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Video abstract

Objective: To examine how drug therapy patterns for osteoporosis have changed after the
Medicare Physician Fee Schedule (MPFS) reimbursement reduction in 2007, in relation to
follow-up bone mineral density (BMD) testing status.
Methods: We used a retrospective temporal shift design to examine changes in drug therapy
patterns before (Phase 1: January 1, 2005–December 31, 2006) and after (Phase 2: July 1, 2007–
June 30, 2009) the MPFS reimbursement reduction in 2007, Cleveland, OH, USA. Participants
were osteoporotic older women in Phase 1 (n=1,340) and Phase 2 (n=1,437). The main outcomes were a) adherence, b) adjustment, c) occurrence of an extended gap, and d) restarting
drug therapy after an extended gap. Follow-up BMD testing status by study phase and location
were also analyzed.
Results: BMD testing rates at physicians’ offices decreased from 64.5% in Phase 1 to 58.4% in
Phase 2 (P=0.02); however, testing rates in hospital outpatient settings increased (from 20.8%
to 24.5%). There were also decreases in drug therapy adjustment from 15.9% in Phase 1 to 11.6%
in Phase 2 (odds ratio [OR]: 0.73; P0.01) and in restarting drug therapy after an extended gap
(55.4% in Phase 1 and 43.6% in Phase 2; OR: 0.76; P0.01).
Conclusion: There were no changes in the overall rate of follow-up BMD testing. The rates of
drug adjustments and restarting drug therapy after an extended gap did decrease. These decreases
were more evident when follow-up BMD testing was not performed.
Keywords: accessibility of health services, drug therapy, osteoporosis, elderly women
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Osteoporosis is a common bone mineral disease responsible for 2 million fractures
in the US yearly, particularly in older women.1 Its early detection and treatment can
prevent fractures as well as new disabilities, and eventually, reduce health care
costs.1 The current “gold standard” for measuring bone mineral density (BMD) is
central dual-energy X-ray absorptiometry.1
Follow-up BMD testing for osteoporotic patients is covered entirely by Medicare
every 2 years, or more often if necessary.1 The Medicare Physician Fee Schedule
(MPFS) is the fee for physician services reimbursed by Medicare. However,
the MPFS reimbursement rate for BMD testing in physicians’ offices was reduced from
US$139 in 2006 to US$82 from 2007–2008 and then further to US$50 in 2013.2,3 The
rationale of the reimbursement reduction was to save Medicare an estimated
US$2.8 billion over 5 years.2 The MPFS rate reduction did not apply, however, to the
reimbursement rate in hospital outpatient settings.2
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There is growing concern regarding how the recent
MPFS reimbursement reduction might affect osteoporosis
treatments.4 This reduction could negatively affect monitoring and detection of osteoporosis as it may reduce
BMD testing in physicians’ offices through the introduction
of barriers such as complicated intake procedures, reduced
access, and increased travel expenses, according to The
Lewin Group (Falls Church, VA, USA), an independent
national health care and human services policy research
consulting firm.4 Another recent study suggests that the
MPFS reimbursement reduction appeared to be concurrent
with reductions in clinicians’ motivations to invest in and
to educate the public about BMD testing, especially at lowvolume testing sites.5 However, these effects have yet to be
thoroughly examined.
The annual rate of BMD testing in physicians’ offices
has been on the decline since the initial MPFS reduction.6 This is a concern, as follow-up BMD testing has been
linked to adherence, which is crucial in the treatment of
osteoporosis. Only approximately half of all osteoporotic
patients adhere to drug therapy for at least 1 year.7,8 This low
adherence is problematic, because fracture rates do not differ between patients who show 50% adherence to bisphosphonate (BP) therapy and those who do not receive any
medication.8 Moreover, fractures and new disabilities may
result from low adherence to drug therapy in osteoporotic
patients.1,7,8 Osteoporotic patients have been found to be more
likely to adhere to drug therapy if they undergo follow-up
BMD testing; however, this study was limited to male veterans.9 Nevertheless, it seems probable that follow-up testing
can promote adherence and thereby decrease the burden of
osteoporosis.
Unfortunately, the optimal interval or frequency for
follow-up BMD testing has not yet been determined.1,10 The
ongoing controversy surrounding the efficacy of follow-up
BMD testing for monitoring osteoporosis drug treatments
has yet to be resolved.11–13 Previous findings have suggested
that monitoring drug therapy through BMD testing in postmenopausal women in the first 3 years after the start of BP
therapy is unnecessary and may be misleading.11,12 However,
Watts et al countered that it was premature to conclude the
efficacy of follow-up BMD testing for monitoring osteoporosis drug therapy based on the research that has been
conducted thus far.13
Drug treatments are both dynamic and complex, especially
in the management of chronic diseases. It is difficult to
interpret drug therapy patterns based on a single outcome,
such as adherence. Patients may need to have their drug
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t reatments adjusted, or restarting drug therapy after
experiencing a treatment gap. Therefore, the present study
examines changes in drug therapy patterns, rather than adherence alone, after the initial MPFS reimbursement reduction.
Specifically, we examined: 1) adherence, adjustment, occurrence of extended gaps, and restarting drug treatment after
a gap and 2) how drug therapy patterns changed according
to follow-up BMD testing status.

Methods
Study design and data collection
The study site was the Cleveland Clinic Health System,
the predominant non-profit health care system in the
metropolitan Cleveland area, OH, USA. This study was
composed of two phases: Phase 1, before MPFS reduction,
and Phase 2, after MPFS reduction. Each phase consisted
of a 3-month look-back period (Phase 1: October 1, 2004–
December 31, 2004; Phase 2: April 1, 2007–June 30, 2007)
and a subsequent 24-month observation period (Phase 1:
January 1, 2005–December 31, 2006; Phase 2: July 1, 2007–
June 30, 2009). Because the period of time covered entirely
by Medicare for the BMD testing is 2 years, and the majority of previous studies conducted by osteoporosis-related
professional societies adopted a 2-year time frame, we
likewise determined 24 months to be the best observation
period for both study phases.1,14 Inclusion criteria were:
a) being a female Medicare beneficiary and b) having begun
new osteoporosis drug therapy (not restarting drug therapy)
during the look-back period with one of the US Food and
Drug Administration (FDA)-approved medications (BP,
selective estrogen receptor modulator [SERM], calcitonin,
and teriparatide). BP included either brand or generic alendronate, ibandronate, risedronate, and zoledronate. SERM
included raloxifene. Exclusion criteria were: being treated
with a) denosumab or b) hormone therapy that had not been
approved for osteoporosis treatment by the FDA during the
study period.1
The health system’s integrated electronic medical records
(EMRs), were connected to diagnostic testing facilities and
retail pharmacies in the vicinity, and thus, were considered
feasible research tools.14 There was no patient who was
assigned to both Phases 1 and 2 simultaneously. We confirmed this using medical record number and name in the
EMR. Researchers were able to access information regarding
osteoporosis treatments and BMD testing statuses through
the EMRs. We accessed the EMRs of other health systems
in their geographical locations. BMD testing was performed
at either a physician’s office (defined as an independent
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diagnostic facility located outside a hospital) or hospital
outpatient settings (encompassing diagnostic facilities and
services located within a hospital).
Three hundred and thirty-four study participants were
withdrawn from the study due to insufficient datasets.
Two hundred and twenty-seven study participants either
died or were withdrawn due to serious health conditions
(eg, glomerular filtration rate [GFR] 30 mL/minute/1.73 m2)
that contraindicated any osteoporosis drug therapy. Data on
a total of 2,777 participants (1,340 in Phase 1 and 1,437 in
Phase 2) were eventually analyzed. The study was approved
by the institutional review board of the Cleveland Clinic
Health System. Informed consent from patients was waived
due to the use of secondary data.

Main outcomes
As the term “adherence” is synonymous with “medication
compliance”, according to the International Society for Pharmacoeconomics and Outcomes Research, we used the term
in our study to mean likewise.15 The main outcomes were:
a) adherence, that is, whether participants adhered to osteoporosis drug therapy during the 24-month follow-up period;
b) adjustment, or whether the osteoporosis drug therapy
class, name, strength, or frequency was adjusted without any
extended gaps in treatment; c) the occurrence of an extended
gap; and d) restarting drug therapy after an extended gap.
Because an adherence rate of at least 80% was regarded as
the minimum threshold for optimal efficacy in preventing
fractures, we used a minimum of 80% of the days covered
by drug therapy as an indicator of adherence.15,16 Adherence
was measured using the medication possession ratio, which
was defined as the number of actual drug fills divided by
the number of potential fills.16 When clinicians discontinued
drug therapy, the reason and the months of possible fills to
that date were indicated. If participants discontinued drug
therapy without endorsement from their clinicians and/or the
drug had not been refilled for 6 consecutive months or longer,
an extended gap was considered to have occurred.

Covariates
The covariates were age, race, education, smoking and/or
drinking, supplementary private health insurance coverage,
prior low trauma fracture at age 50 years or older, prolonged glucocorticoid use, acute hospitalization, a history
of rheumatoid arthritis or immunosuppressant use, cognitive impairment, follow-up BMD testing, and drug profile
(ie, osteoporosis treatment drugs captured during look-back
periods).
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Smoking and/or drinking was defined as currently
s moking and/or having 3+ drinks/day.1 Both smoking and
drinking have been reported to be predictors of non-adherence
to osteoporosis drug therapy.1 Meanwhile, supplementary
private health insurance included Medicare Part D, which
assists with additional out-of-pocket health care costs, and
managed health care plans. Having supplementary private
health insurance has been demonstrated to facilitate compliance with health maintenance programs, including for
osteoporosis.14 Prolonged glucocorticoid use was defined
as any use of oral prednisone equivalent to 5 mg/day for
more than 3 months.1 Acute hospitalization was defined as
any hospitalization in the past 12 months that may interrupt
osteoporosis pharmacotherapy maintenance through medical
conditions that contraindicated osteoporosis drug therapy
(eg, acute renal failure) or the unintentional gaps (pauses)
in drug treatments it could create during care transitions
(eg, being discharged from the hospital into the community).17
Osteoporosis drug therapy has been reported to be inversely
associated with cognitive impairment.18,19 In our study, BMD
testing was limited to the axial/central skeleton (spine and
hip). Although previous studies11,12 on BMD testing have
used other forms of bone mass measurement (eg, peripheral
skeleton and quantitative computed tomography), these were
less commonly performed and did not directly reflect the
guidelines for monitoring osteoporosis drug therapy. Therefore, these forms were not included in the present study.

Statistical analyses
Bivariate comparisons of participant characteristics between
study phases were examined using chi-square tests for categorical data and either Student’s t-tests or Wilcoxon ranksum tests for continuous data. Follow-up BMD testing was
stratified by study phases, locations, and outcomes. Univariate
and multivariate logistic regressions of four outcomes were
performed. These regressions were further stratified by
follow-up BMD testing status. In multivariate regressions,
the covariates were included as a simultaneous entry. Forward and backward stepwise selections were employed to
ensure that the method of selecting variables had no impact
on the regression models. Univariate and multivariate odds
ratios (OR) and corresponding 95% confidence intervals (CI)
were derived, where OR 1 indicated that the probability in
Phase 2 was higher than that in Phase 1. Calculation of the
variance inflation factor indicated no significant multicollinearity among the covariates. The reliability of the logistic
regression models was assessed with Hosmer–Lemeshow
Goodness-of-Fit tests: none of the fit criteria were violated.
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Table 1 Baseline characteristics by study phase
Age (years), mean (± standard deviation)
Non-whites, % (n)
Education (years), mean (± standard deviation)
Smoking and/or drinking, % (n)
Supplementary private health insurance, % (n)
Prior low trauma fracture at age 50 years or older, % (n)
Prolonged glucocorticoid use, % (n)
Acute hospitalization, % (n)
History of rheumatoid arthritis or any immunosuppressive drug use, % (n)
Cognitive impairment, % (n)
Osteoporosis drug therapy profile, % (n)
Bisphosphonate
Selective estrogen receptor modulator
Calcitonin
Teriparatide

Phase 1, n=1,340

Phase 2, n=1,437

P-valuea

78.6 (71.2–84.0)
30.5% (408)
8.1 (4.9–9.8)
14.7% (197)
38.2% (512)
13.4% (179)
5.9% (80)
50.4% (675)
8.5% (114)
23.5% (315)

77.9 (70.3–81.3)
31.9% (458)
7.9 (5.0–10.3)
13.0% (187)
38.9% (560)
13.9% (201)
6.6% (95)
49.9% (718)
7.00% (100)
26.0% (374)

0.22
0.47
0.24
0.33
0.57
0.68
0.29
0.53
0.11
0.18

81.6% (1,094)
9.3% (125)
4.4% (59)
4.6% (62)

77.6% (1,116)
12.6% (181)
4.1% (59)
5.6% (81)

0.09

Note: aP-values are derived from bivariate covariate comparisons by study phases.

All data procedures and analyses were performed using the
SAS statistical software package (v9.3; SAS Institute, Inc.,
Cary, NC, USA), with a threshold of 0.05 for statistical
significance (two-sided).

Results
Participant characteristics
Table 1 presents participant characteristics by study phases,
which did not differ significantly. Phase 2 participants used
more non-BP class drugs in Phase 2, with a statistically
marginal difference (P=0.09).

Follow-up BMD testing stratified by study
phases, locations, and outcomes
Table 2 presents data on follow-up BMD testing stratified
by study phases, locations, and outcomes. There were no
significant differences in the percentages of follow-up BMD
testing between the two study phases (Phase 1: 40.7%;
Phase 2: 39.3%; P=0.37). However, there was a shift in BMD
testing locations between the two study phases (P=0.02): the

occurrence of BMD testing in physicians’ offices decreased
from 64.5% to 58.4%, while BMD testing done in hospital outpatient settings increased from 20.8% to 24.5%.
There was no significant difference in the percentages of
follow-up BMD testing when comparing certain outcomes
between the two phases, except that there was a decrease
in follow-up BMD testing from 48.5% in Phase 1 to 34.0%
in Phase 2 (P0.01) among those restarting therapy after
an extended gap.

Drug therapy patterns stratified by study
phases and follow-up BMD testing status
Table 3 presents our multivariate logistic regression results
on: a) adherence, b) adjustment, c) occurrence of an extended
gap, and d) restarting drug therapy after an extended gap.
After the MPFS reimbursement reduction for BMD testing,
the likelihood of drug adjustment decreased significantly from
Phase 1 (15.9%) to Phase 2 (11.6%; OR: 0.73, 95% CI: 0.45–
0.98; P0.01). The likelihood of restarting drug therapy
after an extended gap also decreased from Phase 1 (55.4%)

Table 2 Follow-up bone mineral density testing stratified by study phase, location, and outcomes
% (n)

Phase 1, n=1,340

Phase 2, n=1,437

P-value

Follow-up bone mineral density testing, n=1,110
Locations

40.7% (547)

39.3% (563)

0.37

n=547
64.5% (353)
20.8% (114)
14.6% (80)

n=563
58.4% (329)
24.5% (138)
17.1% (96)

33.5% (239/713)
40.2% (86/214)
34.1% (124/363)
48.5% (98/202)

34.1% (250/747)
39.8% (67/168)
36.1% (160/443)
34.0% (66/194)

A) Physician office settings, n=688
B) Hospital outpatient settings, n=245
Both A and B, n=177
Drug therapy patterns
Adherence to drug therapy
Adjusting drug therapy
Occurrence of extended treatment gap
Restarting drug therapy after extended gap
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0.74
0.59
0.43
0.01
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Table 3 Drug therapy patterns stratified by study phases and follow-up bone mineral density testing status
Outcomes

Phase 1, n=1,340

Phase 2, n=1,437

ORa (95% CI)

P-value

51.98% (747/1,437)
51.4% (250/486)
52.2% (497/951)
11.6% (168/1,437)
17.2% (67/389)
7.9% (83/1,048)
30.8% (443/1,437)
27.0% (160/593)
31.9% (270/844)
43.6% (194/431)
56.4% (66/118)
32.2% (101/313)

0.96 (0.68–1.35)
0.92 (0.65–1.28)
1.04 (0.59–1.57)
0.73 (0.45–0.98)
0.88 (0.49–1.32)
0.57 (0.22–0.95)
1.13 (0.77–1.49)
1.12 (0.72–1.74)
1.10 (0.66–1.86)
0.76 (0.47–0.98)
1.07 (0.67–1.57)
0.58 (0.13–0.93)

0.48
0.31
0.76
0.01
0.15
0.01
0.27
0.22
0.49
0.01
0.55
0.01
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% (n)
a) Adherence to drug therapy
Follow-up BMD
No follow-up BMDb
b) Adjusting drug therapy
Follow-up BMD
No follow-up BMD
c) Occurrence of extended treatment gap
Follow-up BMD
No follow-up BMD
d) Restarting drug therapy after extended gap
Follow-up BMD
No follow-up BMD

53.2% (713/1,340)
55.8% (239/428)
52.0% (474/912)
15.9% (214/1,340)
20.1% (86/521)
13.7% (113/819)
27.1% (363/1,340)
24.5% (124/604)
29.2% (215/736)
55.4% (202/375)
52.3% (98/147)
54.8% (125/228)

Notes: aOR were derived from multivariate logistic regressions after adjusting for covariates. OR1 indicated that the probability in Phase 2 was higher than that in Phase 1;
b
no follow-up BMD indicated that follow-up BMD testing was not taken during the observational period.
Abbreviations: BMD, bone mineral density; CI, confidence interval; OR, odds ratio.

to Phase 2 (43.6%; OR: 0.76, 95% CI: 0.47–0.98; P0.01).
When follow-up BMD testing was performed, the observed
differences between the two phases in drug adjustment
and restarting drug therapy after an extended gap became
non-significant. However, when follow-up BMD testing
was not performed, the differences between the two phases
widened. Drug adjustment decreased by a larger margin from
Phase 1 (13.7%) to Phase 2 (7.9%; OR: 0.57, 95% CI: 0.22–
0.95; P0.01), and restarting drug therapy after an extended
gap decreased from Phase 1 (54.8%) to Phase 2 (32.2%;
OR: 0.58, 95% CI: 0.13–0.93; P0.01).
There were no significant differences between the
two phases in terms of adherence to drug therapy (Phase 1:
53.2%; Phase 2: 51.9%; P=0.48) and occurrence of an
extended treatment gap (Phase 1: 27.1%; Phase 2: 30.8%;
P=0.27), even after stratification by follow-up BMD testing
status. The results of the univariate analyses between the
phases and outcomes were similar; therefore, these were not
presented in the tables.

Discussion
To the best of our knowledge, this is the first study to explore
how osteoporosis drug treatment patterns changed according
to follow-up BMD testing status after the MPFS reimbursement reduction. In particular, we observed decreases in drug
adjustment and restarting treatment after an extended gap.
When follow-up BMD testing was performed, these became
non-significant. However, in the absence of such testing, the
difference between the two study phases widened.
These findings are important because evidence on this
topic is currently mixed.

Patient Preference and Adherence 2014:8

One interesting question that arises from these results
follows: Why did certain changes in drug therapy patterns
occur after the MPFS reimbursement reduction (eg, frequency of treatment adjustment and restarting drug therapy
after an extended gap) as opposed to others (eg, adherence
and occurrence of an extended treatment gap)?
It could be that patients going through a drug adjustment
and restarting after an extended gap were more vulnerable to
follow-up BMD testing than others. Follow-up BMD testing
may not determine all occasions of drug treatment patterns
in contrast to the previous studies.4,9
These observations may be explained by the dynamics
of clinicians’ prescription patterns. The annual rate of treatment adjustments for osteoporosis has previously been
reported at approximately 10%.20 Before clinicians decide
to adjust or restart osteoporosis drug therapy, they usually prefer to conduct BMD testing and evaluate current
treatments.10 Although the method of treatment might not
be directly determined by the test results, BMD follow-up
testing may provide clinicians, as well as patients, with the
assurance they seek in steering their osteoporosis care plans.
Therefore, the reduction in the MPFS reimbursement rate
would discourage clinicians from using BMD tests more
frequently in evaluating patients’ current osteoporosis treatment plans. This would likely result in reduced osteoporosis
care plan changes as shown in this study.
As described in previous reports, a shift of BMD testing
location from physicians’ offices to hospital outpatient
settings was also observed in this study. This shift likely
reflects decreased reimbursement in non-hospital employed
physicians.3,21
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Although Medicare provides reimbursement for BMD
testing entirely every 2 years, these assessments have been
underutilized. According to published reports using national
data a decade earlier, the osteoporosis screening rates using
BMD testing for Medicare females were less than 20%
and 22.9% in a 2- and 3-year time period, respectively.22,23 The
prevalence of BMD testing for follow-up purposes has rarely
been examined, although a recent study of testing conducted
since patients were first diagnosed with osteoporosis presented a figure of 38% during a 5-year period.24 The relatively
high rate of follow-up BMD testing in that study could have
been associated with a recent quality of care project initiated at the health system level that promoted such testing in
osteoporotic health care.25
Our findings on osteoporosis drug profile patterns were
similar to those of previous studies.26 We found that osteoporotic older women used non-BP more often than that
reported previously.26 Our study participants were recruited
relatively recently and used newer non-BP medications.
In fact, more than 80% of Phase 1 participants used BPs.
Phase 2 participants used more non-BP class drugs in Phase 2,
though this difference was not statistically significant. This
may be attributed to the fact that the number of non-BP users
among osteoporotic drug treatment would likely increase
further if future analyses included more recent data.
Our findings have practical, health care policy, and future
research implications, even though we did not directly examine adverse outcomes of undertreatment (eg, BMD changes
or fracture rates). The undertreatment of osteoporosis is
relatively common; approximately two-thirds of women
aged 55 years or older did not receive osteoporosis treatment
within 1 year of diagnosis.26 Missing opportunities for timely
drug adjustments or restarting treatments would raise red flags
in the management and treatment of osteoporosis. Frequent,
timely BMD testing could therefore improve the quality and
outcomes of osteoporosis treatment through early detection
of least significant change and minimization of extended
gaps.9,13 Previous reports on the limited value of repeat BMD
testing included healthy and untreated older females – a
different population than reviewed in this study.27,28
The main strength of this study lies in its examination of
the effects of the MPFS reimbursement reduction on both
the BMD testing rate as well as osteoporosis drug therapy
patterns. Further research is warranted to determine how
the reduction would be associated with more direct osteoporosis outcomes such as BMD changes and fracture risks.
The present study did have several limitations. First, our data
analyses did not cover osteoporosis drug therapy patterns
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prescribed by clinicians that were not captured through the
EMRs, and we could not quantify these cases. Location information on BMD testing was limited to hospital outpatient and
physician office settings. More detailed information such as
geographic site and test site volume was not available. For
this reason, we acknowledge potential selection bias in our
study. Second, our data (years 2005–2009) were premature
and might not have reflected more recent BMD testing and
drug therapy patterns during or after 2010. Indeed, a sharp
drop in BMD testing rate in 2010 is expected because of further MPFS reimbursement reductions from US$72 in 2009 to
US$50 in 2013.3 Third, we did not analyze clinicians’ characteristics, which may have influenced follow-up BMD testing
among osteoporotic patients. Clinician characteristics have
been linked to the patterns in which BMD testing is ordered
(eg, a greater number of BMD testing being ordered by
female clinicians or in academic care settings).17 Finally, our
findings cannot entirely reflect secular trends in the public
awareness of the rare but important adverse effects of BPs
(eg, atypical femoral fractures and jaw osteonecrosis) or the
FDA’s extension of the indications for SERM (raloxifene)
for osteoporotic female breast cancer patients.29

Conclusion
Overall utilization of follow-up BMD testing did not change
after the MPFS reimbursement reduction in 2007. Drug
adjustment and restarting drug treatment did decrease, and
this drop was more apparent when follow-up BMD testing
was not conducted.
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