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Abstract

Background—In cross-sectional studies, patient activation has been associated with better health 

behaviors, health outcomes, and health care experiences. Moreover, tailored interventions have led 

to clinically meaningful improvements in patient activation, as well as health outcomes over time. 

We tested whether a tailored patient-activation letter communicating bone mineral density (BMD) 

test results plus an educational brochure improved patient activation scores and levels at 12- and 

52-weeks post-baseline as the mechanism leading to enhanced bone healthcare.

Methodology—In a randomized, controlled, double-blinded, multi-center pragmatic clinical trial 

we randomized 7,749 patients ≥ 50 years old and presenting for BMD testing at three medical 

centers in the United States between February 2012 and August 2014. The outcome measures 

were patient activation scores and levels based on six-items taken from the Patient Activation 

Measure (PAM) that were administered at the baseline, 12-week, and 52-week follow-up 

interviews.

Results—Mean age was 66.6 years, 83.8% were women, and 75.3% were Non-Hispanic-Whites. 

Overall, PAM activation scores improved from 58.1 at baseline to 76.4 by 12-weeks (p < 0.001) 

and to 77.2 (p = 0.002) by 52-weeks post-baseline. These improvements, however, were not 

significantly different between the intervention and usual care groups (18.7 vs. 18.1, p = 0.176, at 

12-weeks) in intention-to-treat analyses.

Conclusion—PAM activation scores and levels substantially improved at 12-weeks and 52-

weeks, but no differences were observed in these improvements between the intervention and 

usual care groups. These null findings may have occurred because the tailoring focused on the 

patient’s BMD and fracture risk results, rather than on the patient’s BMD and fracture risk results 

as well as the patient’s baseline PAM activation scores or levels.
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Introduction

Patient engagement, also known as patient activation, became a key component in the 

reformation of health care delivery in the United States (U.S.) with the passage of the Patient 

Protection and Affordable Care Act of 2010. Patient activation “emphasizes patients’ 

willingness and ability to take independent actions” (1) by understanding their “role in the 

care process and having the knowledge, skill, and confidence to manage one’s health and 

health care” (2). Across various diseases and conditions other than osteoporosis, patient 

activation scores and levels predict health behaviors, with higher patient activation scores 

and levels being associated with better health outcomes and care experiences, and lower 

health care costs (1, 3, 4). Furthermore, a growing body of evidence shows that well-crafted, 

patient-tailored interventions lead to statistically and clinically meaningful improvements in 

patient activation scores and levels and improved health outcomes (3,4). Therefore, if the 

triple aim of improving the patient care experience, raising the health of populations, and 

lowering per capita health care costs is to be achieved, then interventions to achieve patient 

activation should routinely be embedded in health care management programs.
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Patient activation may be especially important for conditions like osteoporosis, which is “a 

progressive systemic skeletal disease characterized by low bone mass and microarchitectural 

deterioration of bone tissue” (5) that increases fracture risk, but is largely silent until a 

fracture occurs. Prevalence rates among those ≥ 50 years old are 10.3% for osteoporosis and 

43.9% for osteopenia (low bone mass) (6). Osteoporosis-related fractures usually occur at 

the spine, hip, or wrist, and frequently occur incidental to a fall (7). It is estimated that by 

2025 nearly three million osteoporosis-related fractures will occur every year, resulting in 

associated health care costs of $25.3 billion (8) as well as “premature mortality, loss of 

independence and function, [and] reduced quality of life” (9).

Accordingly, health care foundations, quality assurance organizations, and federal agencies 

(7, 9-11) have focused on policies for decreasing the prevalence of osteoporosis and 

osteoporosis-related fractures. The three main strategies encourage healthy behaviors 

(adequate calcium and vitamin D intake, weight-bearing and muscle-strengthening exercise, 

fall prevention, smoking cessation, and avoidance of excessive alcohol intake) (7), bone 

mineral density (BMD) testing using dual energy X-ray absorptiometry (DXA) (12), and 

when appropriate, guideline-concordant pharmacological treatment. Nonetheless, older 

adults generally do not engage in healthy bone behaviors (13) despite aggressive federal 

campaigns like Senior Health (http://nihseniorhealth.gov/), Move! (http://

www.move.va.gov/), and Let’s Move (http://www.letsmove.gov/). Screening rates are also 

low with 40% of all women on Medicare reporting that they have never had a DXA (14), 

even though Medicare covers and encourages such testing every two years (15). 

Pharmacological treatment rates are even lower, with recent estimates reporting that only 

23.3% received pharmacological treatment within two years of an osteoporosis diagnosis or 

any fragility fracture (16), and that only 28.5% received pharmacological treatment after 

discharge from a hip fracture (17), with both studies showing that treatment rates declined 

over time.

Because most prior efforts to improve osteoporosis healthcare have targeted providers with 

complicated interventions that have little if any patient involvement (18-25), we designed a 

pragmatic randomized controlled trial (RCT) known as the Patient Activation after DXA 

Result Notification (PAADRN) study (NCT-01507662). PAADRN’s primary focus was to 

evaluate whether a simple, scalable patient activation intervention improved guideline-

concordant pharmacological treatment as the clinical endpoint. Based on patient activation 

theory (1-4), we assumed that timely, direct-to-patient communication of DXA results and 

fracture risk would inform patients about osteoporosis, activate them to be more pro-active 

in their interactions with health care providers, and improve their adherence with guideline-

concordant pharmacological treatment. In this article we test whether our intervention 

improved patient activation scores and levels.

Materials and Methods

Design

PAADRN was a pragmatic, double-blinded RCT, in which patients either received a postal 

mailed tailored-letter with their DXA results accompanied by an educational brochure plus 

usual care, or usual care alone (26). Patients 50 years old or older and presenting for DXA 

Wolinsky et al. Page 3

J Clin Densitom. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://nihseniorhealth.gov/
http://www.move.va.gov/
http://www.move.va.gov/
http://www.letsmove.gov/


testing between February 2012 and August 2014 at the University of Iowa (UI), the 

University of Alabama at Birmingham (UAB), and Kaiser Permanente of Georgia (KPGA) 

were eligible to enroll. Age-eligible patients were excluded if they were prisoners, had overt 

cognitive limitations, did not speak or read English, or were deaf or without telephone 

access. The study protocol and consent procedures were reviewed and approved by each 

site’s Institutional Review Board (IRB).

Randomization and Intervention

Detailed information about the randomization process is available elsewhere (26). Simply 

put, we rank-ordered providers at each site based on their DXA volume during 2010-2011, 

and randomly assigned (1:1:1) one provider within each sequential block of three at each site 

to each of three groups (A, B, or C). All providers in group A’s patients were assigned to the 

intervention, all providers in group B’s patients were assigned to usual care, with the 

providers in group C’s patients randomly allocated (1:1) to either the intervention or usual 

care. Providers without historical DXA ordering volume data were randomized to one of the 

three groups when their first patient entered the study.

All patients, providers, baseline interviewers, other project staff, and investigators were 

initially blinded to treatment assignment because randomization only occurred after the 

study DXA and baseline interviews were completed. Because all follow-up data were 

collected by interviewers from the Iowa Social Science Research Center (ISRC) who were 

not PAADRN project staff and were blinded to patient assignment, concealment for all 

investigators and other project staff was maintained. Patients in the intervention group could 

have become unblinded as they received their DXA results letter and educational brochure, 

but to minimize this possibility and with IRB-approval we did not inform patients that they 

would be randomly assigned to receive the intervention letter. Similarly, providers could 

have become unblinded as one of their patients brought in to show or discuss with them their 

intervention letter and/or educational brochure.

We notified intervention patients of their DXA results using a tailored letter and an 

educational brochure sent by postal mail. The reliance on postal mail was based on patient 

preferences expressed in our pilot study (27). Intervention materials were sent from the 

central coordinating center (UI) about four weeks after the baseline DXA. Described 

elsewhere (28-30), these materials were developed using best practices in health education. 

The intervention letters reported the clinical impression (normal, osteopenia, or 

osteoporosis) and 10-year major osteoporotic fracture risk, and encouraged the patient to 

bring the letter to their next provider visit for discussion. The brochure explained 

osteoporosis, defined T-scores, and laid out five steps to better bone health, including 

discussing results with the patient’s provider, achieving and maintaining proper calcium and 

vitamin D intake, the benefits of exercise, and the dangers of smoking and excessive alcohol 

intake. Patients in the usual care only group received information about their DXA results 

consistent with the normal practices of their providers and health centers.
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Setting

As reported elsewhere (26, 31), the three health centers were diverse in the way that patients 

were notified of their DXA results. Two sites (UI and KPGA) used the Epic electronic health 

record (Verona, Wisconsin). Patients at UI had to take the initiative to sign-up to participate 

in the Epic MyChart patient portal, with 29.5% using that portal to view their DXA results 

(T-scores and clinical impression [normal, osteopenia, or osteoporosis]). Patients at KPGA 

were routinely registered for the MyChart patient portal (locally branded as KP.Org), but 

could not access any radiology test results, including DXA. DXA results were provided to 

KPGA patients via postal mailing using generic, non-tailored template letters that only 

included the clinical impression. Because UAB had no patient portal at the time of this 

intervention, its patients were notified of their DXA results at the discretion of their ordering 

provider.

Baseline Data Collection

Baseline interviews were conducted by PAADRN project staff using the REDCap computer-

assisted-interviewing system (32). These telephone or in-person interviews took place up to 

28-days before or 3-days after the baseline DXA. T-scores, femoral neck BMDs, and clinical 

impressions were taken from the baseline DXA tests, and the FRAX tool was used to 

calculate 10-year hip and major osteoporotic fracture risks (8). The covariates from the 

baseline interviews that are used in the multivariable analyses reported here have been 

described in detail elsewhere (26, 31) and included study site, patient age, sex, race, 

education, self-rated health, history of chronic obstructive pulmonary disease and/or 

depression, smoking status, alcohol use, engagement in weight-bearing exercise, fractures 

after age 40, parental hip fractures after age 50, patient prior DXA testing, fracture risk, 

prior diagnoses for osteopenia or osteoporosis, and current or former osteoporosis 

medication use.

Patient Activation

Patient activation was measured at each interview using six items from the patient activation 

measure (PAM) (2). The original PAM included 22 items for generically assessing patient 

knowledge and skill levels as well as the confidence for self-management based on well-

established, modern psychometric test (item response) theory (2, 3). PAM activation scores 

theoretically range from the lowest (0) to the highest (100), and can be used to categorize 

patients into four activation levels: may not yet believe that the patient role is important; 

lacks confidence and knowledge to take action; beginning to take action; and, has difficulty 

maintaining behaviors over time. A shorter version of the PAM uses only 13 items but has 

similar psychometric properties and is scored by taking the sum of the ordinal responses 

(Strongly Disagree = 1, Disagree = 2, Agree = 3, Strongly Agree = 4) and translating those 

raw scores to the original 22-item PAM activation scores and levels (2) using the published 

scoring conversion table (33). If no items are missing this is straightforward. But if one or 

more items are missing, then the average of the non-missing items is multiplied by 13, and 

that product is converted to the 0-100 activation score using the published scoring 

conversion table.
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We used six of the 13 items from the shorter version of the PAM because of concerns about 

respondent burden arising from the detailed data that needed to be collected at every 

interview to address the primary clinical endpoint and numerous secondary and tertiary 

outcomes (26). The six selected items are shown in Table 1 and include at least one question 

representing each of the four activation levels. Because we only used six of the PAM items, 

we took the average of those items, multiplied by 13, transformed that raw score to the 

0-100 activation scores using the published scoring conversion table (33), and then applied 

the designated cut-points to derive the four activation levels.

Sample Size & Power

PAADRN was designed to provide 89% power to detect an 8% absolute difference for its 

primary clinical endpoint—guideline-concordant pharmacological treatment. Although 

PAADRN was not powered for the six items taken from the PAM, we used baseline PAM 

levels to estimate the minimally detectable difference. Those calculations indicated that we 

would have 80% power at p < 0.025 (based on Bonferroni adjustments, see below) to detect 

a difference as small as 0.8 patient activation points.

Data Analyses

Intention-to-treat analyses were conducted with multiple imputation for participants without 

12- and/or 52-week follow-up interviews using the baseline covariates for missing data at 

12-weeks, and the baseline covariates and 12-week outcomes for missing data at 52-weeks. 

Standard graphical and statistical techniques were used to evaluate each variable using 

bivariable methods. We compared unadjusted PAM activation scores and levels between the 

intervention and usual care groups. Random effects linear (for PAM activation scores) and 

logistic (for PAM activation levels) regression were used to adjust for patient clustering 

within providers and all covariates. The primary independent variable was random 

assignment to the intervention vs. usual care groups. Because the outcomes occur at 12- and 

52-weeks and we model them independently (baseline to 12-weeks, and baseline to 52-

weeks), we use Bonferroni adjustments to correct for multiple comparisons. All p-values are 

2-tailed, with those ≤ 0.025 deemed statistically significant, except at baseline where no 

adjustments were necessary. All statistical analyses were performed using SAS 9.4 (SAS 

Institute Inc., Cary, NC).

Results

The CONSORT patient flow chart and descriptive baseline data for the covariates have been 

published elsewhere (31). To summarize, about 54% (7,749) of the 14,280 patients known to 

be eligible for the study consented to participate and were enrolled. Follow-up interviews 

were completed by 86.8% at 12-weeks and 77.7% at 52-weeks. In general, there were no 

meaningful differences between patients assigned to the intervention and usual care groups 

on the baseline covariates (31). Mean age was 66.6, 83.8% were women, and 75.3% were 

Non-Hispanic-Whites. The prevalence of osteoporosis (19.5%) and osteopenia (53.1%) were 

higher than recent national estimates (10.3% and 43.9%) because PAADRN patients were 

recruited as they presented for DXA tests rather than from the general population (6).
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Table 2 shows the results from the intention-to-treat unadjusted bivariable comparisons 

including mean PAM activation scores and the percentages for the PAM activation levels at 

baseline, 12-weeks and 52-weeks post-baseline for the intervention and usual care groups. 

Also shown are the changes in activation scores and the percentages of patients whose 

activation levels increased over time. At baseline, the distribution of PAM activation levels 

was similar to published normative data (11.8%, 29.3%, 36.5%, and 22.3% for levels 1-4) 

(33). Overall, PAM activation scores improved from a baseline mean of 58.1 to 76.4 at 12-

weeks post-baseline (p < 0.001), with a further improvement to 77.2 (p = 0.002) by 52-

weeks post-baseline. Similarly, 65.1% and 66.7% improved by one or move activation levels 

by 12-weeks and 52-weeks post-baseline (both p < 0.001). Comparing the intervention and 

usual care groups, however, no significant (p > 0.025) or meaningful differences in either 

PAM activation score or level improvements were observed.

Table 3 contains the regression coefficients and adjusted odds ratios (AORs) for the 

intervention group vs. the usual care group obtained from the intention-to-treat random 

effects linear and logistic regressions, respectively, that adjusted only for patient clustering 

within providers (crude column) and for patient clustering within providers and differences 

in the covariates listed above (adjusted column). Once again, no significant (p > 0.025) or 

meaningful differences were observed between the intervention and control groups on 

changes in PAM scores or levels by either 12-weeks or 52-weeks post-baseline.

Discussion

PAADRN was a pragmatic RCT whose primary clinical endpoint was to improve guideline-

concordant pharmacological treatment, along with several secondary and tertiary outcomes 

among patients presenting for DXA testing at three clinical sites (26, 31). Based on patient 

activation theory (1-4), we assumed that timely, direct-to-patient communication of DXA 

results and fracture risk would inform patients about osteoporosis, activate them to be more 

pro-active in their interactions with health care providers, and improve their adherence with 

guideline-concordant pharmacological treatment. To encourage patient activation, we postal 

mailed intervention patients a tailored letter containing their DXA results and fracture risks 

along with an educational brochure about osteoporosis, while the control group only 

received usual care. Elsewhere we have shown that compared to the usual care group, 

patients in the intervention group had statistically and clinically meaningful improvements 

in first receiving and understanding their DXA results, and then having subsequent contact 

with their providers to discuss their results and treatment options, although no effect was 

observed on guideline-concordant pharmacological treatment (31). The purpose of this 

article was to evaluate whether these improvements resulted from improved patient 

activation. To do so, we included six items from the PAM (2, 33) at every baseline, 12-week, 

and 52-week interview. Although PAM activation scores and levels substantially improved 

by 12-weeks and improved a modest additional amount by 52-weeks post-baseline, the 

tailored DXA test result letter and educational brochure failed to differentiate the magnitude 

of improvements between the intervention and usual care groups.

There are at least three plausible reasons why the PAADRN intervention did not improve 

patient activation compared to the usual care group—measurement limitations, practice 
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effects, and the tailoring focus. We only used six items from the PAM, and therefore may 

have had insufficient sensitivity to detect small differences. The six items that we selected 

(Table 1), however, included at least one statement from within each activation level, and the 

range of activation scores was the same as it was for the 13-item PAM. Furthermore, the 

baseline distribution on activation levels was very similar to normative data on the PAM, and 

the overall improvements in activation scores and levels were substantial. Thus, it is unlikely 

that measurement limitations explain our null findings.

Practice (or learning) effects occur when participants are asked the same questions at several 

different times (i.e., at subsequent follow-up interviews) over the course of a study. This 

generally leads to improved performance reflected in higher scores after the baseline 

interview. Practice effects are known to occur frequently, may be as large as 0.25 SD, but 

generally decline with age and the length of time in-between administrations (34). As such, 

practice effects could also explain our null findings, especially for the substantial 

improvement in activation scores and levels between baseline and 12-weeks post-baseline. 

This seems unlikely, however, for two reasons. First, the item response theory based 

reliability for the PAM is reported to be excellent (0.85) as is coefficient alpha (0.87), and 

test-retest reliability for the PAM has been shown to be moderate to very good (2, 33). 

Second, previous reports have shown virtually no change in control group activation scores 

over six weeks, and only a modest improvement of 3.3 activation points over six months 

(35). Nonetheless, it is possible that the magnitude of the overall improvements in patient 

activation scores and levels shown here may have diminished the opportunity to differentiate 

between intervention and practice effects, especially given the reduced sensitivity of our six-

item measure.

The third explanation for our null findings involves the focus of our intervention tailoring. 

While the activation intervention letter was tailored to each patient’s study DXA and 

fracture risk, the educational brochure was not, although it was developed specifically for 

this study using best practices in health education. Perhaps we should have focused the 

intervention letter and the educational brochure not only on the patient’s study DXA and 

fracture risk, but also on their baseline PAM activation score and level. This would be 

consistent with recent cutting-edge patient activation interventions that are tailored in all 

respects to the individual patient (1, 3), although that would have been far more complex in 

such a large clinical trial, and generally not consistent with the logic of pragmatic RCTs, 

unless a computer-assisted infrastructure to do so had been developed and put in place.

Conclusions

We found that directly communicating patients’ DXA results and fracture risk to them via a 

tailored DXA result letter accompanied by an educational bone health brochure did not lead 

to greater improvements in patient activation scores or levels. Thus, PAADRN was a 

negative trial with respect to patient activation as the mechanism through which statistically 

and clinically meaningful improvements in patients receiving and understanding their DXA 

results, and having subsequent contact with their providers to discuss their results and 

treatment options were observed (31). Future patient activation studies should consider 

tailoring all aspects and materials of the intervention to the patient’s study DXA and fracture 
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risk and their baseline PAM activation score and level based on either the 13- or 22-item 

PAM measures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

The six items from the Patient Activation Measure (PAM) (33) that were used at each interview.

Items Activation
Level

Raw
Activation

Score

1. When all is said and done, you are the person
who is responsible for managing your health
condition.

1 38.6

2. Taking an active role in your own health care is
the most important factor in determining your
health and ability to function.

1 41.1

5. You are confident that you can tell when you
need to go get medical care and when you can
handle a health problem yourself.

2 43.7

9. You know the different medical treatment
options available for your health condition.

3 49.8

10. You have been able to maintain the lifestyle
changes for your health that you have made.

3 50.5

13. You are confident that you can maintain
lifestyle changes like diet and exercise even during
times of stress.

4 53.0

Note: The raw scores of the 13 items in the short form of the PAM range from a low of 38.6 to a high of 53.0. These raw scores are then converted 
to the 0-100 PAM activation scores using the published scoring conversion table.
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Table 2

Patient Activation Measure (PAM) activation scores and levels at baseline, and at 12-weeks and 52-weeks 

post-baseline by intervention group using unadjusted, intention-to-treat analyses.

Intervention
Group

N = 3,898

Usual Care
Group

N = 3,851

P-
value

PAM activation scores and changes

PAM activation score at baseline, mean (SD) 57.8
(11.4)

58.3
(11.8)

0.056

PAM activation score at 12-weeks, mean (SD) 76.5
(16.2)

76.4
(16.4)

0.877

PAM activation score at 52-weeks, mean (SD) 76.9
(16.1)

77.5
(15.8)

0.169

PAM activation score change from baseline to 12-weeks),
mean (SD)

18.7
(17.3)

18.1
(17.5)

0.176

PAM activation score change from baseline to 52-weeks),
mean (SD)

19.1
(17.1)

19.2
(17.0)

0.875

PAM activation levels at baseline, number (%) 0.262

Level 1: May not yet believe that the patient role is
important

495
(12.7)

484
(12.6)

Level 2: Lacks confidence and knowledge to take action 834
(21.4)

825
(21.4)

Level 3: Beginning to take action 1849
(47.4)

1757
(45.6)

Level 4: Has difficulty maintaining behaviors over time 720
(18.5)

785
(20.4)

PAM activation levels at 12-weeks, number (%) 0.600

Level 1: May not yet believe that the patient role is
important

58
(1.5)

71
(1.9)

Level 2: Lacks confidence and knowledge to take action 130
(3.3)

133
(3.4)

Level 3: Beginning to take action 983
(25.2)

971
(25.2)

Level 4: Has difficulty maintaining behaviors over time 2727
(70.0)

2676
(69.5)

PAM activation levels at 52-weeks, number (%) 0.114

Level 1: May not yet believe that the patient role is
important

55
(1.4)

57
(1.5)

Level 2: Lacks confidence and knowledge to take action 128
(3.3)

108
(2.8)

Level 3: Beginning to take action 900
(23.1)

837
(21.7)

Level 4: Has difficulty maintaining behaviors over time 2815
(72.2)

2850
(74.0)

Improvements in PAM activation scores and levels

Any PAM score improvement baseline to 12-weeks,
number (%)

3114
(79.9)

3034
(78.8)

0.239

Any PAM score improvement baseline to 52-weeks,
number (%)

3133
(80.4)

3128
(81.2)

0.385
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Intervention
Group

N = 3,898

Usual Care
Group

N = 3,851

P-
value

Any PAM level improvement baseline to 12-weeks,
number (%)

2567
(65.9)

2477
(64.3)

0.171

Any PAM level improvement baseline to 52-weeks,
number (%)

2607
(66.9)

2559
(66.5)

0.698
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Table 3

Crude and adjusted effects of the intervention group (vs. the usual care group) from intention-to-treat linear 

and logistic random effect models on changes in Patient Activation Measure (PAM) activation scores and 

levels at 12-weeks and 52-weeks post-baseline.

Crude Adjusted

PAM activation score at 12-weeks
1 Estimate 0.28 0.26

p-value 0.503 0.517

95% CI (−0.55,
1.11)

(−0.53,
1.05)

PAM activation score at 52-weeks
1 Estimate −0.28 −0.36

p-value 0.51 0.377

95% CI (−1.12,
0.56)

(−1.17,
0.45)

PAM activation score change from baseline to 12-

weeks
2

Estimate 0.57 0.48

p-value 0.226 0.283

95% CI (−0.36,
1.5)

(−0.39,
1.35)

PAM activation score change from baseline to 52-

weeks
2

Estimate 0.04 −0.16

p-value 0.927 0.723

95% CI (−0.88,
0.97)

(−1.03,
0.72)

PAM activation scores increased from baseline to

12-weeks
3

AOR 1.03 1.02

p-value 0.682 0.729

95% CI (0.90,
1.17)

(0.90,
1.16)

PAM activation scores increased from baseline to

52-weeks
3

AOR 0.89 0.89

p-value 0.116 0.106

95% CI (0.77,
1.03)

(0.77,
1.03)

PAM activation level increased from baseline to

12-weeks
4

AOR 1.00 1.00

p-value 0.992 0.958

95% CI (0.88,
1.14)

(0.88,
1.15)

PAM activation level increased from baseline to

52-weeks
4

AOR 0.91 0.91

p-value 0.215 0.190

95% CI (0.79,
1.05)

(0.79,
1.05)

Note: The covariates included study site, patient age, sex, race, education, self-rated health, history of chronic obstructive pulmonary disease, 
history of depression, smoking status, alcohol use, engagement in weight-bearing exercise, fractures after age 40, parental hip fractures after age 
50, patient prior DXA testing, fracture risk, prior diagnoses for osteopenia or osteoporosis, and current or former osteoporosis medication use.

1
These are regression coefficients from linear random effect models on increases in PAM activation scores at 12- and 52-weeks without adjustment 

to baseline PAM score.

2
These are regression coefficients from linear random effect models on PAM activation scores at 12- and 52 weeks with adjustment for the baseline 

activation score.
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3
These are adjusted odds ratios from logistic random effect regression models on any increase in PAM activation scores at 12- and 52-weeks with 

adjustment for PAM activation scores at baseline.

4
These are adjusted odds ratios from logistic random effect models on any increase in PAM levels at 12- and 52-weeks with adjustment for PAM 

activation scores at baseline.
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