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Abstract
Purpose of Review The aims of this review are to summarize current performance for osteoporosis quality measures used by
Centers for Medicare and Medicaid (CMS) for pay-for-performance programs and to describe recent quality improvement
strategies around these measures.
Recent Findings Healthcare Effectiveness Data and Information (HEDIS) quality measures for the managed care population
indicate gradual improvement in osteoporosis screening, osteoporosis identification and treatment following fragility fracture,
and documentation of fall risk assessment and plan of care between 2006 and 2016. However, population-based studies suggest
achievement for these process measures is lower where reporting is not mandated. Performance gaps remain, particularly for
post-fracture care. Elderly patients with increased comorbidity are especially vulnerable to fractures, yet underperformance is
documented in this population. Gender and racial disparities also exist. As has been shown for other areas of health care,
education alone has a limited role as a quality improvement intervention. Multifactorial and systems-based interventions seem
to be most successful in leading to measurable change for osteoporosis care and fall prevention.
Summary Despite increasing recognition of evidence-based quality measures for osteoporosis and incentives to improve upon
performance for these measures, persistent gaps in care exist that will require further investigation into sustainable and value-
adding quality improvement interventions.

Keywords Osteoporosis . Falls . Quality measure . Quality improvement . Medicare . MACRA/MIPS

Introduction

Osteoporosis is common, affecting approximately 10 million
people in the USA [1]. Half of all post-menopausal womenwill
experience an osteoporotic fracture in their lifetime while an
estimated 15% will sustain a hip fracture [2, 3]. The current
incidence of osteoporotic fractures is estimated at 2 million per
year; however, this number is expected to increase as our

population ages [4]. While osteoporosis is largely asymptom-
atic until fracture occurs, the economic and health conse-
quences of fragility fractures are substantial. The annual
healthcare cost of osteoporotic fractures is projected to reach
25 billion US dollars by 2025 [4]. In addition, fragility fractures
are associated with poor health outcomes including decreased
quality of life (QOL), reduced physical function and indepen-
dence, and increased mortality [5–8]. Hip fractures in particular
contribute to excess morbidity and mortality, as they are asso-
ciated with an estimated 1-year mortality of 20–30% and re-
quirement for long-term care in 25% of those who survive [9].

Given that osteoporosis is highly prevalent among post-
menopausal women and is a treatable condition, the United
States Preventive Services Task Force (USPTF) recom-
mends universal screening for all women aged 65 and
older with dual-energy X-ray absorptiometry (DXA) [10].
Similar recommendations for screening among postmeno-
pausal women are endorsed by the National Osteoporosis
Foundation (NOF) and American Association of Clinical
Endocrinologists (AACE) clinical guidelines [11, 12].
Among men and women that have experienced a fragility
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fracture, bone mineral density (BMD) testing with DXA
and treatment with osteoporosis pharmacotherapy is rec-
ommended for secondary prevention. Because falls con-
tribute to a majority of fragility fractures, fall prevention
is also a focus of care guidelines: the American Geriatric
Society (AGS) guidelines recommend annual fall screen-
ing in all adults 65 and older, whereas the USPTF recom-
mends selectively offering fall risk assessment and inter-
vention to older adults at increased risk for falls. The
USPTF highlights that more studies are needed to validate
primary care tools to identify older adults at increased risk
for falls and does not provide recommendations regarding
routine screening. Falls, like many geriatric syndromes, are
complex clinical problems with multiple underlying con-
tributors; thus preventing falls necessitates multifactorial
interventions [13–16].

Despite evidence-based guidelines and expanding treat-
ment options for management of osteoporosis, many patients
do not receive the recommended standard of care in the USA.
To assess the extent of these gaps, the National Committee for
Quality Assurance (NCQA) has developed quality measures
that pertain to each of the areas of care defined by guidelines,
including screening for osteoporosis, osteoporosis manage-
ment following fragility fracture, and fall prevention. Some
areas of care contain multiple indicators, such as post-fracture
care where communication with the primary provider and
BMD test or prescription for osteoporosis medication are in-
dependently assessed as high priority process measures (see
Table 1). Most of these indicators are endorsed by the inde-
pendent nonprofit organization National Quality Forum
(NQF), which uses a consensus-based process to evaluate
measures and shares the NCQA’s mission of enhancing qual-
ity and performance of health care delivered across the USA.
Performance on these measures is reported through the
Healthcare Effectiveness Data and Information Set (HEDIS)
and these data are used to benchmark performance for accred-
itation and pay-for-performance programs. Beginning in
2015, under the Merit-based Incentive Payment System
(MIPS), individual providers and practices have been incen-
tivized to report performance on quality measures, including
the NCQA osteoporosis measures, to the Centers for Medicare
andMedicaid Services (CMS) for value-based payment incen-
tives [22]. A significant number of quality improvement ini-
tiatives have been developed, in part in response to these fi-
nancial incentives. Notably, under the MIPS program, prac-
tices can select which of at least six quality measures to report,
and thus are more likely to choose metrics for which they
believe they are performing well on.

The purpose of this review was to summarize current
performance for osteoporosis quality measures used by
CMS in pay-for-performance programs and to describe
recent quality improvement strategies around these
measures.

Methods

We reviewed recent literature addressing US performance
on the osteoporosis quality measures endorsed by CMS
and quality improvement initiatives targeting these mea-
sures. Measures were identified by review of the CMS
website [23]. First, in order to describe current perfor-
mance for osteoporosis quality measures, we identified
the most currently available performance based on
HEDIS and CMS’s former quality improvement incentive
program Physician Quality Reporting System (PQRS) re-
ports for each measure [17, 18, 20, 21]. Second, we per-
formed a literature search (1) to identify reports of perfor-
mance on quality measures outside of the HEDIS program
and (2) to identify quality improvement interventions re-
lated to osteoporosis care. Using PubMed, Embase, and
Web of Science databases from 2014 to 2019 and search
terms listed in the Appendix, we identified 362 unique
entries pertaining to our topic of interest which were
reviewed by two reviewers (SDF and SC), with any dis-
crepancies resolved by discussion with a third reviewer
(GS). Additional manuscripts were selected by examining
citation lists from papers identified through the structured
search. Studies were included if the performance evalua-
tion or quality improvement intervention were clearly de-
scribed and addressed existing MIPS quality measures in
the ambulatory setting for osteoporosis screening and falls
prevention or for post-fracture care in any setting. Studies
were excluded if they were not published in English or
reported on fewer than 50 patients. Ultimately, 37 studies
were included and summarized below.

Results

Current Performance on Osteoporosis Quality
Measures

In the following section, we summarize performance for the
quality indicators for osteoporosis screening, fragility frac-
tures and secondary prevention, and fall prevention in the
USA from HEDIS and PQRS as well as other studies using
data from administrative sources or chart review.

Osteoporosis Screening

Since 2007, the National Quality Forum (NQF) has en-
dorsed a measure evaluating the percentage of women
aged 65–85 years who ever had a DXA to screen for
osteoporosis (Table 1). In addition, CMS has developed
a measure of over-use of DXA scanning in women under
65 years old who do not meet the risk factor profile for
osteoporotic fracture.
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Performance on Quality Measures Based on HEDIS and PQRS
Reports

Early literature from 1999 to 2005 identified significant per-
formance gaps in this area, with only 30% of female Medicare
beneficiaries ≥ 65 years old having received a DXA scan ever
[24]. Since then, the Affordable Care Act was passed, requir-
ing private insurance plans to cover recommended preventive
services such as osteoporosis screening for postmenopausal
women without patient cost-sharing. Based on more recent
estimates fromHEDIS for Medicare HMO beneficiaries, there
has been nearly a 10% increase in the DXA testing rate be-
tween 2006 and 2016, with 2016 estimates reaching 72.7%
(Table 1) [17]. This is similar to estimates from voluntary
reporting to CMS through PQRS in 2009–2012 [18]. The
appropriateness measure is not included in HEDIS or PQRS,
so estimates of performance are not available.

Performance on Quality Measures Based on Other Sources

Our review found three recent studies around screening pat-
terns for osteoporosis (Table 2). Amarnath et al. evaluated the
rate of DXA screening among over 50,000 women seen in
university-affiliated primary care clinics in Northern
California using electronic health record (EHR) data and a
radiology database [25•]. Gillespie et al. evaluated DXA rates
among women without history of osteoporosis or hip fracture
using claims data for 2 million privately insured women
[26••]. Both studies showed persistent gaps in osteoporosis
screening, with DXA rates ranging from 30 to 60% depending
on the age group studied. Patient-level predictors of poor uti-
lization of DXA screening included low socioeconomic status
(SES), black race, advanced age (i.e., age ≥ 75 or ≥ 80), and
decreased utilization or primary care [25•, 26••]. Disparities
based on SES seemed to narrow over time [26••].

Conversely, significant over-use of DXA in younger wom-
en was found in the study by Amarnath et al., with around
50% of women between 50 and 65 years old without any
osteoporosis risk factors seen in primary care clinics having
received a DXA [25•]. Overutilization of BMD testing was
included in the Top 5 List of the American Board of Internal
Medicine (ABIM) Choosing Wisely Campaign of practices to
avoid due to lack of cost-effectiveness [40]. Despite the efforts
of this campaign, another recent retrospective study of 34
practices affiliated with an academic center found that the rate
of DXA in women < 65 years old without risk factors for
osteoporosis before and after the DXA Choosing Wisely rec-
ommendation was unchanged at around 3.0% [27].

These studies suggest that patient barriers to appropriate
screening and health system issues contribute to patterns of
underscreening and overscreening and should be addressed in
designing population level interventions to enhance quality of
care and decrease disparities.

Fragility Fractures and Secondary Prevention

The NCQA process measures pertaining to adults with fragil-
ity fracture focus on secondary prevention of fractures through
appropriate diagnosis and treatment of osteoporosis (Table 1).
The first measure defines the proportion of women with a new
fracture who received either a BMD test or prescription for an
osteoporosis medication within 6 months of their fracture and
has been endorsed by the NQF since 2009. The second mea-
sure evaluates the rate of documentation of communication
between the provider treating fragility fracture and the primary
provider responsible for ongoing care.

Performance on Quality Measure Based on HEDIS and PQRS
Reports

There was a modest improvement in performance on the
HEDIS quality measure for post-fracture care from 2007 to
2017 (Table 1) [17], though significant underperformance per-
sists with 2017 estimates reaching 39.1% for Medicare PPO
and 46.7% for Medicare HMO beneficiaries. Performance
documented in PQRS for the years 2009–2012 ranged from
56.5 to 70.6%, though in 2012 only 204,369 eligible providers
(0.8%) chose to report on this measure in PQRS [18]. We did
not find performance data for documentation of communica-
tion with primary care providers following a fracture event.

Performance on Quality Measure Based on Other Sources

Our review found 11 recent studies evaluating quality in post-
fracture care (Table 2). A majority of these studies used claims
data to assess performance. There is clear unmet need for both
diagnosis and treatment following fragility fractures, with
rates of pharmacotherapy after fragility fracture hovering
around 25%. Notably, there was a significant decline in oste-
oporosis medication use in the first decade of the 2000s that
was evident across multiple studies [28, 29••, 32••, 36••].
Advanced age, male gender, lower SES, and higher comor-
bidity are potential risk factors for poor utilization of osteopo-
rosis medication post-fracture [29••, 36••, 37]. Conversely,
receipt of primary care, baseline history of osteoporosis, or
prior osteoporosis medication use were associated with higher
likelihood of receiving osteoporosis pharmacotherapy post-
fracture [29••, 30, 36••]. Osteoporosis medication use prior
to fracture was the greatest predictor of osteoporosis medica-
tion use after fracture [29••, 37••]. Not surprisingly, having a
BMD test has also been shown to be associated with increased
odds of bisphosphonate treatment after fragility fracture in the
setting of a quality improvement RCT [41]. Poor adherence to
osteoporosis treatment was observed in studies that measured
medication possession ratio using dispensed prescription data
[30, 31]. Overall, the recent literature points to a significant
missed opportunity for osteoporosis care following fragility

Curr Osteoporos Rep (2019) 17:491–509494
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fractures, with a treatment gap that widened over the preced-
ing decade.

Fall Prevention

Although approximately one-third of adults age 65 and
older will experience at least one fall per year [42], less
than half of these patients seek care after falls or discuss
fall prevention with their provider [43]. The NCQA qual-
ity measures attempt to capture the percentage of older
patients screened for fall risk and the percentage of pa-
tients with history of falls that had a fall risk assessment
and documentation of a plan of care (Table 1).

Performance on Quality Measure Based on HEDIS and PQRS
Reports

AmongMedicare beneficiaries, 32.7–37.6% of patients with a
history of falls had a fall risk assessment completed and 54.1–
60.1% had a plan of care for falls documented in 2016 based
on HEDIS estimates (Table 1) [21]. Higher performance was
seen through PQRS voluntary reporting, though few providers
reported on these measures [20].

Performance on Quality Measure Based on Other Sources

An older study of the US Medicare Current Beneficiary
Survey suggests that fall risks among older patients are not
being adequately addressed in clinical practice [43]. In that
study, 22% of beneficiaries experienced a fall in the prior year;
however, less than half of these individuals talked to a
healthcare provider about falls and only 31% of women and
24% of men discussed fall prevention. Our review found one
more recent study around fall care, which also utilized survey
data to estimate the prevalence of falls and measures to ad-
dress fall risk (Table 2) [39•]. This study found that patients
with a history of falls are still not consistently receiving pro-
fessional recommendations for fall prevention. Among adults
aged 65 and older who responded to the 2011–2012 California
Health Interview Survey, 12.2% reported multiple falls in the
prior year but only 38.9% of those individuals had discussed
how to avoid falls with a physician [39•]. Prior reviews also
highlight gaps in fall prevention efforts [44]. A recent analysis
comparing self-reported fall-related injuries to administrative-
ly obtained fall-related injuries from Medicare claims data
suggests that falls continue to be underreported, which is im-
portant to recognize and address for preventive efforts [45].
Overall, recent literature suggests most patients with history of
falls—those at highest risk for future falls—never discuss
them with a medical provider nor receive recommended inter-
ventions for fall prevention. However, large population-based
studies evaluating current performance for fall screening and
prevention measures are lacking.

Quality Improvement Interventions in Osteoporosis

In the following section, we summarize recently published
quality improvement interventions for the quality indicators
for osteoporosis screening, secondary prevention of fragility
fractures, and fall prevention and describe some of the chal-
lenges of translating evidence into real-world clinical practice.

Osteoporosis Screening

Our review found five recent studies describing quality im-
provement interventions for osteoporosis screening (Table 3),
including two systematic reviews with meta-analysis
assessing a range of provider, patient, and health system inter-
ventions, two RCTs of QI interventions targeting patient acti-
vation, and a study of a national QI program incorporating
patient-specific prescriber feedback and education targeting
providers and patients [46, 47, 48•, 49, 50•].

Consistent with prior work, studies in our review suggest
that neither patient nor provider education initiatives consis-
tently increase rates of diagnosis or treatment of osteoporosis
[51, 52]. While education alone seems to have limited capac-
ity for promoting practice change, when incorporated into
complex interventions with multiple targets or with provider
feedback and follow-up, education may improve BMD
screening [48•, 50•]. Patient and provider-directed interven-
tions that incorporate activation strategies for patients to dis-
cuss BMD testing with their provider or alerts for primary care
providers with patient-specific feedback also show promise
[47, 49], with provider-directed intervention likely having
the largest impact on increase in DXA screening rates [49].
Innovative approaches to automation or engagement of
ancillary staff in DXA ordering may also prove beneficial
in this area [53]. In another study from Kaiser, invitation
for self-referral for DXA among women 65 and older
without recent screening led to a fivefold increase in com-
pletion rates [46]. While self-referral is a creative ap-
proach to removing barriers to screening, it is unlikely
that this strategy is generalizable to implementation in
an open healthcare system given the added complexity
of reimbursement for DXA among mixed payers.

Fragility Fractures and Secondary Prevention

Our review found nine recent studies describing quality im-
provement interventions around post-fracture care (Table 4).
Several studies document the importance of communication
between the emergency room or inpatient provider taking care
of a patient with fragility fracture and the primary provider
managing ongoing care as an outpatient as a crucial compo-
nent to improving the diagnosis and treatment of osteoporosis
[63], though it is unclear how often this is performed.

Curr Osteoporos Rep (2019) 17:491–509 497



Ta
bl
e
3

R
ec
en
tQ

I
in
te
rv
en
tio

ns
fo
r
qu
al
ity

m
ea
su
re
:B

M
D
sc
re
en
in
g

St
ud
y
an
d
ye
ar

St
ud
y
po
pu
la
tio

n
S
tu
dy

de
si
gn

Ta
rg
et
of

in
te
rv
en
tio

n
In
te
rv
en
tio

n
O
ut
co
m
e

R
es
ul
ts

Pr
ed
ic
to
rs
of

re
sp
on
se

W
ar
ri
ne
re
ta
l.
20
14

[4
6]

W
om

en
≥
65

w
ith

ou
ta

D
X
A

in
pa
st
5
ye
ar
s
at
K
ai
se
r

Pe
rm

an
en
te
N
or
th
w
es
t

an
d
G
eo
rg
ia

R
C
T

Pa
tie
nt

an
d

he
al
th

sy
st
em

In
vi
ta
tio

n
fo
r
se
lf
-r
ef
er
ra
l

fo
r
D
X
A
vi
a
m
ai
lc
om

-
pa
re
d
to

U
C

D
X
A
co
m
pl
et
io
n

ra
te
at
90

da
ys

an
d
m
ed
ic
at
io
n

re
ce
ip
ta
t1

80
da
ys

W
om

en
ra
nd
om

iz
ed

to
se
lf
-r
ef
er
ra
lw

er
e
m
or
e

lik
el
y
to

re
ce
iv
e
D
X
A

(1
3.
0–
24
.1
%

se
lf
-r
ef
er
ra
l

vs
.4
.9
–5
.9
%

U
C
,p

<
0.
05
)

In
cr
ea
se
d
tr
ea
tm

en
t

ra
te
s
re
po
rt
ed

fo
r

K
ai
se
r
N
or
th
w
es
t

pl
an

H
ey
w
or
th

et
al
.

20
14

[4
7]

W
om

en
ag
ed

50
–6
4
ye
ar
s

w
ith

hi
gh

ri
sk

fo
r
O
P

w
ith

in
a
no
n-
pr
of
it
he
al
th

pl
an

(H
ar
va
rd

Pi
lg
ri
m

H
ea
lth

C
ar
e)
w
ith

ou
tp
ri
or

B
M
D
te
st
in
g
or

tr
ea
tm

en
t

R
C
T

Pa
tie
nt

In
te
ra
ct
iv
e
vo
ic
e
re
sp
on
se

ou
tr
ea
ch

ca
ll
vs

pa
tie
nt

m
ai
lin

g
w
ith

ed
uc
at
io
na
l

m
at
er
ia
ls
co
m
pa
re
d
to

U
C

D
X
A
co
m
pl
et
io
n

at
12

m
on
th
s

In
ci
de
nc
e
of

B
M
D
te
st
in
g

w
as

in
cr
ea
se
d
in

th
e

in
te
ra
ct
iv
e
vo
ic
e
re
sp
on
se

gr
ou
p
co
m
pa
re
d
w
ith

U
C

(2
4.
6%

vs
.1
8.
6%

,p
<

0.
00
1)
.N

o
di
ff
er
en
ce

w
as

se
en

be
tw
ee
n
th
e
pa
tie
nt

m
ai
lin

g
gr
ou
p
an
d
th
e

us
ua
lc
ar
e
gr
ou
p
(p

=
0.
3)

N
ot

re
po
rt
ed

T
zo
rt
zi
ou

B
ro
w
n

et
al
.2
01
6
[4
8•
]

Pr
of
es
si
on
al
in
te
rv
en
tio

ns
fo
r
G
Ps

th
at
ai
m

to
im

pr
ov
e
th
e
m
an
ag
em

en
t

of
m
us
cu
lo
sk
el
et
al

co
nd
iti
on
s
in
pr
im

ar
y
ca
re

S
ys
te
m
at
ic
re
vi
ew

an
d
m
et
a-
an
al
ys
is

Pr
ov
id
er

an
d

pa
tie
nt

C
oc
hr
an
e
re
vi
ew

of
st
ud
ie
s

as
se
ss
in
g
G
P
al
er
tin

g
±

pa
tie
nt

di
re
ct
ed

ed
uc
at
io
n

D
X
A
co
m
pl
et
io
n

ov
er

6–
12

m
on
th
s

fo
llo

w
-u
p

C
om

bi
na
tio

n
of

G
P-
al
er
tin

g
sy
st
em

an
d
pa
tie
nt

ed
uc
a-

tio
n
im

pr
ov
ed

D
X
A
ra
te
s

(R
R
4.
44
,9
5%

C
I

3.
54
–5
.5
5)

an
d
pr
es
cr
ib
-

in
g
ra
te
s
(R
R
1.
71
,9
5%

C
I
1.
50
–1
.9
4)

P
at
ie
nt
-d
ir
ec
te
d

co
m
po
ne
nt

of
in
te
rv
en
tio

n
ad
ds

lit
tle

be
ne
fi
tt
o

G
P-
al
er
tin

g

K
al
is
ch

E
lle
te
ta
l.

20
17

[4
9]

A
us
tr
al
ia
n
w
om

en
(7
0–
79

ye
ar
s)
an
d
m
en

(7
5–
85

ye
ar
s)
re
ce
iv
in
g
pr
im

ar
y

ca
re

at
th
e
V
A
w
ith

ou
t

pr
io
r
pr
es
cr
ip
tio

n
fo
r
O
P

m
ed

R
et
ro
sp
ec
tiv

e
co
ho
rt

an
al
ys
is

Pa
tie
nt

an
d

pr
ov
id
er

N
at
io
na
lQ

I
pr
og
ra
m

in
co
rp
or
at
in
g

pa
tie
nt
-s
pe
ci
fi
c
fe
ed
ba
ck

to
G
P
s
an
d
ta
ilo

re
d
ed
u-

ca
tio

na
li
nf
o
to

pa
tie
nt
s

an
d
G
P
s

C
um

ul
at
iv
e
ra
te

of
B
M
D
te
st
in
g

an
d
in
iti
at
io
n
of

O
P
tr
ea
tm

en
t

B
M
D
te
st
in
g
w
as

in
cr
ea
se
d

tw
of
ol
d
am

on
g
ta
rg
et
ed

pa
tie
nt
s
vs

co
nt
ro
ls
(p

<
0.
00
1)
.I
ni
tia
tio

n
of

O
P

m
ed
ic
at
io
n
in
cr
ea
se
d
in

ta
rg
et
ed

m
en

by
20
–3
0%

bu
tn

ot
w
om

en

M
en

w
er
e
m
or
e
lik

el
y

to
st
ar
tO

P
ph
ar
m
ac
ol
og
ic

tr
ea
tm

en
tw

ith
in
te
rv
en
tio

n

K
as
tn
er

et
al
.2
01
8

[5
0•
]

Po
st
-m

en
op
au
sa
lw

om
en

an
d
m
en

≥
65

in
U
SA

,
C
an
ad
a,
U
K
,a
nd

A
us
tr
al
ia

S
ys
te
m
at
ic
re
vi
ew

an
d
m
et
a-
an
al
ys
is

Pr
ov
id
er

an
d

pa
tie
nt

C
om

pl
ex

in
te
rv
en
tio

ns
(i
nc
lu
di
ng

tw
o
or

m
or
e

co
m
po
ne
nt
s
an
d/
or

ta
r-

ge
ts
)

B
M
D
te
st
in
g
an
d

in
iti
at
io
n
of

O
P

m
ed
ic
at
io
n

C
om

pl
ex

in
te
rv
en
tio

ns
w
ith

at
le
as
te
du
ca
tio

n
+
fo
llo

w
up

im
pr
ov
ed

B
M
D

te
st
in
g.
C
om

pl
ex

in
te
rv
en
tio

ns
w
ith

ed
uc
at
io
n
+
fe
ed
ba
ck

+
fo
llo

w
up

im
pr
ov
ed

tr
ea
tm

en
tr
at
es

C
om

pl
ex

in
te
rv
en
tio

ns
w
ith

m
ul
tip

le
co
m
po
ne
nt
s

in
cl
ud
in
g
pa
tie
nt

ed
uc
at
io
n
im

pr
ov
e

O
P
m
an
ag
em

en
t

U
C
us
ua
lc
ar
e,
D
X
A
du
al
-e
ne
rg
y
X
-r
ay

ab
so
rp
tio

m
et
ry
,O

P
os
te
op
or
os
is
,B

M
D
bo
ne

m
in
er
al
de
ns
ity
,G

P
ge
ne
ra
lp

ra
ct
iti
on
er
,U

C
us
ua
lc
ar
e

Curr Osteoporos Rep (2019) 17:491–509498



Ta
bl
e
4

R
ec
en
tQ

I
in
te
rv
en
tio

ns
fo
r
qu
al
ity

m
ea
su
re
:B

M
D
te
st
or

O
P
tr
ea
tm

en
tf
ol
lo
w
in
g
fr
ag
ili
ty

fr
ac
tu
re

St
ud
y
an
d
ye
ar

St
ud
y
po
pu
la
tio

n
S
tu
dy

de
si
gn

Ta
rg
et
of

in
te
rv
en
tio

n
In
te
rv
en
tio

n
O
ut
co
m
e

R
es
ul
ts

Pr
ed
ic
to
rs
of

re
sp
on
se

H
of
fl
ic
h
et
al
.

20
14

[5
4]

H
os
pi
ta
liz
ed

pa
tie
nt
s
≥
50

w
ith

fr
ag
ili
ty

fr
ac
tu
re

at
U
C
SD

R
et
ro
sp
ec
tiv

e
re
vi
ew

H
ea
lth

ca
re

sy
st
em

St
an
da
rd
iz
ed

en
do
cr
in
e

os
te
op
or
os
is
co
ns
ul
t

O
P
di
sc
ha
rg
e
di
ag
no
si
s,

pr
es
cr
ip
tio

n,
or
de
r
fo
r

D
X
A
,O

P
m
ed

in
iti
at
io
n
w
ith

in
60

da
ys

M
ed

in
iti
at
io
n
w
ith

in
60

da
ys

in
cr
ea
se
d
fr
om

21
%

to
84
%

(p
<
0.
00
1)
.O

rd
er

fo
r
D
X
A

in
cr
ea
se
d
fr
om

4%
to

75
%

(p
<
0.
00
1)

L
en
gt
h
of

st
ay
,o
ut
pa
tie
nt

fo
llo

w
up

B
un
ta
et
al
.2
01
6

[5
5•
]

Pa
tie
nt
s
≥
50

w
ith

fr
ag
ili
ty

fr
ac
tu
re

se
en

in
or
th
op
ed
ic

of
fi
ce
s
an
d
ho
sp
ita
ls

pa
rt
ic
ip
at
in
g
in

th
e
A
O
A
’s

na
tio

na
lQ

I
pr
og
ra
m

C
oh
or
ts
tu
dy

w
ith

w
eb
-b
as
ed

re
g-

is
tr
y

H
ea
lth

ca
re

sy
st
em

Fr
ac
tu
re

lia
is
on

co
or
di
na
to
r

B
M
D
te
st
an
d/
or

O
P

m
ed
ic
at
io
n
w
ith

90
da
ys

of
fr
ac
tu
re

In
cr
ea
se
d
pe
rf
or
m
an
ce

of
B
M
D
te
st
or

O
P
m
ed

to
53
%

w
ith

in
5
ye
ar
s.
84
.3
%

of
PC

Ps
w
er
e
pr
ov
id
ed

co
ns
ul
ta
tio

n
le
tte
rs

N
ot

re
po
rt
ed

Fo
ja
s
et
al
.2
01
7

[5
6]

H
os
pi
ta
liz
ed

pa
tie
nt
s
≥
50

w
ith

fr
ag
ili
ty

fr
ac
tu
re

at
O
hi
o

St
at
e
U
ni
ve
rs
ity

M
ed
ic
al

C
en
te
r

R
et
ro
sp
ec
tiv

e
re
vi
ew

H
ea
lth

ca
re

sy
st
em

N
P-
le
d
Fr
ac
tu
re

L
ia
is
on

S
er
vi
ce

(F
L
S)

vs
ph
ys
ic
ia
n-
le
d
Fr
ac
tu
re

Pr
ev
en
tio

n
Pr
og
ra
m

(F
PP

)
vs

U
C

B
M
D
te
st
an
d/
or

pr
e-

sc
ri
pt
io
n
of

O
P
m
ed

at
3
m
on
th
s

FL
S
gr
ou
p
w
as

m
or
e
lik
el
y
to

ha
ve

D
X
A
sc
an

sc
he
du
le
d
at

di
sc
ha
rg
e
(6
9.
7%

vs
.2
5%

,p
<
0.
00
1)

bu
tr
at
es

of
D
X
A

co
m
pl
et
io
n
at
3
m
on
th
s
w
er
e

si
m
ila
r.
O
P
m
ed

in
iti
at
io
n

w
as

hi
gh
er
in
th
e
FP

P
gr
ou
p

c/
w
FL

S
gr
ou
p
(6
5.
3%

vs
.

24
%
,p

<
0.
00
1)

C
lin

ic
fo
llo

w
up

w
as

as
so
ci
at
ed

w
ith

yo
un
ge
r

ag
e,
fe
m
al
e
ge
nd
er
,

su
rg
ic
al
re
pa
ir,

lo
w
er

C
ha
rl
so
n
C
om

or
bi
di
ty

In
de
x
sc
or
es

M
er
le
et
al
.2
01
7

[5
7]

W
om

en
ag
ed

50
–8
5
ye
ar
s
at
-

te
nd
in
g
a
F
re
nc
h
ho
sp
ita
lf
or

fr
ag
ili
ty

fr
ac
tu
re

R
C
T

Pa
tie
nt

an
d

he
al
th
ca
-

re
sy
st
em

D
ed
ic
at
ed

ca
se

m
an
ag
er

to
pr
ov
id
e
pa
tie
nt

ed
uc
at
io
n

an
d
P
C
P
fo
llo

w
-u
p

B
M
D
te
st
an
d/
or

pr
e-

sc
ri
pt
io
n
fo
rO

P
m
ed

at
6
m
on
th
s

B
M
D
te
st
in
g
w
as

in
cr
ea
se
d
in

th
e
in
te
rv
en
tio

n
gr
ou
p
vs

U
C
(4
1%

vs
.2
5%

,O
R
2.
12
,

95
%

C
I
1.
4–
3.
2)
.T

he
re

w
as

no
si
gn
if
ic
an
tc
ha
ng
e
in

ra
te
s
of

pr
es
cr
ip
tio

n

B
M
D
te
st
in
g
w
as

hi
gh
er

am
on
g
th
os
e
w
ith

w
ri
st

fr
ac
tu
re

an
d
yo
un
ge
r
ag
e

A
nd
er
so
n
et
al
.

20
17

[5
8]

Pa
tie
nt
s
65

an
d
ol
de
r
w
ith

fr
ag
ili
ty

hi
p
fr
ac
tu
re

at
U
ni
ve
rs
ity

of
C
ol
or
ad
o

M
ed
ic
al
C
en
te
r

R
et
ro
sp
ec
tiv

e
re
vi
ew

H
ea
lth

ca
re

sy
st
em

G
er
ia
tr
ic
hi
p
fr
ac
tu
re

pr
og
ra
m

w
ith

ho
sp
ita
lis
t

co
-m

an
ag
em

en
ta
nd

au
to
-
re
fe
rr
al
to

M
et
ab
ol
ic
B
on
e
C
lin

ic

Pe
rc
en
to

f
pa
tie
nt
s

re
ce
iv
in
g
O
P

ev
al
ua
tio

n
an
d

tr
ea
tm

en
t

In
te
rv
en
tio

n
re
su
lte
d
in

fo
llo

w
up

in
M
et
ab
ol
ic
B
on
e
C
lin
ic

in
28
%

vs
.3
%

w
ith

U
C
(p

<
0.
00
1)
,a
nd

85
%

vs
.3
4%

of
pa
tie
nt
s
w
er
e
in
iti
at
ed

on
O
P

m
ed
ic
at
io
n
(p

<
0.
00
1)

N
ot

re
po
rt
ed

B
ea
to
n
et
al
.

20
17

[5
9]

Fr
ag
ili
ty

fr
ac
tu
re

pa
tie
nt
s
50

an
d
ol
de
ri
n
O
nt
ar
io
,C

an
ad
a

In
te
rr
up
te
d
tim

e
se
ri
es

an
al
ys
is

of
co
nt
ro
la
nd

in
te
rv
en
tio

n
ho
sp
ita
ls

H
ea
lth

ca
re

sy
st
em

Fr
ac
tu
re

L
ia
is
on

Se
rv
ic
e

B
M
D
te
st
an
d
O
P

m
ed
ic
at
io
n
in
iti
at
io
n

B
M
D
te
st
in
g
in
cr
ea
se
d
fr
om

17
%

to
20
.9
%

(p
<
0.
01
).

O
P
m
ed

pr
es
cr
ip
tio

n
in
cr
ea
se
d
fr
om

21
.6
to

24
%

(p
<
0.
02
)

N
ot

re
po
rt
ed

D
an
ila

et
al
.

20
18

[6
0]

W
om

en
w
ith

fr
ac
tu
re

af
te
r
ag
e

45
fr
om

U
.S
.G

lo
ba
l

L
on
gi
tu
di
na
lS

tu
dy

of
O
st
eo
po
ro
si
s
in

W
om

en
(G

L
O
W
)
st
ud
y

R
C
T

Pa
tie
nt

D
ir
ec
t-
to
-p
at
ie
nt

ta
ilo

re
d

ed
uc
at
io
na
lv

id
eo

vs
U
C

Se
lf
-r
ep
or
tO

P
m
ed
ic
at
io
n
us
e
af
te
r
6

m
on
th
s

T
he
re

w
as

no
di
ff
er
en
ce

in
O
P

m
ed

us
e
(1
1.
7%

vs
.1
1.
4%

,p
=
0.
8)

or
B
M
D
te
st
in
g

(6
1.
8%

vs
.5
7.
1%

,p
=
0.
2)

in
th
e
in
te
rv
en
tio

n
vs

U
C

gr
ou
ps

N
on
-B
P
m
ed

us
e
an
d
B
M
D

te
st
in
g
w
as

in
cr
ea
se
d
in

w
om

en
w
ith

ou
tp

ri
or

B
M
D
te
st
or

O
P

tr
ea
tm

en
t

D
un
n
et
al
.2
01
8

[6
1]

Pa
tie
nt
s
≥
50

ye
ar
s
w
ith

fr
ag
ili
ty
fr
ac
tu
re
ho
sp
ita
liz
ed

at
G
ei
si
ng
er

M
ed
ic
al
C
en
te
r

R
et
ro
sp
ec
tiv

e
re
vi
ew

H
ea
lth

ca
re

sy
st
em

In
pa
tie
nt

F
L
S
w
ith

rh
eu
m
at
ol
og
y

co
ns
ul
ta
tio

n
an
d

ou
tp
at
ie
nt

H
iR
O
C
cl
in
ic

O
P
m
ed
ic
at
io
n
in
iti
at
io
n

Pr
es
cr
ip
tio

n
ra
te
s
w
er
e
75
.4
%

am
on
g
pa
tie
nt
s
w
ho

fo
llo

w
ed

up
in

hi
gh
-r
is
k
O
P

N
ot

re
po
rt
ed

Curr Osteoporos Rep (2019) 17:491–509 499



Several models for collaborative care with a systems-based
approach have demonstrated efficacy in improving post-
fracture osteoporosis care, including ortho-geriatric services
[64], auto-consultation of specialists dedicated to bone health
[54], having a dedicated case manager focused on coordina-
tion of osteoporosis care [57], and fracture liaison services. On
the other hand, electronic health record (EHR)-based interven-
tion using an osteoporosis order set appears to have limited
ability on its own to improve rates of BMD testing or osteo-
porosis treatment [65].

Arguably the most effective and well-studied quality inter-
vention for post-fracture care is implementation of a fracture
liaison service or other coordinator-based system with dedi-
cated personnel to help to address fragmentation of care [55•,
56, 57, 59, 61, 62•, 64]. A meta-analysis by Nayak et al. sug-
gested multiple effective strategies for improving BMD test-
ing post-fracture, including fracture liaison service (FLS) or
dedicated case manager, multifaceted intervention targeting
patients and providers, and patient education or activation
[62•]. However, osteoporosis treatment was only increased
with FLS/case management or multifaceted interventions
targeting patients and providers [62•]. A study of two FLS
models at separate academic institutions participating in
American Orthopedics Association’s national QI program
suggested that the FLS model that implemented immediate
care, including initiation of pharmacologic therapy during
hospitalization, had better rates of osteoporosis treatment
within 6 months of fracture compared with the model where
recommendations were communicated to the primary care
physician after discharge (67% vs. 30%, p < 0.001) [66].
This finding that FLS models that identify, diagnose, and ini-
tiate pharmacotherapy are more effective thanmodels that rely
on the primary care physician is corroborated by a meta-
analysis and a recent study that compared a NP-led fracture
liaison service to a physician-led fracture prevention program
[56, 67]. Rates of DXA completion were similar in the two
programs, but osteoporosis medication initiation was higher
with the physician-led fracture prevention program where the
coordinator had the ability to place orders as opposed to only
communicate recommendations. Quality standards for frac-
ture liaison services have now been proposed by the
International Osteoporosis Foundation (IOF) as a tool for
benchmarking performance, with the Capture the Fracture
Best Practice Framework [68, 69].

Despite the potential benefits of a fracture liaison services,
they have not been widely implemented in the USA. Several
organizations including the American Orthopedic
Association, the American Society for Bone and Mineral
Research Task Force on Secondary Fracture Prevention, and
the National Bone Health Alliance have ongoing initiatives to
promote adoption of FLS. Future studies should evaluate if
these efforts translate into uptake and maintenance of sustain-
able FLS programs.T

ab
le
4

(c
on
tin

ue
d)

St
ud
y
an
d
ye
ar

St
ud
y
po
pu
la
tio

n
S
tu
dy

de
si
gn

Ta
rg
et
of

in
te
rv
en
tio

n
In
te
rv
en
tio

n
O
ut
co
m
e

R
es
ul
ts

Pr
ed
ic
to
rs
of

re
sp
on
se

cl
in
ic
vs
.1

9.
7%

am
on
g
pa
-

tie
nt
s
se
en

in
pr
im

ar
y
ca
re

N
ay
ak

et
al
.

20
18

[6
2•
]

Pa
tie
nt

po
pu
la
tio

ns
w
ith

re
ce
nt

or
pr
io
r
fr
ac
tu
re

Sy
st
em

at
ic
re
vi
ew

an
d

m
et
a-
an
al
ys
is

Pr
ov
id
er
,

pa
tie
nt
,

an
d

he
al
th
ca
-

re
sy
st
em

M
ul
tif
ac
et
ed

in
te
rv
en
tio

ns
ta
rg
et
in
g
th
e
pr
ov
id
er
an
d

pa
tie
nt
,F

L
S,

ca
se

m
an
ag
em

en
t,
fr
ac
tu
re

cl
in
ic
,p
at
ie
nt

ed
uc
at
io
n

an
d/
or

ac
tiv

at
io
n

B
M
D
te
st
in
g
an
d
O
P

m
ed
ic
at
io
n
af
te
r

fr
ac
tu
re

M
ul
tif
ac
et
ed

in
te
rv
en
tio

ns
ta
rg
et
in
g
pr
ov
id
er
s
an
d

pa
tie
nt
s
an
d
FL

S
or

ca
se

m
an
ag
em

en
ti
nt
er
ve
nt
io
ns

w
er
e
ef
fe
ct
iv
e
fo
r
in
cr
ea
si
ng

B
M
D
te
st
in
g
an
d

os
te
op
or
os
is
tr
ea
tm

en
t

fo
llo

w
in
g
fr
ac
tu
re

N
ot

re
po
rt
ed

H
iR
O
C
hi
gh
-r
is
k
os
te
op
or
os
is
cl
in
ic
,B

P
bi
sp
ho
sp
ho
na
te
,O

P
os
te
op
or
os
is
,M

O
F
m
aj
or

os
te
op
or
ot
ic
fr
ac
tu
re
,P

C
P
pr
im

ar
y
ca
re
ph
ys
ic
ia
n,
U
C
us
ua
lc
ar
e,
C
M

ca
se

m
an
ag
er
,F

LS
fr
ac
tu
re
lia
is
on

se
rv
ic
e,

F
P
P
fr
ac
tu
re

pr
ev
en
tio

n
pr
og
ra
m
,A

O
A
A
m
er
ic
an

O
rt
ho
pe
di
c
A
ss
oc
ia
tio

n,
H
iR
O
C
hi
gh
-r
is
k
os
te
op
or
os
is
cl
in
ic

Curr Osteoporos Rep (2019) 17:491–509500



Fall Prevention

Exercise-based interventions as well as multifactorial inter-
ventions with fall risk assessment and customized treatment
tailored to address individual risk factors have been shown to
be effective for fall prevention [14, 16, 70]. However, imple-
mentation of fall prevention interventions in non-research set-
tings has had variable success. Our review found eight recent
studies describing quality improvement interventions around
fall prevention (Table 5). The CDC Stopping Elderly
Accidents, Deaths, and Injuries (STEADI) initiative launched
in 2012 with a toolkit to incorporate American Geriatric
Society (AGS) clinical practice guidelines for fall prevention
into primary care [79]. Implementation of the STEADI ap-
proach has been shown to be feasible in two large academic
primary care clinics with early successes in increasing rates of
fall screening [73, 74•]. The STEADI approach was also in-
corporated into a QI program among interprofessional teams
in the ambulatory and long-term care setting in North Carolina
that used education workshops to increase adoption of fall
screening and prevention strategies [75].

Another successful model for quality improvement for ge-
riatric conditions including falls is the Assessing Care of
Vulnerable Elders (ACOVE) clinical practice model [80].
This model promotes clinical practice redesign with multi-
component intervention including nursing prescreening for
falls, prompts and decisional support for providers, and edu-
cational materials for patients. The model emphasizes case
finding, delegated clinical data collection by office staff, struc-
tured visit notes, and patient and physician education.
Implementation of ACOVE led to 60% of patients at interven-
tion sites receiving recommended care for falls vs. 37.6% of
patients at control sites in one study (p < 0.001) [81]. Further
analysis of ACOVE interventions for practice improvement of
geriatric conditions suggests that delegation of selected tasks
to non-physician healthcare providers is associated with
higher quality of care [80, 82•]. Other studies also show im-
provement with pre-visit screening by ancillary medical staff
[78•], emphasizing the benefit of multidisciplinary quality im-
provement teams and including non-physicians in clinical
workflow, particularly for point-of-care measures like falls
screening. Team-based care is also a pillar of high-
performing primary care [83].

Because most of the evidence regarding fall risk assess-
ment and intervention has been developed for primary care
practice, it is unclear how best to implement these in other
settings such as the emergency room or care in the community.
However, given that emergency room physicians and para-
medics are often first-line health care professionals to manage
falls, care delivered in these settings represents an opportunity
for intervention [84, 85]. Attempts at delivering interventions
by paramedics and ER physicians with referral pathways for
community-based fall services have been met with variable

success [86–88]. More work is needed to define reliable and
feasible means of identifying high-risk fallers and effective
interventions in the emergency care setting.

Quality improvement interventions for falls, regardless of
the setting, are resource intensive and further studies are need-
ed to understand what elements are key to success. The time
required for screening and intervention and issues around re-
imbursement are potential barriers to wider implementation of
sustainable quality interventions in this area.

Discussion

In this review, we provide an update on current performance
for osteoporosis quality measures used by CMS for pay-for-
performance programs such as MIPS, and describe recent
quality improvement strategies around these measures.
Based on HEDIS reporting, we found that performance on
measures in the managed care population showed gradual
improvement in osteoporosis screening, identification and
treatment following fragility fracture, and documentation of
fall risk assessment and plan of care between 2006 and 2016.
However, evidence from population-based studies suggested
achievement for these process measures was lower where
reporting was not mandated; performance gaps remain, par-
ticularly for post-fracture care. The discrepancy between per-
formance assessed by CMS through PQRS or MIPS and
population-based studies is likely explained by the fact that
practices can select which measures to report for pay-for-
performance programs and are more likely to choose areas
where they already excel.

We also summarize a series of recent quality improvement
initiatives around osteoporosis care. As has been shown for
other areas of health care that require complex behavior
change, passive intervention with education alone is not suf-
ficient for improving quality of care for osteoporosis [89].
Interventions targeting the healthcare system, the provider,
and the patient have all been studied with varying degrees of
success for osteoporosis measures, though in general, greater
efficacy has been demonstrated for multifaceted interventions
that engage multiple stakeholders in the care process.

Areas for Future Work

1. Defining outcome measures in osteoporosis: Current
quality measures for osteoporosis management and fall
prevention are all process measures focused on the appro-
priate delivery of care. Process measures are typically
more actionable, measurable in real-time, and make it
easier to hold providers accountable compared to out-
come measures. Ultimately, the goal of these processes
is to improve health outcomes, and process measures re-
quire a strong process-outcome link in order to justify
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their use and the resource investment required for their
continued measurement.

Direct evidence for the benefit of osteoporosis and fall
prevention process measures in relationship to fracture out-
comes is limited. Two recent large RCTs examined
community-based osteoporosis screening interventions, one
which found no reduction in major osteoporotic fractures
and the other which found a small absolute reduction in hip
fractures over 5 years of follow up [90, 91]. When evaluating
the efficacy of screening for preventing fracture outcomes, it is
important to consider that strategies that are effective for im-
proving rates of BMD testing still may not improve treatment
rates [92]. Data is also limited for fracture liaison services and
subsequent fracture outcomes [93, 94]. A recent study of FLS
across several UK hospitals found no difference in time to
second fracture with implementation of FLS, though 30-day
and 1-year morality were improved [64]. Lastly, a study of a
multicomponent intervention for fall prevention showed no
difference in fall-related injuries despite improving the care
of falls [72•]. Overall incidence of falls requiring emergency
room visit or hospitalization was similarly unchanged in an-
other study of an intervention despite improved performance
on fall process measures [71]. All together, these data remind
us that processes of care may be necessary but not sufficient
for reduction in osteoporotic fractures and falls.

2. Improving information capture for effective quality mea-
surement: While quality measurement and value-based
payment models hold great promise for improving adher-
ence to standards of care, they also have led to increased
demands on health systems and providers to collect per-
formance data for reporting. A reliable, accurate, and fea-
sible approach to identify patients in both the denominator
and numerator for quality measures is essential. However,
the electronic specification of the denominator and nu-
merator both represent unique challenges from the per-
spective of cost and precision.

For example, fall-related quality measures rely on iden-
tification of patients at high risk for falls in the denomi-
nator; however, because falls are underreported, an EHR
or claims-based history of falls alone would under-
ascertain the at-risk population [43, 45]. Consensus
around the use of tools for fall screening are lacking,
making consistent, structured documentation difficult
[13]. The use of natural language processing and machine
learning approaches in the electronic specification of
quality measures is starting to be explored [95, 96]. For
example, Zhu et al. used natural language processing to
identify fall risk screenings not documented by adminis-
trative codes; they found that 43% of patients had fall
screening documented only in clinical notes but not coded

in administrative data [97]. In the future, leveraging elec-
tronic health record-based data extraction using unstruc-
tured data may reduce the burden of data collection on the
providers of care.

3. Capturing information on patient preferences: The
ability to capture reasons why care is not provided
is a valuable tool for quality measurement and can
help to inform QI interventions. A study using a ran-
dom 5% sample of US Medicare claims-based
reporting data for PQRS osteoporosis quality mea-
sures evaluated physician-reported reasons for not
providing recommended care with DXA screen or
prescription for osteoporosis medication [98]. The au-
thors found that 24% of claims documented that care
was considered but not provided because care was
either not indicated for a medical reason (e.g., comor-
bidity contraindication; 6.4%), patient reason (e.g.,
refusal; 4.1%), system reason (e.g., cost; 1.6%), or
could not be provided for another reason (12.9%).
These findings indicate that it may be difficult to im-
prove performance on such a measure much higher
than 75%. Future studies should continue to evaluate
patient and systems reasons associated with missed
quality measures in an effort to address modifiable
risk factors. Shared decision making is an integral
part of delivering high-quality care, and patient will-
ingness to undergo and sustain treatment may need to
be accounted for in any osteoporosis-related outcome
measures that are developed.

4. Addressing the cost-effectiveness of quality measurement
and quality improvement: Although often under-appreci-
ated, the cost-effectiveness of quality measurement and
quality improvement interventions are inherent in our
conception of them as value-adding [99]. This issue of
provider burden of documentation has to date not been
addressed for osteoporosis quality measures, save for sev-
eral evaluations of the cost-effectiveness of fracture liai-
son services [98, 100–102, 103••]. Overall, these studies
have found that fracture liaison services ultimately result
in cost savings, though the upfront investment of hiring
dedicated staff for FLS may be a barrier to implementa-
tion in an open healthcare system with a mixed-payment
model. These cost-effectiveness analyses are an important
part of the equation for determining success of quality
improvement strategies based not only on outcomes
achieved but also value provided, and thus the willingness
of healthcare systems to pay for their implementation.

In summary, the NCQA and MIPS measures for osteopo-
rosis screening, secondary prevention after fragility fracture,
and fall prevention are supported by strong evidence-based
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guidelines and qualify for value-based incentives through
CMS. Over the last decade of measurement, the care of oste-
oporosis and falls has improved, though persistent perfor-
mance gaps warrant investment in refining quality improve-
ment interventions that impact process measures and clinical
outcomes. Multifactorial and systems-based interventions
likely have the greatest potential for impacting measurable
change. As much as possible, systems that facilitate accuracy
and ease of measurement should be further developed to ad-
dress the reality of practice limitations, including cost and time
required for quality measurement.
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Appendix

Search strings used in each database are listed below.

Pubmed
osteoporosis AND ("quality measures" OR "Merit-Based

Incentive Payment System" OR "MIPS" OR "Medicare
Access and CHIP Reauthorization Act" OR "MACRA")

(osteoporosis AND ("Quality of Health Care"[MAJR] OR
"quality measures" OR "Merit-Based Incentive Payment
System" OR "MIPS" OR "Medicare Access and CHIP
Reauthorization Act" OR "MACRA"))

(osteoporosis AND ("quality of health care"[mesh] OR
"quality measures" OR "Merit-Based Incentive Payment
System" OR "MIPS" OR "Medicare Access and CHIP
Reauthorization Act" OR "MACRA"))

(falls AND ("quality of health care"[mesh] OR "quality
measures" OR "Merit-Based Incentive Payment System" OR
"MIPS" OR "Medicare Access and CHIP Reauthorization
Act" OR "MACRA"))

Embase
('osteoporosis'/exp OR osteoporosis) AND ('health care

quality'/exp OR 'health care quality' OR 'quality measures')
AND [2014-2019]/py

('osteoporosis'/exp OR osteoporosis) AND ('health care
quality'/exp OR 'health care quality' OR 'quality measures')

AND [2014-2019]/py AND ([cochrane review]/lim OR [sys-
tematic review]/lim OR [meta analysis]/lim OR [controlled
clinical trial]/lim OR [randomized controlled trial]/lim)

Web of Science
(osteoporosis OR "osteoporosis"[mesh]) AND ("Quality of

Health Care"[MAJR] OR "quality measures" OR "Merit-
Based Incentive Payment System" OR "MIPS" OR
"Medicare Access and CHIP Reauthorization Act" OR
"MACRA")

(osteoporosis OR "osteoporosis"[mesh]) AND (Quality of
Health Care"[mesh] OR "quality of care" OR "quality mea-
sures" OR "Merit-Based Incentive Payment System" OR
"MIPS" OR "Medicare Access and CHIP Reauthorization
Act" OR "MACRA")
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