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Abstract
Summary  In this systematic review, the effects of osteoporosis patient education were examined. All studies found an effect 
on physical function, but for the other themes, the results were inconclusive. The findings indicate a need for further research 
in this topic.
Introduction  Osteoporosis is a chronic disease with serious consequences for the individual and major societal costs. With 
the aim of fracture prevention, many countries offer osteoporosis patient education. The objectives were to examine the 
effects and mediators of osteoporosis patient education and describe the characteristics of studies with and without an effect. 
Though, none of the included studies reported mediators, and therefore, we could not examine that.
Methods  Six databases were searched in October 2020. Two researchers independently conducted title and abstract screen-
ing as well as full-text review. Records were included if participants had osteoporosis, and the patient education was group-
based, face-to-face, and addressed two or more aspects, e.g., diet, medication, and exercise. The Cochrane Collaboration 
tools were used for risk of bias assessment. Finally, data were extracted into a standardized form and presented narratively.
Results  In total, 2934 records were identified, and 13 studies met the inclusion criteria. All six studies examining the effects 
of patient education on physical function demonstrated improvements. In addition, one out of two RCT studies and one 
non-randomized study reported improved psychological wellbeing. Just one out of five RCT studies showed improvements 
regarding physical discomfort and disability. Effects on health-related quality of life, adherence and persistence, and knowl-
edge of osteoporosis were inconclusive.
Conclusion  There is limited evidence for the effectiveness of osteoporosis patient education. There is a need for high-quality 
randomized controlled trials, which should describe the characteristics of the interventions and examine the mechanisms of 
osteoporosis patient education.
PROSPERO registration number  CRD42020211930

Keywords  Bone health education · Group education · Osteoporosis · Osteoporotic fracture · Patient education

Introduction

Osteoporosis is a chronic disease that causes reduced density 
and quality of the bones and thereby increases the risk of 
fractures. It is estimated that 27.6 million people in Europe 
have osteoporosis [1]. The disease and the related fractures 
have high societal costs (€37.4 billion in Europe) [1] as well 

as individual consequences, such as decrease in quality of 
life [2], change in self-image, and dependency on others [3].

Osteoporosis is normally treated by ensuring sufficient 
levels of calcium and vitamin D in the diet, preventing 
immobilization by staying physically active, and initiating 
pharmacological treatment [4, 5]. Therefore, patients with 
osteoporosis may benefit from patient education covering 
these themes. The aim of osteoporosis patient education is to 
increase participants’ understanding, skills, and confidence 
[4] as well as medication compliance and persistence [4, 6], 
and thereby prevent fractures. During osteoporosis patient 
education, the participants should get training and informa-
tion, but patient education should not just provide informa-
tion, it should also enable behavioral change if participants 
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have the opportunity to interact with health professionals 
and gain social and psychological support from a group of 
participants [4, 6].

Many countries worldwide offer osteoporosis patient 
education, for instance Canada [7], Australia [8, 9], the 
USA [10, 11], and Denmark [12]. Typically, these pro-
grams include information about osteoporosis and fracture 
prevention [7, 8, 10–12], including advise on diet [9–12], 
medication [7, 9, 10, 12], and pain [9, 12] as well as physical 
exercise [12]. These programs are group-based and delivered 
face-to-face [7, 8, 10–12] for instance 2 h once a week for 
4 weeks [9].

A previous systematic review by Jensen et al. [13] investi-
gated the effectiveness of osteoporosis patient education and 
found that patient education can increase the participants’ 
health-related quality of life, physical activity, psychosocial 
functioning, and adherence to pharmacological and non-
pharmacological treatment [13]. However, other systematic 
reviews have reported inconsistent findings [14–17]. Besides 
that, research on this topic is sparce [6], which is also indi-
cated by the low number of studies identified in previous 
systematic reviews, for instance 7 [15] and 13 studies [14].

Prior systematic reviews are limited to assess the effects 
of osteoporosis patient education [13–15, 18, 19], and have 
not evaluated the mediators though which the effects occur. 
Though, to understand the effects of patient education, it 
is crucial to examine the processes [20]. Furthermore, the 
reviews have focused on predefined outcomes [14–17, 19], 
but to examine the full potential of osteoporosis patient edu-
cation, it is essential to look at all possible outcomes and 
not limit the search to specific outcomes. Finally, to fully 
understand effective patient education interventions, it is 
important to describe the characteristics of the studies so 
that comparisons between studies and implementation of 
effective interventions can be made.

To update and advance knowledge based on the existing 
evidence, we conducted a systematic review focused on two 
objectives: (1) to extract and synthesize all reported quan-
titative data regarding the effects and mediators of patient 
education for patients with osteoporosis and (2) to describe 
the characteristics of studies with and without an effect. 
Though, none of the included studies examined mediators, 
and therefore, we were unable to complete that goal.

Methods

The systematic review was registered in PROSPERO prior to 
the formal screening of search results (registration number 
CRD42020211930). The reporting was guided by the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) [21].

Inclusion criteria

The search was guided by the following research ques-
tion: What are the effects and mediators of osteoporosis 
patient education? The inclusion criteria were defined by 
the PICO tool, which outlines the Population, Intervention, 
Comparison, and Outcome [22]:

– Population: Patients with osteoporosis (clinically diag-
nosed or self-reported) or patients with a bone mineral
density (BMD) T-score of ≤  − 2.5 or a fragility fracture
of the columna or hip. More than half of the partici-
pants had to meet this criterion.

– Intervention: Programs that address a variety of aspects
(two or more), e.g., knowledge of osteoporosis, diet,
medication, pain, fracture prevention, and exercise. In
addition, classes should be group-based (three partici-
pants or more) and be conducted face-to-face.

– Comparisons: No intervention, treatment as usual, or
another modified intervention.

– Outcome: All potential outcomes and mediators exam-
ined via mediation models.

Both randomized controlled trials, non-randomized 
studies, and observational studies were included. To be 
able to better compare results, qualitative studies were 
excluded.

Literature search

The search strategy was planned in close collaboration 
with a research librarian from the University of South-
ern Denmark. The following databases were searched: 
Embase, CINAHL, Web of Science, Cochrane Library, 
Educational Resources Information Center (ERIC), and 
National Rehabilitation Information Center (REHAB-
DATA). Grey literature was searched in ProQuest Disser-
tations & Theses Global, Scopus (conference proceedings 
only), and on relevant institutions’ websites. Moreover, 
reference lists of included studies and other relevant stud-
ies, such as systematic reviews, were searched.

The following search terms were used in all databases: 
osteoporosis, osteoporotic fracture, patient education, 
group education, osteoporosis education, bone health edu-
cation, education intervention, patient teaching. The search 
was based on subject headings and free text searches (see 
Online Resource 1 for the search string in each database).

All databases were searched in October 2020. Records 
were included if they were written in English, Swedish, 
Norwegian, or Danish. In addition, we included records 
published from 1980 until the time of the search. All 
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published material was included, for instance letters, 
editorials, conference abstracts, dissertations, and book 
chapters.

Selection of studies

After running searches in all databases, the records were 
imported to EndNote and thereafter Covidence. In this pro-
cess, duplicates were removed.

Title and abstract screening was conducted by two 
researchers independently (a total of three researchers 
were involved). Disagreements were solved via consensus 
(Cohens’s Kappa for agreement: 0.49). Thereafter, full-text 
review was conducted by two researchers, also indepen-
dently (Cohens’s Kappa for agreement: 0.65).

For some records [9, 23, 24], it was not clear whether 
the studies fulfilled the inclusion criteria. In these cases, we 
wrote to the corresponding authors. If we did not receive a 
reply, we excluded the study.

Some records could not be accessed immediately and 
had to be ordered. If this material was not delivered within 
1 month, the records were excluded (an overview of the 
records is provided in Online Resource 2).

For some studies, a full-text article was not available, only 
a meeting abstract or conference abstract (23 records corre-
sponding to 18 studies). These were excluded after searching 
relevant databases, where we searched on the title as well as 
each of the involved authors.

Risk of bias assessment

The included studies underwent risk of bias assessment. 
The assessment was conducted by two researchers indepen-
dently (a total of three researchers were involved). Disagree-
ments were solved via consensus. To ensure consistency in 
the quality assessments, meetings were held on an ongoing 
basis, focusing on inter-rater reliability.

The Cochrane Collaboration tools for risk of bias assess-
ment were used. These were RoB 2.0 and RoB 2.0 CRT for 
randomized controlled trials and ROBINS-1 for non-rand-
omized studies of interventions [25, 26]. These tools focus 
on the studies’ internal validity. The results of the risk of 
bias assessment are shown in Fig. 1.

Three studies [27–29] were observational studies 
with no comparison groups. For these studies, the risk 
of bias was measured according to four domains, which 
we selected from RoB 2 and ROBINS-1 and modified as 
appropriate. The domains were “bias due to confounding,” 
“bias in selection of participants into the study,” “bias due 
to missing outcome data,” and “bias in measurement of the 
outcome.” All studies were assessed as being at high risk 
of bias, mainly due to a lack of control for confounding. 
Furthermore, the study by Harrison et al. reported a large 

dropout at the 4-year follow-up [27]. The study by Peel 
et al. lacked information about the selection of participants 
and dropout [28]. Finally, the study by Billington et al. 
included only posttest and no pretest [29].

Data extraction and synthesis

The data extraction was carried out by one researcher with 
supervision from another researcher.

We extracted the data using a standardized data extrac-
tion form. It included study design, participant charac-
teristics, description of intervention, mediators (Table 1), 
and results (Table 2 and Online Resource 3). The primary 
analysis was reported for all studies. If available, the dif-
ference between groups was reported and otherwise, the 
scores for each group were reported. Between-group com-
parisons were reported for all studies and in addition intra-
group comparisons were reported for the study by Grahn 
Kronhed et al. [30], as the control group received educa-
tional sessions in accordance with our inclusion criteria. 
Mediators were reported if a mediation model was used 
for examining mechanisms for the relationship between an 
independent variable and a dependent variable.

For five studies, data were extracted from two full-
text articles because they both contained important 
information.

For nine studies [27, 28, 31, 32, 34, 35, 37, 42, 44], the 
information for extraction could not be found in the arti-
cles, and therefore, the corresponding author was contacted 
if possible. In case of no reply or no email address (for six 
studies), this information is missing.

The extracted data were synthesized and presented nar-
ratively. If studies reporting on the same outcome showed 
different results, the characteristics of each study were exam-
ined to highlight what may be important for the effective-
ness of the intervention. In the synthesis, the risk of bias 
was taken into account, meaning that studies with low risk 
of bias were weighted higher than studies with high risk 
of bias. The studies with no comparison group were given 
minimal weight.

Results

In total, 2934 records were identified (Fig. 2). After 738 
duplicates were removed, 2196 records underwent title 
and abstract screening. In this process, 2060 records were 
excluded. The remaining 136 records were subject to full-
text review and thereby 117 records were excluded. After 
adding records from reference harvesting, a total of 22 
records were included, corresponding to 13 studies.
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Characteristics of studies and interventions

The 13 included studies were published between 1989 and 
2020. The studies were conducted in eight different coun-
tries: the USA (n = 4), Canada (n = 2), Turkey (n = 2), Italy 
(n = 1), Sweden (n = 1), Norway (n = 1), Denmark (n = 1), 

and the Netherlands (n = 1). The studies varied in size from 
20 to 448 participants. The time from baseline to follow-up 
varied from 4 weeks to 4 years.

The majority of the participants were women; four studies 
included both women and men where the percentage of men 
ranged from 5 to 13%. Ages varied from 62 to 81 years. Five 

Fig. 1   Risk of bias assessment 
using RoB 2.0 (a), RoB 2.0 
CRT (b), and ROBINS-1 (c). 
Note: The figures are made with 
the Risk-of-bias VISualization 
(robvis) [45]
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studies included participants with and without prior frac-
tures, and five studies included participants with vertebral 
fractures. For three studies, there was no information about 
prior fractures.

The content of the osteoporosis patient education inter-
vention varied widely. All interventions included educa-
tional sessions about, e.g., osteoporosis, nutrition, or medi-
cation. Moreover, seven interventions included exercises that 
varied from simple instructions practiced in groups [35] to 
supervised exercise programs including warm-up, weight-
bearing and/or aerobic exercises, and cooldown [32]. The 
size of the classes ranged from 4 to 25 persons, and the 
duration varied from two meetings of 2 h to three meetings 
a week for 6 months. A summary of the included studies is 
provided in Table 1.

The included studies reported on 25 different outcomes 
(Table  2 and Online Resource 3) categorized into six 
themes: health-related quality of life, adherence and persis-
tence, knowledge of osteoporosis, psychological wellbeing, 
physical function, and physical discomfort and disability, 
which are presented in the following. There was variation 
among the included studies concerning the scales and instru-
ments used for measuring the outcomes (Table 2 and Online 
Resource 3). Many studies used self-reported measures, 
e.g., for health-related quality of life, while other studies
used performance tests, e.g., for measuring mobility [32] 
or strength [37].

Health‑related quality of life

Seven studies [28, 30–32, 39, 42, 44] measured the effect of 
osteoporosis patient education on health-related quality of 
life. In four studies, it was the primary outcome.

Two RCT studies [31, 32] found a change in health-
related quality of life when comparing the intervention 
group with the control group. Bergland et al. found that 
the change in GHQ-20 total score was larger in the inter-
vention group compared to the control group at 3-month 
follow-up (effect size 0.4). At the 12-month follow-up, the 
difference was apparent for QUALEFFO-41 total score, 
QUALEFFO-41 mental function, QUALEFFO-41 physi-
cal function, and QUALEFFO-41 pain (effect size 0.3, 0.4, 
0.3, and 0.5, respectively) [32]. Alp et al. found a change 
in all domains of SF-36 when the intervention group was 
compared with the control group at 6-month follow-up [31].

Moreover, Peel et al. found in an observational study with 
no comparison group an increase in the mental component 
scale of SF-36 from baseline to follow-up. However, no 
change was found in the physical component scale [28].

Smulders et  al. found no time by group interac-
tion effect regarding QUALEFFO-41 total score [42]. 
Likewise, Tüzün et al. found no difference between the 
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QUALEFFO-41 scores of the intervention group and the 
control group at 1-year follow-up [44]. Grahn Kronhed 
et al. measured health-related quality of life with three 
instruments but found no difference when comparing the 
intervention group with the control group at the 10-week 
follow-up [30]. Also, the study by Kessenich et al. meas-
ured health-related quality of life with three instruments 
but found no differences in the change of scores between 
the two groups [39]; however, this is a non-randomized 
study assessed as being at serious risk of bias.

Characteristics of studies and summary of health‑related 
quality of life

The two RCT studies that did find an effect on health-related 
quality of life had relatively long follow-up periods on 12 
[32] and 6 months [31]. The four studies that did not find 
effects both had short and long follow-up periods, from 
8 weeks to 12 months.

The characteristics of the participants varied slightly, as 
the studies by Bergland et al. and Alp et al. only included 
female participants [31, 32]. Tüzün et al. and Kessenich 

Fig. 2   Flowchart for inclusion 
of records
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et al. also included female participants [39, 44], whereas 
Smulders et al. and Grahn Kronhed et al. included both 
female and male participants [30, 42].

In conclusion, two out of five RCT studies found an effect 
of osteoporosis patient education on health-related quality 
of life and there is no clear pattern of the characteristics in 
studies with or without an effect. One non-randomized study 
with a pretest and posttest did not find an effect on health-
related quality of life.

Adherence and persistence

A total of four studies [29, 34, 40, 44] examined the effect 
of osteoporosis patient education on adherence and persis-
tence regarding treatment. In two studies, it was the primary 
outcome.

In the study by Nielsen et al., the adherence rate was 
higher in the intervention group (92%) compared to the 
control group (80%) at 2-year follow-up [40]. Furthermore, 
Bianchi et al. found that the number of women starting vs. 
not starting therapy varied between groups. However, no 
difference between groups with regard to adherence and 
persistence was found [34]. Likewise, Tüzün et al. found no 
difference between the intervention group and the control 
group regarding treatment compliance and persistence [44].

The aim of the last study by Billington et  al. is not 
straightforward for this systematic review, and it is an obser-
vational study with no comparison group and no baseline 
measurements. However, it is mentioned that after the edu-
cational sessions, 27% of participants planned to initiate 
therapy, 46% planned to decline therapy, and 27% remained 
undecided [29].

Characteristics of studies and summary of adherence 
and persistence

Nielsen et al. is the only study showing an effect on adher-
ence and it had a longer follow-up period (2 years) than 
Bianchi et al. and Tüzün et al. (1 year). In the study by 
Nielsen et al., the intervention was more intensive, as the 
group education was mainly conducted within 4 weeks 
compared to the studies by Bianchi et al. and Tüzün et al., 
where the interventions were spread out on 1 year. Finally, 
the study by Nielsen et al. included both men and women 
[40], whereas the studies by Bianchi et al. and Tüzün et al. 
only included women [34, 44].

In sum, one RCT study found an effect on adherence, 
whereas two RCT studies did not find an effect on adher-
ence, persistence, or compliance. The study that found an 
effect had a better risk of bias assessment than the studies 
that did not.

Knowledge of osteoporosis

Three studies [31, 40, 44] measured the impact of a patient 
education intervention on the patients’ knowledge of osteo-
porosis. In one study it was the primary outcome.

Nielsen et al. found an improvement in the osteoporosis 
knowledge score when comparing the intervention group 
(2 points improvement) and the control group (0 points 
improvement) at 2-year follow-up [40]. In the study by 
Tüzün et al., there was no difference between the groups at 
1-year follow-up [44].

In the study by Alp et al., the impact of the intervention 
on knowledge of osteoporosis was not statistically tested. 
However, they reported that 92% of the participants in the 
intervention group understood the purpose and benefits of 
medications and dietary calcium intake compared to 30% in 
the control group [31].

Characteristics of studies and summary of knowledge 
of osteoporosis

The study by Nielsen et al. included both men and women, 
and the intervention was more intensive than the interven-
tion in the study by Tüzün et al. In the study by Tüzün et al., 
the control group was given a “starter training kit” with vari-
ous booklets [44], whereas in the study by Nielsen et al., the 
control group was asked to continue their usual activities 
[40].

In conclusion, one out of two RCT studies that reported a 
statistical test regarding knowledge of osteoporosis found a 
difference between groups. There were some differences in 
the characteristics of the two studies. The study that found 
an effect had the best risk of bias assessment.

Psychological wellbeing

Three studies [30, 35, 37] evaluated the effect of osteopo-
rosis patient education on psychological wellbeing. In two 
studies, it was the primary outcome.

The study by Gold et al. (2004) is a cross-over study and 
they found that after phase 1 the change score regarding psy-
chological symptoms was greater in the intervention group 
than in the control group. After phase 2, in which the control 
group participated in the exercise and coping classes, their 
psychological symptoms improved compared to their change 
during phase 1 [37]. Likewise, Gold et al. (1993) found a 
group by time interaction regarding overall psychological 
symptoms as well as differences in the somatization, obses-
sive\compulsive, and anxiety dimensions [35]. Though, this 
study is a non-randomized study assessed as being at moder-
ate risk of bias.

Self-esteem was also measured in the study by Gold et al. 
(1993) but group by time interactions were not found [35].
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Grahn Kronhed et al. measured sleep quality but found no 
differences between groups at follow-up. Furthermore, they 
examined how participants coped with their illness but no 
differences between the groups were found at follow-up [30].

Stress symptoms were examined in two studies. Gold 
et al. (1993) found a group by time interaction effect [35]. 
However, Grahn Kronhed et al. did not find any between-
group difference in perceived present stress at follow-up 
[30].

Characteristics of studies and summary of psychological 
wellbeing

The two studies examining stress symptoms varied in size 
(20 [30] and 103 [35] persons). Also, the study by Gold et al. 
(1993) included smaller groups (four persons or fewer) than 
the study by Grahn Kronhed et al. (10–18 persons). Further-
more, the length of the programs varied from 4 days [35] to 
10 weeks [30] as well as the content.

In sum, one out of two RCT studies found an effect on 
psychological wellbeing. The study that did find an effect 
has a better risk of bias assessment than the study that did 
not. Moreover, one non-randomized study with a pretest and 
posttest found an effect on psychological wellbeing.

Physical function

Six studies [27, 28, 31, 32, 37, 42] measured the effect of 
patient education on physical function. In four studies, some 
aspects of physical function were defined as the primary 
outcome.

All six studies found an effect of patient education on one 
or more aspects of physical function. One study showed a 
better result in terms of mobility in the intervention group 
compared to the control group at both the 3- and 12-month 
follow-ups when measuring “Maximum Walking Speed” 
(effect size 0.5 and 0.4, respectively) and “Timed Up and 
Go” (effect size 0.2 and 0.3, respectively) [32] and fear of 
falling [33]. Smulders et al. examined fall rate, which was 
lower for the intervention group than the control group dur-
ing 1-year follow-up (fall IRR 0.61) [42].

Three studies examined balance or balance confidence. 
Bergland et al. found a difference between the intervention 
group and the control group regarding balance measured 
by “Functional Reach” at 3-month follow-up (effect size 
0.6) [32]. Alp et al. measured balance using the Sensitized 
Romberg Test and found a difference between groups at 
6-month follow-up [31]. Smulders et al. measured balance 
confidence using the short version of the ABC Scale and 
found a time by group interaction effect [42].

Smulders et al. also examined activity level measured by 
a pedometer and the LASA Physical Activity Questionnaire 
but found no time by group interaction effects [42].

Gold et al. (2004) evaluated trunk extension strength with 
a standard protocol for the exercise equipment B-200 Isosta-
tion and found a difference in change between groups after 
phase 1 (difference in foot pounds 10.68). After phase 2, 
the control group improved their trunk extension strength 
relative to their change in phase 1 [37].

Alp et al. tested functional status by “Timed Sit to Stand” 
and found a difference in mean percent changes between 
groups at 6-month follow-up (− 29.9 and 7.8 for the inter-
vention group and the control group, respectively). Finally, 
Alp et al. measured new falls, plans for preventing trauma, 
and physical activity with a simple questionnaire but no sta-
tistical test was carried out.

The studies by Peel et al. and Harrison et al. were obser-
vational studies with no comparison group. Harrison et al. 
found a difference from baseline to the 4-year follow-up 
on fitness measured by an exercise tolerance test [27]. Peel 
et al. found a change from baseline to the 4-week follow-
up regarding isometric strength, balance, height, maximum 
height, and overhead arm reach [28].

Characteristics of studies and summary of physical function

The four RCT studies that show an effect on physical func-
tion varied in size from 50 to 185 participants. The mean 
age varied from 66 to 81 years. The length of the programs 
varied from 5 weeks to 6 months with varying content; how-
ever, all studies except Alp et al. included both educational 
and exercise sessions, which were supervised [31, 32, 37, 
42]. The study by Alp et al. was judged to be at higher risk 
of bias than the other three studies.

In conclusion, all six studies, which included four RCT 
studies, found an effect of osteoporosis patient education on 
physical function.

Physical discomfort and disability

Six studies [27, 30, 31, 37, 42, 44] examined some aspect 
of physical discomfort and disability. In two studies, it was 
defined as the primary outcome.

Tüzün et al. did not find a difference between the inter-
vention group and the control group regarding vertebral or 
non-vertebral fractures at 1-year follow-up [44].

Smulders et al. measured BMD at the hips and lower back 
but did not find a time by group interaction effect after 1 year 
[42].

At 6-month follow-up, Alp et al. found a difference in 
mean change scores of pain intensity (0–10) when com-
paring the two groups (− 3.4 and 1.6 for the intervention 
group and the control group, respectively) [31]. Though, 
Grahn Kronhed et al. did not find a difference either between 
groups or within groups regarding median values for present 
pain, pain in the past week, or worst pain [30]. Likewise, 
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Gold et al. (2004) did not find a difference in change scores 
of pain with activities when comparing the intervention 
group and the control group after phase 1 [37].

The observational study with no comparison group by 
Harrison et al. examined bone mass, fractures, and back 
pain. They found an increase in bone mass from baseline to 
follow-up but no change regarding fractures and back pain 
[27].

Characteristics of studies and summary of physical 
discomfort and disability

The study by Alp et al. differs, as it included participants 
with and without prior fracture, whereas the studies by 
Grahn Kronhed et al. and Gold et al. (2004) included par-
ticipants with vertebral fractures. The mean age in the study 
by Alp et al. was 66, whereas it was 72 [30] and 81 [37] in 
the two other studies. Furthermore, the study by Alp et al. 
consisted of educational sessions, whereas the two other 
studies comprised both educational and exercise sessions. 
The intervention in the study by Alp et al. was shorter and 
the control group was told to maintain their current lifestyle 
[31] while the control group in the two other studies partici-
pated in some kind of information sessions [30, 37].

In sum, one out of five RCT studies found an effect on 
some aspect of physical discomfort and disability. This study 
was judged to be at high risk of bias.

Discussion

This systematic review examined the effects of osteoporosis 
patient education though it was also our intention to examine 
mediators. All studies examining physical function found 
an effect. For the other themes (health-related quality of 
life, adherence and persistence, knowledge of osteoporosis, 
psychological wellbeing, and physical discomfort and dis-
ability), the results were inconclusive. However, there was a 
tendency of improved psychological wellbeing. On the other 
hand, there seems to be no effect on physical discomfort and 
disability.

Regarding the characteristics of the studies with or 
without an effect, it is difficult to draw conclusions due to 
the small number of studies and poor risk of bias assess-
ments. The characteristics of the studies examining phys-
ical function vary greatly except that three out of four 
RCT studies conducted interventions with a combination 
of educational and exercise sessions. In these cases, the 
exercise sessions were supervised by a physical therapist 
[32, 37] or physical and occupational therapists [42]. It 
seems reasonable that the intervention should include 
supervised exercise sessions to improve physical function. 
The two observational studies [27, 28] used interventions 

with supervised exercise sessions as well. In the study by 
Harrison et al., half of the participants chose to make the 
exercises at home after 1 to 2 months. This study found 
no differences regarding fitness between those joining 
supervised exercise sessions and those making exercises 
at home [27]; this may be because all participants began 
with supervised classes and thereby learned how to per-
form the exercises correctly.

We found that adherence to medication and knowledge of 
osteoporosis could be improved if the intervention was more 
intensive and included both sexes. This indicates that the 
composition of patient education influences both behavioral 
change and knowledge level, as the program in which par-
ticipants meet mainly 3–4 h a week for 4 weeks [40] is more 
effectful than programs in which they meet four times during 
1 year [34, 44]. In addition, the inclusion of both men and 
women seems to be important, but from these findings, we 
cannot provide explanations. Maybe the combination creates 
more space for learning, maybe men are more susceptible, or 
maybe a third explanation is needed. The study that did find 
an effect had a longer follow-up period and a better risk of 
bias assessment than the studies that did not find an effect, 
which strengthens the results.

Finally, the characteristics of an effective intervention to 
reduce pain included a combination of patients with and 
without fractures, a lower mean age, and a shorter interven-
tion period consisting of educational sessions only. From 
these findings, age and fractures may influence the ability 
to reduce pain but because of the diversity of the studies it 
is difficult to explain the results. The composition of patient 
education also varies, and therefore, it is difficult to say 
whether it is the characteristics of the patients or the compo-
sition of patient education that makes the difference. Lack of 
effect could to some extent be explained by the fact that the 
control group in the non-effective studies also participated 
in some information sessions.

In general, our findings correspond to prior systematic 
reviews, e.g., by Jensen et al., who examined the effective-
ness of multifaceted osteoporosis group education [13]. 
Though, regarding health-related quality of life and knowl-
edge of osteoporosis, our results are more inconclusive. This 
inconsistency may be because we included a larger num-
ber of studies. Moreover, Jensen et al. included one study 
[8] that did not meet our inclusion criteria regarding the 
population.

Morfeld et al. did not make conclusive statements though 
they found, e.g., improved knowledge of osteoporosis in 
more than half of the studies and improved physical activity 
in less than half [14]. This contrasts with our findings which 
may be because our inclusion criteria were narrower. Gian-
gregorio et al. did not make definitive conclusions regarding 
the effect of exercise interventions [15]. Their finding cor-
responds to our findings except for physical function which 
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may be because Giangregorio et al. focused on interventions 
with exercise sessions.

Hiligsmann et al. and Gleeson et al. examined the effect 
of various interventions to improve adherence and per-
sistence with osteoporosis medication. Hiligsmann et al. 
conclude that the efficacy is uncertain [16], and Gleeson 
et al. conclude that few studies found an effect [17], which 
is in accordance with our findings regarding adherence and 
persistence.

Implications of findings

Due to the small number of studies, this review has not 
resulted in stronger conclusions regarding the effective-
ness of osteoporosis patient education than prior reviews. 
Because of the limitations in the evidence, we are unable to 
recommend widespread implementation of patient education 
in this area. Nevertheless, this systematic review contributes 
with important knowledge, as we found an effect of osteo-
porosis patient education on physical function. Here physi-
cal function covers different outcomes and therefore these 
findings suggest that patient education may improve differ-
ent aspects of physical function. Small to moderate effects 
were found on “Maximum Walking Speed,” i.e., seconds 
spent walking 20 m and “Timed Up and Go,” i.e., seconds 
spent raising from a chair, walking 3 m, and going back [32]. 
Besides that, mean changes in “Timed Sit to Stand,” i.e., sec-
onds spent raising from a chair 10 times, had improved for 
the intervention group (from 30 to 21 s), but worsened for 
the control group (from 28 to 30 s) [31]. Mobility measured 
by performance tests like these has shown to be a predictor 
of better physical functioning [46] and fewer functional limi-
tations and disablement [47], and therefore, these findings 
are of importance for the patients in the long term. In this 
systematic review, we also found improvements in balance 
[31, 32, 42] and fall rate [42], which may influence on the 
occurrence of fractures. As fractures have big consequences 
for the individual [48] as well as the societal costs [1], these 
findings are of relevance in more perspectives.

We also found tendencies for psychological wellbeing and 
physical discomfort and disability as well as characteristics 
of studies with and without an effect such as sex, age, and 
the duration of the intervention. For the other themes, the 
results were inconclusive and therefore there is a need for 
more research evaluating the effects of osteoporosis patient 
education.

Limitations and strengths

An important strength of this systematic review is the inclu-
sion of all types of studies, namely randomized studies, 
non-randomized studies, and observational studies, which 
provided us with a larger number of studies. Even though 

this influenced the quality of the studies, we did gain more 
information about the potential effects and mediators.

This systematic review also has some limitations regard-
ing the inclusion criteria. We included studies evaluating 
osteoporosis patient education that address a variety of 
aspects (two or more), such as knowledge of osteoporosis, 
diet, medication, pain, fracture prevention, and exercise les-
sons. This delimitation was applied in order to reflect how 
osteoporosis patient education is typically constructed, and 
therefore, this limitation is also a strength. In addition, we 
expected that the programs should have some weight in 
order to detect an effect.

We included studies evaluating programs conducted in 
groups and face-to-face. According to the WHO, osteo-
porosis patient education should give the participants the 
opportunity to express their expectations and discuss them 
with a health professional. Moreover, the participants should 
have the chance to gain support from a group of participants 
[4]. Because of these recommendations, we delimitated our 
inclusion criteria.

Furthermore, we included studies with participants who 
had osteoporosis or who had a BMD T-score of ≤  − 2.5 or a 
fragility fracture of the columna or hip, which is in accord-
ance with the Danish diagnostic criteria. This delimitation 
ensured a homogenous group of participants, which would 
also simplify the development of evidence-based programs.

Our search was restricted to records published from 1980 
until the time of the search and this has more implications. 
Firstly, because of the long period of time, the studies use a 
wide range of scales and instruments. For instance, a total 
of 7 instruments were used to measure health-related quality 
of life. This makes it difficult to compare the findings and 
therefore we could have limited the time period and thereby 
limited the variability in scales and instruments. Secondly, 
in the time period from 1980 until 2020, new medications 
for osteoporosis became available. This may explain why 
the theme adherence and persistence was only addressed 
in newer studies. If we had limited the time period, there 
would have been a more equal base for the studies to exam-
ine effects of osteoporosis patient education.

We included quantitative studies and excluded qualita-
tive studies. Though, to identify mechanisms of osteoporosis 
patient education, we could also have included qualitative 
studies, e.g., process evaluations, which could have added 
valuable findings.

Finally, we included records written in English, Swedish, 
Norwegian, or Danish. This potentially causes a bias as we 
might have missed studies written in other languages.

The risk of bias assessment also has the limitation that 
the majority of the included studies were given a poor risk 
of bias assessment. This is due to a few reasons. Firstly, 
as the intervention consists of patient education, blinding 
of participants and personnel is not possible. Secondly, we 
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used a rather strict cutoff of 5% for the acceptable amount of 
missing data and finally, we did not have a statistical analy-
sis plan for any of the studies. We could have softened our 
judgements here and consequently obtained better risk of 
bias assessments.

Another limitation concerns the selection of studies. We 
had to order some material and if we did not receive it within 
1 month, we excluded it. This was the case for 32 records 
during the title and abstract screening and one record dur-
ing the full-text review. This decision may have affected the 
results as we might have missed eligible studies. Though, as 
the total number of identified records was 2934, then the 33 
records excluded here is a small part.

Furthermore, for some studies, we could not find a full-
text article but only an abstract, and these studies were 
excluded as well. This was the case for 23 records, cor-
responding to 18 studies. There is a potential risk that we 
missed an eligible study because of this.

Finally, we did not conduct a meta-analysis as the 
included studies examine very different outcomes, and 
because of the small number of included studies there would 
equally be a small number of studies examining the same 
outcome.

Limitations of included studies

There are several limitations of the studies included in this 
systematic review, which future research should overcome.

Firstly, many of the included studies had a short follow-up 
period (1 year or less); only one study had a 4-year follow-up 
and one had a 2-year follow-up. Therefore, we are not able 
to draw conclusions regarding the effects of osteoporosis 
patient education on a longer term.

Another limitation concerns the lack of descriptions of 
characteristics of the participants and interventions. This 
makes it difficult to compare the characteristics of the studies 
with and without an effect, which would also make it diffi-
cult to design evidence-based programs based on the results.

Finally, none of the included studies examined media-
tors of the associations and therefore we have no knowl-
edge of what mechanisms cause the effects. To get an 
understanding of the full potential of patient education, 
it is essential to outline a causal chain or program theory 
[49] that describes the immediate and longer term out-
comes and thereby examines the intervention mechanisms. 
However, in the included studies, the results are discussed, 
and possible explanations are provided. For instance, Gold 
et al. explain the reduction in psychological symptoms 
with the fact that participants were given the opportunity 
to share experiences with each other [35, 37]. Explana-
tions like these are valuable for understanding the results, 
but they do not fully examine the mechanisms of osteo-
porosis patient education, e.g., via mediation models. 

However, some studies [27, 40] examined associations 
between outcomes, which contributes with assumptions 
about the mechanisms. For instance, Nielsen et al. found 
no association between adherence to medication and 
knowledge of osteoporosis and therefore concluded that 
adherence is not just a matter of transferring knowledge 
to the patient [40]. In this case, knowledge of osteoporosis 
could be considered a mediator, which contributes with 
valuable information for understanding the processes of 
osteoporosis patient education.

Conclusions

Previous studies have indicated that osteoporosis patients 
may benefit from patient education. However, research on 
this topic is sparce and inconsistent. In this systematic 
review, we found that patient education has an effect on 
physical function. For the other themes, the results were 
inclusive and for mediators, there were no data.

As there are some shortcomings in the included studies, 
there is potential for further research on this topic. There is a 
need for studies that evaluate osteoporosis patient education 
in well-conducted randomized controlled trials with long 
follow-up periods. It is crucial that they describe the char-
acteristics of the studies so that they can be compared and 
implemented in practice. Moreover, they should examine the 
mediators and thereby contribute to a wider understanding of 
the mechanisms of osteoporosis patient education.
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