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Abstract

Perceived control and health are closely interrelated in adulthood and old age. However, less is
known regarding the differential implications of two facets of perceived control, constraints and
mastery, for mental and physical health. Furthermore, a limitation of previous research testing the
pathways linking perceived control to mental and physical health is that mediation was tested with
cross-sectional designs and not in a longitudinal mediation design that accounts for temporal
ordering and prior confounds. Using data from the Health and Retirement Study (HRS; n=7,612,
M age = 68, D = 10.66; 59% women) we examined the effect of constraints and mastery on 4-
year changes in mental and physical health and whether physical activity mediated such effects in
a longitudinal mediation design. Using confirmatory factor analysis, we modeled the two-factor
structure of perceived control that consisted of constraints and mastery. In our longitudinal
mediation model, where we accounted for possible confounders (e.g., age, gender, education,
neuroticism, conscientiousness, memory, and health conditions), constraints showed a stronger
total effect on mental and physical health, than mastery, such that more constraints were
associated with 4-year declines in mental and physical health. Physical activity did not mediate the
effect of constraints and mastery on mental and physical health (indirect effect). In order to
demonstrate the importance of a longitudinal mediation model that accounts for confounders, we
also estimated the mediated effect using two models commonly used in the literature: cross-
sectional mediation model and longitudinal mediation model without accounting for confounders.
These mediation models indicated a spurious indirect effect that cannot be causally interpreted.
Our results showcase that constraints and mastery have differential implications for mental and
physical health, as well as how a longitudinal mediation design can illustrate (or not) pathways in
developmental processes. Our discussion focuses on the conceptual and methodological
implications of a two facet model of perceived control and the strengths of longitudinal mediation
designs for testing conceptual models of human development.
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Perceived control is an important psychological factor that is linked to better cognitive,
mental, and physical health across adulthood and old age (Baltes & Baltes, 1986; Bandura,
1997; Lachman, 2006; Rodin, 1986; Skaff, 2007). For example, higher levels of and more
positive rates of change in perceived control are associated with better cognitive functioning
(Agrigoroaei & Lachman, 2011; Infurna & Gerstorf, 2013; Windsor & Anstey, 2008),
mental health (Heckhausen & Lang, 2001; Windsor & Anstey, 2010), and overall physical
health and longevity (Brown, Levy, Rosberger, & Edgar, 2003; Caplan & Schooler, 2003;
Gale, Batty, & Deary, 2008; Infurna, Ram, & Gerstorf, 2013; Lachman & Agrigoroaei,
2010; Sargent-Cox et al., in press; Surtees et al., 2010; Turiano, Chapman, Agrigoroaei,
Infurna, & Lachman, in press). The construct of perceived control consists of two facets,
constraints and mastery, that are often times combined, but rarely analyzed separately,
which could provide insights into whether each facet has a differential association with
mental and physical health. Conceptual models of perceived control delineate that behavior,
motivation, and biological health are pathways that link perceived control to aging-related
outcomes (Lachman et al., 2011). However, empirical tests of these pathways are typically
done with cross-sectional data. We use a longitudinal mediation design that will allow for
determining temporal ordering and accounting for potential confounders (e.g., MacKinnon,
Fairchild, & Fritz, 2007; Maxwell & Cole, 2003; Muthén, 2011) to examine whether
physical activity (behavior) mediates the effects of constraints and mastery on mental and
physical health. To test our research questions, we use longitudinal data from the Health and
Retirement Study (HRS) to first examine whether constraints and mastery show differential
effects on mental and physical health. In a second step, we determine whether physical
activity mediates the effects of constraints and mastery on mental and physical health in a
longitudinal mediation design.

Perceived Control: Definitions and Components

Perceived control is broadly defined as one’s beliefs regarding their ability to exert influence
over their life circumstances (Pearlin & Schooler, 1978; Skinner, 1996). Perceived control is
also referred to as sense of control and control beliefs and has a long history in

psychological research beginning with Rotter’s (1966) concept of (internal and external)
locus of control, Rodin and Langer’s (1977) research on choice and enhanced responsibility
to Pearlin and Schooler’s (1978) construct of mastery and Bandura’s (1977) self-efficacy. In
her seminal review, Skinner (1996) found that there were over 100 terms related to the
concept of control with two primary components, competence and contingency. Competence
is broadly defined as the ability to interact effectively with one’s environment (White,

1959). The concept of competence is similar to mastery, which refers to beliefs regarding
one’s ability to perform specific behaviors or actions to attain desired outcomes (Lachman &
Weaver, 1998; Pearlin & Schooler, 1978). Contingency broadly relates to beliefs regarding
the connection between performing a specific behavior and an outcome (Skinner, 1996). The
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concept of constraints maps onto contingency, such that constraints are viewed as one’s
perceived obstacles or deterrents for achieving desired outcomes (e.g., learned helplessness,
Seligman, 1975). We view perceived control or control beliefs as a general overarching
construct that encompasses various indices, such as constraints and mastery, as well as
attributions and self-efficacy (for discussion, see Lachman et al., 2011). When we use the
general phrase, perceived control, this refers to studies that have combined items of
constraints and mastery. Our focus is on two specific aspects of perceived control,
constraints and mastery, which are oftentimes combined into one factor and less so analyzed
separately.

Although, constraints and mastery are related, we argue that they are conceptually distinct
and should be analyzed separately in that they may have differential implications for mental
and physical health in adulthood and old age (see Caplan & Schooler, 2003; Lachman &
Weaver, 1998). First, in the studies that have indeed analyzed them separately by creating
average composite scores, they show low to moderate correlations with one another (e.g., r
=—.21to - .43; Lachman & Weaver, 1998; Windsor, Ryan, & Smith, 2009), suggesting
that although there is some overlap, the constructs tap into distinct sources of information.
Mastery focuses on one’s efficacious beliefs that likely have a greater impact on the ability
to attain desired outcomes, such as health, whereas constraints refer to individuals’
perceptions that external factors detrimentally influence the ability to control life
circumstances (Skinner, 1995; Windsor et al., 2009). Second, constraints and mastery could
have differential implications for aging-related outcomes. For example, Specht and
colleagues (2011) found that reporting higher levels of external control was associated with
a less steep decline in life satisfaction with spousal loss, whereas higher levels of internal
control was associated with a stronger decline in life satisfaction. In earlier phases of the
lifespan, children whose parents are divorcing and report higher levels of control are more
likely to have poorer adjustment to the divorce (Skinner, 1995). In life situations that are
beyond one’s zone of control, lower levels of control (i.e., perceiving more constraints) may
be adaptive. Conversely, in situations that are more within one’s zone of control, such as
maintaining positive health, mastery beliefs may show stronger effects (see White et al.,
2012). Third, examining constraints and mastery separately can have implications for
interventions through focusing on a combination of increasing one’s mastery or decreasing
constraints. For example, Reich and Zautra (1990) observed that interventions focusing on
mastery decreased participants psychological distress and negative affect; this was
especially pronounced for individuals who reported a disability. Christensen and Johnson
(2002) observed that encouraging internal control for individuals who like to be in control
and focusing on structuring and external factors for those individuals characterized as being
more external controls and who did not desire to be in control of their medical care led to
overall positive results for patient satisfaction and adherence to medical regiments. It is
likely that these sorts of principles could be applied to constraints and mastery.

Associations between Perceived Control with Mental and Physical Health

Constraints and mastery have implications for mental and physical health across adulthood
and old age. Cross-sectional findings show that higher levels of mastery and fewer
constraints are associated with better mental health (DeNeve & Cooper, 1998; Lachman &

Psychal Aging. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Infurna and Mayer

Mediation
Health

Page 4

Weaver, 1998; Windsor et al., 2009). Similar findings have been observed longitudinally
over differing lengths of time. In a sample of older adults, higher levels of mastery were
associated with higher positive affect, lower negative affect, and higher life satisfaction over
a 6-month follow-up (Lang & Heckhausen, 2001). Windsor & Anstey (2010) found that
reporting stronger feelings of mastery were linked to more positive 4-year changes in mental
health in young adulthood, midlife, and old age.

Research has accumulated linking constraints and mastery to physical health. Empirical
evidence from cross-sectional data suggests that higher mastery and fewer constraints are
associated with better physical health (Fauth et al., 2007; Femia et al., 1997). Similar
associations have been observed longitudinally where reporting higher levels of mastery
were protective against declines in physical functioning and overall physical health (Femia
et al., 2001; Infurna, Gerstorf, & Zarit, 2011; Sargent-Cox et al., in press). Over a longer
period of 10 years, reporting higher levels of perceived control (combined mastery and
constraints items) were protective against accruing functional limitations (Lachman &
Agrigoroaei, 2010).

of the Effects of Constraints and Mastery on Mental and Physical

Conceptual models of perceived control have long discussed that one potential pathway for
why perceived control has effects on mental and physical health is health behaviors, such as
physical activity (Bandura, 1997; Lachman et al., 2011; Rodin, 1986; Skaff, 2007). Our
second research question revolves around testing in a longitudinal mediation design,
whether physical activity mediates the effects of constraints and mastery on mental and
physical health. As described in the research of Bandura (1997), social and thought
processes are important for engaging in desired behaviors, which eventually lead to
developmental outcomes, such as positive health. Perceived control is often instrumental in
facilitating and regulating physical activity and strenuous exercise, which in turn is
associated with better mental and physical health (Netz, Wu, Becker, & Tenenbaum, 2005;
Penedo & Dahn, 2005). For example, perceiving more control over life circumstances
provides individuals with the motivations and means to engage in regular physical activity,
as well as attitudes and beliefs of contingency that behaviors will lead to desired outcomes
(Bandura, 2004; Lachman et al., 1997). Furthermore, if people believe that their health is
dynamic and malleable as opposed to static and predetermined, they are more likely to have
the motivational resources to engage in health-promoting behaviors, such as physical
activity. There are various ways through which physical activity may have these subsequent
effects. First, physical activity increases exercise capacity, endurance, skeletal muscle
strength and cardiovascular adaptations that are subsequently beneficial for both mental and
physical health (Thompson et al., 2003). Second, physical activity additionally decreases
one’s cardio-metabolic risk (Brach et al., 2004; Infurna & Gerstorf, 2014), which has
downstream effects on mental and physical health (Penedo & Dahn, 2005; Rantanen et al.,
1999). Third, physical activity indirectly enhances mental and physical health through affect
and physical self-worth (Elavsky et al., 2005; McAuley et al., 2008; Netz et al., 2005), as
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well as improving mood and decreasing symptoms of anxiety (Maher et al., 2013; Ross &
Hayes, 1988; Stephens, 1988).

Challenges in testing mediation

Figure 1 shows three scenarios through which mediation is typically tested; these models
will be the basis of the analyses for our paper. Part A depicts a cross-sectional mediation
design where each of the variables of interest, predictors (CO, MA), mediator (M4), and
outcome (Y7) are assessed at one point in time. Our research has previously tested mediation
using this cross-sectional design; we found that physical activity mediated the effect of
perceived control on functional health and cardio-metabolic risk (Infurna & Gerstorf, 2014).
However, a major pitfall of cross-sectional mediation is that it is not a suitable research tool
for inferring developmental trends (Hertzog, 1996; Hofer et al., 2006; Maxwell & Cole,
2007). Part B of Figure 1 shows a longitudinal mediation design where baseline measures of
physical activity and physical health (M4, and Y;) are not accounted for. For example,
Infurna and colleagues (2011) found that perceived control was protective against 2.5 year
declines in physical health; in a subsequent model that included physical activity, the effect
of perceived control on physical health was no longer reliably different from zero. From this
result, we inferred that mediation had occurred. However, physical activity was measured at
the same occasion as perceived control, meaning it was a potential confounder that has
shared associations with perceived control and physical health with no temporal ordering to
determine mediation; there is only temporal ordering of perceived control and physical
health. Although this design provides for examining developmental trends in the outcome
variable of interest, this does not allow for disentangling time-ordering of the mediator and
outcome of interest (Lindenberger, von Oertzen, Ghisletta, & Hertzog, 2011). A pitfall of
previous research examining “mediation” processes is that it has largely been done with
designs similar to Parts A and B of Figure 1, which does not allow for temporal ordering and
accounting for prior confounds. This is commonplace across literatures when testing
mediation processes and has a long history stemming from Baron and Kenny (1986).

Part C in Figure 1 graphically illustrates a longitudinal mediation design that allows for
determining temporal ordering of the predictors (CO, MA), mediator (M) and outcome (Y3).
We emphasize that longitudinal data is essential for effectively testing longitudinal
mediation (for discussion, see MacKinnon et al., 2007; Cole & Maxwell 2003; Muthén,
2011) and there are several reasons for this.

First, the temporal order has to be clear; it has to be non-ambiguous that X precedes M, and
M precedes Y. This can be evident in some cases from a theoretical point of view (e.g.,
gender will influence humans’ mood and not vice versa) but in most cases it is hecessary to
have a temporal precedence in the design. We therefore use a longitudinal mediation design
(similar to part C in Figure 1) to examine direct and indirect effects of constraints and
mastery on 4-year change in mental and physical health. Additionally, we incorporated
latent change score models to test longitudinal mediation. We strongly argue for longitudinal
designs to assess mediational research questions because a mediator cannot be concurrent
with the predictor and must precede the outcome variable (Lindenberger et al., 2011;
MacKinnon et al., 2007; Maxwell & Cole, 2007). Longitudinal data is needed because it
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allows for empirically testing the pathways that conceptual models discuss underlying the
effect of perceived control on mental and physical health over time. Developmental
processes are not static, but transpire over time and the pathways that link perceived control
to mental and physical health (e.g., physical activity) take time to develop and unfold.

Second, the mediation model is a causal model, i.e., it requires causally unbiased total, direct
and indirect effects. This is a difficult problem that has often be neglected in applications of
mediational models, partly because it is not mentioned in Baron & Kenny’s (1986)
influential paper, even though the authors were aware of this problem (Judd & Kenny,
1981). Recently, Mayer and colleagues (in press) showed in a simulated example, that even
in a randomized experiment in which the treatment variable X and all pre-treatment
confounders Z are independent, conditional dependence of X and Z given M has to be
expected, which can bias the estimates of direct and indirect effects. This problem is
exacerbated in quasi-experimental designs such is the case with longitudinal panel surveys,
where the total effect of X on Y and the total effect of X on M are likely to be biased in
models ignoring important confounding variables (see also Cole & Maxwell, 2007). We
therefore controlled for various possible confounders in our mediation models.

Confounders

We include socio-demographic variables (age, gender, and education), neuroticism,
conscientiousness, memory, and health conditions as potential confounders because they
share common associations with constraints, mastery and mental and physical health.
Inclusion of confounders will additionally allow us to more stringently test the mediating
effect of constraints and mastery on mental and physical health and enhance the robustness
of our results. Longitudinal research suggests that constraints and mastery remain relatively
stable in young adulthood and midlife, with accelerated changes in older ages, with
constraints increasing and mastery declining (Gerstorf, Ram, Lindenberger, & Smith, 2013;
Lachman et al., 2009; Mirowsky & Ross, 2007). Gender differences are typical in constructs
centered on perceived control with women typically reporting lower levels (Feingold, 1994;
Ross & Mirowsky, 2002). Attaining more years of education is typically associated with
reporting higher levels of and less steep declines in perceived control across the lifespan
(Mirowsky & Ross, 2007). Personality factors of neuroticism and conscientiousness are
interrelated with perceived control and share commons health outcomes, such as disability
and mortality (Chapman et al., 2011). Empirical evidence suggests that better memory is
associated with higher levels of and more positive changes in mastery and constraints over
time (Lachman et al., 2009), which may operate via one’s capability to complete everyday
activities of living, which limit one’s ability to successfully carry out desired outcomes
(Infurna, Gerstorf, Ryan, & Smith, 2011). Overall disease burden and specific disease
incidences, such as cardiovascular disease, cancer, stroke, and diabetes hinder perceptions of
and striving for control (Gerstorf et al., 2011; Penninx et al., 1996; Wurm et al., 2007).

The Present Study

Our goal is to examine whether a two-factor model of perceived control that consists of
constraints and mastery has differential effects on mental and physical health and whether
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physical activity mediates such effects. To do so, we apply a longitudinal mediation design
to data from the nation-wide HRS that has longitudinal data on our constructs of interest.
First, we examine whether the two facets of perceived control, constraints and mastery, have
differential effects on mental and physical health in adulthood and old age. We hypothesize
that mastery will have a stronger effect on physical health, whereas constraints will have a
stronger effect on mental health. Mastery reflects one’s efficacious beliefs, which are
instrumental in the initiation and facilitation of human behavior associated with health
(Bandura, 1997). Along the lines suggested by learned helplessness theory, we expect that
constraints would be more strongly associated with mental health because of global
perceptions of external factors that may interfere with life circumstances and persistence in
the face of challenging tasks (Peterson & Seligman, 1984; Seligman, 1975). Second, we
examine whether physical activity mediates such effects over time using a longitudinal
mediation design that has temporal ordering and accounts for prior confounds. Up to this
point, the literature on constraints and mastery has largely tested mediation using cross-
sectional or short-term longitudinal data (for exception, see Sargent-Cox et al., in press) and
our approach has the possibility of determining whether this effect exists longitudinally.

Participants and Procedure

Measures

The HRS is a nationally representative sample of households in the contiguous United States
of non-institutionalized adults aged 50 and older (McArdle et al., 2007; Soldo et al., 1997).
Participants are assessed on a wide range of measures including economic, sociological,
psychological, mental, and physical health information. Since its inception in 1992, the HRS
has assessed over 30,000 participants and in 2006 introduced an enhanced face-to-face
interview component for half of the sample that included a leave behind psychosocial
questionnaire and the opportunity to provide physical and biomarker measurements (for
details, see Smith et al., 2013; Crimmins et al., 2008, 2009).

For the present study, we analyzed data from the 7,612 participants who (a) participated in
the 2006 enhanced face-to-face interview and (b) provided data on all of our measures of
interest in 2006. Participants were, on average, 68 years of age (SD = 10.66), attained, on
average, 12.62 years of education (SD = 3.09), and 59% were women. 7,612, 7,073, and
6,344 participants provided data in 2006, 2008, and 2010, respectively.

Predictor: Perceived control—Our measure of perceived control consisted of two
facets, constraints and mastery, which were each measured using five items (Lachman &
Weaver, 1998; Smith et al., 2013) and are consistent with Skinner’s (1996)
conceptualization of control as being comprised of contingency and competence,
respectively. Participants were asked to indicate the extent to which they agree with each of
the items, using a 6-point scale (1 = strongly disagreeto 6 = strongly agree; e.g., mastery: “I
can do just about anything | really set my mind to”; constraints: “Thereisreally noway |
can solve the problems | have”). Perceived control was assessed in both 2006 and 2010. The
specific wording for each item is shown in Table 1.
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Mediator: Physical activity—Physical activity was measured using a single item
assessing how often participants partake in vigorous activity (e.g., jogging, swimming, or
gym workout) using a 5-point scale (1 = every day, 2 = more than once a week, 3 = oncea
week, 4 = oneto three times a month, 5 = hardly ever or never). The item was reverse
coded, so that higher scores indicate more physical activity. We used observations from
2006 (M =1.94, SD = 1.33) and 2008 (M = 1.95, SD = 1.31).

Outcomes: Mental and Physical Health—The targeted physical health variable was
functional limitations, which were measured using a composite sum index of the number of
everyday activities participants reported having any difficulty completing, including walking
several blocks, climbing one flight of stairs, pushing or pulling large objects, lifting or
carrying 10 Ib (4.53 kg) of weight, and picking up a dime. Higher scores represent greater
functional limitations or poorer physical functioning (Rodgers & Miller, 1997). Although
abbreviated versions of standard activities of daily living (ADL) and instrumental activities
of daily living (IADL) questionnaires were used, the HRS’s measures of functional
limitations are comparable with the standard scales (see Fonda & Herzog, 2004; Rodgers &
Miller, 1997). We used observations taken in 2006 and 2010.

Mental health was assessed using measures of positive affect and negative affect (Watson,
Clark, & Tellegen, 1988). Participants were asked the degree to which they felt various
emotions during the last 30 days. Positive affect consisted of two items, happy and calm.
Negative affect consisted of three items, hopeless, restless, and nervous. Each were
answered on a scale from 1= very much to 5 = not at all. The questionnaire largely changed
from 2006 to 2010 (see Smith et al., 2013) and we used the items for positive and negative
affect that were assessed in both 2006 and 2010.

Confounders—Episodic memory was measured using a unit-weight composite of
performance on the immediate and delayed free-recall tests. We used the percent of words
correctly remembered from both tests, ranging from 0 to 20, with higher scores representing
more words remembered or better memory (M = 49.08, SD = 16.89). Personality factors of
conscientiousness and neuroticism were included (see Smith et al., 2013). Individuals were
asked the extent to which a list of adjectives describes them (conscientiousness: organized,
responsible, hardworking, careless, and thorough; neuroticism: moody, worrying, nervous,
and calm), on a scale from 1 = alot, 2 = some, 3 = alittle, 4 = not at all. All items, except
for calm were reverse coded and separate mean scores were created for conscientiousness
(M = 3.34, SD = 0.48) and neuroticism (M = 2.07, SD = 0.61), with higher scores indicating
being more conscientious or neurotic. Health conditions were assessed with a sum index of
the number of self-reported physician-diagnosed medical conditions, including high blood
pressure, diabetes, cancer, lung disease, heart condition, stroke, psychiatric problems, and
arthritis (M = 2.08, SD = 1.43). For each confounder, we used data from the 2006
assessment.

Statistical Procedures

Our statistical analyses consisted of several steps that are illustrated in Figure 1: (1) cross-
sectional mediation model (Part A in Figure 1); (2) longitudinal mediation model without
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confounders (Part B in Figure 1); and (3) longitudinal mediation model with confounders
(Part C in Figure 1). As illustrated in Figure 1, we tested several mediation models to
determine whether accounting for (or not) temporal ordering and potential confounders
influences the effect sizes of the total, direct, and indirect effects of constraints and mastery
on our outcomes of interest, with physical activity as the mediator. In additional analyses,
we incorporated latent change score models. We analyzed each model separately for each
outcome variable: Functional limitations, positive affect and negative affect. Positive and
negative affect were modeled as latent variables, and the corresponding models therefore
also included a measurement model for these latent variables.

Measurement models—In our mediation models, the two facets of perceived control
(i.e., constraints and mastery) are two latent variables, which are measured by five indicators
each. We assume a congeneric measurement model for both latent factors and fix their scale
by setting the first factor loading to one and the first intercept to zero for each factor,
respectively. For positive affect, we used two items as indicators and assumed a tau-
equivalent measurement model. For negative affect, we used three items as indicators and
assumed a congeneric measurement model. In the longitudinal mediation models with
confounders, we included measurement models for both baseline measures (latent variables
at time 1) and outcome variables (latent variables at time 3). The scales of all latent variables
were fixed by setting the first factor loading to one and the first intercept to zero; this allows
for interpreting their change in the latent change score models in absolute numbers and
effects on latent variables in terms of the original scale of the first indicator.

Cross-sectional mediation model—The first model considered is the cross-sectional
mediation model (see Part A of Figure 1). While it suffers from serious limitations (see
Section Challenges in testing mediation), we included it in order to highlight differences
between this model and the longitudinal mediation models. The cross-sectional mediation
model for functional limitations consists of the measurement model described in the
previous section and two regressions that are estimated simultaneously in the structural part
of the structural equation model, (1a) the regression of functional limitations at time 1 (FL1)
on mastery (MA), constraints (CO), and vigorous activity at time 1(VA4), and (1b) the
regression of vigorous activity at time 1(VA;) on mastery (MA) and constraints (CO):

FE (FL1|]\.{A, CO, ‘/Al):’}/o—l—’yl ]\_[A—I—’YQ CO—I—’}/3 VA (1a)

E(VA;|MA, CO)=ag+a; MA+as CO, (ib)

where y and a denote regression coefficients. We chose linear parameterizations for the
regressions, because tests for higher order terms and interactions were not significant. We
also estimated the cross-sectional mediation model using positive affect at time 1 (PA4) and
negative affect at time 1 (NA7) as outcome variables (e.g., Y1 in Part A of Figure 1). From
Equation 1a, the direct effect of mastery MA on functional limitations FL1 is y1, and the
direct effect of constraints CO on functional limitations FL1 is y,. From Equations 1a and
1b, the indirect and total effects can be computed. The indirect effect of mastery on
functional limitations transmitted via vigorous activity is ysas, the indirect effect of
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constraints on functional limitations is y3a,. Finally, the total effect of mastery MA on
functional limitations FLq is yq + y3aq, and the total effect of constraints CO on functional
limitations FL1 is y2 + y3ap. The computation of total, direct, and indirect effects for all
models is summarized in Table 2. Standard errors for total, direct, and indirect effects in the
cross-sectional mediation model and all subsequent models are based on bootstrapping (see
MacKinnon, Lockwood, & Williams, 2004).

Longitudinal mediation model without confounders—Our second model is the
longitudinal mediation model without possible confounders (Part B in Figure 1). In contrast
to the cross-sectional mediation model, it accounts for the temporal structure, which is one
requirement to test mediation. The longitudinal mediation model consists of the
measurement model described previously and the structural model given by:

E (FL3|]\fA, CcO, ‘/AQ):"yo—i-"yl ATA—F’)/Q CO+3 VAg (2a)

E(VA,

J\IA, CO):O[()—l—al MA+ay CO, (2b)

Note that Equations 2a and 2b look similar to Equations 1a and 1b, except for the time
indices of the mediator and outcome variables. However, the model is conceptually different
as can be seen by the different path diagrams (compare Parts A and B in Figure 1). In the
longitudinal mediation model, we use functional limitations at time 3 (2010) (FL3) as
outcome variable and vigorous activity at time 2 (2008) (VAy) as the mediator variable. The
computations for the total, direct, and indirect effects follow the computations outlined for
the cross-sectional model (see Table 2). In subsequent steps, we also applied the longitudinal
mediation model without confounders using positive and negative affect at time 3 (2010)
(PAz and NAg) as outcome variables.

Longitudinal mediation model with confounders—Our third model is the
longitudinal mediation model with potential confounders. This model is given by the
following two regressions that are estimated simultaneously in the structural part:

E (FL9|]\IA, CO,VAg, Zy,..., Zq):’)/0—|—’71 ]\fA—l—’}’g CO+3 VA2+74 Zi+... +Yq+3 Zq (3a)

E (‘/A2|]\.{A, CcO, Zy,..., Zq) =agta; MA+ay CO+as Zi+ ... +oq+2 Zq, (3b)

The longitudinal mediation model with confounders differs from the previous model by
conditioning on a multivariate covariate Z=( Zy,..., Zg). Previous assessments of the
mediator and the outcome variable (VA and FL,) are almost always important confounders
(Cole & Maxwell, 2007; Mayer et al., in press; Steiner, Cook & Shadish, 2010) and are
included in our multivariate confounder Z. However, these might not be the only
confounders, so we attempted to include as many relevant confounders as necessary to
obtain unbiased effects. We also included socio-demographic variables (age, gender,
education), conscientiousness, neuroticism, episodic memory, and health conditions in our
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multivariate confounder. The computations for total, direct, and indirect effects are shown in
Table 2 and, as the previous models, we applied the longitudinal mediation model with
confounders also to positive and negative affect as outcome variables.

Latent change score mediation model with confounders—In additional analyses,
we estimated latent change score mediation models with potential confounders. We wanted
to examine whether the size of the total, direct, and indirect effects differed between the
longitudinal mediation model presented in the previous section and the approach using latent
change variables (e.g., McArdle & Hamagami, 2001; Steyer, Eid, & Schwenkmezger, 1997).
The latent change score mediation model is given by

E (FLg—FLJ‘]\fA, CO,VAy Zy,..., Zq):’yo—l—")/l Z\fA—I—’yQ CO+3 ‘/A2+’y4 Zi+... +Yq+3 Zq

E (‘/A2|]\1A, CO, Zy,..., Zq):ao—l—a1 MA+ay CO+asz Zi+. .. +og2 Zq, (4b)

This model is very similar to the previous model, except for the outcome variable, which
now is a change variable (compare Equations 4a and 4b with Equations 3a and 3b). In each
model, the outcome variable is modeled as a latent change variable. Finally, to examine
bidirectional associations between perceived control and each outcome, we estimated a
bidirectional latent change model, where we additionally included latent change variables
for constraints and mastery as outcome variables in the model. The values of these latent
change variables are the latent differences for each person between their mastery and
constraints values in 2010 (wave 3) and 2006 (wave 1). As in the longitudinal mediation
model with confounds, previous assessments of the mediator and the outcome variable are
almost always important confounders and are included in our multivariate confounder Z for
all latent change score models (e.g., FL41). We incorporated covariances between
independent variables at time point 1 and allowed for residual covariances between the
latent change scores in the bi-directional change model.

Results

Our results are structured as follows: First, we present the results for the measurement of the
two facets of perceived control; Second, we present the results from three different
mediation models; and, Third, we present results from our latent change score mediation
models.

Measurement model of perceived control

Table 1 shows results from our CFA that examined whether the 10 items fit the
hypothesized two factor model of perceived control, constraints and mastery. Items 1-5 load
onto the conceptual factor of constraints and items 6-10 load onto the conceptual factor of
mastery. The two factors, constraints and mastery, are moderately correlated, r = — .44,
suggesting that higher levels of mastery are associated with reporting fewer constraints and
vice versa.
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Mediation models

We next examined whether the latent constructs, constraints and mastery, had a total effect
on functional limitations, positive affect, and negative affect, and whether vigorous activity
mediated this effect. First, we estimated a cross-sectional model where the assessments of
constraints, mastery, physical activity, and each outcome were taken in 2006 (see Part A in
Figure 1). The top section of Table 3 shows results from this model, which shows
constraints and mastery have total effects on functional limitations, positive affect, and
negative affect. On average, reporting more constraints and fewer mastery beliefs were
associated with more functional limitations, less positive affect, and more negative affect.
The effect size for the direct effect across each predictor and outcome variable was in the
small to medium range (constraints: 0.22 to 0.47; mastery: 0.14 to 0.20). We also observed
that vigorous activity mediated the effect of constraints and mastery on each outcome
(indirect effect), but that the effect size was very small (constraints: 0.003 to 0.01; mastery:
0.001 to 0.01), suggesting that although vigorous activity mediated the effect of constraints
and mastery on each outcome, the strength or evidence of the link is very small. The effect
of constraints and mastery on vigorous activity was —0.23, SE = 0.02, p< .05 and 0.15, SE =
0.02, p < .05, respectively.

The second model that we estimated is similar to Part B in Figure 1 in that we examined the
effect of constraints and mastery on each outcome and mediation longitudinally, without
accounting for confounders. Results are shown in middle section of Table 3. Similar to the
previous model, we found that constraints and mastery each had a total effect on functional
limitations, positive affect, and negative affect and that the effect size was in the small to
medium range (constraints: 0.20 to 0.38; mastery: 0.07 to 0.16). Higher levels of constraints
and fewer mastery beliefs were associated with exhibiting more functional limitations, and
reporting lower positive affect and more negative affect over 4-years of time. The effect size
of vigorous activity as a mediator (indirect effect) was very small (constraints: 0.01 to 0.02;
mastery: 0.003 to 0.01). The effect of constraints and mastery on physical activity was
-0.21, SE=0.02, p<.05and 0.13, SE = 0.02, p < .05, respectively. Results focusing on the
indirect effect of physical activity in our first two models suggest that although vigorous
activity significantly mediated the effect of constraints and mastery on each outcome (p
value was < .05), the size and practical relevance of the effect is in fact very small.

We next estimated a longitudinal mediation model that accounted for temporal ordering and
confounds and is similar to the one depicted in Part C of Figure 1. Results from this model
are shown in the bottom section of Table 3. We found that perceiving fewer constraints was
associated with reporting fewer functional limitations and higher positive affect, but was not
associated with negative affect (direct effect). Vigorous activity did not mediate the effect of
constraints on each outcome. Mastery was only directly associated with positive affect and
vigorous activity mediated the effect of mastery on functional limitations. We observed that
the effect sizes for the direct effects for both constraints and mastery on each outcome were
drastically reduced (as compared to the previous two models) when we accounted for
confounders (constraints: 0.03 to 0.14; mastery: 0.01 to 0.05). Different from our two
previously tested models, when tested in a proper mediation model that included temporal
ordering and accounted for confounders, we found that vigorous activity showed minimal
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mediation of the effects of constraints and mastery on each outcome (p values above .05).
The effect of constraints and mastery on physical activity was —0.03, SE = 0.02, p > .05 and
0.04, SE=0.02, p < .05, respectively.

Latent Change Score Models

In a final set of models, we used latent change score variables to more explicitly model
change of physical and mental health and perceived control over the 4-year time period,
whereas in the previous models change was implicitly built in. The difference between these
models and the previously tested models was that the outcome variable is 4-year changes in
the outcomes of interest, which is estimated with a latent change score model (McArdle,
2009), as compared to the latent/manifest outcome at Time 3. We found that there was
significant 4-year changes and between-person differences in the amount of change for all
three outcomes of interest (functional limitations: A = 0.04, se = 0.02, variance = 0.036, se =
0.001; positive affect: A = 0.63, se = 0.14, variance = 0.43, se = 0.02, ; negative affect: A =
1.017, se=0.05, variance = 0.18, se = 0.01). The top section of Table 4 shows that more
constraints were associated with reporting 4-year increases in functional limitations and
declines in positive affect, but not associated with changes in negative affect. Furthermore,
vigorous activity did not mediate the link between constraints and each outcome. Higher
levels of mastery was associated with more positive 4-year changes in positive affect, but
not associated with 4-year change in functional limitations and negative affect. Vigorous
activity mediated the link between mastery and functional limitations, but the effect size was
small. Most importantly, we see that the parameter estimates and effect sizes from Model 3
in Table 3 and Model 1 in Table 4 are identical, suggesting that although the outcome
variables differ in face validity, each of the models are predicting the same outcome of
interest.

The final model tested was a full bi-directional model that estimated 4-year change in both
our outcomes of interest and in constraints and mastery. This model will help estimate
whether the direct and indirect effects in this system are bi-directional. We found that the
direct effects are bi-directional in that reporting more functional limitations was associated
with 4-year increases in constraints (effect size = 0.35) and 4-year decreases in mastery
(effect size = 0.60) and vigorous activity did not mediate these associations. Focusing on
positive affect, higher levels of positive affect was associated with 4-year increases in
mastery (effect size = 0.11), but not constraints and vigorous activity did not mediate these
associations. Focusing on negative affect, higher levels of negative affect was associated
with 4-year increases in constraints (effect size = 0.27), but not mastery and vigorous
activity did not mediate these associations. Our findings from this model suggest that
associations between constraints and mastery with mental and physical health are bi-
directional. We elaborate on this in the discussion section.

Discussion

The objective was to examine the effects of constraints and mastery on mental and physical
health in adulthood and old age and the mediating effect of physical activity. We used SEM
to model the two facets of perceived control, constraints and mastery. Constraints showed
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stronger effects on mental and physical health as compared to mastery, suggesting that one’s
perceptions of external factors have a greater effect on mental and physical health than one’s
beliefs regarding their ability in attaining desired outcomes. Physical activity appeared to
mediate the effect of constraints on functional limitations, positive affect, and negative
affect, but showed very small indirect effects. When mediation was tested in the appropriate
longitudinal model that accounted for prior confounds and temporal ordering, the indirect
effect of physical activity was reduced to non-significance. These results show that the
effect size of mediation is dependent on the type of design used, suggesting that temporal
ordering and accounting for prior confounds need to be held for researchers to make
statements regarding mediation. Additional analyses that utilized latent change score models
showed that associations between constraints and mastery with mental and physical health
operate in a bi-directional system. Our discussion focuses on the research and intervention
implications of a two-facet model of perceived control and future research focusing on
longitudinal mediation for informing conceptual models of perceived control and more
broadly, human development.

Perceived Control: Definitions and Components

Our findings are consistent with previous research that has simultaneously examined the
effects of constraints and mastery on mental and physical health. For example, Lachman and
Weaver (1998) observed, using cross-sectional data, that constraints was associated with
lower mental health and more functional limitations. This naturally leads to the question of
why constraints exerted a stronger effect on mental health and physical health. It could be
that constraints are actual things or barriers, whereas mastery is just a belief. When faced
with difficulties or obstacles in their way, individuals who perceive more constraints may be
less likely to persist in the face of challenging tasks and give up more frequently. Another
explanation comes from learned helplessness/causal explanation theory (see Peterson &
Seligman, 1984). Feelings of perceived barriers and external factors determining/shaping
life circumstances is non-specific and permeates multiple domains of functioning, including
one’s cognition, emotions, and behaviors. Cognitively, constraints may relate to thought
patterns that may hinder the ability to attain desired outcomes, as well as diminish
motivation capacities and energies for exerting influence over one’s environment (Bandura,
1989). For example, perceiving more constraints may cloud or mask one’s forethought and
ability to set personal goals that are precursors for better mental and physical health.

Why is it important to consider constraints and mastery as distinct and separate components?
Studying constraints and mastery separately has intervention implications in hopes of
improving/maintaining mental and physical health for those in adulthood and old age at risk
for decrements. Based on our findings, interventions aiming to improve perceived control or
control beliefs may be best suited to focus on constraints or perceived barriers and less so on
mastery. Perceived barriers seem to be at the center of how one’s perceptions of control
determine the ability to shape life circumstances. Previous interventions have primarily
focused on mastery. For example, Reich and Zautra (1990) in an intervention design found
that a control enhancement intervention focusing on mastery beliefs was associated with
modest increases in mental health and overall control beliefs. The mastery measure used in
Reich and Zautra (1990) was the Pearlin Mastery scale (Pearlin & Schooler, 1978) where
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five of the seven items focus on perceived constraints or barriers. Lachman, Weaver,
Bandura, Elliot, Lewkowicz (1992) tested a cognitive restructuring program to promote
adaptive beliefs about memory and self-generated strategies and found that this was
associated with improvements in perceptions of control and perceived ability to improve
memory. More recently, Zautra and colleagues (2012) found that a daily intervention
targeting mastery was linked to better emotional health and less so to self-reported physical
health. Participants received a morning phone call for 25 consecutive days that focused on
suggestions for identifying controllable and uncontrollable daily events by increasing the
frequency of positive events in their lives (engagement), to avoid negative events, and to be
aware that some events are common but neutral in impact on their feelings (Zautra et al.,
2012). Our findings, coupled with those of interventions, supports arguments for an
interactionist approach when it comes to interventions focusing on enhancing or decreasing
facets of perceived control (for discussion, see Infurna & Okun, 2014). Interventions that
focus on constraints may need to have individuals identify barriers or obstacles in life and
focus on way to overcome or navigate them. For example, individuals who like to be in
control (i.e., internals) may be more responsive to interventions that encourage actively
engaging one’s environment, whereas structuring may be more beneficial for people who do
not desire to be in control, leading to more positive outcomes (see Baltes, 1996; Christensen
& Johnson, 2002). In sum, existing intervention studies focusing on facets of perceived
control provide empirical evidence to suggest in their ability to improve perceived control
and transfer to mental and physical health, with future research needing to focus on the
constraints facet of perceived control.

Mediation of the Effects of Mastery and Constraints on Mental and Physical Health

It has long been theorized that individuals with more feelings of mastery and perceiving
fewer constraints over life circumstances are more likely to partake in health-promoting
behaviors that have subsequent beneficial effects on mental and physical health. Our
findings that vigorous activity did not show a relevant effect in mediating the link between
constraints and mastery with mental and physical health are inconsistent with conceptual
models of perceived control (Lachman, 2006; Rodin, 1986; Skaff, 2007) and empirical
evidence (Infurna et al., 2011; White et al., 2012). Perceiving fewer constraints and higher
mastery were each associated with engaging in more vigorous activity, but the mediation
effect was very small on our outcomes of interest and this differed depending on the
mediation model tested. Physical activity has a role in effecting mental and physical health
through decreasing one’s cardio-metabolic risk, increasing endurance and cardiovascular
adaptations, as well as improving self-worth that have downstream effects for mental and
physical health (Infurna & Gerstorf, 2014; McAuley et al., 2008; Penedo & Dahn, 2005;
Thompson et al., 2003). There could be several reasons why our findings are incongruent
with previous research. First, the lag between assessments may have not been appropriate.
The effect of constraints and mastery may transpire across a more fine-grained time scale,
such as daily, as compared to several years of time. We discuss this proposition more in
depth in the next section. Second, physical activity is one of many possible mediators at
play, such as physical fitness (grip strength and forced expiratory volume) and biological
health, which show similar associations with mental and physical health. These factors
would be important to include in future multiple mediation models, in addition to physical
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activity to test and determine which are most pertinent for underlying the association
between facets of perceived control and mental and physical health. One likely scenario is
that physical fitness could be a stronger mediator because it is an immediate precursor for
subsequent declines in physical health.

Challenges in testing mediation

The strength of the mediating effects of physical activity differed by the tested model. The
effect size for mediation was relatively small across all three models, but was “strongest”
when tested cross-sectionally and longitudinally without including confounders (part A and
B in Figure 1). Our findings reveal that it really matters how the mediation model is
specified. More specifically, we demonstrated the importance of temporal ordering and
accounting for prior confounds in mediation and how cross-sectional “mediation” can inflate
estimates of mediation and does not provide an accurate picture of mechanisms underlying
developmental processes. One possible major reason why the cross-sectional approach (A
and B in Figure 1) differed from the longitudinal approach is due to the inability of
determining whether constraints and mastery influences physical activity or physical activity
influences constraints and mastery or if the two are just correlated, because of other common
causes. Longitudinal mediation that accounted for prior confound showed a significant
direct effect of constraints on functional limitations and positive affect and mastery on
positive affect, but minimal indirect effect of physical activity underlying such associations
(physical activity mediated the effect of mastery on functional limitations). Additionally, we
tested this similar model using latent change score models and found that the estimates were
identical for the total, direct, and indirect effects. This is despite the outcomes differing in
face validity. One explanation for this could be due baseline assessments (T1) for each
outcome is accounted for in each model, resulting in identical parameter estimates and
standard errors in the conventional (Part C in Figure 1) and latent change score models.

The differential strength of the mediation effect of physical activity could be due to the time
interval of the study. The time-lag used in this study was a total of four years with biennial
assessments. Even when the temporal order of the putative cause variable (constraints or
mastery), the potential mediator (physical activity), and the outcome variable is established
(mental health and physical health), the lag separating measurements of these variables in
longitudinal mediation models may matter (for discussion, see Cole & Maxwell, 2007).
Mediation is a stochastic process that evolves over time. Depending on the phenomenon
under study, the distance between occasions of measurements has to be chosen in a way, that
the time resolution can capture the process under study. The theory of causal lags has
received little attention in psychology with papers by Maxwell and colleagues (e.g.,
Maxwell, Cole & Mitchell, 2011) and Gollob and Reichardt (1987) being among the few
exceptions (see also, Hofer & Piccinin, 2010). The need for an adequate time lag between
occasions of measurement is crucial in mediation models and in autoregressive models. In
HRS, we did not have control over the 2-year time lag between adjacent measurement
occasions. The two-year time interval may be too short because the accumulation of
functional limitations takes time to develop over several years or even decades and mental
health is typically relatively stable over adulthood and old age, only showing yearly
fluctuations in the context of major life stressors (see Lucas, 2007).
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One avenue to examine mechanisms involving mediation is through collecting data through
a multi-modal approach of incorporating multiple time scales that may be best suited for
testing such associations (e.g., measurement-burst designs; for discussion, see Nesselroade,
1991; Ram & Gerstorf, 2009; Sliwinski, 2008). Associations between perceived control and
mediating mechanisms, such as physical activity may transpire at the daily level to later
influence mental and physical health over years or decades. For example, perceiving more
control over one’s life circumstances may result in an increased likelihood of partaking in
daily physical activity, with consistent physical activity accumulating to benefit mental and
physical health over (several) years of time. Put differently, physical inactivity as a result of
lower perceptions of control may make individuals more vulnerable to premature declines in
mental and physical health. Research using daily-diary methodologies have already shown
that perceiving more control is protective against emotional reactivity to daily stressors (Hay
& Diehl, 2010; Neupert et al., 2007). Over the long-term, the stress-buffering effects of
perceived control can be potentially protective against declines in mental and physical health
(see Charles et al., 2013; Piazza et al., 2013)

Bi-directional associations between Perceived Control and Mental and Physical Health

We note that perceived control operates in a multi-directional system in that it is an
antecedent of mental and physical health, but also is an outcome of functioning in these
prominent domains (for discussion, see Infurna & Okun, 2014; Lachman et al., 2011). The
primary objective in this study was to test the direct and indirect effect of constraints and
mastery on mental and physical health. However, empirical evidence suggests that mental
and physical health is associated with level and rates of change in perceived control. We
found evidence to suggest for bi-directional associations in that functional limitations were
associated with 4-year increases in constraints and 4-year declines in mastery. Furthermore,
positive affect was associated with 4-year increases in mastery and negative affect was
associated with 4-year increases in constraints. These findings are in line with previous
research showing that reporting more functional limitations and specific diseases is
associated with declines in perceived control (Gerstorf et al., 2011; Infurna & Okun, 2014;
Wurm et al., 2007). Similarly, lower levels of life satisfaction and more depressive
symptoms are associated with declines in perceived control over time (Infurna, Gerstorf,
Ram, Schupp, & Wagner, 2011; Lang & Heckhausen, 2001; McAvay et al., 1996). Future
research is warranted that assesses the bi-directional nature of these domains over a longer
and more frequently assessed time-series. We were limited by only having two assessments
of constraints and mastery, but given at least three assessments of each variable of interest,
the bivariate dual change score model (see Ferrer & McArdle, 2010; McArdle & Hamagami,
2001) can be implemented to further examine the strength of bi-directional associations
across time.

Limitations and Outlooks

We note several limitations of our study. First, we need to caution that our findings are
based on a single sample and specific measures of the variables of interest (i.e., constraints
and mastery, physical activity, and mental and physical health). Along the lines of recent
calls for replication in psychological science (for discussion, see Cumming, 2008), more
research is needed to determine the robustness of our finding that the direct and indirect
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effects of constraints and mastery on mental and physical health differ by the type of
mediation model tested. This can be done by applying similar approaches (1) to samples that
involve people across the adult lifespan (i.e., young adulthood, midlife, and old age) to
examine possible age-differential effects, (2) across measures of perceived control, physical
activity, and mental and physical health, and (3) including additional potential confounders.
Second, our measure of physical activity was a single item self-report and broad and non-
specific in the types of activities individuals partake in (Levine et al., 1999; McAuley,
1993). In follow-up analyses we included mild (e.g., vacuuming, laundry, home repairs) and
moderate (e.g., gardening, cleaning the car, walking at a moderate pace, dancing, floor or
stretching exercises) activity in place of vigorous activity and found substantially similar
findings. Specificity in the items will allow for determining in future studies whether there
are types of activities (e.g., jogging or running versus weightlifting) that are more beneficial
for mental and physical health. Additional types of activities that can be targeted in future
research includes social and cognitive activities and physical fitness, which have all been
linked to common aging-related outcomes of constraints and mastery (Hultsch, Hertzog,
Small, & Dixon, 1999). Third, we did not use psychometric techniques for all the variables
included in our analysis. We note that this was not possible for each of the variables (e.g.,
single item for vigorous activity), or in the case of functional limitations, we used a sum
measure because conceptually, we are interested in predicting the number of functional
limitations. In follow-up analyses, we applied psychometric techniques for neuroticism and
conscientiousness and found substantively similar findings. Fourth, mastery and constraints
are only two of various components of perceived control. More specifically, a multi-
dimensional approach needs to be taken that incorporates secondary control strategies (see
Heckhausen et al., 2010). We consider facets of perceived control to encompass primary
control strategies of engaging one’s context or environment (striving for control) to attain
desired outcomes, whereas secondary control strategies focus more on changing one’s self in
accordance with the surrounding context that can prove beneficial for health outcomes in old
age (Wrosch, Schulz, & Heckhausen, 2004). For example, Hall and colleagues (2010) found
that individuals with chronic health ailments who used more goal disengagement strategies
reported better well-being and had a decreased likelihood for mortality, as compared to
participants who used more goal engagement strategies. Additionally, health locus of control
has consistently been associated with better mental and physical health (see Steptoe &
Wardle, 2001; Wallston, 1992). It would be important to focus on the interplay amongst
multiple measures of perceived control to examine whether under certain conditions (e.g.,
poor mental and physical health, younger vs. old age; see Infurna & Okun, 2014) that
various facets of control are more pertinent for the outcome of interest. Fifth, each our
outcomes of interest were assessed via self-reports. For example, we solely focused on self-
reported functional limitations and it is an open question as to whether similar associations
would be observed for objective measures of health, such as disease incidence, physical
fitness and cardio-metabolic risk. Furthermore, our measures of mental health focused on
affective components, whereas future research should also incorporate cognitive-evaluative
components (e.g., life satisfaction). Lastly, even though we attempted to include all relevant
confounders in our mediation models, we can never be sure to have included all of them. It
might be the case, that an unmeasured relevant confounder would change parts of our
substantive conclusions.
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Taken together, our study examined the differential effects of constraints and mastery on
mental and physical health and the mediating effect of physical activity. Our results
underscore the importance of a two-facet model of perceived control and longitudinal
mediation for testing conceptual models delineating associations amongst variables of
interest. Our study contributes to extant reports showing that perceived control is associated
with key outcomes of aging (Bandura, 1997; Lachman, 2006; Rodin, 1986) and that the
pathways that underlie such effects differs by the type of mediation model that is tested
(Cole & Maxwell, 2007; Lindenberger et al., 2011). We take our results to provide impetus
to further examine mediators of control-health associations within a longitudinal mediation
design that involves temporal ordering and accounting for potential confounders, in addition
to utilizing multiple time scales to examine mechanisms underlying the effect of perceived
control on aging-related outcomes, which will allow for thoroughly examining processes
involved in health outcomes of facets of perceived control.

Acknowledgments

The Health and Retirement Study was supported by a cooperative agreement (Grant U01 AG09740) between NIA
and the University of Michigan. Special thanks to John Reich for helpful comments and feedback on previous
versions of this manuscript. The content is solely the responsibility of the authors and does not necessarily represent
the official views of the funding agencies.

References

Agrigoroaei S, Lachman ME. Cognitive functioning in midlife and old age: combined effects of
psychosocial and behavioral factors. The Journals of Gerontology Series B: Psychological Sciences
and Social Sciences. 2011; 66(suppl 1):i130-i140.
Bandura A. Human agency in social cognitive theory. American Psychologist. 1989; 44:1175-1184.
[PubMed: 2782727]
Bandura, A. Self-efficacy: The exercise of control. New York, NY: Freeman; 1997.
Bandura A. Self-efficacy: Toward a unifying theory of behavioral change. Psychological Review.
1977; 84(2):191-215. [PubMed: 847061]
Baltes, MM. The many faces of dependency in old age. Cambridge University Press; 1996.
Baltes, MM.; Baltes, PB. The psychology of control and aging. Hillsdale, NJ: Erlbaum; 1986.
Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological research:
Conceptual, strategic, and statistical considerations. Journal of personality and social psychology.
1986; 51(6):1173-1182. [PubMed: 3806354]
Brach JS, Fitzgerald S, Newman AB, Kelsey S, Kuller L, VanSwearingen JM, et al. Physical activity
and functional status in community-dwelling older women: a 14-year prospective study. Archives of
internal medicine. 2003; 163:2565. [PubMed: 14638556]
Brown KW, Levy AR, Rosberger Z, Edgar L. Psychological distress and cancer survival: A follow-up
10 years after diagnosis. Psychosomatic Medicine. 2003; 65:636—643. [PubMed: 12883115]
Caplan LJ, Schooler C. The roles of fatalism, self-confidence, and intellectual resources in the
disablement process in older adults. Psychology and Aging. 2003; 18:551-561. [PubMed:
14526765]

Charles ST, Piazza JR, Mogle J, Sliwinski MJ, Almeida DM. The wear and tear of daily stressors on
mental health. Psychological science. 2013; 24(5):733-741. [PubMed: 23531486]

Christensen AJ, Johnson JA. Patient adherence with medical treatment regiments: An interactive
approach. Current Directions in Psychological Science. 2002; 11:94-97.

Cole DA, Maxwell SE. Testing mediational models with longitudinal data: questions and tips in the
use of structural equation modeling. Journal of Abnormal Psychology. 2003; 112(4):558-577.
[PubMed: 14674869]

Psychal Aging. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Infurna and Mayer

Page 20

Crimmins, E.; Guyer, H.; Langa, K.; Ofstedal, MB.; Wallace, R.; Weir, D. HRS Documentation
Report. Ann Arbor, MI: University of Michigan; 2009. Documentation of biomarkers in the Health
and Retirement Study.

Crimmins, E.; Guyer, H.; Langa, K.; Ofstedal, MB.; Wallace, R.; Weir, D. HRS Documentation
Report DR-011. Ann Arbor, MI: University of Michigan; 2008. Documentation of physical
measures, anthropometrics and blood pressure in the Health and Retirement Study.

Cumming G. Replication and p intervals: p values predict the future only vaguely, but confidence
intervals do much better. Perspectives on Psychological Science. 2008; 3:286-300.

DeNeve KM, Cooper H. The happy personality: A meta-analysis of 137 personality traits and
subjective well-being. Psychological Bulletin. 1998; 124:197-228. [PubMed: 9747186]

Elavsky S, McAuley E, Motl RW, Konopack JF, Marquez DX, Hu L, Diener E. Physical activity
enhances long-term quality of life in older adults: Efficacy, esteem, and affective influences.
Annals of Behavioral Medicine. 2005; 30:138-145. [PubMed: 16173910]

Fauth EB, Zarit SH, Malmberg B, Johansson B. Physical, cognitive, and psychosocial variables from
the disablement process model predict patterns of independence and the transition into disability
for the oldest-old. The Gerontologist. 2007; 47:613-624. [PubMed: 17989403]

Femia EE, Zarit SH, Johansson B. Predicting change in activities of daily living: A longitudinal study
of the oldest old in Sweden. Journal of Gerontology: Psychological Sciences. 1997; 52B:P294—
P302.

Femia EE, Zarit SH, Johansson B. The disablement process in very late life: A study of the oldest-old
in Sweden. Journal of Gerontology: Psychological Sciences. 2001; 56B:P12-P23.

Ferrer E, McArdle JJ. Longitudinal modeling of developmental changes in psychological research.
Current Directions in Psychological Science. 2010; 19:149-154.

Fonda, S.; Herzog, AR. HRS/AHEAD Documentation Report DR-008. Ann Arbor, MI: University of
Michigan; 2004. Documentation of physical functioning measured in the Health and Retirement
Study and the Asset and Health Dynamics among the Oldest Old Study.

Gale CR, Batty GD, Deary 1J. Locus of control age 10 years and health outcomes and behaviors at age
30 years: The 1970 British Cohort Study. Psychosomatic Medicine. 2008; 70:397-403. [PubMed:
18480188]

Gerstorf D, Rocke C, Lachman ME. Antecedent-consequent relations of perceived control to health
and social support: Longitudinal evidence for between-domain associations across adulthood.
Journals of Gerontology: Psychological Sciences. 2011; 66B:61-71.

Gollob HF, Reichardt CS. Taking account of time lags in causal models. Child Development.
1987:80-92. [PubMed: 3816351]

Hall NC, Chipperfield JG, Heckhausen J, Perry RP. Control striving in older adults with serious health
problems: A 9-year longitudinal study of survival, health, and well-being. Psychology and Aging.
2010; 25:432-445. [PubMed: 20545427]

Hay EL, Diehl M. Reactivity to daily stressors in adulthood: the importance of stressor type in
characterizing risk factors. Psychology and Aging. 2010; 25(1):118-131. [PubMed: 20230133]

Heckhausen J, Wrosch C, Schulz R. A motivational theory of life-span development. Psychological
Review. 2010; 117:32-60. [PubMed: 20063963]

Hertzog, C. Research design in studies of aging and cognition. In; Birren, JE.; Schaie, KW., editors.
Handbook of the psychology of aging. San Diego, CA: Academic Press; 1996. p. 24-37.

Hofer SM, Flaherty BP, Hoffmann L. Cross-sectional analysis of time-dependent data: Mean-induced
association in age-heterogenous samples and an alternative method based on sequential narrow
age-cohort samples. Multivariate Behavioral Research. 2006; 41:165-187.

Hofer SM, Piccinin AM. Toward an integrative science of life-span development and aging. Journal of
Gerontology: Psychological Sciences. 2010; 65B:269-278.

Hultsch DF, Hertzog C, Small BJ, Dixon RA. Use it or lose it: Engaged lifestyle as a buffer of
cognitive decline in aging? Psychology and Aging. 1999; 14:245-263. [PubMed: 10403712]
Infurna FJ, Gerstorf D. Linking perceived control, physical activity, and biological health to memory

change. Psychology and Aging. 2013; 28:1147-1163. [PubMed: 24364415]

Psychal Aging. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Infurna and Mayer

Page 21

Infurna FJ, Gerstorf D. Perceived control relates to better functional health and lower cardio-metabolic
risk: The mediating role of physical activity. Health Psychology. 2014; 33:85-94. [PubMed:
23106110]

Infurna FJ, Gerstorf D, Ram N, Schupp J, Wagner GG. Long-term antecedents and outcomes of
perceived control. Psychology and Aging. 2011a; 26:559-575. [PubMed: 21517184]

Infurna FJ, Gerstorf D, Zarit SH. Examining dynamic links between perceived control and health:
Longitudinal evidence for differential effects in midlife and old age. Developmental Psychology.
2011b; 47:9-18. [PubMed: 21244147]

Infurna, FJ.; Okun, MO. Antecedents and outcomes of level and rates of change in perceived control:
The moderating role of age. 2014. Manuscript submitted for publication

Infurna FJ, Ram N, Gerstorf D. Level and change in perceived control predict 19-year mortality:
Findings from the Americans’ Changing Lives Study. Developmental Psychology. 2013; 49:1833-
1847. [PubMed: 23276128]

Judd CM, Kenny DA. Process analysis estimating mediation in treatment evaluations. Evaluation
review. 1981; 5(5):602-619.

Kutner NG, Brogan D, Fielding B. Physical and psychosocial resource variables related to long-term
survival in older dialysis patients. Geriatric Nephrology and Urology. 1997; 7:23-28. [PubMed:
9422436]

Lachman ME. Perceived control over aging-related declines: Adaptive beliefs and behaviors. Current
Directions in Psychological Science. 2006; 15:282—-286.

Lachman ME, Agrigoroaei S. Promoting functional health in midlife and old age: Long-term
protective effects of control beliefs, social support, and physical exercise. PLoS ONE. 2010;
5:13297. [PubMed: 20949016]

Lachman, ME.; Neupert, SD.; Agrigoroaei, S. The relevance of control beliefs for health and aging. In:
Schaie, KW.; Willis, SL., editors. Handbook of the psychology of aging. 7. San Diego, CA:
Academic Press; 2011. p. 175-190.

Lachman ME, Weaver SL. The sense of control as a moderator of social class differences in health and
well-being. Journal of Personality and Social Psychology. 1998; 74:763-773. [PubMed: 9523418]

Lachman ME, Weaver SL, Bandura M, Elliot E, Lewkowicz CJ. Improving memory and control
beliefs through cognitive restructuring and self-generated strategies. Journal of Gerontology:
Psychological Sciences. 1992; 47:P293-P299.

Lang FR, Heckhausen J. Perceived control over development and subjective well-being: Differential
benefits across adulthood. Journal of Personality and Social Psychology. 2001; 81:509-523.
[PubMed: 11554650]

Levine JA, Eberhardt NL, Jensen MD. Role of nonexercise activity thermogenesis in resistance to fat
gain in humans. Science. 1999; 283:212-214. [PubMed: 9880251]

Lindenberger U, von Oertzen T, Ghisletta P, Hertzog C. Cross-sectional age variance extraction:
What’s change got to do with it? Psychology and Aging. 2011; 26:34-47. [PubMed: 21417539]

Lucas RE. Adaptation and the set-point model of subjective well-being: Does happiness change after
major life events? Current Directions in Psychological Science. 2007; 16:75-79.

MacKinnon DP, Fairchild AJ, Fritz MS. Mediation analysis. Annual Review of Psychology. 2007;
58:593-614.

MacKinnon DP, Lockwood C, Williams J. Confidence limits for the indirect effect: Distribution of the
product and resampling methods. Multivariate Behavioral Research. 2004; 39:99-128. [PubMed:
20157642]

Maher JP, Doerksen SE, Elavsky S, Hyde AL, Pincus AL, Ram N, Conroy DE. A daily analysis of
physical activity and satisfaction with life in emerging adults. Health Psychology. 2013; 32:647—
656. [PubMed: 23088171]

Maxwell SE, Cole DA. Bias in cross-sectional analyses of longitudinal mediation. Psychological
Methods. 2007; 12:23-44. [PubMed: 17402810]

Maxwell SE, Cole DA, Mitchell MA. Bias in cross-sectional analyses of longitudinal mediation:
Partial and complete mediation under an autoregressive model. Multivariate Behavioral Research.
2011; 46:816-841.

Psychal Aging. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Infurna and Mayer

Page 22

Mayer A, Thoemmes F, Rose N, Steyer R, West SG. Theory and analysis of total, direct, and indirect
causal effects. Multivariate Behavioral Research. (in press).

McArdle JJ, Fisher GG, Kadlec KM. Latent variable analyses of age trends from the Health and
Retirement Study, 1992-2004. Psychology and Aging. 2007; 22:525-545. [PubMed: 17874952]

McArdle, JJ.; Hamagami, F. Latent difference score structural models for linear dynamic analyses with
incomplete longitudinal data. In: Collins, LM.; Sayer, AG., editors. New methods for the analysis
of change. Washington, DC: American Psychological Association; 2001. p. 137-176.

McAuley E. Self-efficacy and the maintenance of exercise participation in older adults. Journal of
Behavioral Medicine. 1993; 16:103-113. [PubMed: 8433355]

Muthén, BO. Applications of Causally Defined Direct and Indirect Effects in Mediation Analysis
using SEM in MPIlus. 2011. Unpublished manuscript

Nesselroade, JR. The warp and woof of the developmental fabric. In: Downs, R.; Liben, L.; Palermo,
D., editors. Visions of development, the environment, and aesthetics: The legacy of Joachim F.
Wohlwill. Hillsdale, NJ: Erlbaum; 1991. p. 213-240.

Neupert SD, Almeida DM, Charles ST. Age differences in reactivity to daily stressors: The role of
personal control. The Journals of Gerontology Series B: Psychological Sciences and Social
Sciences. 2007; 62(4):P216-P225.

Pearlin LI, Schooler C. The structure of coping. Journal of Health and Social Behavior. 1978; 19:2-21.
[PubMed: 649936]

Penedo FJ, Dahn JR. Exercise and well-being: A review of mental and physical health benefits
associated with physical activity. Current Opinion Psychiatry. 2005; 18:189-193.

Peterson C, Seligman MEP. Causal explanations as a risk factor for depression: Theory and evidence.
Psychological Review. 1984; 91:347-374. [PubMed: 6473583]

Piazza JR, Charles ST, Sliwinski MJ, Mogle J, Almeida DM. Affective reactivity to daily stressors and
long-term risk of reporting a chronic physical health condition. Annals of Behavioral Medicine.
2013; 45(1):110-120. [PubMed: 23080393]

Ram N, Gerstorf D. Time-structured and net intraindividual variability: Tools for examining the
development of dynamic characteristics and processes. Psychology and Aging. 2009; 24:778-791.
[PubMed: 20025395]

Raykov T, Marcoulides GA. Using the delta method for approximate interval estimation of parameter
functions in SEM. Structural Equation Modeling. 2004; 11(4):621-637.

Reich JW, Zautra AJ. Dispositional control beliefs and the consequences of a control-enhancing
intervention. Journal of Gerontology: Psychological Sciences. 1990; 45:P46-P51.

Rodgers WL, Miller B. A comparative analysis of ADL questions in surveys of older people. The
Journals of Gerontology: Series B: Psychological Sciences and Social Sciences. 1997; 52:21,
P338-36.

Rodin J. Aging and health: Effects of the sense of control. Science. 1986; 233:1271-1276. [PubMed:
3749877]

Rodin J, Langer EJ. Long-term effects of a control-relevant intervention with the institutionalized
aged. Journal of personality and social psychology. 1977; 35(12):897-902. [PubMed: 592095]

Ross C, Hayes D. Exercise and psychological well-being in the community. American Journal of
Epidemiology. 1988; 127:762-771. [PubMed: 3258471]

Rotter JB. Generalized expectancies for internal versus external control of reinforcement.
Psychological monographs: General and applied. 1966; 80:1-28. [PubMed: 5340840]

Sargent-Cox KA, Butterworth P, Anstey KJ. Role of physical activity in the relationships between
mastery and functional health. Gerontologist. (in press).

Seligman, ME. Helplessness: On depression, development, and death. WH Freeman/Times Books/
Henry Holt & Co; 1975.

Skaff, MM. Sense of control and health: A dynamic duo in the aging process. In: Aldwin, CM.; Park,
CL.; Spiro, A., editors. Handbook of health psychology and aging. New York, NY: Guilford;
2007. p. 186-209.

Skinner EA. A guide to constructs of control. Journal of Personality and Social Psychology. 1996;
71:549-570. [PubMed: 8831161]

Psychal Aging. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Infurna and Mayer

Page 23

Skinner, EA. Perceived control, motivation, & coping. Sage Publications, Inc; 1995.

Sliwinski MJ. Measurement-Burst Designs for Social Health Research. Social and Personality
Psychology Compass. 2008; 2(1):245-261.

Smith, J.; Fisher, G.; Ryan, L.; Clarke, P.; House, J.; Weir, D. HRS Documentation Report. Ann
Arbor, MI: University of Michigan; 2013. Documentation of Psychosocial and Lifestyle
Questionnaire, 2006-2010.

Soldo BJ, Hurd MD, Rodgers WL, Wallace RB. Asset and health dynamics among the oldest old: An
overview of the AHEAD study. The Journals of Gerontology Series B: Psychological Sciences and
Social Sciences. 1997; 52(Special Issue):1-20.

Specht J, Egloff B, Schmukle SC. The Benefits of Believing in Chance or Fate External Locus of
Control as a Protective Factor for Coping With the Death of a Spouse. Social Psychological and
Personality Science. 2011; 2(2):132-137.

Steiner PM, Cook TD, Shadish WR, Clark MH. The importance of covariate selection in controlling
for selection bias in observational studies. Psychological Methods. 2010; 15(3):250-267.
[PubMed: 20822251]

Stephens T. Physical activity and mental health in the United States and Canada: Evidence from four
population surveys. Preventive Medicine. 1988; 17:35-47. [PubMed: 3258986]

Steptoe A, Wardle J. Locus of control and health behavior revisited: A multivariate analysis of young
adults from 18 countries. British Journal of Psychology. 2001; 91:659-672. [PubMed: 11762867]

Steyer R, Eid M, Schwenkmezger P. Modeling true intraindividual change: True change as a latent
variable. Methods of Psychological Research Online. 1997; 2:21-33.

Surtees PG, Wainwright WJ, Luben R, Wareham NJ, Bingham S, Khaw KT. Mastery is associated
with cardiovascular disease mortality in men and women at apparently low risk. Health
Psychology. 2010; 29:412-420. [PubMed: 20658829]

Thompson PD, Buchner D, Pifia IL, Balady GJ, Williams MA, Marcus BH, Wenger NK. Exercise and
physical activity in the prevention and treatment of atherosclerotic cardiovascular disease: A
statement from the Council on Clinical Cardiology (Subcommittee on Exercise, Rehabilitation,
and Prevention) and the Council on Nutrition, Physical Activity, and Metabolism (Subcommittee
on Physical Activity). Circulation. 2003; 107:3109-3116. [PubMed: 12821592]

Turiano NA, Chapman BP, Agrigoroaei S, Infurna FJ, Lachman M. Perceived control reduces
mortality risk at low, not high, education levels. Health Psychology. (in press).

Wallston KA. Hocus-Pocus, the focus isn’t strictly on locus: Rotter’s social learning theory modified
for health. Cognitive Therapy and Research. 1992; 16:183-199.

Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive and
negative affect: the PANAS scales. Journal of Personality and Social Psychology. 1988; 54(6):
1063-1070. [PubMed: 3397865]

White RW. Motivation reconsidered: the concept of competence. Psychological Review. 1959; 66(5):
297-333. [PubMed: 13844397]

White SM, Wajcicki TR, McAuley E. Social cognitive influences on physical activity behavior in
middle-aged and older adults. The Journals of Gerontology, Series B: Psychological Sciences and
Social Sciences. 2012; 67B:P18-P26.

Windsor TD, Anstey KJ. Age differences in psychosocial predictors of positive and negative affect: A
longitudinal investigation of young, midlife, and older adults. Psychology and Aging. 2010;
25:641-652. [PubMed: 20853970]

Windsor TD, Ryan LH, Smith J. Individual well-being in middle and older adulthood: Do spousal
beliefs matter? Journal of Gerontology: Psychological Sciences. 2009; 64B:586-596.

Wrosch C, Schulz R, Heckhausen J. Health Stresses and Depressive Symptomatology in the Elderly: A
Control-Process Approach. Current Directions in Psychological Science. 2004; 13(1):17-20.

Zautra AJ, Davis MC, Reich JW, Sturgeon JA, Arewasikporn A, Tennen H. Phone-based interventions
with automated mindfulness and mastery messages improve the daily functioning for depressed
middle-aged community residents. Journal of Psychotherapy Integration. 2012; 22:206-208.

Psychal Aging. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Infurna and Mayer

Page 24

(A) Cross-sectional mediation

(B) Longitudinal mediation without controlling for confounds

(C) Longitudinal mediation controlling for confounds

: :
T1 ' T2 ' T3

Figure 1.
Graphical representation of three mediation models. Part A shows cross-sectional mediation

where the variables of interest are assessed at one point in time. Part B shows longitudinal
mediation, where the effect of the predictor on the outcome is temporally dependent, but
does not account for prior confounds. Part C illustrates longitudinal mediation that accounts
for potential confounds. CO refers to constraints and MA refers to mastery. M refers to the
mediation variable or physical activity in this study. Y refers to the outcome variable or
mental and physical health in this study. Z refers to potential confounders. In our study, T1,
T2, and T3 refer to assessments taken in 2006, 2008, and 2010, respectively.
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Table 2

Computation of Total, Direct, and Indirect Effects For All Mediation Models.

Effect Computation
Total Effect of MA on Outcome (FL;, PA;, or NA) v1 + v3aq
Total Effect of CO on Outcome (FLy, PA;, or NA) Yo + Y30y
Direct Effect of MA on Outcome (FLy, PA;, or NA) Y1
Direct Effect of CO on Outcome (FL;, PA;, or NA) Y2
Indirect Effect of MA on Outcome (FL;, PA;, or NA;) transmitted via VA Y3ty
Indirect Effect of CO on Outcome (FLy, PA;, or NA,) transmitted via VA Yadlo

Note. MA = Mastery, CO = Constraints, FL = Functional limitations, PA = Positive affect; NA = Negative affect; VA = Vigorous activity.
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