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Abstract

BACKGROUND—Hip fractures are a significant source of morbidity, mortality and costs among
US nursing home (NH) residents. Understanding variation in hip fracture rates across NH facilities
and states is important for guiding quality improvement and policymaking efforts.

OBJECTIVES—To quantify the variation in hip fracture incidence across US NH facilities and
states, and examine how hip fracture incidence varies according to facility- and state-level
characteristics.

DESIGN—Retrospective cohort using linked national Minimum Data Set assessments; Online
Survey, Certification and Reporting records; and Medicare claims.

SETTING—US NHs with = 100 beds.

PARTICIPANTS—201,892 NH residents who qualified as long-stay between May 1, 2007 and
April 30, 2008, across 1,481 facilities and 46 US states.

MEASUREMENTS—Incident hip fractures were ascertained using Medicare Part A diagnostic
codes. Each resident was followed for up to 2 years.
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RESULTS—The mean adjusted incidence rate of hip fractures across facilities was 3.13 (95% ClI,
3.01-3.26) per 100 person-years, and ranged from 1.20 (95% ClI, 1.15-1.26) to 6.40 (95% ClI,
6.07-6.77). Facilities with the highest rates of hip fracture had greater percentages of residents
taking psychoactive medications (27.17% versus 24.77% for top versus bottom tertile), and fewer
nursing and direct care hours/resident/day (3.43 versus 3.53 and 3.22 versus 3.29 for top versus
bottom tertile, respectively). The combination of state and facility characteristics explained 6.7%
of the variation in hip fracture, while resident characteristics explained 7.6%.

CONCLUSIONS—Much of the variation in hip fracture incidence remained unexplained, though
these findings indicate that potentially modifiable state and facility characteristics like
psychoactive drug prescribing and minimum staffing requirements could be addressed to help
reduce the rates of hip fracture in US NHs.

Keywords
Nursing homes; long-term care; hip fracture; Medicare; health services research

INTRODUCTION

Prior studies suggest that nursing home (NH) facility characteristics and care practices
influence the risk of adverse events among nursing home (NH) residents.[1-3] Recent
studies have shown that differences in antipsychotic prescribing, hospitalization rates, and
other health care events across NH facilities cannot fully be explained by differences in
resident characteristics.[1, 4-6] Facility characteristics such as profit status, nurse staffing,
NH size, and chain affiliation are likely contributors to NH residents’ risk of adverse
outcomes.[1, 2, 7]

Facility practices are influenced locally by the medical director and other NH staff, and also
by state regulations. Local practices, such as use of an intervention to reduce recurrent falls,
may influence adverse events in a specific facility or chain.[8, 9] State regulations, such as
the minimum staffing level required in NHSs, could influence the ability of facilities in a state
to provide the level of care necessary to prevent falls and fractures.[10] Policies and
regulations vary considerably across states.[11]

Hip fractures are significant adverse events in US NHs given their high associated morbidity,
mortality and expense.[12, 13] Resident specific risk factors for hip fracture have been well
established and overlap with risk factors for falls, as hip fractures often occur in the setting
of a fall.[14-17] Prior work has documented meaningful variation in the rates of hip fracture
among NH residents across US states and geographic regions, even after adjusting for
resident age and sex.[16, 18] While resident characteristics are likely the major determinants
of variation in hip fracture, facility policies and state regulations also may explain some of
the variation. It is important to identify facility and state practices because these factors may
be more modifiable than person-level characteristics.

Therefore, the objectives of our study were to 1) determine whether variation exists in hip
fracture rates across US NH facilities after adjusting for individual risk factors for hip
fracture, 2) identify facility-level and state-level practices associated with higher hip fracture
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rates, and 3) quantify the variation in hip fracture that is attributable to measured resident,
facility and state level characteristics. We hypothesized that differences among facility or
state practices will explain much of the observed variation in hip fracture, thereby helping to
identify potentially modifiable targets for interventions that aim to prevent injurious falls and
hip fractures in US NHs.

We linked 100% of 2007-2010 Medicare Part A claims to NH resident assessments
(Minimum Data Set (MDS), version 2.0) as well as the Online Survey, Certification and
Reporting (OSCAR) data for the NH facilities, using unique, individual identifiers for all
NH residents enrolled in a fee-for-service Medicare program.[19] The MDS is a
comprehensive, clinical assessment instrument used to regularly document health status of
NH residents, including demographic, medical, functional status, psychological, and
cognitive status information.[20-22] The OSCAR data were used to characterize state- and
facility-level policies, including NH staffing levels and various quality measures.[23, 24] A
previously validated residential history file algorithm was used to track the timing and
location of health service use.[19]

Study Design and Population

This was a nationally representative retrospective cohort study. The study sample included
892,843 eligible long-stay residents, defined as those with =100 days in the same nursing
facility with no more than 10 consecutive days outside the facility between May 1, 2007 and
April 30, 2008. These individuals had at least 6 months of Medicare Part A enrollment, were
at least 65 years of age, had an MDS assessment within 100 days of study entry (the day
they became long-stay), and were not enrolled in hospice. More details about this cohort
have been previously published.[12] For the current study, we excluded residents in facilities
with less than 100 residents, as most NH standards and regulations apply to facilities with
more than 100 residents or beds.[25] Rates of hip fracture are greatest in the first 100 days
following NH admission while in subacute care.[12] Therefore, upon examining the
distribution of the number of admissions per bed[26], we excluded residents in facilities that
had greater than 2% of unique admissions per bed in an effort to exclude facilities with large
post-acute populations since our focus was on the long-stay NH resident population.[26] The
final study sample included 201,892 long-stay residents across 1,481 NH facilities and 46
US states. Figure 1 provides the study enrollment flow chart and Supplementary Table S1
the distribution of facilities by state.

Hip Fracture Ascertainment and Follow-up

The outcome was incident hospitalized hip fractures, which were ascertained using
Medicare Part A claims. A hip fracture was defined as a hospitalization with the principal or
secondary /nternational Classification of Diseases, Ninth Revision (ICD-9) discharge
diagnosis of 820.xx (fracture of the neck of femur). Follow-up for hip fractures began on the
date a resident qualified as long-stay (i.e., day 100 in the same nursing facility; the index
date). Residents were followed from the index date until the first event of incident hip
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fracture, death, 2 years of follow-up, or the end of the study period (April 30, 2010). The 2-
year duration of follow-up was selected based on data availability and for consistency with
prior published work.[12, 18, 27] Since most hospitalizations are short (<10 days) and long-
stay residents return to their NH facilities, residents continued to contribute person-time
during hospitalizations for reasons other than hip fracture. To isolate new (rather than
prevalent) fractures, we excluded prior hospitalized hip fracture events that occurred within
the 100 days prior to the index date.

Measures of Resident Characteristics

Details about the measurement of resident characteristics have been previously described.
[12, 16] In order to adjust for resident case-mix, we calculated a validated hip fracture
summary risk score for each resident in the study population using the Fracture Risk
Assessment in Long term care (FRAIL) model.[16] The FRAIL model has good
discrimination and excellent calibration.[16] The pre-index-date variables included in the
FRAIL score and thus adjusted for in our analyses were age, race, cognition (cognitive
performance score), activities of daily living (ADL) dependence, locomotion dependence,
urinary continence, previous fall history, transfer dependence, being easily distracted,
wandering, presence of pressure ulcers, body mass index, and diagnosis of osteoarthritis or
diabetes. The FRAIL model is calculated separately for men and women, so sex was not
included in the calculation. By using a summary score to adjust for resident characteristics in
our analyses, we avoided the potential convergence problems that can occur when including
an uncommon outcome and a large number of covariates in multilevel models.[4]

Measures of Facility and State Characteristics

State survey agencies are responsible for certifying that NH facilities meet the conditions for
participation in Medicare and Medicaid insurance programs, and OSCAR is a compilation of
comprehensive data collected by surveyors during their inspections of NH facilities.[28] We
identified and ascertained facility-level variables from the OSCAR data based on substantive
knowledge and prior literature.[1, 29-31] Facility characteristics included in this study were:
percent of residents receiving antipsychotic, antidepressant, antianxiety, psychoactive, and
hypnotic drugs; percent of residents who were restrained, or indwelling catheter use; percent
receiving a bladder training program, tube feedings, and having advanced directives; total
nursing hours/resident/day, total registered nurses/100 beds, average number of prescription
drugs per resident, ratio of registered nurses to total nurses, and a count of the number of
quality of life deficiencies. These deficiency citations may be used as a measure of NH
quality, as facilities are cited when they violate any of the approximately 180 federal
requirements/standards.[32]

We additionally examined the state-level variables for each NH facility. We considered the
following state-level aggregate characteristics from OSCAR: the percent of facilities that
were part of a chain, percent of facilities that were hospital based, occupancy rates, total
number of beds, percent of residents paid by Medicaid and Medicare, and percent of
facilities that were for profit.[25, 33, 34] Most importantly, we assessed the minimum
number of nursing hours/resident legislatively mandated by each state.[25, 33, 34]
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Statistical Analyses

After employing descriptive statistics to characterize residents, we calculated the FRAIL
case-mix summary score (described above) for each resident with a Fine and Gray
competing risk regression model.

Initially, we modeled hip fracture as a count, which allowed us to calculate the hip fracture
incidence rate (IR) and 95% CI for each facility using a Poisson regression model. We
adjusted estimates for sex and the FRAIL case-mix summary risk score. We graphically
illustrated the magnitude of difference in the rate of experiencing a hip fracture when living
in a facility one or two standard deviations above and below the mean IR of hip fracture. We
classified facilities and states into tertiles, according to their mean adjusted IR of hip
fracture. Bivariable analyses were conducted to determine which facility and state
characteristics were associated with greater incidence of hip fracture.

We then modeled hip fracture as a dichotomous dependent variable. Doing so allowed us to
describe the variation in the incidence of hip fracture due to patient, facility, and state effects
versus variation due to random error or “chance”. We constructed multilevel logistic
regression models using a three-level structure of residents (level 1) within facilities (level 2)
within states (level 3). This model included resident sex and the FRAIL summary risk score
as fixed factors. Important facility characteristics, defined as any facility and state level
characteristics that were significant at the p < 0.05 level in the bivariable analyses, were also
included as fixed factors. The proportions of variance attributable to patient characteristics,
facility practices, and state policy characteristics were calculated by dividing the total
explained variance from the null model by the explained variance in a given level from
conditional models.[35]

Data were analyzed using SAS, version 9.4 (SAS Institute, Inc., Cary, NC) and R, version
3.4 (R Foundation for Statistical Computing, Vienna, Austria).

Ethics Approval
The institutional review board at Hebrew SeniorLife approved the study protocol.

RESULTS

A total of 201,892 long-stay residents were included in our study (Figure 1). The mean age
of the residents in the cohort was 84 years (SD 8.0), and 74.5% were women. A total of
80.2% were white, 15.5% were black, and 4.3% identified as other race. During a mean
follow-up of 1.5 years (SD, 0.7; median [IQR], 2.0 [0.8-2.0]), 3.1% of the long-stay NH
residents experienced a hip fracture.

The mean adjusted IR of hip fractures across facilities was 3.13 (95% CI, 3.01-3.26) per 100
person-years. The adjusted hip fracture IR by facility ranged from 1.20 (95% CI, 1.15-1.26)
t0 6.40 (95% ClI, 6.07-6.77) hip fractures per 100 person-years. A total of 752 facilities had
adjusted IRs above the overall mean (mean IR for facilities above the overall mean=3.68 hip
fractures/100 person-years, 95% Cl 3.53-3.83), while 724 facilities fell below (mean IR for
facilities below the overall mean=2.63 hip fractures/100 person-years, 95% CIl 2.54-2.74).
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This distribution of facilities with IRs below and above the mean (i.e., ranked from low to
high by IR) is shown in Figure 2. Adjusted hip fracture rates were 1.25 (95% CI 1.19-1.29)
times greater in facilities one standard deviation above the mean versus facilities one
standard deviation below the mean. The corresponding rate was 1.85 (95% CI 1.76-1.95)
times greater for facilities two standard deviations above versus two standard deviations
below the mean.

The relationship between facility and state characteristics and adjusted hip fracture incidence
rates are presented in Table 1. Facilities with the highest rates of hip fracture had higher
percentages of residents taking antipsychotic, antidepressant, antianxiety, and psychoactive
medications, as well as a greater percentage of residents with advanced directives. Facilities
with the highest rates of hip fracture also had the fewest hours of total nursing and total
direct care hours/resident/day. On average, a 100-bed facility in the top tertile would provide
7 fewer hours of direct care/day than a 100-bed facility in the bottom tertile, which translates
into about one fewer staff full time equivalent/day. Conversely, the facilities had smaller
proportions of residents who were physically restrained, had been catheterized, and were
receiving tube feedings. The facilities with the highest hip fracture rates were located in
states that had, on average, lower occupancy rates and fewer beds.

The proportions of explained variance that were attributable to the different components of
our multilevel model are illustrated in Figure 3. The amount of variation in hip fracture rates
explained by the facility effect was 3.7% and by the state effect was 3.0%. Resident
characteristics continued to account for most of the explained variation in hip fracture rates:
7.6%. The majority of the variation in hip fracture rates, (approximately 85.7%) remained
unexplained by the full model.

DISCUSSION

In this nationally representative cohort study, we found considerable variation in the IR of
hip fracture across US NH facilities, ranging from 1.20 to 6.40 hip fractures per 100 person-
years. Differences in resident case-mix accounted for much of the explained variation, which
is unsurprising and consistent with prior studies. Both facility and state characteristics also
appeared to meaningfully contribute to the observed variation. Our analyses identified a
number of modifiable facility-level characteristics as potential intervention targets to
decrease rates of hip fracture across NH facilities. However, despite considering these and
other resident characteristics in our multilevel model, the majority of the variation in the risk
of hip fracture remained unexplained.

Consistent with previous studies, our study suggests that facilities with more residents who
are mobile have the greatest rates of hip fracture.[36—39] We observed similar resident-level
associations during the development of the FRAIL model, which demonstrates that residents
who were mobile were more likely to experience a hip fracture.[16] Such residents should
be targeted for fracture prevention interventions. Many of the facility-level OSCAR
variables that were associated with hip fracture rates may ultimately describe the underlying
and less modifiable characteristics of the residents in a facility.
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Surprisingly few data are available about the contribution of facility-level characteristics to
the occurrence of hip fractures in NHs, though prior studies have examined the contribution
of such characteristics to post-fracture outcomes.[3, 40] We identified several modifiable
facility-level characteristics that were associated with greater rates of hip fracture. These
included the percentages of residents prescribed antipsychotic, antidepressant, antianxiety,
and psychoactive medications. This is consistent with prior literature, which suggests that
facilities reporting higher rates of psychoactive medication also report higher rates of falls,
which can ultimately result in hip fractures.[41] Though NH facilities often have detailed
guidelines for prescribing medications to residents, particularly regarding the use of high-
risk medications, studies have shown that only providers specifically trained in geriatrics
were less likely to prescribe risky medications.[42]

Of concern, we found that facilities with greater rates of hip fracture also had fewer hours of
direct care and nursing care/resident/day. This is consistent with the literature suggesting
that a primary reason for poor quality care in NH facilities is inadequate nurse staffing
levels.[25, 33, 43] Adequate staffing may free up time for monitoring of circumstances that
could result in falls and fracture risk factor surveillance by frontline staff like certified
nursing assistants (CNAs). Adding CNAs may be particularly effective at reducing fracture
for at least two reasons: 1) CNAs often have the most direct contact with the residents, and
2) many fall-related fractures occur during toileting and CNAs often support bladder training
programs, safe toileting, and toileting rounds.[44] Using the fall-related items on version 3.0
of the MDS, facilities could target medication management and staffing-related interventions
to residents with documented falls or fall-related injuries.

Interestingly, we found that facilities with more advanced directive documentation had
greater rates of hip fracture. Advanced care planning documentation has been considered a
proxy for higher quality care, and one might have expected to see an inverse relationship
with fracture. We suspect that facilities that are encouraging advance care planning are also
promoting mobilization and attempting to preserve resident function. This illustrates the
challenge and potential danger of using a single metric to evaluate quality in NH facilities.

States play a large role in regulation of health care, and their willingness and ability to
address federally mandated NH policies varies widely.[28, 45] It is has been suggested that
the stringency of state regulatory enforcement of NH quality is associated with facility size,
occupancy rates, and the generosity of facility reimbursement rate policies.[28] In some
cases, states are less likely to implement stringent quality enforcement for smaller facilities
and facilities with lower occupancy rates.[46] We found that states with lower facility
occupancy rates and with smaller facilities (lower numbers of total beds) had higher rates of
hip fractures. This suggests that greater enforcement of state regulations for smaller facilities
may reduce hip fracture rates.

It is worth noting that while the state staffing regulations for nursing hours per resident day
were not independently associated with hip fracture rates,[47] worse staff to resident ratio
was associated with higher rates of hip fracture. The average difference in the direct care
hours/resident/day between facilities in the top tertile and lowest tertile of hip fracture rates
was 0.07 hours, or for a 100 bed facility, 7 hours/resident/day. Although small, this
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difference of approximately 1 staff FTE is likely meaningful in an effort to prevent fractures.
[44] Policy tools that only influence staffing standards may not modify facility hip fracture
rates because standards are only one of many factors that ultimately affect staffing levels.
[47]

This study has several important limitations. First, despite the comprehensive list of
characteristics that we considered, we were only able to explain approximately 14% of the
variation in hip fracture rates. The fact that the fraction of total variation attributable to
facility random effects did not appreciably decrease upon inclusion of important facility
characteristics suggests the presence of either other important unmeasured characteristics
that may be driving the variation or appreciable measurement error in the included
characteristics. Second, Part D drug dispensing claims were unavailable and therefore
resident-level use of medications was not included in the models. The absence of claims-
based medication use may inflate the variation attributable to facilities and exaggerate the
association between facility antipsychotic prescribing and hip fracture rates. Third, we only
ascertained hospitalized hip fractures using Medicare inpatient claims. It is possible that
some facilities avoided hospitalizing residents, and this may have influenced our results.[48,
49] Use of other non-Medicare non-Medicaid insurance coverage is likely to be rare, and
would not have a strong influence on the ascertainment of fracture or other key
characteristics as measured by the MDS or OSCAR. Fourth, we restricted our study to
facilities with =100 beds because facilities that had 100 or fewer residents contribute little
information to the estimation of between-facility variability in hip fracture rates. The
restriction also helped to stabilize estimates of hip fracture by ensuring there was a large
enough denominator in each facility. Our results may generalize only to larger NH facilities.
Future work should focus on using more years of data in combination with a lower (or no)
facility size threshold to overcome this limitation. Fifth, we did not account for censoring
when examining hip fracture variation with multilevel logistic regression modeling, which
could result in bias if censoring events were differential by facility.

In summary, although the Centers for Medicare and Medicaid Services have determined that
the proportion of residents that experience injurious falls is an important NH quality
measure[50], we caution against the use of hip fracture rates as a similar quality measure.
Even after accounting for a comprehensive list of patient, state, and facility level
characteristics, 85.7% of the variation in hip fracture rates remained unexplained. The
paradoxical relationship between advance directives and the rates of hip fracture that we
observed further points out the challenges with using a single quality metric in this setting.
Nonetheless, reporting hip fracture rates per facility may be useful. We would urge facilities
with high rates of hip fracture to consider examining their staffing practices and medication
prescribing practices in an effort to prevent hip fracture.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Impact Statement

We certify that this work is novel. It is the first nationally representative examination of
US nursing home facility-level and state-level determinants of hip fracture incidence rates
among older adults, and identifies several important potential targets for policy
interventions to reduce rates, including increased facility staffing and reduced
antipsychotic prescribing.
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Figure 1.
Study Sample Selection
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Figure 2.
Distribution of Adjusted® Hip Fracture Incidence Rates across Facilities.

Footnotes:

@Adjusted for resident sex and FRAIL summary risk score for hip fracture[16].

b\ertical lines represent 95% confidence intervals.

®Horizontal line represents mean facility hip fracture rate of 3.1 hip fractures per 100 person-
years.

dHorizontal line using short dashes represents one standard deviation above and below the
mean

€Horizontal line using long dashes represents two standard deviations above and below the
mean
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Figure 3.
Partitioning of Variance in Multilevel Model Adjusting for Resident, Facility, and State

Characteristics.
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Distribution of Facility and State Characteristics Stratified by Tertile of Adjusted? Average Hip Fracture

Incidence Rate

Table 1

Facility-Level Characteristics Lowest Tertile | Middle Tertile | Highest Tertile P
Percentage of residents receiving antipsychotics, mean 24.77 26.65 27.17 <0.01
Percentage of residents receiving antidepressants, mean 43.66 49.03 50.77 <0.01
Percentage of residents receiving antianxiety drugs, mean 17.12 18.36 18.69 0.02
Percentage of residents receiving psychoactive drugs, mean 60.72 65.83 66.91 <0.01
Percentage of residents receiving hypnotic drugs, mean 6.30 5.91 5.77 0.21
Number of prescription drugs/resident, mean 10.47 10.47 10.34 0.35
Total direct care hours/resident/day, mean 3.29 3.34 3.22 0.02
Total nursing hours/resident/day, mean 3.53 3.55 3.43 0.03
Ratio of registered nurses to total nurses, mean 0.26 0.28 0.29 0.01
Percentage of residents physically restrained, mean 5.55 5.33 5.25 0.72
Percentage of residents receiving bladder training, mean 8.56 7.88 6.28 0.02
Percentage of residents with catheter, mean 5.89 5.62 5.00 <0.01
Number of quality-of-life deficiencies, mean 0.72 0.75 0.77 0.76
Percentage of residents receiving tube feedings, mean 9.02 5.96 4.09 <0.01
Percentage of residents with advance directives, mean 55.08 63.98 68.44 <0.01

State-Level Characteristics

Proportion of facilities in a chain, mean 0.49 0.52 0.52 0.79
Proportion of hospital-based facilities, mean 0.10 0.13 0.13 0.86
Facility occupancy rate (proportion), mean 0.89 0.86 0.81 <0.01
Number of facility beds, mean 107.4 106.2 88.8 0.05
Percentage of Medicaid beneficiaries, mean 60.49 61.12 60.72 0.96
Percentage of Medicare beneficiaries, mean 14.73 16.23 13.99 0.19
Proportion of for-profit facilities, mean 0.62 0.63 0.61 0.95
Hours/resident/day state regulatory staffing requirement, mean 277 2.38 2.34 0.12

aAdjusted for resident sex and FRAIL summary risk score for hip fracture[16]
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