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Ostenpﬂrnsis is a skeletal disease charactenized by
reduced bone mass and microarchitectural dete-
rioration of bone tissue resulting in compromised bone
strength, increased fracture risk, and reduced well being
(World Health Organization, 1994). With evidence attest-
ing to the positive effects of leisure-time physical activity
(LTPA) on biomedical health in people with osteoporosis
(Johnell & Hertzman, 2006), there have been calls to
broaden the scope of health-related variables that LTPA
may influence (Li, Chen, Yang, & Tsauo, 2009).
Previous studies examining the link between LTPA
and well being in people with osteoporosis have been
largely atheoretical (e.g., Papaioannou et al., 2003; Papa-
10annou et al., 2006), rendering the mechanisms via which
LTPA influences well being speculative. Because literature
has suggested the association between LTPA and well be-
ing may be indirect, as opposed to direct (Chodzko-Zajko
et al., 2009; Motl & McAuley, 2009), greater attention
to the mechanisms underpinning the LTPA-well being
relationship is warranted. One theory that holds promise
for explaining well being is Basic Psychological Needs
Theory (BPNT; Deci & Ryan, 2002). Central to BPNT
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are the psychological needs for competence, autonomy,
and relatedness that nurture psychological growth, in-
tegrity, and well being directly (Deci & Ryan, 2002). Deci
and Ryan’s contentions have been largely supported in
exercise contexts, given that people who feel competent,
autonomous, and related to others report greater well be-
ing and less ill-being (c.f., Wilson, Mack, Gunnell, Oster,
& Gregson, 2008).

While insight has been gained into the LTPA-well
being relationship for individuals living with osteoporosis
(Papaioannou et al., 2003; Papaioannou et al., 2006), a
number of issues warrant further invesugauon. First, the
mechanisms underpinning the LTPA-well being relation-
ship in individuals with a chronic health condition have
generally been confined to self-efficacy, social support,
and fatigue (McAuley, White, Rogers, Motl, & Courneya,
2010; Mot & McAuley, 2009). Considering additional
mechanisms (i.e., psychological need fulfillment) would
complement and potentially extend current evidence. Sec-
ond, within BPNT, Ryan and Deci (2001) differentiated
hedonic well being (HWB; maximizing pleasure) from eu-
daimonic well being (EWB; realizing human potenuals).
Previous research on individuals with osteoporosis focused
primarily on HWB markers (Papaioannou et al., 2003;
Papaioannou etal., 2006) despite evidence of disunctions
between well being in its hedonic and eudaimonic forms
(McGregor & Little, 1998; Ryff et al., 2006). Moreover,
EWB has a stronger pattern of association with biomarkers
of health than HWB (Ryft et al., 2006).

Thus, the primary aim of this investigation was to
examine basic psychological needs satisfaction in explain-
ing the LTPA-EWB relationship. Based on BPNT (Deci
& Ryan, 2002), we hypothesized that perceived psycho-
logical need satisfaction would mediate the LIPA-EWB
relationship.
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Method

Participants

Participants (N=190; nwomen = 164) were individu-
als (Mage = 68.14 years, SD= 11.54) living with osteoporo-
sis (nselfreport =131; nmedically confirmed = 59). Most
participants reported being Caucasian/White (85.30%)
and married/common-law (56.30%), while 37.40% re-
ported holding a university/college degree. Body mass
index (BMI) approximated the healthy range (M= 23.29
kg/m?; SD = 4.00). Average time since diagnosis was 9.41
years (SD=16.84), with 55.30% of the sample reporting at
least one fracture. Hypertension was the most frequently
reported comorbidity (27.40%).

Measures

Demographic and Health Status. Participants reported
their birth date, height, weight, gender, marital status,
ethnic origin, and educational attainment. Health status
was based on the number of years since receiving a diag-
nosis of osteoporosis, fracture history, and the presence of
comorbidities. Comorbidities (e.g., high blood pressure,
diabetes) included those queried in the Canadian Com-
munity Health Survey (2009).

Leisure-Time Physical Activity. The 3-item Godin
Leisure-Time Exercise Questonnaire (GLTEQ); Godin &
Shephard, 1985) was completed to assess the frequency of
mild (e.g., minimal effort), moderate (e.g., not exhaust-
Ing), and strenuous (e.g., heart beats rapidly) LTPA last-
ing at least 15 min/session during a typical week. A total
LTPA score was calculated on a ratio-level scale using
the following formula: Z([mild x 3] + [moderate x 5] +
[strenuous x 9]). The weights assigned to GLTEQ scores
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were metabolic equivalent values that served as an index
of energy expenditure.

Eudaimonic Well Being. Participants completed the
7-item Subjective Vitality Scale (SVS; Ryan & Frederick,
1997) as one marker of EWB assessing the energy avail-
able to create a rich and meaningful life (Ryan & Deci,
2008). Following the contextual stem, “please respond to
each of the following statements by indicating the degree
to which the statement is true for you when you engage
in physical activity,” each item was rated across a 7-point
Likert-type scale anchored by 1 = notatall true to 7 =very
true. A sample SVS item used in this study was “I feel alive
and vital.” Support for the construct validity of SVS scores
as an index of EWB has been demonstrated in exercise
settings (c.f., Edmunds, Ntoumanis, & Duda, 2007).

Psychological Needs. Participants completed the 18-item
Psychological Need Satisfaction in Exercise Scale (PNSE;
Wilson, Rogers, Rodgers, & Wild, 2006) adapted to physi-
cal activity contexts. Assessing each of the three psycho-
logical needs, the PNSE items are anchored by 1 = false
and 6 = true, with higher scores reflecung greater need
fulfillment. Structural and criterion validity and score
reliability for each PNSE subscale has been documented
in exercise settings (c.f., Wilson et al., 2008).

Procedures

After we secured ethical clearance to proceed with
the study, participant recruitment took place via electronic
venues (e.g., websites), posters placed in prominent loca-
tions around the community, and through a bone health
specialist clinic. Inclusion criteria were: (a) over the age
of 18 years, (b) ability to speak and read English, and
(c) a diagnosis of osteoporosis. Participants recruited via
electronic venues received a link to a secure internet-based

Table 1. Descriptive statistics, bivariate correlations, and estimates of internal consistency reliability

Variable M SD Skew. Kurt. 1 2 3 4 5

LTPA 2656 15.53 0.76 -0.11 —

EWB 5.08 1.26 -0.53 -0.45 22* .89
(.09-.36)

Perceived competence 3.45 1.31 -0.21 -0.74 S35+ 47 94
(.22-47) (.35-.58)

Perceived autonomy 5.20 0.98 -1.70 0.64 -.02 46" 23" .95
(-.17-.13) (.34-56) (.08-.36)

Perceived relatedness 4.76 1.40 -1.25 0.81 05 34** S8** 45** 97
(-.10-.12) (.20-47) (.24-50) (.32-.56)

Note. M = mean; SD = standard deviation; Skew. = univariate skewness; Kurt. = univariate kurtosis; LTPA = leisure-time physical
activity; EWB = eudaimonic well being; all bivariate correlations are Pearson correlations (7 in this table; sample size ranges
from 167 to 185 based on participant responses; estimates of internal consistency (Cronbach'’s ¢, Cronbach, 1951) are located
along the diagonal; information in parentheses reflects 95% confidence intervals surrounding rvalues.

*Significance at p < .01 (one-tailed).
**Significance at p < .001 (one-tailed).
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survey to provide informed consent and data. Parucipants
recruited through nonelectronic venues had an opportu-
nity to ask questions before receiving a self-addressed, pre-
stamped envelope containing all study materials including
explicit instructions for completing and returning the
survey. We received informed consent from participants.
On study completion, a $5.00 donation was made to the
bone health organization of the participants’ choice.

Data Analysis

Descriptive statistics and reliability estimates using
(Cronbach’s coefhicient o; Cronbach, 1951) were exam-
ined. Multiple mediation with bootstrapping procedures
(i.e., a nonparametric resampling procedure; Preacher
& Haves, 2008) was used to examine the role of all three
psychological needs in the LTPA-EWB relationship. The
bootstrapping procedure has been identified as being

superior to the causal steps approach or the product of

coefhicients test for mediation, as it vields greater statistical
power, reduces the risk of Type I error, and does not as-
sume a normal sampling distribution (Preacher & Hayes,
2008). The absence of zero in the 95% bias corrected
and accelerated confidence interval (BCa CI), rather
than interpretation of pvalues, is evidence for mediation
when using bootstrapping (k= 5,000; Preacher & Hayes,
2008). Specific indirect effects and pairwise contrasts were
examined by using BCa Cls to analyze the contribution
and strength of each psychological need in the muluple
mediator model analysis.

Results

Participants reported engaging in an average of 26.56
metabolic equivalents (METS; SD = 15.53; R=3-77) per
week (see Table 1). Interpretation of GLTEQ) scores sug-
gested individuals living with osteoporosis were less active
compared to normatve values (1.e., M METS = 45.80:
Godin & Shephard, 1985) but similar to adults living with
muluple sclerosis (M METS = 26.50; Motl & McAuley,
2009). On average, this sample reported high EWB (M
SVS = 5.08; SD = 1.26) in LTPA contexts with perceived
psychological needs fulfillment, on average, above the
midpoint of the scale (see Table 1).

Bivariate correlations (see Table 1) indicated a pat-
tern of weak-to-moderate positive relationships between
study variables, except for the perceived autonomy-LTPA
and perceived relatedness-L.TPA correlations that approxi-
mated zero. Results of the bootstrapping procedure (see
Table 2) revealed that fulfillment of the three psychologi-
cal needs {H’*’_“h. = 0.37; point estimate = 0.0097; BCa CI =
0.0030 to 0.0171) mediated the LTPA-EWB relationship.
Interpretation of the specific indirect effects indicated
that perceived competence was the only significant con-
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tributor to the model (point estimate = 0.0093; BCa CI
= (0.0049-0.0153). The pairwise contrasts corroborated
this finding and indicated the specific effect of perceived
competence was larger than that through autonomy
(BCa CI = .0038-.0155) or relatedness (BCa 95%CI =
0047-.0155). The magnitude of the effects of perceived
autonomy and relatedness on the LTPA-EWB relationship
was comparable (BCa CI = -.0040-.0035).

Discussion

We used BPNT (Deci & Ryan, 2002) as a framework to
identify potential mechanisms through which LTPA may
promote feelings of EWB in a sample of individuals living
with osteoporosis. Consistent with Deci and Ryan’s (2002)
assertions and analytic interpretations (Preacher & Hayes,
2008), three psychological needs mediated the LTPA-EWB
relationship. Specific to LTPA contexts for individuals with
osteoporosis, feelings of effectance and skill mastery defin-
ing perceived competence had the strongest effect in the
model. The emergence of perceived competence as the
dominant psychological need associated with well being
outcomes is aligned with other BPNT (Deci & Ryan, 2002)
research in exercise setungs (Wilson et al., 2008). Expen-
ences of close and secure bonding (i.e., relatedness) and
volitional self-direction (i.e., autonomy) were less potent
than perceptions of competence. Although the effect is
small (Cohen, 1992), it is possible that perceived relat-
edness or autonomy suppressed a portion of this effect
(Preacher & Hayes, 2008), as the degree to which media-
tors are correlated can attenuate specific indirect effects.

Deci and Ryan (2002) suggested that fulfilling the
psychological needs for competence, autonomy, and re-
latedness were associated with greater well being. Results
from the present investigation are consistent with BPNT

Table 2. Bootstrapped indirect effects of leisure-time
physical activity on contextual subjective vitality through
mediators

Variable Point estimate =~ BCa Cl 2
Total 0097 .0030-.0171  .37°
Perceived competence .0093 .0049-.0153
Perceived autonomy .0002 -.0040-.0036
Perceived relatedness .0002 -.0005-.0027
C1 0092 .0038-.0155
C2 0091 .0047-.0155
C3 -.0001 -.0040-.0035

Note. k = 5,000; BCa CI = bias corrected and accelerated
confidence intervals; C1 = contrast between competence and
autonomy; C2 = contrast between competence and related-
ness; C3 = contrast between autonomy and relatedness.

*p < .001.
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(Deci & Ryan, 2002) and further substantiate the role of
perceived competence in the LTPA-EWB relationship
among relatively inactive individuals who have osteopo-
rosis. Future research may include (a) participants who
engage in greater LTPA or (b) other health conditions
to examine whether individual psychological needs play
a more or less salient role in promoting and maintaining
well being, depending on functional significance of the
context (e.g., LTPA). Further, as variation in psychological
need fulfillment outcomes has been demonstrated across
time (e.g., Edmunds et al., 2007), the dynamic nature of
need fulfillment is ripe for further inquiry to advance
our understanding of how different LTPA experiences
influence EWB.

While the results of this study hold theoretical and
practical appeal, there were limitations. The use of pur-
posive sampling procedures limited the data’s external
validity. Sampling methods that offer greater confidence
in the generalizability of study findings and increased
representation of men with osteoporosis are important
avenues for future research. The cross-sectional study
design limited the conclusions derived from the multiple
mediation analysis (Preacher & Hayes, 2008). Future re-
search would do well to conduct studies using multiwave
designs for greater insight into the causal role of basic
psychological needs in relation to well being. Finally,
the present investigation relied exclusively on self-report
methods, which are susceptible to response bias and dis-
tortion (Campbell & Fiske, 1959).

Based on the study evidence, intervention programs
that seek to improve the well being of people living with
Osteoporosis may use programming applications that give
people the opportunity to feel effective (i.e., competence).
The role afforded to perceptions of autonomy and relat-
edness in promoting well being in LTPA contexts in indi-
viduals with osteoporosis warrants additional attention, as
thwarting any of these psychological needs may resultin ill
as opposed to well being outcomes (Deci & Ryan, 2002).
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