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Abstract

Poor neurocognitive functioning among individuals with schizophrenia is typically conceptualized
as resulting from a disease process. The objective of this paper is to further expand understanding
of poor neurocognition beyond pathogenesis toward a perspective that also incorporates
community participation factors. This paper focuses on three such factors — sedentary behavior,
loneliness, and poverty — that have been demonstrated to be related to neurocognition and are
highly prevalent among individuals with schizophrenia. This paper provides an overview of the
research on each factor and discusses its possible connection to neurocognitive challenges for
individuals with schizophrenia. Implications for research, policy, and practice efforts are then
proposed to broaden approaches to understanding and addressing neurocognitive challenges in this
population.
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Introduction

Researchers have long believed that poor neurocognitive functioning among those with
schizophrenia is the result of an underlying disease process (Kraepelin, 1919; Bleuler, 1958;
Kurtz, 2015). Put another way, neurocognitive deficits are manifestations of aberrant
neurobiological mechanisms that are specific to those with psychosis. For example,
neuroimaging studies have uncovered a number of structural brain abnormalities that are
associated with poor neurocognitive functioning in this population (Hartberg et al., 2011;
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Nestor et al., 2013), including white and gray matter decrements, enlarged ventricular size,
and reduced brain volume in the frontal lobe (Heilbronner, Samara, Leucht, Falkai, &
Schulze, 2016). Another large body of research has found preliminary evidence of
connections between genes in the dopaminergic, neurotrophic, cell adhesion, serotonin, and
sodium channel systems and specific neurocognitive deficits among those with
schizophrenia (Zai, Robbins, Sahakian, & Kennedy, 2017). Neurocognitive impairment is so
intertwined with illness-related ideologies that some have argued that it should be
considered as a criterion for the diagnosis of schizophrenia itself (Keefe & Fenton, 2007).

More contemporary perspectives, driven by neuroscientific discoveries, have increasingly
recognized the limitations of purely neurobiological or pathophysiological explanations for
poor neurocognitive functioning among those with schizophrenia. For example, Weinberger
(1987) proposed a neurodevelopmental model of schizophrenia, arguing that because
structural and physiological pathology of the brain is typically apparent long before
symptom onset, there must be a process by which aberrant biology interacts with normal
brain maturation to produce impairments associated with the disorder. Spaulding et al.
(2003) presented a biosystemic framework for understanding and treating psychopathology,
integrating research findings across multiple levels of analysis (neurophysiological,
neurocognitive, social cognitive, socio-behavioral, socio-environmental) to identify
determinants of functioning and impairment. The ideologies of these models coalesce in
more recent writings that stress the need to integrate disparate biological, developmental,
psychological, and socio-environmental literatures for the purpose of developing
comprehensive theories of schizophrenia (Silverstein et al., 2013).

Despite recognition of multiple causal and connected factors that contribute to poor
neurocognition, the disease process perspective continues to drive current practices, which
primarily focus on interventions targeting affected brain chemistry (Keefe, 2001) or training
in compensatory strategies or cognitive remediation (Medalia & Choi, 2009). Efforts to
identify pharmacological treatments for neurocognitive impairment have produced mixed
results at best (Ferreira et al., 2016; Takeuchi, Thiyanavadivel, Fervaha, & Remington,
2017). And, although compensatory and remediation approaches have been shown to
produce statistically significant gains in performance-based functional outcomes, they
remain limited in terms of their broad-based impact in the absence of other psychiatric
rehabilitation (Wykes, Huddy, Cellard, McGurk, & Czobor, 2011).

This paper considers how lack of community participation and three specific sequelae —
sedentary behavior, loneliness, and poverty — might contribute to poor neurocognitive
functioning. As such, it is intended to further expand understanding of poor neurocognition
beyond pathogenesis. The purpose is not to provide a comprehensive synthesis of all factors
that have associations with neurocognition, but to support the field in recognizing that
neurocognitive differences among those with schizophrenia are likely not solely the result of
a disease process. The approach of this paper is consistent with contemporary models of
schizophrenia that challenge reductionism [e.g., (Spaulding et al., 2003)] by clarifying how
specific aspects of the social environment may interact with behavioral, psychological, and
biological processes to impact neurocognition. A more biosystemic informed approach will
likely expand targets for intervention to impact neurocognitive functioning.
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Community Participation Factors and Poor Neurocognitive Functioning

Community participation refers to activities in areas such as work, school, social and family
relationships, leisure, or religion, that enable individuals to fulfill valued roles (Burns-Lynch,
Brusilovskiy, & Salzer, 2016). Sedentary behavior, loneliness, and poverty are consequences
of lack of community participation, are related to neurocognition, and are highly prevalent
issues among individuals with schizophrenia (Badcock et al., 2015; Pratt, 2012; Stubbs,
Williams, Gaughran, & Craig, 2016). In fact, physical health concerns, loneliness, and
financial problems are among the highest-ranked challenges reported by people with
psychatic disorders (Morgan et al., 2012). Community participation, broadly-speaking,
provides opportunity for incidental physical activity engagement (reducing sedentary
behavior) (Suetani et al., 2016), enables individuals to develop social connections and a
sense of belonging (decreasing loneliness) (lwasaki et al., 2014), and fosters the building of
social capital, thereby increasing access to employment and other resources needed to
impact finances (and ameliorating poverty) (Portes, 1998). While some of these factors may
be influenced in the absence of community participation (e.g., physical activity may occur
within the confines of one’s home), each is exacerbated by the fact that individuals with
schizophrenia have disproportionately fewer opportunities for full and personally
meaningful participation in settings of their choosing (Salzer, Baron, Menkir, & Breen,
2014).

Physical activity / sedentary behavior.—According to the World Health Organization
(2017), physical activity includes exercise and other forms of bodily movement that are
performed in the context of daily living activities (i.e., recreation, work, active
transportation, home maintenance). Greater levels of physical activity have been associated
with brain plasticity, such as greater hippocampal and basal ganglia volume, brain
connectivity, prefrontal cortex volume, and white matter integrity, and elevated and more
efficient patterns of brain activity (Erickson, Hillman, & Kramer, 2015). Physical activity is
also associated with enhanced neurotrophic factor signaling, which is related to cognitive
functioning (Phillips, Baktir, Srivatsan, & Salehi, 2014). Research suggests that older adults
who participate in at least 26 minutes of moderate physical activity per day demonstrate less
age-related cognitive decline in the pre-frontal cortex (Kimura, Yasunaga, & Wang, 2013).
Robustness of current findings has led to the conclusion that “physical activity beneficially
influences brain function during adulthood, particularly frontal lobe-mediated cognitive
processes, such as planning, scheduling, inhibition, and working memory” (Ratey & Loehr,
2011, p. 171).

Sedentary behavior constitutes engagement in activity where an individual is in a seated or
reclined position and movement is less than 1.5 metabolic equivalents (METSs) (Tremblay et
al., 2017). Individuals with schizophrenia spend greater amounts of time in sedentary
behavior than the general population (Stubbs et al., 2016). In fact, individuals diagnosed
with schizophrenia spend upwards of 22 hours per week day in sedentary behavior,
including sleep (Roick et al., 2007). A study measuring sedentary behavior with an
ActiGraph accelerometer found that individuals with schizophrenia who were overweight
averaged 15 hours of accelerometer wear-time, of which 13 was sedentary, constituting 81%
of time spent in sedentary activity. In comparison, 62% of accelerometer wear-time was
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spent in sedentary activity in a sample of overweight, non-diagnosed individuals (Janney et
al., 2015). A study of 199 individuals with schizophrenia and 60 age matched controls found
individuals with schizophrenia engaged in an average of 4 hours and 7 minutes more of daily
sedentary behavior than control participants (Stubbs, Ku, Chung, & Chen, 2017).

Among individuals with schizophrenia, higher levels of sedentary behavior appear to be
associated with lower motor reaction time, and low levels of overall physical activity are
independently associated with worse attention, concentration, and poorer processing speeds
(Stubbs et al., 2017). High levels of sedentary behavior also contribute to poor aerobic
fitness (Kimhy et al., 2014; Vancampfort et al., 2013; Vancampfort et al., 2011), which is
significantly and positively associated with neurocognition (Kimhy et al., 2014). Specific
areas associated with aerobic fitness include processing speed, working memory, problem
solving, and social cognition (Kimhy et al., 2014; Vancampfort et al., 2015).

While not synonymous with reduced time in sedentary behavior, exercise interventions,
when implemented with individuals diagnosed with schizophrenia spectrum disorders,
appear to have a beneficial effect on neurocognitive functioning. In a meta-analysis, the
effect size of exercise interventions was .43, which is comparable to the effect size of
cognitive remediation therapy (Firth et al., 2017). Aerobic exercise has also been shown to
potentiate the effects of cognitive remediation (Nuechterlein et al., 2016). Specific areas of
neurocognition that appear to be most impacted by exercise include working memory,
attention and vigilance, and social cognition (Firth et al., 2017).

While evidence demonstrates a clear relationship between sedentary behavior and
neurocognition and the potential for physical activity to improve neurocognitive functioning
among adults with schizophrenia, additional research is needed in this area. Studies have
been limited by cross-sectional designs and inconsistent measurement and analysis of
physical activity, suggesting a need for further research designed to test assumptions about
directionality and provide more precise estimates of the prevalence and impact of sedentary
behavior. Additional intervention research, particularly regarding effects on neurocognitive
outcomes, is also needed. As a starting point, ten physical activity research questions in
schizophrenia have been identified. Of particular importance to this topic are “How can we
prevent sedentary behavior in people with schizophrenia?; How do we translate physical
activity research into clinical and community practice?; What are the key barriers for
engaging people with schizophrenia in physical activity?” (Vancampfort et al., 2016, p.
2237). These research questions provide a platform for better understanding community
participation factors that influence levels of sedentary behavior and engagement in physical
activity, and how these relate to neurocognition. For example, researchers could explore the
socio-environmental factors that may influence different levels of engagement in physical
activity (i.e., sedentary, light, moderate, vigorous) and the association of these different
levels of engagement with neurocognition.

Loneliness.—Loneliness is a subjective feeling of being set apart from, misunderstood, or
rejected by other people, or a lack of satisfaction with social relationships (Andersson,
1998). It is a construct distinct from social isolation, in that those who have ample social
networks with frequent contacts may still experience loneliness (Cornwell & Waite, 2009).
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Loneliness is related to various domains of neurocognition in the general population,
including global cognition, psychomotor processing speed, visual memory, and immediate
and delayed recall (Ayalon, Shiovitz-Ezra, & Roziner, 2016; O’Luanaigh et al., 2012;
Shankar, Hamer, McMunn, & Steptoe, 2013). Several hypotheses about the role of
loneliness in explaining neurocognitive decline have been suggested (Ayalon et al., 2016).
Cacioppo and Hawkley (2009) posit that lack of social engagement reduces opportunities to
be involved in complex interpersonal exchanges and stimulating environments, which
weakens neurocognition. Conversely, Berkman et al. (2000) suggest that participation in
social relationships allows one to both give and receive support, which enhances
neurocognitive functioning. Other researchers suggest that loneliness increases stress, which
decreases neurocognitive capacity (Ayalon et al., 2016). Corroborating this hypothesis are
findings that the same biological processes that are part of the stress response are also linked
to loneliness and neurocognition. Specifically, according to Boss and colleagues (2015),
prolonged activation of the hypothalamus-pituitary-adrenal (HPA) axis and hypercortisolism
demonstrate a relationship with loneliness (Adam, Hawkley, Kudielka, & Cacioppo, 2006;
Dallman et al., 2004; Steptoe, Owen, Kunz-Ebrecht, & Brydon, 2004), and poor
performance in various neurocognitive domains (Adam et al., 2006; Beluche, Carriére,
Ritchie, & Ancelin, 2010; Fiocco, Wan, Weekes, Pim, & Lupien, 2006; Peavy et al., 2009;
Steptoe et al., 2004). Individuals who are lonely are also more reactive to stress (Boss et al.,
2015).

Loneliness is a prevalent problem among those with schizophrenia. In a study of 7,451
community-dwelling individuals aged 16 years and over, those with a psychotic disorder
experienced greater loneliness than those who did not experience psychosis (Meltzer et al.,
2013). Another study found that 80 percent of participants with schizophrenia spectrum
disorders reported feeling lonely, a proportion that was significantly greater than that
reported by members of the general population (Badcock et al., 2015). Among the possible
explanations for increased loneliness among individuals with schizophrenia are community
inclusion and participation obstacles, such as limited opportunity for social inclusion, public
stigma of mental illness, and social distancing behavior (Davidson et al., 2004; Stier &
Hinshaw, 2007).

Very little research has directly evaluated the relationship between loneliness and
neurocognition among those with schizophrenia. A recent study found that, after controlling
for demographic variables, loneliness was a significant predictor of neurocognition (i.e.,
coding performance), with those who reported feeling socially isolated or lonely having
significantly poorer coding performance than those who reported feeling lonely only
occasionally (Badcock et al., 2015). While not specifically focused on loneliness, two
related studies suggest a positive relationship between neurocognition and exposure to social
interaction and satisfaction with social support (Alptekin et al., 2005; Caplan, Schutt,
Turner, Goldfinger, & Seidman, 2006).

Given the small evidence base, additional research on the relationship between loneliness
and neurocognition among those with schizophrenia is needed. Longitudinal studies using
psychometrically sound measures of loneliness, such as the University of California, Los

Angeles (UCLA) Loneliness Scale (Russell, 1996), are necessary to better understand the
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nature of the relationship. This is a promising future direction for the literature on
neurocognition in schizophrenia given substantial findings in the general population.

Poverty.—While it is well-recognized that correlates of poverty1 (e.g., environmental toxin
exposure, poor nutrition) are associated with neurological functioning (Calderén-
Garciduefias et al., 2011; Calderon-Garciduefias et al., 2012; D’ Angiulli, Lipina, &
Olesinska, 2012; Freire et al., 2010; Jackson, 2015), the experience of poverty itself may be
directly related to neurocognition. Under conditions of economic scarcity, preoccupation
with poverty-related concerns may reduce neurocognitive capacity, particularly in the areas
of attention, short-term memory, and executive control (Gennetian & Shafir, 2015). In an
experimental study of the neurocognitive functioning of sugarcane farmers, Mani and
colleagues (2013) found that neurocognition was poorer before harvest when farmers were
experiencing financial strain, compared to after harvest when they had greater wealth.
Differences in neurocognition were not explained by time available, nutrition, work effort, or
level of stress. Studies also support a causal effect of poverty on negative affect and stress,
which in turn adversely impact decision-making (Haushofer & Fehr, 2014). Additionally,
research suggests a direct relationship between poverty and neurocognitive development. For
example, compared to their more advantaged counterparts, children from low socioeconomic
status backgrounds demonstrate differences in reward processing, potentially due to low or
inconsistent levels of reinforcement, which may impact cognitive flexibility (D’ Angiulli et
al., 2012). Yet, poverty appears to be a consistent correlate of neurocognition across the
lifespan, as evidenced by a study showing that the present economic status of adults over the
age of 60 was uniquely associated with processing speed even after controlling for an
indicator of childhood socioeconomic status (Zhang et al., 2015).

Individuals with schizophrenia and other serious mental illnesses are more likely than the
general population to experience poverty and homelessness (Pratt, 2012). In fact, it has been
proposed that experiencing poverty may be a risk factor for developing psychosis (Read,
2010). Indeed, a recent study found that poverty during childhood demonstrated more
associations with psychotic symptoms later in life than other forms of childhood adversity
that confer risk for psychosis, such as abuse and neglect (Longden, Sampson, & Read,
2016). Similarly, exposure to poverty may exacerbate psychiatric symptoms, leading to
increased hospitalization rates (Fortney, Xu, & Dong, 2009).

Despite findings about prevalence, poverty-related issues have been largely neglected in the
literature on neurocognition and schizophrenia. Meta-analyses comparing the neurocognitive
functioning of individuals with schizophrenia to participants in a control condition have
been unable to adjust for the effects of variables such as socioeconomic status given the
small number of studies that report this information (Bora & Murray, 2014; De Herdt et al.,
2013; Mesholam-Gately, Giuliano, Goff, Faraone, & Seidman, 2009; Wang et al., 2009).
Although the need to examine and account for sociodemographic variables is beginning to
be recognized (Galderisi et al., 2014; Mollon et al., 2016), the manner in which these have

Iwhile definitions of poverty vary, many research studies, including those cited in this paper, use indicators of socioeconomic status
(i.e., household income, occupational class) as a proxy for the poverty construct. Regardless of the definition, research has
demonstrated a consistent relationship between poverty and neurocognition.
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been measured has been inconsistent across studies. This is not a problem inherent to the
schizophrenia literature, but a pervasive one in poverty research (D’Angiulli et al., 2012).
Mollon and colleagues (2016), who operationalized socioeconomic status according to
participants’ occupational class (e.g., professional vs. unskilled), found that when
controlling for this variable, individuals with psychotic experiences had significantly poorer
verbal knowledge and working and visual memory, but not processing speed, than those
without psychotic experiences. In one of the most comprehensive analyses of predictors of
functional outcome to date, Galderisi et al. (2014) examined the effects of “illness-related
factors’ (including neuro- and social cognition), ‘personal resources’ (personal resiliency,
service engagement) and ‘context-related factors’ (including socioeconomic status) among
921 individuals with schizophrenia. Socioeconomic status, which was operationalized
according to parental education level and parental type of work, was not related to functional
outcomes. The authors did not report whether it was related to neurocognition. Thus, future
steps for research on the effect of poverty in schizophrenia are establishment of a reliable
operationalization of this construct, and more systematic examination of its relationship with
neurocognition.

Implications

Additional research is needed in order to answer important questions about poor
neurocognitive functioning among individuals with schizophrenia. First and foremost is a
need for research that accounts for community participation, and its sequelae, when
evaluating neurocognition. A starting point might be to strengthen understanding of the
pathways and mechanisms by which sedentary behavior, loneliness, and poverty affect
neurocognitive outcomes. Other research could examine the effects of additional community
participation-related factors not included in this paper that demonstrate impacts on
neurocognition in other populations, such as educational attainment (Kabuba et al., 2018)
and leisure participation (Lee et al., 2014). Second, these community participation factors
are likely to be interrelated; for example, financial concerns are a reported barrier to social
relationships (Topor, Ljungqvist, & Strandberg, 2016). Controlled studies are needed to
isolate the effects of each. An especially important question is whether social interactions
during group-based exercise account for variance explained in neurocognition; this question
has not been addressed by current meta-analyses of exercise interventions for those with
schizophrenia (Dauwan, Begemann, Heringa, & Sommer, 2016; Firth et al., 2017). A related
issue is the need to establish the directionality of relationships. While there is compelling
evidence that sedentary behavior, loneliness, and poverty impact neurocognition in the
general population, the possibility cannot yet be ruled out that poorer neurocognition among
those with schizophrenia leads to increases in each. As reflected by findings discussed in the
present paper, the majority of the evidence is cross-sectional and correlational in nature.
Longitudinal research could build upon these findings to clarify causal relationships. Finally,
there is a need to more fully examine the relationship between neurocognition and functional
outcomes after accounting for these community participation factors. It is possible that the
relationship is spurious, or at least less robust than what is indicated by the current literature,
due to factors that explain variance in both. Taken together, research in these areas would
further advance comprehensive theory development and facilitate the formation of
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multifaceted interventions to enhance neurocognitive functioning that are plausibly more
effective.

Current findings, especially if corroborated by research that addresses the aforementioned
needs, point towards some possible recommendations for policy and practice. A more
concerted focus on promoting community participation offers promise for improving
neurocognitive functioning and performance-based functional outcomes. Here, we offer
some guiding principles for intervention efforts.

First, interventions that focus on increasing community participation should address
personal obstacles that may impede participation, including psychiatric symptoms, skills
deficits, and lack of supports. Providers can incorporate evidence-based practices that target
these barriers, such as cognitive behavioral therapy and social skills training, into larger
efforts to promote active involvement in the community. However, the amelioration of these
obstacles should not be viewed as a pre-requisite to participation. Intervention models that
emphasize rapid engagement in community-based activities, such as the Individual
Placement and Support model of supported employment, have been shown to diminish the
impact of personal obstacles (i.e., limited work history, neurocognitive impairments,
psychiatric symptoms) on functional outcomes (Metcalfe, Drake, & Bond, 2017; McGurk &
Mueser, 2004). These findings suggest that with the proper supports in place, individuals can
participate in their communities and derive benefit from their participation even in the face
of personal challenges.

Second, interventions should target not only personal obstacles but environmental barriers,
such as discrimination, disesmpowering practices that undermine individual choice and
autonomy, and poverty (Salzer et al., 2014). This dual, person-environment focus
necessitates a collective effort between advocates, policy makers, providers, and people in
recovery and their loved ones, and requires interventions that extend beyond person-level
approaches. For example, individuals can work together to reform anti-discrimination laws,
create educational campaigns to reduce public stigma, change institutional practices to
enhance consumers’ involvement in decision-making, and improve employment outcomes in
mental health and psychiatric rehabilitation programs in order to reduce environmental
barriers to participation (Salzer et al., 2014).

Applying a community integration perspective to the three factors that have been discussed
allows for illustration of how maximizing opportunities for community participation can
potentially address sedentary behavior, loneliness, and poverty and also lead to improvement
in neurocognition and performance-based functional outcomes. First, physical activity could
be enhanced by increasing opportunities for individuals with schizophrenia to participate
meaningfully in the community. Psychiatric rehabilitation providers and other supporters can
assist these individuals with identifying areas of community participation that are most
important to them, connecting them with community-based resources to pursue their
participation interests (e.g., mainstream recreation centers versus mental health program-
based leisure opportunities), and providing advocacy and education regarding how to make
community spaces as welcoming and inclusive as possible. As individuals experience greater
physical activity, displacing sedentary behavior, neurocognition is likely to improve.
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Simultaneously, individuals may develop or hone skills needed for successful community
living, thereby enhancing performance-based functional outcomes.

Second, as loneliness may be tied to social marginalization, it follows that efforts to educate
the community about schizophrenia and to enhance opportunities for interaction between
people with and without mental health conditions would reduce feelings of being separate
from, misunderstood, or rejected by others. As individuals perceive that they are part of their
communities, they are likely to participate more fully (Prince & Prince, 2002). Consistent
with the literature on the relationship between loneliness and neurocognition, greater
exposure to interpersonal exchanges and stimulating environments is expected to increase
neurocognitive functioning and enhance social functioning skills. Alternatively, greater
access to social support through community participation would provide a buffer against
stress, strengthening neurocognitive resources.

Poverty among individuals with schizophrenia, although affected by a host of factors, is
undoubtedly tied to the high rate of unemployment in this population. Baron and Salzer
(2002) comment on several typically cited reasons for this phenomenon — interference
caused by psychiatric symptoms, ineffective or inaccessible vocational rehabilitation
programs, and public disability policy that fosters dependency and discourages the pursuit of
work. Of particular relevance to this discussion, these authors identify a fourth factor — labor
market liabilities, such as female gender, ethnic minority status, low educational attainment,
and restricted social networks, that limit the types of jobs that people can obtain, the salaries
and benefits that they can access, and the job tenure that they can maintain. As many
individuals with schizophrenia come from socially disadvantaged backgrounds already and
experience these labor market liabilities, they do not have the same employment
opportunities that support financial independence and prosperity as their more advantaged
counterparts. According to recommendations by Baron and Salzer (2002), policy efforts
might focus on increasing compliance with the Americans with Disabilities Act and creating
workforce development policies that support the financial independence of workers without
advanced degrees. Additionally, calls for changes within the entitlement system stress a need
for gradual transition off disability and achievement of economic self-sufficiency (Henry &
Lucca, 2004). Programs and practices, such as supported education and employment or
vocational rehabilitation, might concentrate on helping individuals to pursue a college
education or tailoring training to the labor market (Baron & Salzer, 2002). Services and
supports should be designed to require minimal neurocognitive resources from participants
in order to facilitate uptake, engagement, and follow-through (Gennetian & Shafir, 2015).
With greater access to employment and improved financial circumstances, individuals could
live with fewer finance-related stressors, which is expected to improve neurocognition.
Greater participation in work-related activities would likely also enhance job performance.

Sedentary behavior, loneliness, and poverty are all prevalent issues that affect individuals

with schizophrenia, and each is linked to poor neurocognitive functioning. These community
participation factors and their relationship with neurocognition have received relatively little
attention in the schizophrenia literature. This paper is intended to inspire additional research
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in this area, and further encourage policy and practice efforts designed to enhance
community participation.
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Public Policy Relevance

The present paper extends perspectives of poor neurocognitive functioning among those
with schizophrenia beyond pathogenesis toward one that accounts for consequences of
reduced community participation, namely sedentary behavior, loneliness, and poverty.
Findings from the reviewed literature, especially if corroborated by future research,
suggest that promoting community participation offers promise for improving
neurocognitive functioning and performance-based functional outcomes in this
population. Interventions and policy efforts designed to address both personal and
environmental obstacles to participation are needed.
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