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Abstract

Purpose—Understanding factors associated with reaching the contemplative stage of readiness
to initiate osteoporosis treatment may inform the design of behavioral interventions to improve
osteoporosis treatment uptake in women at high risk for fracture.

Methods—We measured readiness to initiate osteoporosis treatment using a modified form of the
Weinstein Precaution Adoption Process Model (PAPM) among 2,684 women at high risk of
fracture from the Activating Patients at Risk for OsteoPOroSis (APROPOS) clinical trial. Pre-
contemplative participants were those who self-classified in the unaware and unengaged stages of
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PAPM (stages 1 and 2). Contemplative participants were those in the undecided, decided not to
act, or decided to act stages of PAPM (stages 3, 4 and 5). Using multivariable logistic regression,
we evaluated participant characteristics associated with levels of readiness to initiate osteoporosis
treatment.

Results—Overall, 24% (N=412) self-classified in the contemplative stage of readiness to initiate
osteoporosis treatment. After adjusting for age, race, education, health literacy, and major
osteoporotic fracture in the past 12 months, contemplative women were more likely to report
previously being told they had osteoporosis or osteopenia [adjusted odds ratio [aOR] (95% CI)
11.8 (7.8-17.9) and 3.8 (2.5-5.6), respectively], acknowledge concern about osteoporosis [aOR 3.5
(2.5-4.9)] and disclose prior osteoporosis treatment [aOR 4.5 (3.3-6.3)] than women who self-
classified as pre-contemplative.

Conclusions—For women at high risk for future fractures, ensuring women’s recognition of
their diagnosis of osteoporosis/osteopenia and addressing their concerns about osteoporosis are
critical components to consider when attempting to influence stage of behavior transitions in
osteoporosis treatment.

Summary

We investigated the factors associated with readiness for initiating osteoporosis treatment in
women at high risk of fracture. We found that women in the contemplative stage were more likely
to report previously being told having osteoporosis or osteopenia, acknowledge concern about
osteoporosis and disclose prior osteoporosis treatment.

Keywords
Osteoporosis; Fracture; Behavioral changes; Precaution Adoption Process Model

Introduction

The majority of patients who experience a fragility fracture do not receive adequate
treatment [1, 2]. Population-based studies demonstrate a temporal decline in the uptake of
osteoporosis treatment, in particular bisphosphonates [3], the most commonly prescribed
osteoporosis medications [4]. Osteoporosis treatment initiation is a multi-step, complex
process that involves interactions between patients and their health care team and hinges on
a patient’s awareness of the need for the medication. Most often patients become aware of
the need to initiate osteoporosis medications once they are diagnosed by their provider as
having osteoporosis.

Patient-centered strategies may help overcome barriers to osteoporosis treatment [5-9] (e.g.,
patients™ fear of medication adverse events and inadequate knowledge of osteoporosis).
Theoretical models of behavior change such as Weinstein’s Precaution Adoption Process
Model (PAPM) [10] have been used to understand a patient’s readiness to initiate health
behaviors, including medication initiation. Previously, our group showed that a patient-
centered video intervention using storytelling improved participants’ readiness for initiating
osteoporosis treatment 6 months after a patient-directed behavioral intervention [11].
However, our previous study did not dive further into understanding the factors associated
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with the readiness for initiating osteoporosis treatment; doing so can inform the design of
future interventions to improve osteoporosis treatment uptake.

Thus, the objectives of the present study were to examine the factors associated with
readiness for initiating osteoporosis treatment in women at high risk for fracture.

Study Design and Participants

We conducted a cross-sectional analysis of baseline data from women who participated in
the Activating Patients at Risk for OsteoPOroSis (APROPOS) randomized controlled
clinical trial, which was nested within the Global Longitudinal Study of Osteoporosis in
Women (GLOW) observational study as previously described [5]. Patients provided explicit
consent for participation in APROPOS. A total of 2,684 US women from the seven GLOW
U.S. sites (Birmingham, AL; Los Angeles, CA; Worcester, MA; New York, NY; Cincinnati,
OH; Pittsburgh, PA; Seattle, WA) at high risk for future fracture were included. We defined a
high risk of future fracture based on self-reported: (1) history of a prior fracture after age of
45 in prior GLOW surveys, and (2) no reported current use of osteoporosis medication with
the exception of estrogen treatments [11].

Determining the contemplative stage of readiness to initiate osteoporosis treatment

Overall, we measured the participant’s readiness to initiate osteoporosis treatment using a
modified form of the Weinstein PAPM [10]. According to the PAPM theoretical model of
behavior change, at any point, a person is in one of the seven stages of decision making
about initiating osteoporosis treatment (Figure 1). The PAPM seven stages of behavior
change can be then grouped into three main categories: 1)pre-contemplative stage in which
individuals are not aware of a health problem and/or the behavior change needed to address
it; 2) contemplative stage in which individuals are aware of the health problem and classify
in the undecided, decided not to act, and decided to act stages of PAPM, and 3) action stage
in which individuals already are engaged in the new behavior (Figure 1). In this study, we
defined pre-contemplative participants as women who self-classified in the first and second
stages of PAPM. Contemplative participants were those who self-classified in the third,
fourth and fifth stages of PAPM.

Factors associated with initiating treatment

We included the following independent variables as factors associated with initiating
osteoporosis treatment: sociodemographic variables (age, race) [12], health literacy (based
answers to a multiple choice screening question regarding respondents’ confidence about
filling out medical forms by themselves, with “quite a bit” or “extremely” choices denoting
“adequate” health literacy while responses of “somewhat,” “a little bit,” and “not at all”
were denoting “not adequate” health literacy) [13], education level (“some college or more”
or “high school graduate or less™) [14], self-reported history of depression and dementia
(“yes” or “no”) [15], previous treatment for osteoporosis (“present” or “absent”) [16],
whether participants had been told they had osteoporosis or osteopenia (“yes” or “no”, the
two conditions were mutually exclusive) [16], whether participants had a major osteoporotic
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fracture in the past 12 months (hip, humerus, wrist, spine) (“yes” or “no”), and whether they
had concerns about osteoporosis when they thought about their health (“yes” or “no”) [16].

Statistical analysis

Results

We calculated the mean (SD) for continuous variables and frequencies and proportions to
describe categorical variables. We then evaluated the association between the independent
variables and the contemplative stage of readiness to initiate osteoporosis treatment (defined
as pre-contemplative vs contemplative) using bivariate analyses. Forward selection
multivariable analyses were used to determine the best and most parsimonious set of
variables associated with the contemplative stage of readiness to initiate osteoporosis
treatment. We entered variables of interest into a logistic regression model if the p values
were less than 0.1 and retained in the final model only significant variables with p values
less than 0.05 or variables considered clinically important (e.g., age, race, education, health
literacy, major osteoporotic fracture in the past year, and current use of estrogen).We report
unadjusted and adjusted odds ratios (ORs/aORs) and corresponding 95% confidence
intervals (Cls) to express the strength of the association between independent variables and
readiness for behavioral change. Given prior research [17], we report three multivariable
models to account for potential collinearity between education level and health literacy. One
model included both education and health literacy while the remaining two models included
either education or health literacy. We also performed a sensitivity analysis to determine
whether there were differences in the factors associated with contemplative stage of
readiness to initiate osteoporosis treatment, or the strength of their association, based on
history of major osteoporotic fracture in the past 12 months, including fracture of hip, spine,
humerus and wrist. All analyses were conducted using SAS Version 9.3 (SAS Institute, Inc,
Cary, NC, Enterprise Guide v4.3). The study was governed by the University of Alabama at
Birmingham institutional review board (IRB).

Out of 2,684 women at high risk of fracture enrolled in APROPOS, we excluded the 86
(3%) who reported being in the action stage of PAMP. In order to run a complete case
analysis, we subsequently excluded an additional 872 (34%) women due to missing baseline
survey data. Those with missing data had were more likely to be of Caucasian race, were
younger, more educated and have higher health literacy. They were less likely to report an
osteoporosis diagnosis or osteoporotic fracture in the past year, yet more likely to report a
diagnosis of osteopenia (data not shown). Thus, our analysis included a total of 1,726
women, of which 412 (24.0%) were in contemplative and 1314 (76.0%) were in pre-
contemplative stages of PAMP. Participants were 96% Caucasian, with a mean (SD) age
73.9 (7.6) years and 81% had some college education or more. The characteristics by stage
of readiness to initiate osteoporosis treatment (pre-contemplative vs. contemplative) are
summarized in Table 1.

Bivariate Analysis

We found that self-report of being concerned about osteoporosis [Odds Ratio [OR] (95% CI)
7.1 (95% CI 5.2-9.7)], having had prior osteoporosis treatment [OR 6.4 (95% CI 4.8-8.7)],
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having been told they have osteoporosis [OR 7.6 (95% CI 5.9-9.8)], or having been told they
have osteopenia [OR 6.8 (95% CI 4.6-10.0)] were the major factors associated with being in
the contemplative stage of behavior change. Having had a prior major osteoporotic fracture
in the precedent year was a factor associated with being in the contemplative stage [OR 2.4
(95% CI 1.2-4.8)]. Women reporting current estrogen treatment were less likely to be in the
contemplative stage [OR 0.5 (95% CI 0.3-0.8)]. Characteristics of APROPOS participants
by level of readiness of behavioral change using Precaution Adoption Process Model
(PAPM) are shown in Table 1.

Multivariable Analysis

After adjusting for age, race, education, health literacy, history of major osteoporotic
fracture in the past 12 months and current estrogen treatment (C-statistic for the
multivariable model was 0.85, Hosmer and Lemeshow Goodness-of-Fit was 0.6),
contemplative women had a 3.5 fold higher odds of being concerned about osteoporosis
[adjusted OR [aOR] 3.5 (95% CI 2.5-4.9) and 4.5 fold higher odds to report prior
osteoporosis treatment [aOR 4.5 (95% CI 3.3-6.3)] compared with women who self-
classified as pre-contemplative. Participants who were told they had osteoporosis had an
11.8-fold odds to be in the contemplative group (95% CI 7.8-17.8), while those who were
told they had osteopenia had 3.8 fold odds to be in the contemplative group (95% CI 2.5-5.6)
(Table 2). In multivariable models adjusting for age and race and which included either
education level or health literacy as covariates, our findings did not change from what was
observed when both variables were included in the model (Table 2).

We obtained similar results, albeit slightly attenuated, in a sensitivity analysis, which
included only women who reported previous major osteoporotic fractures including fractures
of hip, spine, humerus, and wrist (N=775, 27% contemplative) (Table 3).

Discussion

We identified the patient factors associated with contemplative stage of readiness of
initiating osteoporosis treatment. We found that among women with a high risk of future
fracture, only a quarter were contemplating whether or not to initiate osteoporosis therapy.
Participants who had been previously told they had osteoporosis had approximately twelve-
fold odds of being in this contemplative group, while those who had been told they had
osteopenia had about four fold odds of being in the contemplative group. In addition, women
who reported prior osteoporosis treatment and those who reported being concerned about
osteoporosis were also more likely to be in the contemplative group. Knowledge of the
characteristics influencing where a patient is in the process of considering and deciding
about osteoporosis medication is clinically useful and might inform the design of future
clinical interventions aimed at improving osteoporosis medication adherence at the point of
care.

Our findings that the vast majority of women who had self-reported fractures after age 45,
regardless of type (e.g., major osteoporotic fracture or other types of fracture) can be
classified as pre-contemplative are similar to the results of previous studies that found that
majority of women with fragility fractures were in the pre-contemplative phase of behavior
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change regarding osteoporosis treatment [18-20]. The proportion of individuals who were
pre-contemplative in these studies varied between 65%-91%, with the difference attributable
to individual characteristics (e.g., age, sex, education level) of the population being studied
and the eligibility criteria for those studies. Similar to our observations, in studies with
smaller sample sizes, the investigators found that a previous diagnosis of osteoporosis was
associated with the contemplative stage of behavior change [18-20]. Taken together, these
findings reveal a lack of awareness of the link between fractures and osteoporosis even
among persons who have experienced fractures, thus underscoring the role of healthcare
professionals in facilitating how patients advance through stages of contemplation regarding
osteoporosis treatment.

The finding that the diagnosis of having osteoporosis is strongly associated with the
contemplative stage reflects both the medical care contact and dependent patient stages of
illness experience [21]. This reinforces the idea that receiving a diagnosis of osteoporosis
legitimizes the illness and produces a fundamental shift in an individual’s understanding of
their health state subsequently becomes a “patient” in need of osteoporosis treatment.
Providing a diagnosis of osteoporosis or osteopenia for a patient should represent a catalyst
of change and a “teaching moment”, where healthcare professionals and patients take the
time to discuss osteoporosis consequences and treatment strategies. This conversation is
essential because it has been shown that without receiving reliable information about the
consequences of osteoporosis and available therapeutic options, patients may underestimate
their risk of fractures and overestimate the risk of adverse events from medication [22-24].
However, understanding changes in human behavior is a complex topic and a difficult
phenomenon to study. Indeed, there are several factors that play a role in whether an
individual ultimately decides to change behavior. For example, self-efficacy, that reflects
individuals™ judgement of their ability to successfully perform a behavior and producing a
favorable outcome (e.g., initiate osteoporosis medication) is an important determinant of
behavioral change [25, 26].

Our study adds to the body of literature showing that women who classify in the pre-
contemplative phase of behavior change differ in some characteristics compared to those
who classify as contemplative. For example, a previous study showed that women from the
general population in the pre-contemplative stage for initiating calcium supplements exhibit
less knowledge of osteoporosis and report fewer expected benefits than women in
contemplative stage [27]. However, while data provide further evidence that the awareness
of osteoporosis is low among general population [28, 29], for conditions widely recognized
as dangerous by the public such as hyperlipidemia, fewer individuals are in the pre-
contemplative category. In a study of 404 individuals with elevated serum cholesterol, 35.6%
were in the pre-contemplative stage of behavior change for initiating lipid lowering
treatment [30], a proportion that was significantly lower than we and others have found
among individuals with fractures and/or osteoporosis [18-20]. These data emphasize the
need for more education of the general public on bone health, and particularly on the
relationship between osteoporosis and fragility fractures. The most important risk factor of
having a fragility fracture is having had a previous fracture [31]. Thus, improving patients’
awareness about the implications of experiencing a fragility fracture and its direct link to
osteoporosis is a public health priority. Indeed, has been shown that promoting awareness
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and knowledge of patients with osteoporosis improved medication uptake and optimized
osteoporosis care [32]. In the present analysis, we did not observe an association between
health literacy or the level of education and the contemplative stage readiness to initiate
osteoporosis treatment. However, the vast majority of the APROPQOS cohort had an adequate
health literacy and college education.

Our study results need to be interpreted in light of some limitations. This study was a
secondary analysis of data collected as part of the APROPOS clinical trial. However, the
large sample of women at high risk for fractures enrolled in APROPOS provided a valuable
population resource to evaluate factors associated with readiness for behavior change
regarding osteoporosis treatment. Because most women enrolled in our study were
Caucasian and had higher health literacy and education levels compared to the general US
population, the generalizability of our findings is limited. In addition, we collected
information about osteoporosis or osteopenia diagnosis using surveys, and it is unclear
whether women'’s self-report of being told of an osteoporosis or osteopenia diagnosis is
limited by patient recall bias. Some of the women who reported a fracture in GLOW had
relatively minor events with limited sequelae (i.e. fractures that are not typically considered
due to osteoporosis). The strong association between osteoporosis diagnosis and greater
odds of moving to a more advanced stage of behavior change may reflect this partial
misclassification. However, even when we restricted our analysis to those persons with more
typical osteoporosis fractures, the main findings of our study were largely preserved.

In summary, we examined the factors associated with the contemplative stage of readiness to
initiate osteoporosis treatment, and found that among women with high risk of future
fracture, having been told by a health care provider that they had osteoporosis/osteopenia
was independently associated with contemplating treatment for osteoporosis. Our findings
may help in the design of future behavioral interventions to improve the uptake of
osteoporosis treatment by increasing patient knowledge and awareness about bone health.
The findings also highlight the likely importance of providing clear and consistent chronic
disease diagnoses, such as osteoporosis, to our patients and should drive healthcare
professionals, including bone specialists and primary care practitioners, to take the time to
discuss osteoporosis consequences and treatment. More research is needed to understand the
optimal strategies for motivating patients to transition to higher stages of decision making
about initiating osteoporosis treatment.
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Figure 1.
Multi-step process in osteoporosis treatment initiation illustrated using the Precaution

Adoption Process Model (PAPM) stages of decision making.*
*PAPM stage 7 (maintenance stage) is not included in the figure
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Characteristics of APROPOS participants by level of readiness of behavioral change defined using Precaution

Adoption Process Model (PAPM).

Coneplate | Precontrplati | pal
Age at baseline, years, mean (SD) 745 (7.7) 73.7 (7.6) 0.08
n % n %
Age categories, years 0.14
<70 130 31.6 462 35.2
70 - <80 172 41.8 558 42.7
80 - <90 97 23.5 271 20.6
<90 13 3.2 23 1.8
Race: White 399 96.8 1,257 95.7 0.29
Education level: Some college or more 339 82.3 1,060 80.7 0.47
Health literacy: Adequate 360 87.4 1,193 90.8 0.04
Told they have osteoporosis 217 54.3 174 134 <0.0001
Told they have osteopenia (n = 1,304) 147 80.3 420 375 <0.0001
Being concerned about osteoporosis, yes 358 86.9 634 48.3 <0.0001
Prior osteoporosis treatment, yes 353 85.7 633 48.2 <0.0001
Current estrogen therapy, yes 15 3.6 96 7.3 0.008
Major osteoporotic fracture in the past year (Aip, humerus, wrist, spine) 15 3.6 20 15 0.008

Contemplative phase comprises women who self-classified in the in the third, fourth and fifth stages of PAPM. Pre-contemplative phase comprises

women who self-classified in the first and second stages of PAPM. Having been told they have osteoporosis and having been told they have

osteoporosis are mutually exclusive. Adequate health literacy category includes women who responded “quite a bit” or “extremely” when asked

about their confidence about filling out medical forms by themselves.
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Table 2.
Factors associated with contemplative level of readiness of behavior change using Precaution Adoption
Process Model (PAPM) among all women included in the study (n = 1,726).
Adjusted Odds Adjusted Odds
Adjusted Odds | Ratio (95% ClI) Ratio (95% CI)
- Odds ratio (95% | Ratio (95% CI) | Multivariable Multivariable
Characteristics Cl) Bivariate Multivariable model adjusted for | model adjusted for
model age, race, age, race, health
education level literacy
Age (continuous) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0 (1.0, 1.0) 1.0 (1.0,1.0)
Race (white vs other) 1.4(0.8-2.6) 1.2(0.6-2.6) 1.2 (0.6,2.4) 1.3 (0.6, 2.6)
Education level (some college or more vs high school ) }
graduate or less) 1.1(0.8-15) 1.3(0.9-1.9) 1.3(0.9,1.8) /
Health literacy (adequate vs not adequate) 0.7 (0.5-1.0) 0.9(0.6-1.4) / 1.0(0.7,1.5)
Major osteoporotic fracture in the past 12 months (/ip, B )
humerus, wrist, spiné) (yes vs no) 24(12-4.8) 20(09-4.7) / /
Current estrogen treatment 0.5(0.3-0.8) 0.9(0.5-1.8) / /
Prior osteoporosis treatment 6.4(4.8-8.7) 45(3.3-6.3) 4.6 (3.4,6.3) 49(3.6,6.7)
Concerns about osteoporosis 71(5.2-9.7) 35(25-4.9) 3.3(24,45) 3.3(2.4,45)
Having been told they have osteoporosis 7.6(5.9-9.8) 11.8(7.8-17.8) 11.3 (7.7, 16.6) 11.3 (7.6, 16.7)
Having been told they have osteopenia 6.8 (4.6 - 10.0) 3.8(2.5-5.6) 3.7(25,5.3) 3.8(2.6,5.6)

Contemplative group comprises women who self-classified in the in the third, fourth and fifth stages of PAPM. Pre-contemplative group comprises
women who self-classified in the first and second stages of PAPM. Having been told they have osteoporosis and having been told they have

osteopenia are mutually exclusive, p<0.05 in italics.
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Factors associated with contemplative level of readiness of behavior change using Precaution Adoption
Process Model (PAPM) among women with major osteoporosis fracture (hip, spine, humerus, and wrist).

Characteristics Odds ratio (95% CI) | Adjusted Odds ratio
Bivariate (95% CI)

Multivariable, Full
Model

Age (continuous) 1.0(1.0-1.0) 1.0(1.0-1.0)

Race (white vs other) 2.7(0.9-7.8) 2.6(0.7-8.9)

Education (some college or more vs high school graduate or less) 1.3(0.9-1.9) 1.6 (0.9 - 2.6)

Adequate health literacy (yes vs no) 0.7(0.4-11) 0.8 (0.5-1.5)

Major osteoporotic fracture in the past 12 motnhs (/ip, humerus, wrist, spine) (yes vs no) | 2.1 (1.1-4.2) 1.9 (0.8-4.5)

Current estrogen treatment 0.3(0.1-0.9) 0.9(0.3-2.8)

Prior osteoporosis treatment 6.3(4.1-9.4) 4.6(29-7.3)

Concerns about osteoporosis 53(3.4-8.1) 3.0(1.8-4.9)

Having been told they have osteoporosis 6.5(4.6-9.3) 10.0 (5.5-17.9)

Having been told they have osteopenia 5.6(3.2-9.8) 3.3(1.8-5.8)

Contemplative phase comprises women who self-classified in the in the third, fourth and fifth stages of PAPM. Pre-contemplative phase comprises
women who self-classified in the first and second stages of PAPM. Having been told they have osteoporosis and having been told they have

osteopenia are mutually exclusive, p < 0.05 in italics.
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