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Objective: Interventions to initiate medication and increase adherence for postmenopausal women who have had a fragility fracture
were not always successful. The purpose of this study was to derive an empirical framework for patient-identified barriers to
osteoporosis medication initiation and adherence from physician experts.
Methods: A cognitive mapping approach involving nominal group technique (NGT) meetings and a card sorting and rating task were
used to obtain formative data. We first conducted four NGT meetings with 18 women patients who were not on osteoporosis treatment
to identify barriers to osteoporosis medication, then invited 27 osteoporosis physicians to sort and rate 25 patients identified barriers.
Descriptive analysis, multidimensional scaling analysis, and hierarchical cluster analysis were applied for data analysis.
Results: A two-dimensional five-cluster cognitive map was derived to provide an organizational framework for understanding patients
perceived barriers to medication initiation and adherence. The five clusters were concerns about side effects, experience of side effects,
lifestyle changes, medication access and complexity, and patient uncertainty about treatment and trust in the provider. The two
dimensions were interpreted as internal to patients (X-axis) and external to patients (Y-axis).
Conclusions/Implications: Views of patients solicited in a structured format provided directions to help in designing interventions
to improve osteoporosis medication initiation and adherence.
Keywords: nominal group technique, cognitive mapping, patient barriers, osteoporosis treatment, medication initiation, medication
adherence

Introduction
Osteoporosis is a bone disease associated with loss of bone density and prone to risk of fractures known as fragility
fractures. Approximately, 8 million women and 2 million men ≥50 years in the US have osteoporosis.1,2 It is estimated
that osteoporosis causes 1.5 million fractures annually.3 More than half of women and 25% of men ≥50 years are at risk
of osteoporosis-related fractures. The projected cost for treating osteoporosis-related fractures by 2025 is estimated to be
$25.3 billion.4 Hospitalization costs due to osteoporotic fractures among women ≥55 years were higher than those of
myocardial infarction, stroke or breast cancer.5

Osteoporosis medications such as bisphosphonates increase bone density in postmenopausal women and thus reduce
the risk of fragility fractures.6,7 However, medication adherence is low among osteoporosis patients. Approximately
50–70% of the patients discontinue their medication within the first year of medication initiation,8 increasing the risk of
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fractures in this population. The fragility fractures are associated with pain, disability, and even death in addition to
substantial costs to society.9–13

A key group of patients to target for interventions are patients who have had a fragility fracture.14 Prior fragility
fracture is a sentinel event that identifies the patient to be at high risk for future fractures. Some interventions directed
at these patients and their providers have not been successful,9,15 but some interventions were successful. Martin et al
recently conducted a systematic review including 32 published studies from 2003 to 2017.16 They classified inter-
ventions into three categories: health system (structural interventions), healthcare professional and patients. They
reported that both structural interventions targeting the health system and interventions involving patients significantly
improved the prescription of bone mineral density measurement, while healthcare professional-centered interventions
did not have a significant impact on the prescription of bone mineral density measurement.16 Another systematic
review and meta-analysis of randomized clinical trials of osteoporosis including 43 studies published between 2004
and 2017 indicated that several strategies appeared to be efficacious for improving bone mineral density testing and/or
treatment rates in patients with recent or prior fracture.17 Those effective strategies included orthopedic surgeon or
fracture clinic initiation for osteoporosis evaluation and treatment, multifaceted interventions targeting providers and
patients, and patient education and activation.17 In another recently published systematic review of 55 randomized
controlled trials, Kastner et al reported that multifaceted interventions including patient education, feedback, and
follow-up significantly increased the initiation of osteoporosis medications.18 A systematic review of 57 articles with
64 interventions for the fragility fracture patients indicated <35% of patients initiated medication and <45% were
medication adherent.14

The medication adherence was defined by the World Health Organizations in 2003 as “the extent to which the
persons’ behavior (including medication-taking) corresponds with agreed recommendations from a healthcare
provider.”19 Lindsay et al conducted a cross-sectional online survey with 1407 adult patients with osteoporosis, 35.7%
had never been treated (n=503), and 23% had previously been treated (n = 323).20 They reported that the most common
patient-reported barriers to not initiating or discontinuing osteoporosis treatment were treatment-related side effects and
fear of side effects.20 Wozniak et al conducted interviews with 21 patients ≥50 years who had upper extremity fracture to
understand factors that influence patients’ osteoporosis treatment decision-making.21 They reported three themes:
negligible appreciation of risk regarding severity and impact of osteoporosis, ongoing evaluation of risks vs benefits
of treatments, and re-evaluation of severity and impact of osteoporosis vs risks and benefits of treatment over time.21

There is limited information on the perceived barriers to treatment among patients with fragility fracture and barriers that
are modifiable with intervention.21 Another qualitative study conducted with 37 postmenopausal women patients with
osteoporosis and 18 physicians indicated that patients perceived barriers to treatment adherence included fear of side
effects, absences of tangible results of treatment, view of postmenopausal osteoporosis, and severity of postmenopausal
osteoporosis.22

According to cognitive-behavioral theory, patients’ perception and belief about their disease influenced their treat-
ment behaviors. These perceptions either facilitate treatment adherence or serve as barriers.19 For Activating Patients at
Risk for OsteoPOroSis (APROPOS) study, we developed an educational intervention for women with a history of
fracture who self-reported as not currently receiving osteoporosis medication.23,24 In the current study, we 1) sought to
understand patient-identified barriers to osteoporosis medication initiation, 2) aimed to understand which of these patient-
identified barriers were potentially modifiable by a video intervention, and 3) focused on developing a cognitive map
based on data that physician experts sorted patient-identified barriers. Cognitive mapping, a powerful visual strategy for
organizing and communicating patient-identified barriers that will help us understand the complexity of osteoporosis
treatment barriers and recognize the patterns and relationships from physicians’ perspectives. The University of Alabama
at Birmingham's institutional review board approved this study (IRB-110706002). Informed consent was obtained from
all study participants. The guidelines outlined in the Declaration of Helsinki were followed.
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Methods
Data Collection – Nominal Group Technique
We used nominal group technique (NGT) to identify patient perceived barriers.25,26 This technique has been used in
multiple settings to identify problems faced by individuals with severe disability,27 develop a family intervention,28

define key domains for attending rounds,29 develop a decision aid to lupus treatment,30 facilitate organ donation,31 and
develop tobacco control advice.32

NGT Participants
Participants in NGT sessions were ethnically and racially representative of diverse postmenopausal women identified by
their health care providers who had a history of prior fracture, were not on osteoporosis treatment, and were from two
large cities, one from a Southern state and the other from a Western state in the US. The participants either had never
taken osteoporosis medication or had previously taken but discontinued. Health care providers identified 18 postmeno-
pausal women, 10 White, 5 Black and 3 Hispanic, who agreed to join the study from the two study sites. The average age
of women NGT participants was 50 ± 7 years.

NGT Sessions
We conducted four NGT sessions, two at each location. The first two NGT sessions were conducted with 9 participants
who had never taken osteoporosis medication, including five participants (3 White, 2 Black) in the Southern city site, and
four participants (2 White 2 Hispanic) in the Western city site. The next two NGT sessions were conducted with 9
participants who had previously taken an osteoporosis medication but discontinued the therapy, including five 5 (2 White,
3 Black) in the Southern city site and four (3 White, 1 Hispanic) in the Western city site. All four NGT sessions were
conducted by an experienced researcher (RS) with a research assistant. During each session, participants were briefly
introduced about the purpose of the study and then were asked to respond to one question “What things make you not
take or stop to take osteoporosis medication?” Participants were asked to write down their responses silently and
independently and then were asked to present their responses to the group in a round robin format in order to have
equal opportunity. A clarification process was followed to obtain common understanding from the entire group for each
of the responses with no critique or evaluation. Each group generated a list of 26–30 perceived barriers. Then participants
were asked to independently select and rank three that they perceived as the most important barriers that were not
necessarily identified by themselves from the group list. The most important barrier was assigned 3 votes, the second
important one was assigned 2 votes, and the third important one was assigned 1 vote. About 1/3 group generated
responses were endorsed as important by participants in each group. Each NGT session lasted about 1.5 hours.33

In total, there were 37 responses that were ranked by participants from the four NGT sessions. A panel of four
osteoporosis physician experts (JC, SM, KS, AW) independently reviewed the 37 ranked responses from the four NGT
meetings and combined responses that had similar wording/meaning. This data reduction process resulted in 25 unique
barriers that were used as the basis for card sorting and rating exercises by physician experts.

Data Collection – Card Sorting and Rating
Card Sorting and Rating Participants
A convenient sample of 27 osteoporosis physician experts with experience in treating osteoporosis from multiple
institutions throughout the US was selected to perform card sorting and rating tasks. Lantz et al suggested that 10–15
card-sorting participants can provide optimal estimation of the similarity matrix,34 and other research indicated that 25–
30 participants could yield results similar to those of several hundred when these participants are well represented and are
familiar with the domain being considered.35 Among 27 physician experts, 17 were male (62.9%) and 25 were Caucasian
(92.6%). Specialties included 11 rheumatologists (40.7%), 9 endocrinologists (33.3%), 3 general internists (11.1%), and
4 others with significant osteoporosis experience to consolidate concepts (14.8%). On average, physician experts had
26.6 ± 9.3 years of experience in treating osteoporosis, ranging from 8 to 41 years. More than half (56%) of physician
participants reported greater than 50% of clinical work focused on osteoporosis.
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Card Sorting and Rating
The 25 cards with one barrier on each card were sent to 27 osteoporosis physician experts. Physician experts were
instructed to individually examine the barriers on the cards and group the barriers they felt were similar using their own
personal criteria of how specific barriers fit together. They were asked to generate no more than 10 piles with each pile
containing at least two cards. No themes or names were given to each pile. The physicians also used a five-point Likert
scale, ranging from 1 (Strongly disagree) to 5 (Strongly agree), to indicate their level of agreement with the ability of
each barrier to be addressed by a video-based intervention.

Data Analysis: NGT and Rating
Data from patient NGT sessions and physician rating survey were analyzed using descriptive statistics (eg, frequencies
and percentage).

Data Analysis: Card Sorting
We analyzed data from the unforced card-sorting exercise using multidimensional scaling (MDS) analysis36 followed
by hierarchical cluster analysis,37 to create a visual representation of the underlying dimensions of the barriers by
placing them onto a cognitive map. We first constructed a 25x25 co-occurrence matrix from the piles created by each
physician participant, and aggregated individual participants’ co-occurrence matrices for all 27 participants to create
a group co-occurrence matrix. Numbers within this group matrix then represented the frequency that the two barriers
were placed in the same pile. We then applied multidimensional scaling to the group co-occurrence matrix.
Multidimensional scaling is an iterative process used to create an optimal geometric solution or “cognitive map.”36

This map is a spatial representation of the relationship between barriers: the relative proximity of any two points
(each point representing one of the 25 barriers) is an approximation of the perceived similarity between those two
barriers. The space itself can be unidimensional or multidimensional. The number of dimensions chosen to interpret
a solution is based on the value of R-square and the corresponding stress statistic, as well as the overall mean-
ingfulness and interpretability of the map. The closer the R-square is to 1.0, the better the map corresponds to the
actual proximity data. In general, an R-square value >0.90 suggests high correspondence between the modeled
solution and the observed data. The stress statistic is an estimate of the poorness-of-fit, with value >0.20 correspond-
ing to an unacceptable fit and a stress value of <0.01 indicating a near perfect fit. Therefore, acceptable multi-
dimensional scaling solutions typically have an R-square >0.90 and a stress statistic between 0.01 and 0.20. As the
number of dimensions increases, the R-square value increases and the stress decreases. However, additional
dimensionality often leads to interpretational difficulties. If more than one possible solution meets these criteria,
then the most interpretable configuration is chosen.36 The MDS solution is interpreted by examining how barriers are
arrayed along the dimensional axes relative to the meaning of the barriers anchoring each dimension.

We identified groups of homogenous barriers based on hierarchical cluster analysis, which is a technique used in concert
with MDS to analyze data based on perceptions of similarity. The multidimensional scaling results include coordinates
defining the location of each barrier within a derived multidimensional space and were used as data for a cluster analysis that
was performed. The purpose of multidimensional scaling is to determine the relative ordering of the barriers ranked from
more to less important, whereas the principal task of the cluster analysis is to assign the barriers into mutually exclusive
groups. The results from the combined MDS and cluster analysis can be represented geometrically by a map reflecting
different aspects of physicians’ perceived similarity of those barriers. In other words, barriers that were perceived as similar
(ie, those frequently sorted together) were represented as points that are relatively closer together on the map than points
further apart that were viewed as dissimilar. When MDS and cluster analysis are used together, it is possible to discern both
the relative ordering of clusters and the ordering of individual barriers within each cluster along each dimension using rating
data. The analysis was performed using SPSS v25 software (IBM SPSS Statistics, Armonk, NY: IBM Corp).
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Results
NGT Results
The 25 unique patients identified and prioritized barriers from NGT sessions are presented in Table 1 and were presented
as an appendix in one paper.23

Card Sort Results
The measures of overall goodness-of-fit indicated that a two-dimensional solution (RSQ = 0.96, stress = 0.10) was
a better model than a one-dimensional model (RSQ = 0.80, stress = 0.26) and was comparable in fit and more
interpretable than a three-dimensional solution (RSQ = 0.98, stress = 0.07). Research team members interpreted the
results in two steps. We (RS, HQ, RO) preliminarily interpreted the results and then invited other team members (SS, KS)
to discuss the initial interpretations. We interpreted one dimension (horizontal axis) as internal to the patients: patient
uncertainty of care and provider trustworthiness and side effects of patients, anchored on the left by side effects of
medications and on the right by patient uncertainty of care and provider trustworthiness. We interpreted a second
dimension (vertical axis) represented as factors external to the patients such as access and complexity of treatment on the
bottom and lifestyle change on the top (Figure 1).

The hierarchical cluster analysis revealed five distinct clusters to which each of the 25 important patient identified barriers
were assigned an exclusive cluster membership. Because there are no assumptions that can be made about the distribution of the
data in this analysis, a subjective decision was made by members of research team (RS, HQ) to interpret a five-cluster solution.
The five clusters resulting from the hierarchical cluster analysis were superimposed on the multidimensional scaling map
(Figure 1). The labels for each cluster were based on the commonality of all barriers included in the cluster. The five clusters are
displayed on both Figure 1 and Table 1 were interpreted by all members of the research team.

Rating Results
Table 1 shows the mean ratings for clusters and barriers within each cluster. The average ratings (mean ± standard deviation
(SD)) of each of the five clusters in order of rating for modifiability were as follows: Cluster 1. Concerns about side effects
(3.91 ± 0.91), Cluster 2. Experiences of side effects (3.68 ± 0.93), Cluster 3. Lifestyle changes (3.51 ± 1.17), Cluster 4.
Medication access and complexity (3.38 ± 0.97), and Cluster 5. Patient uncertainty about treatment and trust in provider
(2.72 ± 1.06) (Table 1). Within those 25 barriers, four were rated ≥ 4 on a 1 to 5 scale by physicians and were all classified
in the “Concerns about side effects” cluster. The highest rating barrier was “Being told by my dentist that I could get bone
and jaw cancer after taking the medication for a few years (4.08 ± 1.09)”, followed by three side effect-related barriers.
Eleven barriers were rated between 3.5 and 4.0 by physicians including “Taking these medicines is complex and
inconvenient (3.96 ± 0.82)” in the “Medication access and complexity” cluster, and “By making significant lifestyle
changes to be healthier, it should not be necessary to take the medication (3.92 ± 0.93)” within the “Lifestyle changes”
cluster. There were seven barriers rated with a mean score below 3 including “Not believing that my doctor is acting in my
best interest (2.31 ± 1.01)” within the “Patient uncertainty about treatment and trust in provider” cluster (Table 1).

Discussion
We engaged patients with a history of fragility fracture who were not receiving osteoporosis medication or who stopped
taking osteoporosis medication to identify a wide variety of barriers/issues to initiate medication treatment and
adherence. In addition, we sought insights from physician experts to understand how they view and categorize/organize
patient-identified barriers that they believe may impact the initiation and adherence of medical therapy. By engaging both
patients and physicians in this study about medication initiation barriers will facilitate the process of making shared and
informed decisions toward osteoporosis treatment, and help researchers learned what kinds of barriers can be addressed
by a video intervention and what kinds of barriers need to be addressed by other interventions in the future study.

Our cognitive mapping suggests that osteoporosis physician experts viewed patient concerns and experience of side
effects as modifiable. This suggests that potential use of educational interventions by healthcare providers may assist
patients to initiate and improve adherence to osteoporosis medication. In Lindsay et al’s study conducted in 2016 on
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barriers to osteoporosis medication, the second barrier was fear of side effects.20 The most common barriers that patients
perceived toward osteoporosis treatment include drug-induced adverse side effects, pain, or other health risks.20,38–40

Patients must be educated by providers to manage the potential risk of side effects as compared to the greater benefit of
an osteoporosis medication in reducing fracture risk.40–42 Educational interventions may also address the potential
lifestyle changes required due to osteoporosis diagnosis.

Lifestyle changes were also reported as barriers to osteoporosis treatment in postmenopausal female patients with
osteoporosis.20 Patients generally agreed with physicians’ recommendation about healthy lifestyle changes including
dietary change and exercise, but they did not connect to the osteoporosis treatment because of worrying about safety of
dairy foods and feeling difficulty of exercise.20 These are similar to the barriers within the “Lifestyle changes” cluster
identified by patients from our study. Physicians also agreed that making significant lifestyle changes was a big barrier to
patients (Barrier #3). However, interventions targeting barriers in patient lifestyle changes may be effective and doable.

Table 1 Barrier Clusters and Levels of Agreement About Barriers That Could Be Addressed as Elements of a Minimally Invasive
Intervention (n = 27)

Barriers Mean Standard
Deviation

Cluster 1. Concerns about side effects 3.91 0.91
2. Being told by my dentist that I could get bone and jaw cancer after taking the medication for a few years 4.08 1.09
24. Worrying about the possible side effects of this medication 4.04 0.82

7. Having concerns about the side effects after reading studies and other information that I found 4.00 0.89

11. Hearing that these medications can also make your bones brittle 4.00 0.85
23. Worrying about the cumulative/long-term side effects of these drugs because of their toxicity 3.69 0.93

17. Not knowing what the long-term effect might be of a drug that can actually change your bone 3.65 0.85

Cluster 2. Experience of side effects 3.68 0.93
4. Experiencing GI (gastrointestinal) problems when I take oral medications 3.81 0.90
15. Not knowing how these medications would interact with other medications 3.81 0.90

25. Worrying how the medication will affect my digestive system–based on other medications that I have taken 3.81 0.85

18. Not thinking that there have been enough studies done to really know about the side effects of these medications
especially when someone has other medical conditions (e.g., for diabetes)

3.50 0.99

8. Having had previous negative reactions when taking other drugs 3.46 1.03

Cluster 3. Lifestyle changes 3.51 1.17
3. By making significant lifestyle changes to be more healthy (e.g., combining the right kind of food, activity, reducing

stress, and other behaviors), it should not be necessary to take the medication

3.92 0.93

21. Trying to get more calcium from food to avoid taking medications (note: dietary supplement) 3.62 1.20

12. Liking to try natural remedies first 3.00 1.39

Cluster 4. Medication access and complexity 3.38 0.97
20. Taking these medicines is complex and inconvenient 3.96 0.82

10. Having to remember to take medication 3.73 0.87
19. Taking medication could cause me to have more frequent doctor visits 3.54 0.76

14. Not having insurance coverage for this type of medication since it is considered preventative not life-threatening 2.88 1.11

9. Having to pay a lot for this type of medication 2.81 1.30

Cluster 5. Patient uncertainty about treatment and trust in provider 2.72 1.06
22. Wondering whether there will be something better that will come along if I wait 3.35 1.09
6. Having a mother and grandmother who took similar medicines without any benefit 2.92 1.06

16. Not knowing if my doctor really knows what is right for me 2.85 1.01

1. Being raised in a family where we were wary and fearful of any kind of medications 2.50 1.21
5. Hating the thought of taking any and all medications 2.42 0.99

13. Not believing that my doctor is acting in my best interest 2.31 1.01

Overall 3.43 0.99

Note: The level of agreement was measured with a 5-point Likert scale, ranging from 1 (Strongly disagree) to 5 (Strongly agree).
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Physicians sorted 5 patient-reported barriers into the fourth cluster, “Medication access and complexity.” There was
an agreement between physicians and patients toward medication complexity (Barrier #20, #10, and #19) but not
medication access (Barrier # 14 and #9). One study on medication decision with female patients with lupus reported
that patients cared about affordability, costs, and resources to pay for their medication.30 The barriers related to
medication costs and patient affordability may not be addressed directly. However, physicians should note the barriers
to medication access when they prescribe medications to patients.

Some barriers such as the issue of trusting healthcare provider may be more difficult to modify as trust is dynamic
over time and is influenced by education and information.43 In our study, “Not believing that my doctor is acting in my
best interest” (Barrier #13 in the “Patient uncertainty about treatment and trust in provider” cluster) received the lowest
mean rating score among 25 patient-reported barriers. This indicated a significant disagreement between physicians and
patients. Further research is needed to examine whether physicians viewed modifiable patient-identified barriers can
indeed be modified based on controlled trial, and to understand the individual barriers potentially associated with trust:
eg, use of medical jargon, ability to communicate effectively about risks and benefits of medication.

Our study is the first to use a cognitive mapping approach to address patient-identified barriers in osteoporosis
treatment initiation and adherence that could be used to develop educational interventions. The study represents
a collaborative effort between patients with osteoporosis who were not receiving or adhering to osteoporosis medication

Figure 1 This map reflecting different aspects of the perceived similarity of barriers is a geometric representation of the results from the combined multidimensional scaling
and cluster analysis. The pairs of barriers perceived as similar are represented as points that are relatively closer together on the map than barriers that are viewed as
dissimilar. The positive and negative numbers on the axes indicate only the location of the barrier and the distance between barrier clusters. Table 1 shows a listing of
individual barriers in each cluster.
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and osteoporosis physician experts. The collaborative effort helps to design educational interventions that could be
disseminated through community engagement efforts or through provider offices. The study used established methodo-
logical procedures and cognitive mapping approaches in a logically sequenced manner to construct a framework to
understand patient-identified barriers to osteoporosis therapy. Cognitive mapping is a valid way to evaluate physician
understanding of patients-identified barriers based on its substantive meaning and interpretability.

Limitations
Our assessment of patient-identified barriers has several limitations. First, our data was based on a semi-empirical study
with 18 patients and a card sorting review by 27 physician experts. Therefore, it is possible that our results may not be
representative because of the small sample size of NGT sessions. Second, although there was considerable agreement
between patients at the two study sites, the patients for the NGT were recruited from one Southern academic medical
center and one Western private practice. These two sites may not be representative of all the different practice types in the
US Third, as patient participation was voluntary; our results may be biased if patients electing to participate were
different from those of patients who refused.

Conclusions
There is a great agreement among physicians on patient-identified barriers to medication initiation and adherence. The
empirically derived model of barriers to medication initiation and adherence could be a guide to develop tailored
interventions for improving osteoporosis treatment.

Implications
The identified clusters using a cognitive mapping approach provide a theoretical framework to develop future tailored
interventions to address patient-identified barriers to initiation of or adherence to osteoporosis treatment. Having a clear
understanding of the five domains of patient-identified barriers enables researchers to comprehend the complicated
problem and to focus on those patient-identified barriers that are modifiable.
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