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Objective. To estimate expenditures for fall-related injuries (FRIs) among older
Medicare beneficiaries.

Data Sources. The 2007-2009 Medicare claims and 2008 Health and Retirement
Study (HRS) data for 5,497 (228 FRI and 5,269 non-FRI) beneficiaries.

Study Design. FRIs were indicated by inpatient/outpatient ICD-9 diagnostic codes
for fractures, trauma, dislocations, and by e-codes. A pre-post comparison group
design was used to estimate the differential change in pre-post expenditures for the FRI
relative to the non-FRI cohort (FRI expenditures). Out-of-pocket (OOP) costs, service
category total annual FRI-related Medicare expenditures, expenditures related to the
type of initial FRI treatment (inpatient, ED, outpatient), and the risk of persistently high
expenditures (4th quartile for each post-FRI quarter) were estimated.

Principal Findings. Estimated FRI expenditures were $9,389 (95 percent CI:
$5,969-$12,808). Inpatient, physician/outpatient, skilled nursing facility, and home
health comprised 31, 18, 39, and 12 percent of the total. OOP costs were $1,363.0 (95
percent CI: $889-$1,837). Expenditures for FRIs initially treated in inpatient/ED/out-
patient settings were $21,424/$6,142/$8,622. The FRI cohort had a 64 percent
increased risk of persistently high expenditures. Total Medicare expenditures were $13
billion (95 percent CI: $9-$18 billion).

Conclusions. FRIs are associated with substantial, persistent Medicare expenditures.
Cost-effectiveness of multifactorial falls prevention programs should be assessed using
these expenditure estimates.

Key Words. Medicare, falls, fall-related injuries, elderly, direct medical
expenditures

Fall-related injuries (FRIs) are common among older adults. Among fallers,
20-30 percent experience moderate or serious FRIs (Rubenstein and Joseph-
son 2002) (such injuries can include fractures or serious lacerations)
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(Rubenstein and Josephson 2002), which are the leading cause of injury-
related ED visits and hospitalization among seniors (Owens et al. 2009). The
effects of falls can also be long term, with declines in functioning and well-
being following a fall (Richmond et al. 2002; Inaba et al. 2003; Boonen et al.
2004) that often result in loss of independence and increased health care uti-
lization. Falls play a major role in nursing home admissions (Blank et al.
2011), with nearly two-thirds of seniors hospitalized for FRI later admitted to
a long-term care facility (Owens et al. 2009). An accurate estimate of the cost
of FRIs can assist policy makers in determining how to allocate resources for
prevention efforts among older adults.

A 2010 systematic review of 32 studies provided evidence of consider-
able variation in average estimated costs: average cost per fall ($1,059-
$10,913), per-faller ($2,044-$25,955), and per fall-related hospitalization
($5,654-$42,840) (Heinrich et al. 2010). One-third of the studies were con-
ducted prior to 2000 and thus may not be relevant to today’s U.S. health care
system, with its increasingly complex payment structures. Also, 14 of the stud-
ies were conducted outside the United States. Several of the studies included
intentional falls (Corso et al. 2006; Stevens et al. 2006), which are different in
origin than unintentional falls (e.g., they do not result from incidents such as a
stroke or being pushed by someone else) (Tinetti, Speechley, and Ginter
1988; Currie 2008) and thus potentially not generalizable to the Medicare
population. Furthermore, only five studies—three of which were United
States—based studies—focused on the community-dwelling population. Using
different approaches, the U.S. studies’ estimates (in 2008 dollars) were $3,163,
$7,131, and $30,999 (Rizzo et al. 1998; Carroll, Slattum, and Cox 2005;
Shumway-Cook et al. 2009).

Wide variations in prior estimates may be due to variability in study
populations, data used, approaches used to identify FRIs, and study design.
Study settings were often within a city (Rizzo et al. 1998) or state (Alexander,
Rivara, and Wolf 1992; Mahoney et al. 2005; Takanishi, Yu, and Morita

Address correspondence to Geoffrey J. Hoffman, Ph.D., Department of Systems, Populations and
Leadership, University of Michigan School of Nursing, 400 N. Ingalls Street, Room 4352, Ann
Arbor, MI 48109; e-mail: gjh@umich.edu. Ron D. Hays, Ph.D., and Martin F. Shapiro, M.D.,
Ph.D., are with the Division of General Internal Medicine and Health Services Research, David
Geffen School of Medicine, UCLA, Los Angeles, CA, and the Department of Health Policy and
Management, UCLA Fielding School of Public Health, Los Angeles, CA. Steven P. Wallace,
Ph.D., is with the Department of Community Health Sciences, UCLA Fielding School of Public
Health, Los Angeles, CA. Susan L. Ettner, Ph.D., is with the Division of General Internal Medi-
cine and Health Services Research, David Geffen School of Medicine, UCLA, Los Angeles, CA.



1796 HSR: Health Services Research 52:5 (October 2017)

2008; Bohl et al. 2010, 2012), or abroad (Hendrie et al. 2004; Gannon,
O’Shea, and Hudson 2008; Hartholt et al. 2011). In United—States based stud-
ies, researchers used hospital discharge data (Alexander, Rivara, and Wolf
1992; Stevens et al. 2006), private health plan patient discharge data (Roud-
sari et al. 2005; Bohl et al. 2010, 2012), and survey data (Rizzo et al. 1998;
Stevens et al. 2006). Only a few included national, Medicare data (Finkelstein
et al. 2005; Finkelstein, Prabhu, and Chen 2007). Thus, several of the studies
have limited generalizability to the overall, U.S. older adult population. In
terms of identifying FRIs, some domestic and international studies used self-
reported falls (Rizzo et al. 1998; Carroll, Slattum, and Cox 2005; Shumway-
Cook et al. 2009), while others used various claims-based approaches
(Alexander, Rivara, and Wolf 1992; Scuffham, Chaplin, and Legood 2003;
Hendrie et al. 2004; Finkelstein et al. 2005; Mahoney et al. 2005; Roudsari
et al. 2005; Stevens et al. 2006; Finkelstein, Prabhu, and Chen 2007; Gannon,
O’Shea, and Hudson 2008; Bohl et al. 2010, 2012). Such approaches likely
vary in terms of sensitivity and specificity in identifying FRIs, potentially
affecting cost estimates. Many studies were limited by the lack of control vari-
ables in administrative claims data (Finkelstein, Prabhu, and Chen 2007; Bohl
et al. 2010, 2012) or did not control for any sociodemographic or health vari-
ables that could affect FRI cost estimates (Roudsari et al. 2005).

Prior studies’ estimates of total, annual fall-related spending range
from $10 to $29 billion in 2008 dollars (Carroll, Slattum, and Cox 2005;
Stevens et al. 2006). The study with the lowest estimate used “prevalence-
based costing” (Carroll, Slattum, and Cox 2005), which ascribes all annual
fall-related medical costs to individuals falling in a given year—an
approach that may confound costs occurring before and after an FRI; the
study with the highest estimate used a strong study design, but used e-
codes only to identify FRIs and did not use a comparison group, meaning
some of the cost increases attributed to an FRI may have resulted from
non-FRI aging-related health declines (potentially leading to overestimates)
(Stevens et al. 2006). A recent analysis that estimated lifetime costs associ-
ated with FRIs also relied upon a method that uses only e-codes to iden-
tify FRIs (Verma et al. 2016).

This study builds upon and extends earlier work by using Medicare
claims with linked survey data (allowing for inclusion of a robust set of model
predictors) and an adaptation of a new FRI identification algorithm that may
have benefits in terms of sensitivity and specificity compared to prior methods
(Ganz et al. 2015; Kim et al. 2016) to provide estimates of per-faller annual
FRI expenditures (including patient out-of-pocket—OOP—and service
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component expenditures, which have not previously been provided in the
falls literature) and total annual FRI Medicare spending. Unlike earlier stud-
ies, we are able to control for factors that might affect expenditure estimates,
including area differences in the local price of labor and a broad set of benefi-
ciary sociodemographic and health characteristics. The study also assesses the
risk of persistently high medical expenditures among fallers in the four quar-
ters following the FRI. A number of sensitivity analyses are included in order
to compare the estimates produced using this study’s approach with varying
approaches used in prior FRI cost studies.

METHODS
Data and Study Population

This study used 2007-2009 Medicare claims linked to 2008 Health and
Retirement Study (HRS) data for 10,240 older (>65 years) community-
dwelling beneficiaries living during the entire study period. The HRS is a
national, longitudinal study of the economic, health, and family status of
older Americans (HRS, 2010). Linked Medicare data are available for
respondents who were eligible for Medicare, provided their Medicare ben-
eficiary numbers to HRS, and who were enrolled in Medicare Parts A or
B. The dataset includes the Beneficiary Summary, Carrier, Denominator,
Inpatient, Outpatient, Durable Medical Equipment (DME), Home Health
(HH), Skilled Nursing Facility (SNF), Hospice, and MedPAR Standard
Analytic Files. Respondents were excluded if they died in the year follow-
ing the identified index date (defined below; n = 276), were enrolled in
Medicare Part C (n = 3,326), or did not have continuous Parts A/B cover-
age (n = 506). The final analytic sample included 5,503 individuals: 167 in
the FRI (3 percent) and 5,336 in the non-FRI cohort (97 percent). Com-
pared to the non-FRI cohort individuals, a greater proportion of individu-
als in the FRI cohort were female; they were also older and had a greater
number of functional limitations and chronic conditions (such as stroke
and heart disease, as discussed below) on average. However, the two
cohorts were similar in terms of race/ethnicity, educational level, income
and wealth, and other indicators of health and health insurance status.
County provider rates from the Area Health Resource File and wage
index data from the FY2008 Medicare Impact File were linked to HRS-
Medicare data using FIPS codes and provider identification numbers,
respectively.
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Identifying FRIs

The study adapted a UCLA/RAND algorithm (Ganz et al. 2015; Hoffman
et al. 2016; Kim et al. 2016) to identify five types of serious FRIs—hip frac-
tures, other nonvertebral fractures, head trauma, joint dislocations plus fall
injuries indicated by e-codes 880/881/882/884/885/888. The study identified
fractures, trauma, and dislocation injuries using inpatient (hospital and SNF)
ICD-9 primary diagnosis codes plus outpatient ICD-9 diagnostic and Current
Procedural Terminology imaging and repair procedure codes. Individuals in
the FRI cohort were classified as having been (1) admitted for inpatient (hospi-
tal or SNF) treatment if the index FRI involved initial inpatient treatment or
an admission within 10 days of discharge from the emergency department
(ED), (2) treated in the ED only (without admission), or (3) treated in an outpa-
tient setting for the index FRI.

This methodology has potential benefits compared to existing FRI identi-
fication methods that use (1) only e-codes (which may be neither sensitive nor
specific in identifying FRIs) and (2) another method referred that has been used
in the FRI cost literature that attributes (in addition to these fracture, trauma,
and dislocation injury types) diagnostically indicated sprains, strains, and con-
tusions to falls (Roudsari et al. 2005; Bohl et al. 2010, 2012) (which may be sen-
sitive but nonspecific, as not all such injuries are necessarily due to falls). Using
the current study’s data and those two alternative FRI identification methods
would have resulted in very different FRI cohorts, representing 1 percent and
14 percent—versus this study’s 3 percent—of the sample, respectively.

Study Design

To isolate FRI expenditures, a pre-post analysis with comparison group design
was used involving two cohorts: (1) an FRI cohort including those with a first
FRI in 2008 but no FRIs in the rolling prior year (“washout period”) and (2) a
non-FRI cohort including those with no FRIs in 2007, 2008, or the first half of
2009. Each eligible individual contributed a single observation to the analysis.
FRI cohort individuals received an index date—the date of their first qualify-
ing FRI in 2008. Non-FRI cohort individuals received an index date of July 1,
2008. Medical expenditures for both cohorts were measured during the year
prior to (“preindex”) and following the index date (“postindex”). 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
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expenditures include the amount of payment paid by Medicare to the provi-
der for all treatments, services, and equipment utilized by beneficiaries. Provi-
der costs billed to (1) Medicare, per the contracted rate and (2) the beneficiary,
in the form of OOP costs are also included while reimbursement by third-
party payers is excluded as it is not included in the Medicare claims data.

To isolate FRI-related expenditures, OLS regression models were used
to assess the difference between the FRI and non-FRI cohorts in expenditure
“change scores,” or the difference between preindex medical spending and
postindex spending. The resulting difference between the two cohorts’ change
scores was then regressed on model covariates where the predictor of interest
is an indicator for whether the observation is from the FRI versus non-FRI
cohort. The estimated marginal effect of this indicator, or the beta coefficient,
then reflects the differential change in expenditures experienced over time
between individuals who did and did not have an FRI. The OLS specification
was chosen given that change scores were normally distributed and diagnostic
tests did not suggest the need for transformation of the outcome variable.
Prior studies have often examined postindex costs (as opposed to such cost
changes over time), which are more likely to be nonnormally distributed and
thus conversely require use of alternative specifications such as generalized
linear model (GLM) or generalized estimating equations (GEEs) (Finkelstein
et al. 2005; Stevens et al. 2006; Bohl et al. 2010).

Using this methodology involving comparative change scores is a “case-
crossover” (Finkelstein et al. 2005) design where study respondents act as their
own controls to account for unmeasurable health differences that are constant
between the pre- and postperiods. However, unlike prior case-crossover
designs used in FRI cost estimates (Finkelstein et al. 2005; Stevens et al.
2006), the current study employs a comparison group and a robust set of pre-
dictor variables. Because this methodology controls for measurable and
unmeasurable confounders, the difference in change scores between the FRI
and non-FRI cohort can be interpreted as annual FRI-related expenditures
(hereafter, we refer to these estimates as FRI-related expenditures as opposed
to change score differences). The study separately estimates patient OOP
(including deductible and coinsurance) costs and expenditures by service cate-
gory (hospital, outpatient/carrier, SNF¥, HH, DME, hospice). Separate models
were estimated for OOP cost changes and for expenditure changes for each
service category. The study also estimates expenditures according to whether
treatment for the index FRI initially occurred in an inpatient (hospital/SNF),
ED (without transfer to inpatient), or outpatient setting. Additionally, total
annual Medicare expenditures were estimated for the 12-month period
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following an FRI index date. Similar to Garber, MaCurdy, and McClellan
(1998), persistently high expenditures were measured. In this study, they were
defined as expenditures in the 4th quartile (and, in a sensitivity analysis, >95th
percentile) in each of the four quarters following the index date.

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—expenditure relationship (Deandrea et al.
2010). These include total household income and wealth, age, gender, race/
ethnicity (Hispanic, non-Hispanic white, Black, Asian/Pacific Islander,
Other), and educational level (<high school, high school, some college, >col-
lege), indices for chronic health conditions (Fauth et al. 2007) (05, with one
point for each of osteoarthritis, stroke, heart disease, high blood pressure,
and diabetes) and functional limitations (0—12, with one point for each limita-
tion, e.g., difficulties with activities like walking several blocks and walking
across a room), and self-rated eyesight (1-6: 1 = legally blind; 2 = poor;
3 = fair; 4 = good; 5 = very good; 6 = excellent) and hearing (1-5: 1 =
poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent). When a model was
estimated using dummy variables for each of the five chronic conditions and
12 functional limitations rather than using indices for those measures of
health status, the expenditure estimates obtained were ~1 percent lower. Low
cognitive status was a score of <6 on HRS’s Telephone Interview of Cogni-
tive Status (0-15; 0 = lowest, 15 = highest status) (Dal Forno et al. 2006) and
disability was whether a respondent reported ever applying for Supplemental
Security Income or Social Security Disability Insurance. We measured
whether a respondent used psychiatric medications and (to account for differ-
ences in OOP costs) had supplemental Medicaid coverage. These predictors
were taken from the 2008 wave of the HRS. To measure area-level availabil-
ity and price of medical care, we used a county’s physicians/100,000 older
adults ratio and Medicare wage index, respectively.

To compare unadjusted characteristics of the two cohorts, ANOVA,
Kruskal-Wallis, and chi-squared tests were used to assess interval, ordinal,
and nominal variables, respectively. Average, unadjusted expenditures by
injury type (e.g., hip and other nonvertebral fractures, head trauma, joint
dislocations) for those injuries that were coded as index FRIs are presented.

To assess the risk of persistently high expenditures, a logistic regres-
sion model was estimated controlling for the same predictor variables as
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used above as well as an individual’s preindex expenditures. Treatment
expenditures were allocated to the quarter during which the beneficiary
received treatment. A quarter was defined as the date the quarter began
plus 91 days. For care episodes greater than one quarter, expenditures
were allocated proportionally to the amount of time of the episode falling
within each quarter. Estimates from the logistic regression model were
used to calculate adjusted risks for each cohort and then to a marginal risk
difference (i.e., the difference in the probability, compared to the non-FRI
cohort, that the FRI cohort individuals would have persistently high
expenditures).

The robustness of the expenditure estimates was examined by using (1)
preindex expenditures as a predictor of change scores (i.e., annual expendi-
tures), given that change scores may vary depending on the beginning expen-
diture level; (2) individuals who died during the postindex year by inflating
their expenditures to the 12-month equivalent but downweighting those
observations by the proportion of the postindex year lived; (3) a 6- rather than
12-month washout period; (4) a case—control approach (a GLM model with a
gamma distribution and log link with postindex expenditures rather than the
change in expenditures between the pre- and postindex periods as the out-
come); (5) a propensity-score matching technique examining the average
treatment of effect after accounting for the probability of individuals being in
each of the two study cohorts; and (6) inpatient-related FRI expenditures
using (a) a case-crossover approach without controlling for predictor variables
(similar to Finkelstein et al. 2005) and (b) a case—control model controlling
only for age and gender (similar to Bohl et al. 2012).

RESULTS
Unadjusted Results

Individuals in the FRI compared to the non-FRI cohort were slightly older (78
vs. 76). Fewer individuals in the FRI compared to the non-FRI cohort were
male (32 percent vs. 42 percent), but race-ethnicity, educational levels,
income, and wealth were similar across cohorts (Table 1). Health characteris-
tics measured in 2008 were generally similar across cohorts, though the num-
ber of functional limitations was higher (6 vs. 4) among those in the FRI
cohort. Of those in the FRI cohort, medical treatment initially involved inpa-
tient care for 25 (11 percent), ED without subsequent admission for 58 (25 per-
cent), and outpatient care for 145 (64 percent) beneficiaries.
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Table 1: Unadjusted Descriptive Statistics for Analytic Sample of Older
Medicare Community-Dwelling Fee-for-Service Beneficiaries, 2007-2009

Overall Sample, FRI Cohort, Non-FRI Cohort,
%/Mean (SD) %/Mean (SD) %/Mean (SD)
(n= 5497) (n= 228) (n= 5,269)
Expenditures ($)
Preindex* 7,801 (14,682) 11,575 (18960) 7,638 (14,448)
Postindex* 10,091 (19,826) 23,151 (25,977) 9,515 (19,321)
Change* 9,271 (19,770) 13,857 (25,224) 1,908 (19,467)
Persistently high 11 25 11
expenditures (%)*
Age* 76 (7) 78 (7) 76 (7)
Male (%)* 42 32 42
Race/ethnicity (%)
White 82 86 82
African American 11 7 11
Hispanic 4 3 4
Other 3 4 3
Education (%)
<High school 22 23 22
High school 37 36 37
Some college 20 15 20
College 21 26 20
Income ($1,000) 55 (110) 54(73) 55 (111)
Wealth ($1,000) 563 (1,307) 634 (1,200) 559 (1,312)
Eyesight (1-6) 3(1) 3(1) 3(1)
Hearing (1-5) 3(1) 3(1) 3(1)
Cognitive impairment (%) 2 3 2
Number of functional 4(3) 6(3) 4(3)
limitations (0-12)*
Number of chronic 2(1) 2(1) 2(1)
conditions (0-6)*
Psychiatric medication (%) 9 12 9
Disability (%) 12 13 12
Medicaid (%) 9 8 9
Area wage index 0.96 (0.15) 0.96 (0.16) 0.96 (0.15)
Physicians/10,000 188 (141) 181 (133) 188 (141)
older adults

Notes. FRIs identified using the adapted UCLA/RAND algorithm (Ganz et al. 2015; Kim et al.
2016) in which FRIs are identified using inpatient (hospital and SNF) ICD-9 primary diagnoses
and external cause of injury codes and outpatient diagnoses and procedural codes.

*

‘p < .05.

Compared to non-FRI, FRI cohort individuals had higher preindex
expenditures ($11,575 vs. $7,638) with the expenditure differential increased
in the year after the index date ($23,151 vs. 9,515). Thus, the unadjusted
expenditure change was greater for the FRI ($13,857) than the non-FRI cohort
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($1,908) (see Figure S1); unadjusted postindex expenditures were greater for
those with an FRI-related inpatient admission ($34,761) compared to those
receiving ED treatment only ($18,093) or outpatient treatment ($23,173)
(Figure 1). A greater proportion of those in the FRI (25 percent) compared to
the non-FRI (11 percent) cohort incurred persistently high expenditures
(Table 1).

Figure 1: Comparison of Unadjusted Annual Medical Expenditures for
Older Medicare Beneficiaries (A) with and without Fall-Related Injuries and
(B) by Type of Index Injury for Those with a Fall-Related Injury, 20072009
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Notes. Unadjusted expenditures for the 5,497 individuals in the analytic sample of the main model
(using the case-crossover with comparison group study design). Injuries are those that were identi-
fied as index FRIs in the analysis.
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Unadjusted expenditures for injury types among those in the FRI
cohort are presented (Table 2). Fractures such as rib, femur, and patella
($18,124, $22,959, and $20,051, respectively) and head injuries such as
face and skull fractures ($12,683 and $16,198) had average preindex
expenditures >$10,000, while dislocations of the shoulder, elbow, and
knee ($2,429, $743, and $6,878, respectively) had preindex expenditures
less than $7,000. A number of injuries had average postindex expendi-
tures >$20,000, including fractures of the hip ($46,751), pelvis ($35,430),
humerus ($28,119), radius ($20,345), carpal ($21,809), and face ($40,076),
among others. The average change in expenditures (between the pre-
and postindex periods) ranged widely from —$6,837 (patella fracture)
and —$2,303 (skull fracture) to $27,394 (face fracture) and $34,449 (hip
fracture). Dislocations had average expenditure changes of $5,557 (shoul-
der) to $7,432 (elbow).

Table 2:  Unadjusted Preindex, Postindex, and Changes in Expenditures for
Selected Fall-Related Injuries among Older Adults, 2007-2009

Unadjusted Expenditures: $ (SD)

Injury n Preindex Postindex Change
Hip 15 12,917 (15,368) 52,711 (24,785) 39,794 (28,444)
Pelvis 3 15,013 (12,534) 38,486 (29,520) 23,473 (20,817)
Rib 20 18,339 (24,675) 9,852 (9,599) —8,487 (21,980)
Humerus 18 9,541 (11,209) 25,366 (32,274) 15,825 (33,014)
Radius 18 9,424 (22,517) 921,474 (27,985) 12,050 (23,365)
Carpal 5 4,311 (3,666) 21,809 (28,991) 17,398 (28,843)
Metacarpal 5 7,089 (8,356) 5,340 (2,640) —1,749 (6,658)
Phalanges 8 11,762 (13,595) 25,552 (48,290) 13,790 (35,720)
Femur 6 27,371 (60,353) 43,199 (22,844) 15,828 (51,809)
Patella 6 7,957 (16,553) 12,797 (18,570) 4,839 (21,021)
Ankle 16 9,426 (7,676) 19,480 (22,676) 10,053 (19,218)
Face 13 16,475 (21,897) 45,197 (27,421) 28,722 (30,419)
Skull 8 12,138 (16,485) 15,298 (15,133) 3,160 (22,939)
Head trauma 17 5,513 (5,136) 20,446 (17,889) 14,933 (18,272)
Shoulder 5 2,429 (2,680) 7,996 (6,69) 5,567 (5,620)
Elbow 3 743 (425) 8,175 (6,591) 7,432 (6,612)
Knee 2 6,780 (11,648) 12,013 (10,464) 6,133 (13,789)

Notes. Unadjusted expenditures for the 5,497 individuals in the analytic sample of the main model
(using the case-crossover with comparison group study design). Injuries are those that were identi-
fied as index FRIs in the analysis.
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Adjusted Results

FRI Expenditure Estimates. The estimated expenditure for an FRI (i.e., the
adjusted difference in the pre/post change in expenditures between the
FRI and non-FRI cohorts) was $9,389 (95 percent CI: $5,969-$12,808)
(Table 3). See Figure S2 for the distribution of adjusted change scores for
the FRI and non-FRI cohorts. Most model predictors were not associated
with changes in expenditures between the pre- and post years. This was an
expected result; these characteristics would likely be associated with
postindex expenditures, but not expenditure differences over time. Esti-
mated beneficiary OOP FRI costs were $1,363 (95 percent CI: $889—
$1,837), or approximately 15 percent of total FRI-related expenditures.
Deductibles and coinsurance represented 18 percent and 82 percent of the
estimated OOP costs, respectively.

Expenditure  Components. The hospital expenditure estimate of $2,864
(p = .003) represented 31 percent of total FRI-related expenditures ($9,389),
while physician/outpatient ($1,735, p = .001), SNF ($3,667, p < .001), and
HH ($1,130, p < .001) represented 18, 39, and 12 percent of the total expendi-
ture increase, respectively (Table 4). In a separate model, expenditures for
index FRIs initially involving inpatient admissions ($21,424, 95 percent CI:
$11,567-$31,281), ED treatment only ($6,142, 95 percent CI: $1,314—
$10,970), and outpatient treatment ($8,622, 95 percent CI: $3,991-$13,254)
were estimated (Table 4).

Risk of Persistently High Expenditures during Postindex Year. Those in the FRI
compared to the non-FRI cohort had a 7 (95 percent CI: 4-10) percentage
point greater risk of persistently high expenditures (Table 3), which compared
with the predicted probability of such high expenditures among individuals
from the non-FRI cohort of 0.11 (this is the average of the adjusted risk across
all individuals in the non-FRI cohort after controlling for all model risk predic-
tors), translates to an 64 percent (0.07/0.11) increased risk of high spending in
each of the four quarters following the index date for those in the FRI
compared to the non-FRI cohort.

Total Medicare Expenditures. Using the study’s per-faller annual expenditures,
it is possible to estimate FRI-related Medicare FFS expenditures. In 2008,
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Table 3: Adjusted Expenditures for Fall-Related Injuries among Older

Medicare Community-Dwelling Fee-for-Service Beneficiaries, 2007-2009
(n=5,497)

Marginal Change in Pre- Risk of Persistently
Postexpenditures Attributable to FRI High Expenditures
Marginal
p 95% CI P Difference 95% CI P
FRI cohort 9,389  5,6569-12,808 <.001 0.07 0.04-0.10 <.001
Age 60 —21to 141 15 0.00 0.00-0.00 .08
Male 338 —805to 1,482 .58 0.00 —0.02t00.02 .94
Race/ethnicity
(reference: White)
African American 2,067 —221 to 4,356 .08 0.03 0.00-0.06 .03
Hispanic 893 —2,739t0 4,525 .63 0.09 0.04-0.14 <.001
Other —1,411 —4,018t0 1,197 29 —0.02 —0.06 to 0.01 23
Education (reference:
<high school)
High school 465 —1,157t02,088 .57 0.00 —0.02t00.02 95
Some college —746  —2,546 to 1,054 42 0.01 —0.02t00.03 .54
College —-59 —1,854to0 1,736 95 0.03 0.00-0.05 .06
Income ($100,000) —53 —342t0236 72 0.00 —0.01t0 0.01 .76
Wealth ($100,000) 14 —42t070 .62 0.00 0.00-0.00 17
Eyesight —516  —1,094 to 62 .08 0.00 0.00-0.01 .33
Hearing —123  —639t0 393 .64 0.00 —0.01to 0.01 92
Cognitive impairment 115 —5,544t0 5,773 97 0.02 —0.03t00.06 .43
Number of functional 189 —46t0423 A1 0.01 0.01-0.01 <.001
limitations
Number of chronic 364 —145t0873 .16 0.02 0.01-0.03 <.001
conditions
Psychiatric medication 1,198 —925t0 3,321 27 0.04 0.01-0.06 .01
Disability —437 —2,834t01,960 .72 0.02 —0.01t00.04 .15
Medicaid 2,403 290-5,095 .08 0.04 0.01-0.07 .01
Area wage index 343  —3,581t04,268 .86 0.04 —0.01t00.10 13
Physicians/10,000 1 —2tob .49 0.00 0.00-0.00 93
older adults

Notes. FRIs identified using the adapted UCLA/RAND algorithm (Ganz et al. 2015; Kim et al.
2016) in which serious FRIs are identified using inpatient (hospital and SNF) ICD-9 primary diag-
noses and external cause of injury codes and outpatient diagnoses and procedural codes. Models
were estimated using OLS (expenditure change scores) or logistic regression (persistently high
expenditures, controlling for preindex expenditures) with robust standard errors.

34.3 million older Medicare beneficiaries had Medicare Parts A and B
coverage (CMS, 2008). With 3 percent of this study’s community-dwelling
older Medicare beneficiaries experiencing a serious FRI, at an average
annual expenditure of $9,389 per FRI, the estimated Medicare FFS
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Table 4:  Adjusted Expenditure Components of Fall-Related Injuries among
Older Medicare Community-Dwelling Fee-for-Service Beneficiaries, 2007—
2009 (n = 5,497)

p 95% CI b % Total
Total 9,389 5,969-12,808 <.001 100
Type of expenditure
Hospital 2,864 980-4,748 .003 31
Outpatient 1,735 750-2,719 .001 18
Skilled nursing facility 3,667 2,265-5,070 <.001 39
Home health 1,130 612-1,648 <.001 12
Durable medical equipment 53 —85to 191 45 1
Hospice —60 —157t0 36 22 0
Source of payment
Patient out-of-pocket 1,363 889-1,837 <.001 100
Deductible 252 134-371 <.001 18
Coinsurance 1,111 695-1,526 <.001 82
Index FRI type
Inpatient 21,424 11,567-31,281 <.001 -
ED only 6,142 1,315-10,970 013 -
Outpatient 8,622 3,391-13,254 <.001 -

Notes. FRIs identified using the adapted UCLA/RAND algorithm (Ganz et al. 2015; Kim et
al. 2016) in which FRIs are identified using inpatient (hospital and SNF) ICD-9 primary diag-
noses and external cause of injury codes and outpatient diagnoses and procedural codes.
Models were estimated using OLS regression with robust standard errors. The sample size
for each of the separately estimated models was 5,497, the analytic sample from the model
estimating total medical FRI-related expenditures. The model does not include individuals
who died during the follow-up period.

expenditure is $13 billion (95 percent CI: $9-$18 billion), with 15 percent
(or $1-$3 billion) in beneficiary OOP expenditures. (A survey-weighted
expenditure estimate was higher, at $15 billion.) Spending on inpatient
and SNF treatment accounted for $4 and $5 billion of the total, respec-
tively.

Sensitivity Analyses. Expenditure estimates were slightly higher when includ-
ing preindex expenditures or those who died in the analysis (~4 percent),
while the marginal risk of persistently high expenditures was similar (a 1-
percentage point change). Use of a 6-month washout period yielded similar
estimates. The case—control and propensity-score matching estimates were
$12,459 (95 percent CI: $6,878-$18,039) and $7,337 (95 percent CI:
$3,819-$10,856), respectively. Respective estimates from the case-crossover
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without predictors and case—control controlling for age and gender only
were $10,542 (95 percent CI: $7,447-$13,638) and $13,263 (95 percent CI:
$7,320-$19,207).

Limitations

There were several limitations in this study. First, by using a 12-month washout
period, we excluded individuals with multiple FRIs in 2007/2008. This means
that the FRI cohort may have had better-than-average health compared to a
cohort defined using a shorter washout. However, results were similar when
we used a shorter, 6-month washout period. Second, as with prior studies
(Carroll, Slattum, and Cox 2005; Finkelstein et al. 2005; Roudsari et al. 2005;
Stevens et al. 2006; Shumway-Cook et al. 2009; Bohl et al. 2010, 2012;
Hoffman et al. 2016), the present study did not have the use of long-stay nurs-
ing home or personal care services expenditures (available in Medicaid claims
data) that often result from FRIs (Rizzo et al. 1998)—again likely underesti-
mating expenditures; however, approximately only 9 percent of the sample
reported having Medicaid supplemental coverage. Third, the adapted UCLA/
RAND method (Ganz et al. 2015; Hoffman et al. 2016; Kim et al. 2016)
refines commonly used FRI identification approaches. Although it is poten-
tially an improvement over prior approaches because it uses a more sensitive
and specific approach involving inpatient and outpatient diagnoses/proce-
dures, it needs to be further evaluated. Additionally, this algorithm is intended
to identify serious FRIs (which are relatively costly but rarer than less serious
FRIs that can include contusions and sprains); thus, it may overstate per-FRI
expenditures but understate the total FRI expenditures. However, because it
includes both inpatient and outpatient FRIs, this algorithm results in estimates
that are relatively low compared to those produced in studies assessing FRIs
treated in inpatient settings only. Fourth, the study did not include ~10 million
Medicare Advantage (MA) beneficiaries (KFF, 2008) or those <65—poten-
tially healthier groups than older non-MA Medicare beneficiaries—potentially
overestimating per-faller but underestimating total annual FRI-related Medi-
care expenditures. Finally, the study did not use survey weights in the analyses,
which may affect the generalizability of the findings; when HRS’s individual-
level weights were used in the main analysis, estimates slightly increased to
$10,546 (from $9,389), which was well within the confidence interval of the
main estimates; the survey-weighted estimate for FRIs resulting in inpatient
admission ($20,899) was <3 percent different from the main estimate
($21,424), while those for ED and outpatient-treated FRIs were both slightly
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higher than the main estimates. If anything, the overall per-FRI and total
expenditure estimates are underestimated.

DISCUSSION

This study suggests that FRIs result in substantial and persistent Medicare
expenditures for older, community-dwelling beneficiaries. Using an adapta-
tion of a recently developed FRI identification algorithm, we found that FRIs
resulted in a $9,389 increase in annual medical expenditures. Expenditures
increased across the care spectrum and were particularly high for treatment
and rehabilitation expenditures in hospital, SNF, outpatient, and HH settings.
Others have observed similar component spending increases following a fall
(Bohl et al. 2010, 2012). The large increase in SNF spending also comports
with earlier findings regarding increases in institutional care use after a fall
(Blank et al. 2011) or other injuries (Carter and Porell 2011).

Also, as found previously (Bohl et al. 2010, 2012), FRI expenditures did
not spike and then immediately level off: FRIs appear to have persistent uti-
lization implications across each of the fours quarter during the year following
the initial injury. The study also provides the first estimates of patient OOP
cost associated with FRIs (15 percent, or >$1,300), which are costs over and
above annual premiums and cost-sharing for other Medicare services. These
payments are due to a combination of hospital and SNF deductible and pri-
marily outpatient coinsurance payments. This finding suggests that falls pre-
vention efforts reducing FRIs would have financial implications not only for
payers such as Medicare but also for program beneficiaries; this may be partic-
ularly relevant given concerns regarding the impact of patient cost-sharing on
older Medicare beneficiaries (Rice and Matsuoka 2004).

Average, unadjusted postindex expenditures for all respondents
($10,901) were in line with annual per-beneficiary Medicare Parts A/B spend-
ing in 2008-2010 ($9,441, $9,902, and $9,973) (Boards of Trustees, 2011).
However, as noted, this study’s inpatient-related FRI expenditure estimate of
$21,424 (which was estimated in 2008 dollars) is lower than the $29,185 (con-
verted to 2008 dollars using the medical CPI) from Finkelstein et al.’s (2005)
study using a “case-crossover” design similar to this study’s design (Finkelstein
et al. 2005) and the $35,144 ($39,570 in 2008 dollars) costs-attributable-to-fall
estimate from a more recent study using 2004-2006 data (Bohl et al. 2010).
There are several likely explanations for these discrepancies. Notably, the first
of those studies identified FRIs with e-codes—which likely identify serious/
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costly FRIs. The accuracy of e-codes has been called into account even where
e-codes are reported, potentially due to an absence of quality assurance activi-
ties to monitor the completeness and validity of e-codes (LeMier, Cummings,
and West 2001; Langley et al. 2006; Annest et al. 2008; McKenzie et al.
2009; Hoffman et al. 2016). The second study did not account for prebaseline
costs and had limited risk adjustment predictors. Also, the UCLA/RAND
algorithm uses SNT treatment to identify FRIs so here the inpatient-treated
expenditure includes both hospital and SNF treatment (which is likely rela-
tively less costly). Conversely, both comparison studies estimated only hospi-
talized FRI costs. Given interest from practitioners and policy makers in the
cost and effectiveness of prevention efforts targeting all FRIs and not only
those resulting in hospital treatment, this study offers an alternative approach
to exploring FRI expenditures.

Compared to estimates from Finkelstein et al. (2005), while this study’s
expenditures by type of injury are lower for inpatient ($21,424 vs. $29,185),
they are higher for ED ($6,142 vs. $4,506) and outpatient/office-treated FRIs
($8,622 vs. $5,859). This could reflect changing modalities of treatment. Cer-
tain injuries once cared for in inpatient settings may now be assessed in outpa-
tient settings, resulting in diminished inpatient but increased ED and
outpatient expenditures on average. Or this could reflect increased costs of
patient care. Finally, the divergent findings could reflect different approaches
to controlling for confounding and for identifying FRIs in claims data. Further
examination of differing cost estimates using various FRI identification tech-
niques is warranted to ascertain how estimates are affected by choice of
e-codes versus diagnostic codes.

Like the prior study (Finkelstein et al. 2005), this study also finds that the
case—control approach (using postindex expenditures as the outcome) results
in higher estimates compared to the case-crossover (using expenditure change
as the outcome) approach. That study recommended using the case-crossover
(or propensity-score matching) in future FRI cost estimate studies. This study
additionally finds that inclusion of a robust set of predictor variables results in
lower relative estimates; these variables may help control for exogenous fac-
tors associated with increased expenditures during the study period. The
propensity-score matching analysis further reduces the expenditure estimate.
As robust predictors are required for each of these methods, it may be appro-
priate (if difficult in terms of obtaining data) to use linked claims-survey data
such as the linked Medicare-HRS data or the Medicare Current Beneficiary
Survey (which has linked survey and claims data) in future analyses.
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This study’s relatively low per-faller estimates also translate to relatively
modest total annual Medicare spending estimates. The estimate of total annual
Medicare expenditures falls within a confidence interval of $9-$18 billion.
These estimates are substantially lower than those obtained for adults ages 65
and older in a recent analysis that used e-codes only to assess the medical and
societal costs of FRIs (Verma et al. 2016). The estimate of $13 billion (derived
using the point estimate of ~$9,000 in per-faller annual expenditures) should
be interpreted with caution given the small sample size of the study and small
proportion of individuals in the study’s FRI cohort (~3 percent). Had the study
used a broader definition of FRIs (such as the method used by Bohl et al.), the
proportion in the FRI cohort would have been 14 percent (though the per-
faller annual expenditure would have been $5,836), resulting in substantially
higher total annual expenditure estimates (~$28 billion), or more than half the
cost of treating diabetes in the Medicare-eligible population (Huang et al.
2009). Moreover, had MA beneficiaries been included in the analysis (assum-
ing a similar proportion of fallers in that population), estimated expenditures
would be even higher because the estimates obtained above include just the
34.3 million Medicare beneficiaries with Parts A/B and not those with MA
(another ~11 million); multiplying the average expenditure obtained here by
the ~47 million Medicare population would result in higher total annual esti-
mates. Additional explanations for differences between these and previous
estimates of annual total Medicare fall-related expenditures could involve this
study’s inclusion as models predictors of a broad set of sociodemographic and
health characteristics not typically available in claims-based studies and of
area differences in labor prices.

With the aging of the U.S. population and growing morbidity among
aging adults (Martin et al. 2009), Medicare expenditures on FRIs may
increase. These substantial expenditures are concerning for Medicare. Yet,
though existing fall prevention programs are effective (Gillespie et al. 2012),
prior FP cost-effectiveness studies (Tinetti et al. 2006; Hendriks et al. 2008;
Frick et al. 2010; Wu et al. 2010) have had mixed findings due to lack of gener-
alizable data (Dolan and Torgerson 1998; Rizzo et al. 1998; RAND, 2003,;
Fleurence 2004; Frick et al. 2010; Wu et al. 2010). An important next step is
providing updated C/E estimates using newer FRI expenditures estimates,
such as those reported here. Our study had a relatively small sample size that
evidenced considerable variability in expenditures across beneficiaries and
across types of FRIs. Future work might use larger Medicare datasets to verify
our findings in order to provide estimates for use in C/E studies that can utilize
costs for specific injury types and individuals with different levels of
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expenditures. Though FRIs are less common than noninjurious falls, due to
high costs and associated morbidity, their prevention may be paramount
(Quigley et al. 2012). Policy makers and researchers should continue to focus
on ways to develop a population-wide, cost-effective approach to preventing
such costly injuries in older adults.
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