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Abstract

Objectives—Compare expenditures of fall-related injuries (FRISs) using several methods to
identify FRIs in administrative claims data.

Research Design—Using 2007-2009 Medicare claims and 2008 Health and Retirement Survey
data, FRIs were identified using external-cause-of-injury (e-codes 880/881/882/884/885/888) only,
e-codes plus a broad set of primary diagnosis codes, and a newer approach using e-codes and
diagnostic and procedural codes. Linear regression models adjusted for sociodemographic, health,
and geographic characteristics were used to estimate per-FRI, service component, patient cost
share, expenditures by type of initial FRI treatment (inpatient, ED only, outpatient) and total
annual FRI-related Medicare expenditures.

Subjects—The analysis included 5,497 community-dwelling adults =65 (228 FRI, 5,269 non-
FRI individuals) with continuous Medicare coverage and alive during the 24-month study.

Results—The 3 FRI identification methods produced differing distributions of index FRI type
and varying estimated expenditures: $12,171 (95% Cl: $4,662-$19,680), $5,648 (95% CI: $3,819-
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$7,476), and $9,388 (95% CI: $5,969-$12,808). In all models, most spending occurred in hospital,
outpatient, and SNF settings, but greater proportions of SNF and outpatient spending were
observed with commonly used FRI identification methods. Patient cost-sharing was estimated at
$691 to $1,900 across the three methods. Inpatient-treated index FRIs were more expensive than
ED and outpatient-treated FRIs across all methods, but were substantially higher when identifying
FRI using only e-codes. Estimated total FRI-related Medicare expenditures were highly variable
across methods.

Conclusion—FRIs are costly, with implications for Medicare and its beneficiaries. However,
expenditure estimates vary considerably based on the method used to identify FRIs.
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INTRODUCTION

Fall-related injuries (FRIs) are the most likely cause of injury-related emergency department
(ED) visits and hospitalization among seniors, with over 2 million annual FRI-related ED
visits.1 As many as 30% of ED visits result in hospitalization,! with 630,000 hospitalizations
for non-fatal falls in 2011.2 A 2010 systematic review assessing the burden of falls among
older adults observed considerable differences in costs per individual who falls (“faller”)
($2,000 to $26,000), per fall ($1,059 to $10,913) and for fall-related hospitalization ($5,654
to $42,840).3 Costs per faller in U.S. studies examining older adults from all settings
(including institutionalized adults) ranged from $3,766 to $25,955 while costs per faller
involving only community-dwelling older adults ranged from $2,310 to $24,140.3

Prior studies vary in terms of the population examined, the type of information used to
identify a fall, cost data used, and study design/model specification (see Appendix A, Table
ALl). Of particular importance is the approach to identifying FRIs. Most FRI costing studies
have used administrative data, involving ICD-9 diagnosis codes and external cause-of-injury
codes (“e-codes”). Studies have also varied in terms of study design, with studies making
use of “cohort,” “case-crossover,” and “case control” designs,* while employing differing
model specifications. However, the effect of different approaches on cost estimates is
unknown.

Methods Used to Identify FRIs

FRIs are most commonly identified using claims data e-codes, which assess the place and
mechanism of an injury. However, e-codes are commonly missing in claims data.” Authors
of one study found that only 7% of hip or femur fractures among older adults had e-codes
for their injuries.1? The accuracy of e-codes (the percentage of e-codes that are in agreement
when abstracting patient records) was 66% and 73% in two studies.11-13 There is also an
absence of quality assurance activities aimed at monitoring the completeness and validity of
e-codes.1* Missingness in records could be due to certain states not having a statewide
database for collecting injury information (a number of states are not mandated to collect e-
code information) and because, among states collecting such information, there are
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differences in the number of fields available for inputting e-codes in the databases; further,
some states are unable to identify a first hospital visit for patients hospitalized more than one
time for an injury.’

Accordingly, this method is likely insensitive (i.e., does not adequately identify as fallers
those respondents who experienced an FRI) but highly specific (i.e., correctly identifies as
non-fallers those individuals who did not fall). Moreover, the method likely identifies fallers
as those individuals experiencing the most serious (and thus most costly) falls, resulting in
higher cost estimates but lower FRI prevalence than other methods.

Another approach uses e-codes plus ICD-9 diagnosis codes for fractures, dislocations/
sprains and strains, intracranial injuries, and contusions.#510 This method is highly
sensitive, but non-specific, as it broadly ascribes falls to individuals. Thus, the average cost
of a fall observed is likely to be low since individuals are considered fallers even if they had
treatment for an injury due to an incident less serious than a fall. But, the prevalence of
fallers identified should be higher compared to that obtained using only e-codes.

A more recently introduced approach using e-codes, inpatient ICD-9 diagnostic, and
outpatient procedural codes to assess whether claims data reflected a serious fall injury.15: 51
Cases can qualify according to receipt of treatment for diagnoses in inpatient settings,
including the hospital and skilled nursing facilities (SNFs), or by receipt of procedures
(within certain time periods following initial treatment) performed in outpatient settings.
This method may be more sensitive than the first and is potentially as sensitive as the second
method; it is also potentially more specific than the second method. Resultant cost estimates
may be lower than with the first and higher than with the second method; also, the
prevalence of fallers using this method may be higher and lower compared to the first and
second methods, respectively.

The current study uses these three FRI identification methods to estimate annual per-FRI
episode, service component, patient cost-share, and total Medicare FRI-related expenditures.
The study objective is to inform whether the widespread use of e-codes in falls surveillance
and cost-of-falls analyses provides similar estimates to other FRI identification methods.

METHODS
Data and Study Population

This study uses the Area Health Resource File (AHRF), the 2008 Medicare Impact File, and
the 2008 Health and Retirement Study (HRS) (with interviews conducted from
2/2008-2/2009) data linked to 2007-2009 Medicare claims data—which includes
Beneficiary Summary, Carrier, Denominator, Inpatient, Outpatient, Durable Medical
Equipment (DME), Home Health Agency (HHA), SNF, Hospice, and MedPAR Standard
Analytic Files. Participants were included if they were =65 years old, not living in a nursing
home at the time of interview, alive during the full follow-up period (which is 12 months
from the date of the index admission date, or the first qualifying FRI, as discussed below),
and had continuous Parts A/B coverage.
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Methods for Identifying FRIs

Three separate methods are used to identify FRIs in the claims data. Method 1 (the e-code
only, or “ECO” method) is the one commonly used to identify FRIs in claims data and
typically involves the ICD-9 e-codes 880, 881, 882, 884, 885, or 888.3:6:10.16-20 \jethod 2
(e-code and diagnostic code, or “ECDC” method) uses the above e-codes plus a broad set of
primary inpatient diagnostic codes indicating fractures, dislocations, sprains, strains, head
injuries, and contusions (ICD-9 diagnostic codes 800-848, 850-854, and 920-924).45:10
Method 3 (the adapted UCLA/RAND, or “AUR” method) employs an adaptation of the
algorithm that identified ICD-9 inpatient primary diagnosis codes (for hip fractures, other
nonvertebral fractures, head trauma, joint dislocations, and injuries identified by the above e-
codes) as well as outpatient Current Procedural Terminology (CPT) codes (for imaging and
repair procedures) as fall injuries.1® 51 To identify index FRIs, each of the three methods
uses e-codes from inpatient, outpatient, and SNF claims data; the ECDC method and AUR
methods additionally use ICD-9 codes from the Carrier file while the AUR method further
uses CPT codes from outpatient settings. See Table 1 for additional details, including
analytic sample sizes and size of FRI cohort using each identification method; note that
differing total sample sizes resulted from use of the “washout” period—or 12-month period
of time without an FRI required for inclusion in either of the cohorts—that excluded
different numbers of respondents using each FRI identification method.

Study Design

This study uses a “case-crossover” design to isolate per-FRI episode expenditures (hereafter
referred to as “per-FRI expenditures™) using a pre-post analysis with a comparison group.
An FRI and non-FRI cohort were created using the three FRI identification methods
described above and then pooled for analysis. The FRI cohort included those with a first FRI
in 2008 but no FRIs during the 12 months prior to a given individual’s specific date of index
admission (a first qualifying FRI) and the non-FRI cohort included those with no FRIs in
2007, 2008, or the first half of 2009. FRI cohort individuals received an index date—the date
of their first qualifying FRI in 2008. Non-FRI cohort individuals received an index date that
was the midpoint of the year during which FRI cohort index admissions were observed,
7/1/2008.

Medical expenditures for both cohorts were measured during the year prior to (“pre-index”)
and following the index date (“post-index™). Expenditures were defined as total, direct,
medical expenditures from the perspective of the Medicare program and Medicare
beneficiary, excluding Medicaid, private supplemental insurance policies and other third-
party payers. Medical expenditures include the amount Medicare paid to the institutional
provider, physician, or supplier for the services covered by the claim record plus beneficiary
out-of-pocket (OOP) expenditures.

The main expenditure outcome is expenditures in the post period minus expenditures in the
pre period (“expenditures change score”) and the predictor of interest is an indicator for
whether the observation is from the FRI vs. non-FRI cohort. The estimated marginal effect
of this indicator therefore reflects a “difference-in-differences” estimate, i.e., the differential
change in expenditures experienced over time between individuals who did and did not have
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an FRI. Because this methodology (which is akin to controlling for person-level fixed
effects) controls for measurable and unmeasurable confounders that do not vary within an
individual over time, the difference in change scores can be interpreted as the incremental
expenditures associated with an FRI during the year after falling.

Descriptive statistics are provided. An ordinary least squares specification was chosen given
that change scores were normally distributed:

A =B+ F RI;+ > Health;+P3Area;+¢;

Ezpend;

where, for respondent /, A gypeng; is the expenditure change from the pre- to post-baseline
period, FR/;is the FRI cohort, Health;are health variables and Area; are contextual
variables, discussed below. Using each FRI identification method, expenditures were
estimated (in separate models) by service category (hospital, outpatient/carrier, SNF, HH,
DME, hospice) and for patient OOP expenditures. Expenditures were also estimated by type
of treatment initially received—inpatient (hospital/SNF including admission from ED <10
days of discharge), ED-only, or outpatient (in a model identical to that shown above but that
included dummy variables for each treatment type rather than a dichotomous variable
indicating whether an FRI occurred).® Total Medicare expenditures were computed using
estimated per-FRI expenditures, fall prevalence, and the number of older Medicare
beneficiaries in 2008 (34.3 million).21

Risk Adjustment Variables

The study controlled for individual and contextual factors that are associated with falls in the
falls literature and health services’ price and/or quantity and thus might confound the falls-
cost relationship.22 To control for potential confounders of the falls-expenditure relationship,
individual and contextual factors that have been associated with falls and/or health care
expenditures were included. These were individuals’ age at the index date,22:23 self-reported
gender,22:23 race/ethnicity (White, Black, Hispanic, Asian/Pacific Islander, Other),23.24
educational level (less than high school, high school, some college, college or beyond), and
total household income and wealth (the latter three of which may affect the home
environment, which has been associated with fall risk).2° Self-reported health-related
characteristics were included to account for differential demand for care: number of chronic
health conditions23:26-28 (an index scored from 0-5 for osteoarthritis, stroke, heart disease,
high blood pressure, and diabetes), functional limitations (an index scored from 0-12 for
reported difficulties with activities such as walking several blocks),22:23.28.29 and self-rated
eyesight (1-6 where 1=legally blind and 6=excellent)23:28:30 and hearing (1-5, where 1= poor
and 5 = excellent);3931-33 |ow cognitive status?2:23.28.30 was measured using a score of <6 on
the Telephone Interview of Cognitive Status (range of 0-15);34 and disability indicating that
a respondent reported applying for SSI or SSDI (reflecting diminished physical status, which
is a risk factor for falls).22:23 The model also included self-reported use of psychiatric
medications2327:30 and, to account for the likelihood of accessing services, supplemental
Medicaid coverage. To measure the area-level availability and price of medical care, a
county’s number of non-federal physicians/100,000 older adults and Medicare wage index
were included.
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RESULTS

Unadjusted Results

Characteristics of study respondents in the FRI cohort were generally similar across methods
(See Table 2). Pre- and post-index expenditures for the non-FRI cohort were similar across
methods (~$7,500 and ~$9,500, respectively; Table 3). However, for the FRI cohort, there
was significant variation across methods in pre-index expenditures (from $9,461 to $14,040)
and post-index expenditures (from $16,899 to $28,883). Accordingly, expenditure changes
also ranged broadly for the FRI cohort.

Adjusted Results

FRI Expenditure Estimates

While the expenditure estimate confidence intervals overlapped for the three methods, point
estimates ranged considerably (Table 4). With the commonly used EOC method,
expenditures were $12,171 (95% CI: $4,662-$19,680). The ECDC method (using e-codes
and a broad set of diagnostic codes) and AUR (using e-codes, a more limited set of
diagnostic codes, and procedural codes) estimated FRI expenditures 54% and 30% less than
the ECO method, respectively: expenditures using ECDC were $5,648 (95% CI: $3,819-
$7,476) and using AUR were $9,388 (95% CI: $5,969-$12,808) (Table 4).

Service Components and Out-of-Pocket (OOP) Expenditures

For each method, hospital, outpatient, and SNF expenditures comprised the majority of
spending (Figure 1). Hospital expenditures were greatest for ECDC (42% vs. 35% and 31%
for ECO and AUR, respectively) while SNF expenditures were greatest for ECO (48% vs.
22% and 39% for ECDC and AUR, respectively). Outpatient expenditures constituted 11%,
27%, and 18% of total estimated per-FRI expenditures for Methods 1-3, respectively (Table
4). OOP expenditures were greatest for ECO ($1,900) and lowest for ECDC ($691).
Coinsurance represented the majority of OOP expenditures across all methods (88%, 86%,
and 82%, respectively, for Models 1-3).

Expenditures Associated with Initial Treatment for Index FRI

With respect to treatment for the index admission, inpatient FRI expenditures were lower in
the ECDC and AUR methods—$22,749 and $21,424—compared to ECO ($33,418) (Table
4). However, ED-only and outpatient-treated FRIs were similar ($5,000-$6,000 and $5,000-
$8,000, respectively) across the methods.

Total FRI-Related Medicare Expenditures

Total Medicare expenditures were highly sensitive to the FRI identification method used.
Approximate, total Medicare expenditures were $4 (95% ClI: $2-$7), $25 (95% CI: $17-
$33), and $13 (95% CI: $9-$18) billion for Methods 1-3, respectively. Even though the per-
FRI annual expenditure estimate was lower using AUR compared to ECO, the total
Medicare expenditure was much greater due to the higher proportion of beneficiaries
assumed to have fallen during the study period. There were more than three times as many
beneficiaries in the FRI cohort using AUR compared to ECO (13% vs. 4%).
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DISCUSSION

The study’s findings indicate that the method used to identify FRIs in claims data has
important implications for annual per-FRI and, in particular, total Medicare expenditure
estimates. Several FRI identification approaches were used because existing approaches vary
in terms of sensitivity and specificity.1®> The broadest approach (ECDC) produced the lowest
per-FRI expenditure estimates, while the narrowest approach (EOC) and an adaptation of a
method using e-codes, diagnostic, and procedural codes (AUR) produced relatively higher
per-FRI expenditure estimates. The total annual Medicare FRI-related expenditures for older
adults varied due to the difference in prevalence estimates for FRIs using each of the
methods.

The study offers possible explanations for these expenditure discrepancies. First, differences
in the distribution of FRIs across methods may affect expenditure estimates. The claims-
based FRI identification method using e-codes only identified a relatively high proportion of
index FRIs initially treated in the ED (55% compared to 11% and 25% for the ECDC and
AUR methods, respectively), relative to inpatient or outpatient/physician care settings. It
may be that e-codes for falls are more commonly documented in the ED compared to
hospitals. Additionally, the ECO method (which assesses FRIs in outpatient settings with e-
codes) may not be as sensitive to outpatient-treated FRIs as the other two methods, which
identify FRIs involving outpatient/physician care using diagnosis (and additionally, in the
AUR method, CPT procedure) codes. In the outpatient and Carrier files (the latter of which
does not contain e-codes), there were 817,455 observations for 2007-2009, 599 of which had
e-codes. Comparatively, Methods 1-3 identified 599 (0.07%), 24,374 (3.0%), and 7,404
(0.9%) FRIs, respectively. Compared to the ECO method, most additional FRIs in the
adapted AUR method involved outpatient diagnosis codes. Also, the ECDC method
identified outpatient expenditures as comprising a proportion of total expenditures nearly
double that of the AUR method and triple those of the ECO method—presumably due to that
method’s inclusion of sprains and strains that are not considered FRIs in the traditional and
AUR methods. In all, the use of e-codes only to identify FRIs is problematic, as noted as
well in prior analyses.8-11.13 One report noted the incompleteness of e-coding in most states,
with 44% of states that evaluated hospital records also e-coding at least 90% of injury-
related hospitalizations. Until injury reporting is improved with more thorough provider
reporting of injuries, more complete sharing of injury data by certain states, as well as
changes to state regulations regarding e-coding, the use of e-codes only for falls surveillance
may continue to pose problems for researchers and policymakers—suggesting the need for
alternative approaches such as those provided with ECDC and AUR.

Despite some relative benefits, however, using the ECDC method may also be problematic
to an extent. That approach identified a number of minor outpatient injuries as FRIs, but it is
questionable whether all such injuries are fall-related; for example, minor sprains treated in
outpatient settings may not be uniformly attributable to FRIs. Overall, ECDC’s lack of
specificity may overestimate the prevalence of fallers and underestimate expenditures,
suggesting that prior studies using this method may have underestimated per-FRI episode
expenditures (excepting other methodological choices that could have inflated those studies’
estimates).*>10 Also, because it identifies a much greater proportion of individuals with
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FRIs compared to other methods, it results in total annual FRI-related Medicare expenditure
ranges ($17-33 billion) nearly twice those using the AUR method ($9-19 billion) and even
greater relative to the EOC method ($2-$7 billion). In future analyses estimating annual
expenditures, ECDC estimates might be standardized using other, lower-prevalence
population FRI estimates.

The adapted UCLA/RAND method used in this study®: 1 provides an alternative with
potential benefits, using an algorithm based in part upon a review of orthopedic literature to
assess FRI qualification. This AUR method appears beneficial in identifying additional FRIs
not apparent in e-codes while not overly broadly attributing FRIs to care episodes, such as
those involving treatment for sprains and strains. The method produces per-FRI episode
expenditure estimates that are in the middle of the range of expenditure estimates for
hospitalized FRIs among prior studies.3 This suggests that some prior estimates are too
high6:16.17.19.35.36 an that prior cost-effectiveness studies using earlier estimates may be
similarly affected.37-42

Despite these potential advantages to using the AUR method, there remain issues of note for
researchers to consider. For instance, evidence of scaphoid fractures (FRIs in the AUR)
being fall-related*3 relies on a study in which only six patients of the 158 assessed had a
fracture resulting from a fall.** Also, shoulder dislocations are considered fall-related based
upon a study that observed that just 59% of 8,940 dislocations examined were the result of a
fall.#> Yet, these dislocations may be due to motor vehicle injury? rather than falls or may
involve exertion by active, healthy older individuals—with different implications for falls
prevention when compared to FRIs involving less active older adults. Clearly, no claims-
based method of ascribing injury to fall is perfect. Nonetheless, these newer methods—AUR
in particular—appear to be improvements over the traditional ECO approach.

The other findings of note are the distribution of expenditures across healthcare settings and
incidence of costs for Medicare compared to the beneficiary. Expenditures were primarily
associated with hospital, outpatient, and SNF treatment, but varied across identification
methods. With ECDC, the distribution involved greater relative spending in the hospital
versus outpatient and SNF settings; however, expenditures for those initially treated in the
hospital were similar for beneficiaries using ECDC and AUR; thus, ECDC captures a greater
proportion of less serious injuries than the other two methods. Relative to the traditional
ECO method, the newer AUR method seems to also identify a cohort of less serious FRISs,
but also to capture relatively costly outpatient injuries not observed using ECO. Also, the
relative shares of DME and hospice expenditures were minimal compared to other spending
across all methods. In all, AUR appears to present credible estimates of the prevalence of
and expenditures (including the distribution across care settings) involving per-FRI episode
and total annual FRI costs. This method is recommended for future FRI expenditure
analyses.

Finally, patient out-of-pocket costs associated with FRIs were similar across the three
methods, averaging 12-15% of total per-FRI episode expenditures. The financial burden of
FRIs for older Medicare beneficiaries appears substantial. Roughly $700-$1,900 in annual
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patient contributions for each FRI episode is noteworthy given the prevalence of falls
(including multiple falls) and FRIs among community-dwelling older adults.46-4°

Several limitations may apply to this analysis. First, because many fallers are admitted to a
nursing facility,® FRI-related expenditures are likely underestimated if a social planner,
rather than Medicare, perspective is taken. Second, the findings may not be generalizable to
the US older Medicare population, given the smaller sample size of the models and because
the distribution of FRI types may not be the same as in the overall older Medicare
population. However, similar results were obtained when using individual-level HRS survey
weights in a sensitivity analysis. Third, results may be biased due to reverse causality
because, given the choice of using 2008 HRS data, some individuals’ self-reported health
may reflect a prior FRI. However, estimates were robust to models in which potentially
endogenous regressors were controlled, among others (see Appendix B).

In summary, FRIs are costly events, with implications for beneficiaries in terms of out-of-
pocket expenditures and the Medicare program. While these estimates may be useful to
policymakers assessing the cost-benefit of Medicare falls prevention programs, this study
also provides researchers with information about various methodological approaches to
assessing FRI prevalence and expenditures. In future work, careful consideration should be
given to the FRI identification algorithm; falls surveillance and Medicare expenditure
estimates may improve accordingly, with potential implications for the health and safety of
older adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Adjusted Annual Medicare Expenditures by Service Category for Older Adults
Experiencing a Fall-related Injury (FRI) Using Three Methods to Identify FRIs in Medicare
Claims Data, 2007-9

Note: The expenditure outcome is expenditures in the post period minus expenditures in the
pre period (“expenditures change score”) and the predictor of interest is an indicator for
whether the observation is from the FRI vs. non-FRI cohort. The estimated marginal effect
of this indicator, or the beta coefficient, therefore reflects the differential change in
expenditures experienced over time between individuals who did and did not have an FRI.
Because this methodology controls for measurable and unmeasurable confounders that do
not vary within an individual over time, the difference in change scores can be interpreted as
the incremental expenditures associated with an FRI during the year after falling. The
models control for baseline sociodemographic, health, and geographic characteristics.
Method 1 involves the use of e-codes (880, 881, 882, 884, 885, or 888) only. Method 2 uses
the same e-codes plus primary inpatient diagnostic codes indicating fractures, dislocations,
sprains, strains, head injuries, and contusions (ICD-9 diagnostic codes 800-848, 850-854,
and 920-924). Method 3 involves FRIs identified using the adapted UCLA/RAND
algorithm15 in which FRIs are identified using inpatient (hospital and SNF) ICD-9 primary
diagnoses and the same e-codes plus outpatient diagnoses and procedural codes. Models
were estimated using OLS regression with robust standard errors. The respective analytic
sample sizes for models estimated separated using FRI identification Methods 1-3 were
5,518, 5,479, and 5,497. The models do not include individuals who died during the post-
index period. Separate models were estimated for each payment source. The percentage of
total estimated expenditures across the three methods for hospital, outpatient, skilled nursing
facility, home health, durable medical equipment, and hospice were: 35%, 11%, 48%, 8%,
0%, 0% (Method 1); 42%, 27%, 22%, 8%, 1%, 0% (Method 2); and 31%, 18%, 39%, 12%,
1%, 0% (Method 3).

Med Care. Author manuscript; available in PMC 2017 July 01.



Page 14

Hoffman et al.

‘saunpaooad BuiBew pue Jredas Aynuapi o) pasn sepod | 4O BuipseBal UonewIOUI [eUORIPPE 104 SIOUINE J0BIL0D 8Ses|d

q

“(apue Jo ‘ejjered ‘enquy “e1qn/INWey ‘puey ‘fedred ‘eujn pue snipes ‘SnsWNy ‘8|91AB|D ‘NUNII/X8u ‘siAjad 8y JO SaINjoR.LY SPN[OUI SBIMoel) 1B8yo,

"POYIBW PUOISS By}
uey oiy19ads atow Ajrenualod pue
poylaLL 1s414 8y} Ueyl 91319ads sso]

‘paisi| os|e
S1 9p02-8 BuIAYIUSPI- 1Y Ue SSajun uoiyediyijenb
-Uou ul1 palInsal 086 PUe ‘6v6-276 ‘9E6-0€6

'OT6 'ST6 ‘6.8 ‘828 'L98 ‘¥18-CT8 ‘908 S8p02-3
‘9p09-a alredino auo (q) Jo yede sAep OT> Inq
sAep ayesedas U0 pPaJ1ind20 Jey) apod sisoubelp
6-aD| snedino ue snid apod | 4D Buibew:

ue 1o sapod sisoubelp g-aQ| uairedino ajdnnw
(®) ‘s1y4 se paynuapi sepod sisoubeip 6-ADI
jusnedino se Aep awes U0 pPaLINdd0 Jey) siredal
ainyoely (q) pue suonedolsip uiol pue ‘ssunful
99®} ‘saunjoely Jaylo pue sainjoely diy Joy Qm%oo
1d9D Aq paieaipui siredas ainjoely () (98
‘££8-T€8) UoIeaolsip ol 1o ‘(y58-058 ‘¥08
-008) Anfur pesy ‘(28-128 ‘218-218 ‘018-208)

“(z# poyIsN) poyiaw apod ansoubeip | (144 %) X
peo.q pue 8p02-3 aU} Se AAIISUSS Se 144-uou p NGB} JBLAO (0z8) aimely duy 4o sasoubelp pouydNl (. 4NV.,)
pue (T4 POLBIAI) poyiaw Ajuo apod 692'G | 4NS ‘(ad) ai4 6-a01 uatedur Arepuodss Jo Arewnd :ggg ANVY/vVION
-8 83U} Uy 8AINISUSS 810w AJ[enusiod ‘¥4 82¢ Jaled 'do dl pue ‘588 ‘788 ‘288 ‘188 ‘088 S3p0-8 Jualredu] paidepy ‘¢
(144
%ET) POUIBIAl
sfenplApul | J44-uou 've6 | (.0ao3,) apod
0} S|[e} S91ISE A|pR0Iq POyIaL SILY vLL'v | ANS ‘(ad) 814 -0Z6 PUe '¥58-058 ‘8778-008 S3p0d onsoulelp 6 | onsoufelq peolg
se ‘oly10ads-uou Ing aAmsuas AlYBIH | ‘144602 | Je11eDd 'dO dl | -@OI ‘888 pue 'G88 ‘¥88 ‘288 ‘188 ‘088 Sep0d-3 pue 8pod-3 ¢
(Irey
10U PIp OYM S[ENPIAIPUI 850U SI8|[e} (4NS)
-uou se saliuapl A[39a.1102) oy1oads | (194 %T) | Aujioey Buisinu
Auby ing (144 ue psousuiadxs oym | 1y4-uou payIis ‘(do)
Ssjuspuodsal asoy) sia||ey se Aynuapl €9%'s 1uanedino poytsN (.023.,)
Ajarenbape j0u s30p) aANIsussU| RESER: ‘(d1) uanedu] "888 pue ‘588 ‘788 ‘288 ‘188 ‘088 Sep0d-3 AJuQ 8poo-3 °1
9ZIS
A)o1y195ds pue AUAIISUSS a|dwes pasn swre|D pasn sapod
SPOYIBIN Jo Anaiy10ads

pue AlIARISUSS pue ‘az1S ajdwes ‘pasn eleq SwiejD pue sapo) :eleq swie|d asealpalA ul (144) saunlu] paejal-jje4 A1nuap| 01 SPOYlS|A 934yl

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2017 July 01.

Med Care. Author manuscript



Page 15

Hoffman et al.

6-/002 ‘salteIoljauag aIedlpalN Jap|O 10} sansnels aanduasag paisnipeun 4oy spoyisiA uonealnuapl (144) Ainfuj parejal-jje4 Jo uostiedwo)

Author Manuscript

(tv1) 88T (ecT) 18T (OWT) 88T (esT) 16T (tv1) 88T (¥6) L¥T sHNpe Jap|o 000" 0T/sueIdIsAyd
(sT0)9e0 (910960 (100960  (ST0) 260  (ST0)960  (9T'0) 260 Xapui afem eary
6 8 6 0T 6 1 (%) preatpain
A €1 A A A 44 (%) Anngesia
6 €1 6 14 6 q1 (%) uonealpaw dLYeIYIAsd
Mz Me Mz Mz Mz Me (9-0) suonpuod d1U0IYD JO "ON
©v (€)9 ©v (€)s ©v (€) L (27-0) suonenwi| [euondUNy JO "ON
14 € 4 € 4 S (%) wawnredwi armubod
Me Me Me Me Me Me (§-1) Burreay
Me Mme Me Me Me Mme (9-T) Wbisak3
(T1e'T) 658 (002'T)G€9 (L2e'T)29S  (660'T) €95  (L0€'T) 29S  (000'T) 66Y (000'T$) UpEAM
(T11) 5§ (eL) vs (98) ¥5 (T12) 19 (ot1) 5§ (sv) v (000'T$) swiodu|

0z 9 12 12 12 44 aba|j00

0z ST 0z 81 0T €1 aa]100 awos

1€ 9e 1€ 6€ L€ L€ 100yds ybIH

2 €z [44 I44 44 [44 100yos ybry >
(%) uoneanp3

€ v € € € 4 BYOo

14 € ¥ S 1% 0 o1uedsiH

T L T 8 T T UedBW/-UedL Y

z8 98 z8 S8 z8 q8 SHUM
(%) Anoruyiajaoey

rag 2€ er ee A7 9 (%) areN
(L) oL (L)8L (L) oL )L (8) 18 (8) 18 aby
110Y0D |H4 Ul S|enpIAIpu| JO So1IsLIoeIeyD

10yod 14040D 140yoD 140yoD 140yoD 1404yoD
144-UoN B 1¥4-UoN ISE| 144-UoN B
(26v's=u) (6L7's=U) (815'5=U)
(.dNV,,) ANVY (.0a03,,) apo9 dnsoubelq (.003,,)
/V10N pardepy € peo.g pue 8pod-3 Aluo 8p0o2-3 T

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Med Care. Author manuscript; available in PMC 2017 July 01.



1duosnuey Joyiny

1duosnuen Joyiny

Hoffman et al. Page 16

Table 3

Comparison of Fall-related Injury (FRI) Identification Methods for Unadjusted Expenditures for Older
Medicare Beneficiaries, 2007-9

Method 1 Method 2 Method 3
(n=5,518) (n=5,479) (n =5,497)
Index FRI Type

Inpatient 12 (22%) 13 (2%) 25 (11%)

ED Only 30 (55%) 80 (11%) 58 (25%)

Outpatient 13 (24%) 612 (87%) 145 (64%)

Expenditures ($) (SD)

Pre-index 8,003 (14,893) 7,650 (14,619) 7,801 (14,682)
FRI cohort 14,040 (18,827) 9,461 (16,059) 11,575 (18,960)
Non-FRI cohort 7,942 (14,838) 7,383 (14,376) 7,638 (14,448)

Post-index 10,099 (19,906) 10,035 (19,479) 10,081 (19,826)
FRI cohort 28,883 (28,004) 16,899 (24,008) 23,151 (25,977)
Non-FRI cohort 9,909 (19,720) 9,021 (18,506) 9,515 (19,321)

Change Score 2,096 (20,023) 2,394 (19,427) 2,280 (19,880)
FRI cohort 14,843 (28,654) 7,437 (23,621) 11,577 (26,329)

Non-FRI cohort 1,967 (19,878) 1,638 (18,616) 1,878 (19,457)

Note: Method 1 involves the use of e-codes (880, 881, 882, 884, 885, or 888) only. Method 2 uses the same e-codes plus primary inpatient
diagnostic codes indicating fractures, dislocations, sprains, strains, head injuries, and contusions (ICD-9 diagnostic codes 800-848, 850-854, and
920-924). Method 3 involves FRIs identified using the adapted UCLA/RAND algorithm15 in which FRIs are identified using inpatient (hospital
and SNF) ICD-9 primary diagnoses and the same e-codes plus outpatient diagnoses and procedural codes. The change score is the difference
between pre- and post-index costs.
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