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Abstract
Background Various education interventions were developed for preventing or managing OP, but the effects of those interven-
tions on older adults were inconclusive.
Purpose This study evaluated the effectiveness of educational interventions in preventing osteoporosis in older adults. A
literature search was performed inMEDLINE (PubMed), Cochrane Library, and CBM (China BioMed Database) from the initial
date of each database to Oct 2016.
Data Extraction Two investigators independently extracted essential data from qualified studies concerning the settings, popu-
lation, interventions, follow-ups, and outcomes of interest, namely effects of bone mineral density tests, changes in behavior,
knowledge increase, self-efficacy, medication adherence (calcium and vitamin D), and quality of life, respectively.
Data Synthesis A total of 17 studies met the inclusion criteria and therefore were included in the current study. The overall quality
of the included studies was moderate. We were unable to carry out a meta-analysis due to the heterogeneity of these studies. We
fond that compared with control groups, patients’ knowledge of osteoporosis increased significantly (p < .05) through all five
interventions, which included PowerPoint presentations and discussion, class-based educational programs, osteoporosis self-
management courses, revised health belief model and classes, computerized support programs and brush-up courses.
Limitation Studies included in the present study were all conducted in Western countries and only descriptive methods were
applied in synthesis due to heterogeneity in interventions and outcomes.
Conclusion Education interventions were effective in preventing osteoporosis in older adults. Future research should focus on
approaching this issue quantitatively (i.e., through meta-analysis).
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Introduction

Osteoporosis (OP) is a disease caused by multiple factors,
including age, endocrine imbalance, nutrition, and genetic
factors. Studies have demonstrated that a vast majority of pa-
tients remain undiagnosed and untreated because due to a lack
of OP-related knowledge. They are not aware of the benefits
of prevention and lack in motivation and ability to engage in
OP prevention. There’s also inadequate social support and
access to care for patients, and for immigrants especially, lan-
guage has often been a barrier [1–4]. .Moreover, some dis-
eases can be a risk factor for OP, such as sickle cell disease,
lupus erythematosus, hypertension, and colon cancer, which
can increase susceptibility to the OP by influencing the endo-
crine [5]. Medications such as corticosteroids, thyroid hor-
mone, anticonvulsants, diuretics, and antacids containing alu-
minum may contribute to bone loss and make people more
susceptible to secondary osteoporosis [6]. Studies showed that
education for patients could increase their awareness of OP
and improve adherence to preventive behaviors [7]. In an ef-
fort to address the importance of patients education, many
studies adopted an experiment design to assess the effective-
ness of various educational programs for OP patients and
those who had a high risk of OP in preventing OP develop-
ment and occurance. However, so far the results have been
mixed. Nine studies found relatively large intervention effects
[6–14], and two observed modest outcomes [15, 16], whereas
two studies found no effect at all [17, 18]. Therefore, in the
present study, we conducted a systematic review to determine
the most effective strategies for OP prevention.

We found two review studies that previously assessed OP-
related fractures [19], both of which focused on fracture rates,
yet from different perspectives: One explored practice patterns
in the diagnosis and treatment of OP after a fragility fracture,
whereas the other examined a lifestyle intervention to prevent
OP fractures. Kastner (2008) reviewed clinical decision sup-
port tools for OP disease management by examining random-
ized controlled trials (RCTs), regardless of publication lan-
guage, from 1966 to July 2016 that investigated disease man-
agement interventions for patients at risk of OP [20]. A sys-
tematic review conducted in 2011 (Laliberté MC et al)
assessed the effectiveness of interventions designed in im-
proving the detection and treatment of OP for practitioners
and researchers to select in primary care settings, particularly
regarding the incidence of BMD testing and OP treatment
initiation and fractures in patients at risk and high risk for
whom OP screening or treatment is indicated based on
Canadian and American guidelines [21].

Compared with Laliberté and Perreault (2001) [21] and
Kastner et al. (2018) [22], the current systematic review cov-
ered a broader range of patients by including not only studies
investigating diagnosed patients, but also studies looking at

people who were at risk of OP or had a related fracture. Also,
we added to previous studies by reviewing education interven-
tions realized through different types of approaches (i.e.,
PowerPoint, RHBM, telephone counseling, OP self-manage-
ment, mailed materials, etc). Furthermore, we examined a va-
riety of outcome variables, including self-efficacy, changes in
behavior, medication adherence, and quality of life, none of
which were included in the two studies mentioned above.
Lastly, instead of focusing on OP patients in general, the cur-
rent study only concentrated on older adults.

The purpose of this study was to evaluate the effectiveness
of educational interventions in preventing OP in older adults.
Specifically, the study sought to identify the most effective
educational program for practitioners and researchers to adopt
in order to (a) improve the accuracy of BMD tests, (b) change
patients’ health-related behaviors, (c) increase patients’
knowledge and self-efficacy, (d) improve patients’ adherence
to medication (calcium and vitamin D intake), and (e) improve
the quality of life among older adults with OP.

Methods

Databases for literature search

We did a thorough literature search in the following databases:
MEDLINE-(PubMed), Cochrane Library, and CBM.

Search strategy

To select search terms, we performed a preliminary search in
the aforementioned databases using various combinations of
terms and their synonyms. We also reviewed medical subject
heading terms to cover a wider range of literature. In
MEDLINE, we searched for headlines containing both “oste-
oporosis” and “education” between 1987 and Oct. 2016. The
same combination of keywords was also used in Cochrane
Library’s Cochrane Center Register of Controlled Trials. The
RCTs filter search strategy was used to further select studies
that met the inclusion criteria. Same strategies were applied
when we searched in the CBM database.

Inclusion criteria

The educational interventions were defined as interventions,
regardless of form, designed to improve knowledge and
awareness of older adults with OP the treatment and preven-
tion of the disease. Studies were included if they were RCTs
assessing educational interventions for older adults at risk of
OP, with a confirmed diagnosis of OP, or with an existing or
previous fragility fracture. Interventions could be carried out
in any form (e.g., telephone-based education, mailed

626 Osteoporos Int (2020) 31:625–635



education materials, group-based education). All identified
papers were screened by two investigators independently.
For each publication, the investigators first reviewed the title
and the abstract, and then indicated using a standardized
form if it met the inclusion/exclusion criteria. Each investi-
gator came up with a list of papers to be included in the
current study, and disagreements were resolved through dis-
cussion and consensus. The third investigator was brought in
when necessary.

Data extraction and quality assessment

The data extraction was performed by two independent inves-
tigators using a standardized data extraction form. Study set-
ting (i.e., location and enrollment dates), study design (i.e.,
method of randomization, allocation concealment, and
blinding), population characteristics (i.e., inclusion and exclu-
sion criteria, sample size, number of patients assessed for el-
igibility and whomet the inclusion criteria), interventions (i.e.,
components, format, aspect of OP disease management eval-
uated, and expected outcomes), outcomes, results, and other
information (i.e., duration of follow-up, intention-to-treat
analysis, withdrawal, and reasons for dropout) were extracted.
Trial quality was summarized based on the risk of bias tools
from the Cochrane Handbook. Each trial included was inde-
pendently assessed for risk of bias (i.e., yes, no, or unclear) by
two investigators. Any discrepancy was solved by consulting
with a third investigator.

Data synthesis and analysis

Analyses were stratified according to the outcome variables of
the studies included in the current study. Possible methodo-
logical heterogeneity of the selected studies were evaluated
based on study quality, participants, interventions, and out-
come variables. We concluded that the heterogeneity of the
selected studies was too high to conduct a quantitative analy-
sis, and thus a descriptive method was adopted.

Results

We identified 218 potentially relevant publications, and after
further screening for relevance, we ended up with 141 items
for further analysis (Fig. 1), indicating that a total of 17 reports
met the inclusion criteria and therefore were included in the
systematic review [6–18, 23–25]. Studies were excluded for
failing to meet the inclusion criteria (i.e., RCT, educational
intervention, older adults, and confirmed diagnosis of OP or
fragility fracture) after either the titles and abstracts (113 stud-
ies) or the full text (11 studies) was examined Fig 2. All 17
studies that were eventually selected were published in
English (see Tables 1 and 2 for the characteristics of these

studies). The kappa agreement is 0.81 between the two inves-
tigators responsible for study screening.

Study quality

Overall, the quality of the selected studies was moderate.
Table 1 provided an overview of the methods adopted in these
studies. All studies were RCTs. Three of them adopted allo-
cation concealment [7, 15, 23]. Only four studies were blinded
[10, 12, 14, 23]. Data integrity was reported explicitly in all 17
trials, while only four studies reported selective results [11, 12,
16, 23].

Setting

Out of the 17 studies, two incorporated inpatients as partici-
pants [17, 26], two included outpatients [10, 24], one featured
both [23], and five included community residents [9–11, 14,
25]. Regarding setting, 14 studies were conducted in the
United States [6, 7, 10–25], two in Europe [8, 23], and one
in Australia [9].

Participants

Overall, the inclusion and exclusion criteria in these stud-
ies varied greatly. Most studies focused primarily on older
adults, although some investigated postmenopausal wom-
en [11, 15, 16] and thus included a smaller proportion of
individuals aged 45 years or older. All other studies were in
accordance with the inclusion criterion for age (i.e.,
50 years old or older). The sample sizes ranged from 80
[25] to 1847 [17]. Participants in some studies had a con-
firmed diagnosis of OP [8, 10, 14, 16, 23, 24], whereas
other studies focused on individuals at risk of OP [6, 7,
18] or with a fracture [13, 17, 18, 24, 25]. Follow-up
ranged from less than or equal to 6 months (n = 8) [6, 7,
9, 10, 14, 23–25] through 6 months and 12 months (n = 5)
[11, 15, 17, 18, 20] to more than 12 months (n = 3) [8, 12,
13]. The follow-up period was unclear in one study [24].

Effects of BMD tests

Five studies reported that there was a statistically significant
difference in the BMD test between the education group and
the control group (e.g., individuals received printed education-
al materials or usual care) [10, 13, 14, 18, 23]. Another study
reported spinal and femoral BMD results [16], where partici-
pants completed a dual X-ray absorptiometry evaluation to
assess osteoporosis. Participants in the education group also
performed weight-bearing exercises, aerobic dancing, and
flexibility exercises, and intervention was found to have im-
proved spinal BMD (p = .031), but not femoral BMD
(p = .579) [16].
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Changes in behavior

There were three studies which reported changes in OP-
related preventive, health-directed, and diet behaviors. In three
study where different interventions (i.e., PowerPoint presen-
tation and discussion, OP self-management course, education
group plus BMD therapy) were adopted for participants with
high risk of OP and uninvolved in preventive therapy, a sig-
nificant difference in the behaviors mentioned above was
found between the PowerPoint health promotion education
group and the control group (p < .05) [7, 9, 11].

Another study (Qi BB et al., 2011) concluded that
Mandarin-speaking Asian adults exposed to the self-
efficacy-based OP preventive Educational (SEOPE) interven-
tion would exhibit improvement at 2 weeks post-intervention
with respect to (a) increased time spent exercising, and using
OP medications, (b) self-efficacy for exercise, and (c) out-
come expectations for exercise [7].

One study (Francis KL et al.,2009) reported that the OP
self-management course (OPSMC) attendance improved os-
teoporosis knowledge, self-efficacy, and self-management
skills/behaviors. During follow-up, compared with the control
group, the experiment group displayed significantly larger im-
provements in health-directed behaviors (mean difference =
0.16, p = 0.020], positive and active engagement in life [mean
difference = 0.14, p = 0.048], skill and technique acquisition
[mean difference = 0.22, p = 0.006] and social integration and
support [mean difference = 0.17, p = 0.033] [9].

Another study (Feldstein A et al., 2006) found that provid-
ing patient-specific post fracture advice to providers through

an EMR message significantly increased BMD measurement
accuracy and osteoporosis medication usage [10].

Knowledge increase

Out of the studies included, six measured outcome variables
related to increased OP-related knowledge. The knowledge
change was defined by Patients Viden om OSteoporose (i.e.,
PAVIOS), meaning “Patients’ knowledge of osteoporosis” [23].
PAVIOSwas measured using the Osteoporosis Knowledge
Test, which is a 24-item measure with a 4-point rating scale [6].

One study (Yuksel N et al., 2010) conducted in 15 commu-
nity pharmacies of Alberta, Canada did not find any difference
in OP knowledge between the experiment group where partic-
ipants received follow-up phone calls at the 2nd and the 8th
week asking them to return to the pharmacy at the 16th week
and the control group where participants received only printed
educational materials (p = .31) [14]. Other forms of education
programs, however, were found to be effective in improving
participants’OP-related knowledge, and these programs includ-
ed PowerPoint presentations and discussion for individuals at
high risk of OP [8], the revised health belief model (RHBM) for
those at risk of OP [6], computerized support programs and
brush-up courses [8], an OP prevention and self-management
course [9], and a class-based educational program [23].

Self-efficacy

Out of the three studies that assessed self-efficacy, all of
them discovered a significant difference between the

Cochrane library 78 PubMed 70 MEDLINE: 44 CMB: 26

Study selection based on unduplicated 

inclusion in four databases 

(n = 141)

Study selection based on titles and abstracts 

(n = 28)

Final study selection for systematic review 

(n = 17)

Excluded studies based on titles 

and abstracts 

(n = 113)

Excluded studies based on full 

text (not RCT or quasi-RCT, 

wrong population or 

intervention)

Fig. 1 Study flowchart
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experiment and the control group, although the interventions
adopted varied.

Babatunde et al. (2011) recruited individuals who were at
risk of OP, and assessed the effects of RHBM by comparing
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them with a waiting-list control group. They found that
RHBM significantly improved self-efficacy in the experiment
group (p < .001) [6]. Solomon et al. (2006), on the other hand,
applied a mailed education intervention in the experiment
group, and found that compared to the control group receiving
only usual care, participants with a prior fracture in the had
significantly higher self-efficacy (p = .03) [25]. Gardner et al.
(2005) found that a discussion education brochure on fall pre-
vention was also able to improve self-efficacy among partic-
ipants (p = .036) [26].

Medication adherence (calcium and vitamin D)

Six studies examined adherence to a calcium and vitamin D
regimen after education interventions [6, 11, 14, 15, 18, 23],
and found that at the end of a 6-week, theory-driven interven-
tion, compared to the control group, participants in the exper-
imental group displayed significant improvement in their cal-
cium intake (Wilks λ = 0.47, F1,108 = 122.97, P < .001, η2 =
0.53) [6]. It was also found that the EMR reminder led to
greater self-reported total calcium intake than usual care, al-
though the difference was small and not likely to be of clinical
significance. These data should be interpreted with caution
because although the results were statistically significant, they

likely were due in part to the decrease in the control group’s
reported intake. Total calcium intake increased from
1116.5 mg/d to 1311.4 mg/d in the EMR reminder group
(p = .02 when compared with the change in usual care) and
increased from 1221.5 mg/d to 1224.7 mg/d in the patient
reminder group (p = .05 when compared with the change in
usual care). Total reported calcium intake in the usual care
group decreased from 1308.6 mg/d to 851.2 mg/d [11].
Another study (Yuksel N et al., 2010) reported that compare
with the usual care group, calcium intake in the experiment
group significantly improved (p = .011), where participants
were reminded to return to the pharmacy at the 16th week
[14], whereas no such effects were found for vitamin D intake
(p = .66). Nurse education along with phone care follow-up
was found helpful in improving self- reported calcium intake
in this cohort of older postmenopausal women. At the 12th
month follow-up, women in the nurse care group were signif-
icantly more likely to report that they had increased calcium
intake via supplements and/or calcium-rich foods compared
with the usual care group(nurse education group (n =
147),usual care group (n = 140),The number of patients in
the two groups who increased their daily calcium intake was
86 (58.5%) and 55 (39.3%), respectively) [15]. However, no
effect was found with a combination of personalized

Table 1 Risk of Bias in Included Studies

Study Random Allocation Concealment Blinded Data Integrity Selective Results Other Bias

Babatunde et al. [6] Yes No No Yes Yes No

Qi et al. [7] Yes Yes No Yes Yes Yes

Nielsen et al. [8] Yes No No Yes No No

Francis et al. [9] Yes No No Yes No No

Feldstein et al. [10] Yes No Yes Yes No No

Rolnick et al. [11] Yes No No Yes Yes No

Solomon et al. [12] Yes No Yes No No No

Solomon et al. [13] Yes No No Yes No No

Yuksel et al. [14] Yes No Yes Yes No No

Schousboe et al. [15] Yes Yes No Yes No No

Bravo et al. [16] Yes No No No No No

Shu et al. [17] Yes No No Yes Yes No

Ciaschini et al. [18] Yes No No Yes No No

Nielsen et al. [23] Yes No No Yes No No

Majumdar et al. [24] Yes Yes Yes Yes No No

Solomon et al. [25] Yes No No Yes No No

Gardner et al. [26] Yes No No No No No

Random: Selection bias (biased allocation to interventions) due to inadequate generation of a randomized sequence

Allocation Concealment: Selection bias (biased allocation to interventions) due to inadequate concealment of allocations prior to assignment

Blinded: Performance bias due to knowledge of the allocated interventions by participants and personnel during the study; detection bias due to
knowledge of the allocated interventions by outcome assessors

Data Integrity: Reporting bias due to selective outcome reporting

Selective Results: Reporting bias due to selective outcome reporting

Other Bias: Bias due to other problems
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counseling and educational materials on medication adher-
ence among people at risk of future fracture (p = .48) [18].
One study (Majumdar SR et al., 2008) examined the effective-
ness of a multifaceted intervention and found that intervened
participants reported greater use of calcium (p = .04) and vita-
min D (p = .06), although at the same time they were some-
what more likely to report acid peptic disease (p = .06), oste-
oarthritis (p = .03) and current smoking (p = .06) [24].

Quality of life

In all studies, the purpose of education interventions was to
improve the quality of life. However, only two studies
(Majumdar SR et al., 2008) (Ciaschini PM et al., 2010) mea-
sured this variable. Interventions in both studies consisted of a
combination of personalized counseling and educational ma-
terials compared to usual care [24] or follow-up phone calls at
2 and 8 weeks and a request to return to the pharmacy at
16 weeks compared to receiving printed educational materials
[18]. Results suggested that neither approach had a significant
effect on the quality of life relative to control groups (p > .05).

One study (Ciaschini PM et al., 2010) recruited
community-dwelling individuals who were over 54 years
old and at risk of osteoporosis-related fractures. The quality
of life, measured using the OPTQoL questionnaire (osteopo-
rosis-targeted quality of life questionnaire), remained similar
within the immediate intervention protocol(i.e., IIP)group
(p = .58) and delayed intervention protocol (i.e., DIP) group
(p = .26) over the course of the study [18].

In another study (Majumdar SR et al., 2008) conducted in
Edmonton, Alberta, Canada, participants were 50 years old
with the experienced of a wrist fracture and visited the emer-
gency department and fracture clinics. The quality of life was
measured by the 22-itemOsteoporosis-Related Quality of Life
instrument. Overall, there was no significant difference be-
tween the experiment and the control groups in self-reported
outcome variables such as health status, upper extremity dis-
ability, and osteoporosis-related quality of life or knowledge
[24].

Discussion

Limitations

The quality of the studies in the current systematic review was
moderate. All studies were RCTs, with clear data integrity,
with seven studies adopting a blinded [10, 12, 14, 23] or
allocation concealment [7, 15, 23] design. Selective reporting
and other biases were rarely reported. Sample sizes varied
greatly across samples, so did the type of interventions and
the duration of follow-up.

Substantial heterogeneity existed among the identified tri-
als in terms of participant characteristics, settings, the amount
and duration of the intervention and control comparators,
methods of intervention delivery, and the timing of outcome
measures. Therefore, we failed to carry out a meta-analysis
with effect sizes reported, and instead had to turn to systematic
review in order to determine the effectiveness of various edu-
cation interventions under various conditions.

Most studies selected were conducted in North America
and Europe, and thus this systematic review may be suscepti-
ble to publication bias.

Despite the limitations mentioned above, we believe this
review provides a relatively concise and informative summary
of the effectiveness of education interventions designed to
improve various aspects of the life quality among older adults
with OP. We concluded in real-world practice, several
interventions(i.e.,PowerPoint presentations and discussion,
class-based educational programs, osteoporosis self-
management courses, revised health belief model and classes,
computerized support programs and brush-up courses) were
beneficial or at least promising. Results showed that certain
interventions(i.e., PowerPoint presentation and discussion,
OP self-management course, education group plus BMD ther-
apy) had significantly improved OP-related health behaviors
and self-efficacy.

We found that interventions that had a positive effect on
BMD for patients with OP or at risk of fractures were: (1)
electronic medical records combined with an educational let-
ter and follow-up phone calls, (2) one-on-one educational
visits with primary care physicians along with lectures, and
(3) weight-bearing exercises, aerobic dancing, and flexibility
exercises.Moreover, knowledge about OP among older adults
could be strengthened through both PowerPoint presentations
and discussion and class-based educational programs.
Medication adherence (calcium and vitamin D) could be en-
hanced through RHBM and counseling sessions via telephone
for individuals with or at risk of OP.

The effectiveness of interventions also differed across pop-
ulations. For patients in care organizations, the most effective
intervention was patient-specific post-fracture advice received
by providers through EMR messages, which we found signif-
icantly raised BMD measurement accuracy and osteoporosis
medication intake, which lasted for as long as 6 months.

As to community residents, the most effective intervention
turned out to be a multi-faceted community-based interven-
tion directing towards primary care physicians and patients,
consisting of facilitated bone mineral density testing, patient
education, and patient-specific recommendations for osteopo-
rosis treatment. The intervention lasted for 12 months.

When participants were inpatients, we found that the
most effective intervention was a multifaceted one consisting
of 3 components: (1) a brief counseling session to intervene
patients by telephone, (2) a patient-specific reminder sent by

Osteoporos Int (2020) 31:625–635 633



fax or mail to the physicians of the patients being inter-
vened, and (3) evidence-based treatment guidelines sent to
these physicians. The interventions which lasted for
6 months.

The current systematic review focused on RCT method,
which is the least likely to generate biased estimates.
Through a comprehensive literature search, we were able to
identify relevant systematic reviews and trials involving edu-
cation interventions for older adults with OP. In order to re-
duce potential biases, two investigators evaluated each study
independently using a standardized form before a decision to
include/exclude a study was made.

A previous systematic review by Laliberté and Perreault
(2001) [21] centered on the effectiveness of interventions to
improve the detection and treatment of OP in primary care
settings. The study assessed patients at risk (i.e., women
≥65 years old, men ≥70 years old, and men or women
≥50 years old with at least one major risk factor for OP) or
with high risk (i.e., men or women using oral glucocorticoids
or with previous fragility fractures) of OP and fractures.
Therefore, compared with Laliberté and Perreault (2001), the
current systematic review included a broader range of patients
(i.e., those diagnosed with OP, at risk of OP, or with a related
fracture). Also, Laliberté and Perreault (2001) largely focused
onmailedmaterials sent to subjects, whereas our study includ-
ed education interventions realized through a variety of ap-
proaches (e.g., PowerPoint, RHBM, telephone counseling,
OP self-management, and mailed materials) [21]. In terms of
outcome variables, Laliberté and Perreault (2001) only exam-
ined the effectiveness of BMD testing and fractures, while in
the present review, we also looked at self-efficacy, knowledge
increase, changes in behavior, medication adherence, and
quality of life.

Most of the feasibility studies failed to test all proposed
hypotheses due to small sample sizes, short duration, and in-
sufficient power, and thus some of the results of these studies
should be interpreted with caution. In some studies, partici-
pants had already been quite knowledgeable about OP to be-
gin with, which may account for the minimal knowledge
change after the education interventions [11]. Future research
is needed to consider the long-term impact of these changes in
order to evaluate the long-range benefits of improved bone
health and fracture reduction, so that the reliability and valid-
ity could be established of various measures in a more hetero-
geneous sample.

Conclusion

Education via mailed materials and in-person discussion ses-
sions could reduce the risk of osteoporosis among patients
with a current fragility fracture or at risk of a second fracture.
Interventions such as a combination of education group and

BMD tests or OP brochures combining one-on-one education
could change patients’ diets and exercise behaviors. An inter-
vention containing class-based educational programs and OP
self-management courses could increase OP-related knowl-
edge. Future research should search for studies with larger
sample sizes, more structured education interventions and oth-
er relevant outcome variables in order to add more solid evi-
dence to this area of research.
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