Our study sought to shed light on when and how perceived
control buffers against cognitive declines. Findings inform lifespan
theories of control in disentangling the mediated and moderated

pathways for two distinct facets of control involving personal
mastery and perceived constraints. Results advance the literature
by identifying LPA as a largely overlooked health behavior that
mediates the relationship between changes in constraints and
trajectories of cognitive functioning. Findings also provide initial
evidence that this pathway may become pronounced in later life
when opportunities for MVPA are often diminished.

LPA Mediates the Association Between Perceived
Constraints and Cognitive Functioning

Informed by Lachman’s (2006) process model of control, our
study is among the first to document how change in LPA mediates
the association between changes in facets of perceived control and
longitudinal trajectories of cognitive functioning. Previous research

Figure 3
Step 2 Moderated Mediation Model
ALPA
11 .08"
[-.04] [-02]
AConstraint 08" AEM
onstraints 03] »
Note. Step 2 moderated mediation model predicting two-wave, 9-year AEM via change in LPA. Standardized regression

weights are reported. Results for only the perceived constraints (AConstraints) model are presented for brevity (moderated
mediation was not observed for personal mastery). Paths are presented separately for younger (—1 SD) and older adults (+1 SD):
Paths for older adults are reported above the arrow, and paths for younger adults are reported below the arrow (in brackets). A =
regressed change; EM = episodic memory; LPA = light physical activity.

*p < .05
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has focused on the cognitive consequences of baseline levels of
overarching perceptions of control, as mediated by forms of physical
activity (i.e., MVPA) that become less common and viable in old
age (Caplan & Schooler, 2003; Infurna & Gerstorf, 2013; Robinson
& Lachman, 2018; Seeman et al., 1996). Our findings highlight the
unique influence of changes in individual facets of control involving
mastery and constraints and emphasize the importance of capturing
the ecological reality that these perceptions can, and do, shift over
time. In particular, results suggest longitudinal shifts in constraints
(vs. mastery) are a stronger predictor of longitudinal episodic
memory and executive functioning, as mediated by an understudied
health behavior (LPA) that remains feasible across the adult
lifespan. Effect sizes were small but meaningful in showing that
LPA mediated 6%—40% of the association between facets of control
and cognitive functioning. Sensitivity analyses also demonstrated
that these LPA-mediated associations were not simply due to levels
or changes in MVPA.

These findings are consistent with theoretical and empirical
considerations that suggest constraints—which emphasizes a lack of
contingency, external barriers, and personal helplessness—may play a
more prominent role with respect to loss—avoidance developmental
goals, such as maintaining capacity to engage in LPA and cognitively
stimulating tasks (Freund et al., 2012; Infurna & Mayer, 2015;
Lachman & Weaver, 1998). Supporting this logic, changes in
constraints, but not mastery, had robust indirect effects on longitudinal
cognitive functioning that were due in part to its influence on LPA.
While constraints (vs. mastery) were the stronger predictor in the
present study, this may not be the case for other health-related
outcomes that involve more approach- or gain-oriented goals such
as increasing MVPA (Freund et al., 2012; Guo et al., 2023; Hong et
al., 2021). Mastery may take on a more prominent role with respect
to such gain-oriented objectives due to the nature of this construct,
which emphasizes personal competence, influence, and tenacity.

Our results can also be leveraged to inform best practice
recommendations for future research on perceived control. Findings
point to the value of distinguishing mastery and constraints in
conceptual models predicting developmental outcomes that exhibit
age-related shifts in the extent to which they rely on approach-
versus avoidance-oriented goals. In early adulthood and midlife
when gain-oriented goals are more prominent, mastery may be a
more robust predictor. However, this may shift toward constraints
being the stronger predictor in old age when loss- or maintenance-
oriented goals become more salient (Baltes & Baltes, 1990; Freund
et al., 2012; Heckhausen et al., 2013).

The present study focused on a previously overlooked health
behavior (LPA) that may reflect an important mediating mechanism
linking facets of control to healthy cognitive aging. However,
Lachman’s process model specifies additional affective (e.g., positive
affect), physiological (e.g., cortisol), and behavioral (e.g., strategies)
pathways via which mastery and constraints should buffer against
declines in health and cognition. These pathways are supported by
indirect evidence showing that perceived control predicts each of
these proposed mediators and that each mediator predicts cognition
(Bollini et al., 2004; Comijs et al., 2010; Hamm, Barlow, et al., 2023;
Hamm et al.,, 2020; Hamm, Shane, et al., 2023; Hittner et al.,
2020). However, future research in this area is needed to directly test
whether these factors mediate the link between control and healthy
cognitive aging.

LPA Becomes a More Prominent Mediating
Mechanism as Individuals Age

The present findings also advance the literature in documenting
how the pathways linking different facets of perceived control
to longitudinal cognitive functioning may shift across the adult
lifespan (Maggio et al., 2019). Previous research that did not
consider the distinction between mastery and constraints had yielded
mixed evidence for whether the influence of (overarching) perceived
control on cognition was moderated by age (Infurna & Gerstorf,
2013; Oumohand et al., 2020; Raldiris et al., 2021; Robinson &
Lachman, 2020; Windsor & Anstey, 2008). Our preliminary
analyses extend this work by providing new evidence that the
association between changes in constraints, but not mastery, and
corresponding shifts in cognitive functioning became stronger in
old age. Contextualized effect sizes were small but meaningful
and suggest that rates of 9-year decline in episodic memory and
executive functioning were reduced by nearly 25% for participants
whose perceived constraints declined by a standard deviation
relative to those who remained stable (see Figure 2).

Our subsequent main analyses showed that the moderated
association between constraints and episodic memory was mediated
by LPA: The indirect pathway linking changes in constraints to
changes in episodic memory was pronounced in old age. These
results extend previous empirical work that had yet to examine how
the mediated pathways that link mastery and constraints to cognitive
aging may depend on developmental circumstances (Hong et al.,
2021; Infurna et al., 2018; P.-L. Lee, 2016; Robinson & Lachman,
2018; Wong & Yang, 2023). They are also consistent with lifespan
theories of motivation which posit that, as individuals age and
encounter increasing developmental constraints, they shift toward
loss—avoidance goals that commonly focus on maintaining existing
levels of functioning across domains that include everyday physical
activity and cognition (Baltes & Baltes, 1990; Freund et al., 2012,
2021; Heckhausen et al., 2013). This implies that how older adults
perceive these constraints may be central to sustaining their
motivation to maintain adaptive health behaviors such as LPA that
have been shown to support healthy cognition into late life. In line
with this logic, our results suggest that, for older adults, appraising
constraints as less inhibiting as they aged was instrumental in
sustaining their everyday LPA. In turn, maintaining this feasible
health behavior into late life was protective against declines in
episodic memory. Sensitivity analyses also demonstrated that these
associations that were mediated by LPA and moderated by age were
not due to levels or changes in MVPA.

Although further research is needed to replicate and extend our
findings, the present results could potentially inform the develop-
ment of interventions that target personal mastery or perceived
constraints. Both factors exhibited change over time, are modifiable,
and may represent viable target mechanisms for intervention.
However, the present findings point to perceived constraints as an
intervention target that may be especially relevant and consequential
in old age. This is because later life is commonly accompanied by
developmental constraints and losses that can threaten beliefs about
one’s capacity to influence core developmental outcomes, including
remaining physically active and maintaining one’s cognitive
functioning (Baltes & Baltes, 1990; Heckhausen et al., 2019).
Further work is needed to examine whether well-timed interventions
designed to buffer against increased perceptions of constraints can
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improve developmental outcomes when administered prior to or
shortly after the onset of age-related losses (cf. Parker et al., 2022).

Limitations and Conclusion

Although our study is supported by the use of two-wave, 9-year
data on facets of perceived control, LPA, and cognitive functioning
in a large national sample, it is not without limitations. First, MIDUS
measures of physical activity were based on self-reports, as is
common in population-based studies where large-scale behavioral
assessments are typically not feasible (Yemiscigil & Vlaev, 2021).
Individuals tend to overestimate their levels of physical activity,
which can result in some bias when estimating absolute levels (P.
H. Lee et al., 2011). However, because our primary measures of
physical activity were based on changes over time, this issue was
partially mitigated to the extent that participants who overestimate
their activity at one wave may be more likely to do so again at
subsequent waves. Future research is nevertheless needed using
behaviorally assessed physical activity. Second, changes in our
predictor, mediator, and outcome variables occurred during a largely
overlapping time interval given that they were assessed at the same
waves (Waves 2 and 3). However, the present study does feature a
modest time lag given that our predictor and mediator variables
(mastery, constraints, LPA) were measured approximately 1 month
before our outcome variables at both waves (episodic memory,
executive functioning). Nevertheless, reciprocal relations between
these perceptions, health behaviors, and cognitive functions are
possible and even likely, as suggested by Lachman’s (2006) process
model of control. Further research with more frequent assessments is
needed to tease apart the issue of directionality or bidirectionality.
Third, the MIDUS sample was largely White and upper middle
class. Further research is needed to replicate these findings in
racially and socioeconomically diverse samples.

In sum, the present findings provide evidence that change in
LPA reflects a previously overlooked health behavior that links
change in perceived constraints to longitudinal trajectories of
cognitive functioning. Results also suggest that the mediated link
between constraints and episodic memory via LPA becomes
pronounced in late life when individuals commonly encounter more
barriers to MVPA. These findings inform lifespan theories of control
by documenting the mechanistic processes and developmental
circumstances that underlie the association between constraints
and cognitive aging. Findings also have practical implications for
the development of evidence-based interventions and point to
the potential value of targeting changes in core psychological
(perceived constraints) and behavioral (LPA) factors to buffer
against cognitive declines.
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