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ABSTRACT

Keywords: Objectives: To assess the annual costs 2 years before and 2 years after a hospitalized fall-related injury
Hospitalized fall-related injury (HFRI) and the 2-year survival among the population 75+ years old.

econ_on;‘c evaluation Design: We performed a population-based, retrospective cohort study using the French national health
survival

insurance claims database.
Setting and Participants: Patients 75+ years old who had experienced a fall followed by hospitalization,
identified using an algorithm based on International Classification of Diseases codes. Data related to a
non-HFRI population matched on the basis of age, sex, and geographical area were also extracted.
Methods: Cost analyses were performed from a health insurance perspective and included direct costs.
Survival analyses were conducted using Kaplan-Meier curves and Cox regression. Descriptive analyses of
costs and regression modeling were carried out. Both regression models for costs and on survival were
adjusted for age, sex, and comorbidities.
Results: A total of 1495 patients with HFRI and 4484 non-HFRI patients were identified. Patients with
HFRI were more comorbid than the non-HFRI patients over the entire periods, particularly in the year
before and the year after the HFRI. Patients with HFRI have significantly worse survival probabilities, with
an adjusted 2.14-times greater risk of death over 2-year follow-up and heterogeneous effects determined
by sex. The annual incremental costs between patients with HFRI and non-HFRI individuals were €1294
and €2378, respectively, 2 and 1 year before the HFRI, and €11,796 and €1659, respectively, 1 and 2 years
after the HFRI. The main cost components differ according to the periods and are mainly accounted for by
paramedical acts, hospitalizations, and drug costs. When fully adjusted, the year before the HFRI and the
year after the HFRI are associated with increase in costs.
Conclusions and Implications: We have provided real-world estimates of the cost and the survival associ-
ated with patients with HFRL Our results highlight the urgent need to manage patients with HFRI at an
early stage to reduce the significant mortality as well as substantial additional cost management. Special
attention must be paid to the fall-related increasing drugs and to optimizing management of comorbidities.
© 2023 AMDA — The Society for Post-Acute and Long-Term Care Medicine.
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Fall rates among older adults is a major public health issue. The
World Health Organization has estimated that, worldwide, the pro-
portion of adults aged 70 or older who suffer a fall is 32% to 42% each
year. In France, the overall incidence of falls among adults 70+ years
old was estimated to be between 15,000 and 21,000 per 100,000 in-
habitants in 2017." Falls frequently result in injury (up to 20% to 30%),
including 10% to 15% of falls that lead to a fracture, mainly hip frac-
tures, which are the most severe fall-related injury.>* In addition, falls
are the leading cause of injury-related death. Data available on fall-
related injury mortality are mainly assessed at a hospital level and
focus only on falls with and without injury or on patients residing in a
nursing home. Nevertheless, the 1-year mortality rate for older fallers
with fractures has been estimated at 25%. This mainly occurs during
the first 3 months after the inpatient stay associated with the fall, with
a higher survival rate for women compared with men.>”” In addition,
in a 2022 study, Newgard et al® found that the 1-year mortality rate for
patients 65+ years old transported by ambulance after a fall in the
United States was 21.1%. The 2 main risk factors of fall-related injury
are increasing age and female sex due to osteoporosis.” Psychotropic
drug consumption, comorbidities, and frailty are further risk factors of
falls and fall-related injury.'%"

The high incidence of fall-related injury and the management of
falls and related consequences lead to a substantial economic burden
on health care systems. Despite studies focusing on the global eco-
nomic burden of falls on a national scale, only a limited number of
works describe the cost of illness associated with falls in a real-world
setting.'® Two US studies have assessed the health-related expendi-
tures associated with fall-related injury for both the year preceding
and the year after the fall, with this being estimated at $3937 and
$13,636, respectively, in a study comparing fallers with non-fallers,
whereas the second study found the gross cost to be $19,636 and
$47,543, respectively.'”'® In addition, a Belgian study conducted in
2015 found that the inpatient cost associated with fall-related injuries
among older people was €5139."°

Thus, studies on the real-world net costs of hospitalized fall-
related injury (HFRI) worldwide are sparse, and no study has
focused on a broader follow-up, from 2 years preceding the fall to
2 years after the fall. In addition, no study assessed the mortality of
older patients with HFRI 2 years after the fall. In this study, we aimed
to compare health care costs up to 2 years before and 2 years after the
HFRI, as well as the 2-year survival rate with all causes taken into
account, for both an HFRI and non-HFRI population composed of in-
dividuals aged 75 years and older.

Methods
Data Sources

We performed a population-based, retrospective, cohort study
using a sample of the French national health insurance database. The
French national health insurance database is a claims data warehouse
that provides access to the complete reimbursed health care con-
sumption of 98.8% of the French population.”>?! The sample used is a
random and representative sample based on age and sex, which cor-
responds to 1/97 of the French national health insurance population.
Similar data are available in the database covering demographic data
(age, sex, month, and year of death), ambulatory care reimbursement,
inpatient care data, long-term diseases diagnoses, and characteristics
of health care providers.?” Inpatient care data are primarily collected
in the French national uniform hospital discharge database before
being compiled at a national level and merged with the French na-
tional health insurance database. The French national uniform hos-
pital discharge database was used to develop the identification
algorithm enabling patients with HFRI to be identified, and the French

national health insurance database was used to assess the associated
costs with these patients and their survival.

Population Identification

An algorithm developed for the study was used to identify a
population of patients with HFRI among 75-year-old adults through
the identification of discriminant International Classification of Dis-
eases, 10th Revision codes related to a fall (Supplementary Material
and Supplementary Figure 1).

The codes that were ultimately selected (ie, S42.40, S52.60, S72.10-
40, T796) were then used in the French national health insurance
database to identify patients with HFRI older than 75 years during
2015 and 2016. Patients for whom the main diagnosis corresponded to
the identified discriminant codes within this period were placed in the
HERI group. Care was taken to ensure that these patients also had a 2-
year period of follow-up before their fall-related hospitalization and a
2-year period of follow-up thereafter. The date of the HFRI-related
hospitalization is regarded as the index date. We have focused on
incident patients, that is, patients without HFRI codes 2 years before
the HFRI index date.

A matched non-HFRI population was identified in the French na-
tional health insurance database, with 3 non-HFRI patients identified
for each patient with HFRI to allow the net cost associated with the
HFRI population and the higher mortality rate within this group to be
assessed. The non-HFRI population was matched using the following
criteria: similar age category of 5 years, sex and county of residence.
January 1 of the year in question was chosen as the index date for the
non-HFRI population. We were not able to use an exact age to match
the non-HFRI population, given the low proportion of very old bene-
ficiaries within the 1/97 sample database used.

Economic Evaluation

The cost analysis was performed from a French health insurance
perspective and included direct medical costs (ie, inpatient care, visits,
medical and paramedical procedures, drugs and medical equipment)
and nonmedical costs (ie, transports). Inpatient care included stays at
hospitals for acute and long-term care, private rehabilitation care, at-
home hospitalization, and hospitalization in psychiatric units. Costs
were estimated by multiplying the number of resources used by the
corresponding reimbursement tariff given by French health insurance.
The French insurance tariffs applied were directly available in the
database. The costs of management of patients with HFRI were
assessed on an annual basis from 2 years preceding the date of HFRI to
2 years after. Economic outcomes were summarized using net costs,
that is, the differential costs between patients with HFRI and matched
non-HFRI patients, to focus on costs inherent to the HFRI population.
Costs are expressed in €2020.%>

Other Data

Comorbidities used in the Charlson Comorbidity Index (CCI) were
identified on an annual basis for both the HFRI and non-HFRI groups
through resource consumption (ie, discharge hospital’s diagnosis,
medical procedures, and drug consumption) and long-term disease
diagnosis, using an algorithm specifically developed using the French
national health insurance database.?* The CCI was then implemented
with updated weighting and was used categorically as an adjustment
variable. Patients with HFRI and non-HFRI patients who died during
the year of fall were excluded the next year. In this context, annual
estimates accounted for extra costs due to the death in the periods but
the estimates in the year 2 years after the HFRI do not consider
deceased patients the year prior.
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Statistical Analysis

Descriptive statistics were implemented to summarize the data
using mean + SD or occurrence with percentage. Chi-squared tests
were used to compare patients’ characteristics between the HFRI and
non-HFRI groups.

Annual cost management between the HFRI and the non-HFRI
groups was compared using the mean and bias-corrected and accel-
erated bootstrap 95% ClIs, and Mann-Whitney Wilcoxon nonpara-
metric tests. Generalized estimating equation models with gamma
distribution and log link were implemented to adjust for the cost
differences between the HFRI and non-HFRI groups. Age in quantile,
sex, annual CCl, and the interaction between periods and the group
were used as adjustment variables. Given the strong link between the
CCI, the probability of HFRI, and the cost, two models with and
without the CCI as adjustment variable were implemented to more
accurately assess the impact of HFRI on costs.'>'4?° CCls equal to 2 or 3
were grouped in modeling.

Kaplan-Meier curves were used to compare the 2-year survival
estimate for the HFRI and non-HFRI groups in addition to the log rank
test. Cox regression modeling was used to assess the adjusted effect of
HERI on survival. Age, sex, the CCl, and the interaction between sex
and HFRI were used as adjustment variables.

Statistical analyses were implemented using R software, version
4.0.3.

Results
Characteristics of the Population

We identified 1495 patients with HFRI and 4484 matched non-
HEFRI patients (Figure 1). The mean age of the patients with HFRI
was 87.1 years and 78.7% were women (Table 1). The HFRI and non-
HFRI groups had similar mean age, sex, and distribution in terms of
geographic area. Hip fractures were the most represented, accounting
for 57% of our population, followed by head and neck of femur

1702 HFRI (i.e. ICD-10 codes: $42.4, $52.6, $72.[00-
40], T796) for = 75-year-old patient during 2015
Distinct patients : 138 patients with two or
more HFRI
Incident HFRI: patient without another HFRI 2
1517 years before the first HFRI diagnoses identified

1495 Overseas departments and territories patients
excluded.

Matched control population with 1:3 ratio

One missing patient due to specific county
and age category

fractures (49%), then closed trochanteric fracture and traumatic
ischemia of muscle, which accounted for respectively 23% and 13% of
the HFRI population. In addition, patients with HFRI had a greater
number of comorbidities than the non-HFRI patients over the entire
period and notably during the year before and the year after the
hospitalization for the injury (Supplementary Figure 2). A significant
number of patients with HFRI without a comorbidity the year before
the HFRI were identified as having comorbidities (CCI equal to 2 or 3)
during the year after the HFRI.

Cost Analyses

The mean annual health care expenditure of patients with HFRI
was significantly higher during the 4-year period than that of non-
HFRI patients, with net costs amounting to €1294, €2378, €11,796,
and €1659, respectively (see Figure 2 and Supplementary Tables 1—4
for details).

The main cost components during the 2 years before the HFRI were
paramedical acts, hospitalizations, and drug costs, which accounted
for 46%, 28%, and 11% of the net cost respectively. For the year pre-
ceding the HFRI, the total net cost was primarily accounted for by
hospitalizations, paramedical acts, and drug costs, which represented
53%, 27%, and 7%, respectively. For the year following the HFRI, the net
cost drastically increases, particularly due to the HFRI hospitalization
(medicine, surgery) increasing the hospitalization cost to 93% of the
total cost. The costs associated with rehabilitation care amounted to
13% of hospitalization costs. Ambulance-related costs also increased.
Consultation and nurse services costs slightly decreased and medical
devices costs slightly increased between the year before the HFRI and
the year after the HFRI. In the second year after the HFRI, net costs
decreased significantly to return to a cost close to that observed
2 years before the HFRI. Hospitalization costs remained the leading
cost component, accounting for 70% of the total incremental costs
followed by paramedical acts and transport.

When adjusted, we observed a significant cost increase in the HFRI
group when compared with the non-HFRI group of 13%, 24% (ie,

Inpatient stays with main diagnosis code(s) of

and 2016

during 2015 and 2016

Fig. 1. Hospitalized fall-related injury patients’ identification.
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Table 1

Characteristics of the Patients With HFRI and Controls
HFRI Group Control Group P Value
n = 1495 n = 4484

Age, mean (SD) 87.1 (5.68) 86.9 (5.89) -

Women, n (%) 1177 (78.73) 3531 (78.75) -

Main HFRI Diagnosis, n (%) S42.40: Fracture of lower end of humerus 25 (1.67) - -
$52.60: Fracture of lower end of ulna 39 (2.61) - -
$72.00: Fracture of head and neck of femur 738 (49.36) - -
$72.10: Closed trochanteric fracture 347 (23.21) - -
$72.20: Subtrochanteric fracture of femur 67 (4.48) - -
$72.30: Fracture of shaft of femur 46 (3.08) - -
S$72.40: Fracture of lower end of femur 33(2.21) - -

T796: Traumatic ischemia of muscle 200 (13.38) - -

0—12 mo: no. of deaths (%) 349 (23.34) 334 (7.45) P < .001

0—24 mo: no. of deaths (%) 496 (33.18) 617 (13.76) P < .001

CCl, n (%) —24 to —12 mo CCl=0 747 (49.97) 3014 (62.79) P < .001

CCl=1 536 (35.85) 1348 (28.08)
CCl=2 168 (11.24) 359 (7.48)
CCl=3 44 (2.94) 79 (1.65)
—12 to -0 mo CCl=0 631 (42.21) 2695 (60.1) P < .001
CCl=1 595 (39.8) 1273 (28.39)
CCl=2 203 (13.58) 415 (9.26)
CCl =3 66 (4.41) 101 (2.25)
0 to 12 mo CCl=0 435 (29.1) 2538 (56.6) P < .001
CCl=1 595 (39.8) 1307 (29.15)
CCl=2 303 (20.27) 467 (10.41)
CCl =3 162 (10.84) 172 (3.84)
12 to 24 mo* CCl=0 457 (39.88) 2308 (55.61) P < .001
CCl=1 446 (38.92) 1252 (30.17)
CCl=2 178 (15.53) 424 (10.22)
CCl=3 65 (5.67) 166 (4.00)

*Deaths of patients during the final period were excluded (HFRI group: n = 1146; Control group n = 4150).

1.13*1.1), and 269% (ie, 1.13*2.38) for the year 2 years before the HFRI,
the year before the HFRI, and the year after the HFRI, respectively
(Table 2). The HFRI-related increase in costs 2 years before the HFRI is
largely explained by the presence of comorbidities. When the CCI was
used as an adjustment variable, patients with HFRI during the first
(Exp(B) = 1.05; CI = 0.94—1.16; P = .418) and the last (Exp(f) = 0.91;

Cl = 0.8—1.04; P = .184) period were not associated with a cost in-
crease. The year preceding the HFRI and the year following the HFRI
are associated with 19% (ie, 1.05*1.13) and with 259% (ie, 1.05*2.47)
cost increase, respectively. Finally, the lower cost for women (Exp(p) =
0.9; CI = 0.82—0.99; P=.031) did not remain when adjusted by the CCI
in model 2.

[-24; 12 months [-12; O months

[0; 12[ months [12; 24] months

15000

10000

Cost (€2020)

5000

Cost components
Transportation
Medical Devices
Medications
Paramedical procedures
. Medical procedures
B consutations
. Inpatient stays

HFRI Controls HFRI Controls
Groups

HFRI Controls HFRI Controls

Fig. 2. Main cost component description over time according to groups.
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Table 2
Adjusted Generalized Estimating Equation Models on Costs
Variable Model 1 Model 2
Exp(B) Cl P Exp(B) Cl P
Sex Men 1 1
Women 0.9 [0.82—0.99] .031 0.99 [0.91-1.08] .820
Age 75—-85 1 - - 1 - -
85—-90 0.96 [0.74—1.26] 786 0.92 [0.73—-1.16] 460
90+ 0.99 [0.76—1.29] .943 0.89 [0.71-1.12] 328
HFRI Control 1 - - 1 - -
HFRI 1.13 [1-1.28] .042 1.05 [0.94—-1.16] 418
Years according to the HFRI 1: —2to -1 1 - - 1 - -
2:-1to0 1.08 [1.03—1.14] .001 1.03 [0.99—-1.08] 191
3:0to 1 1.17 [1.11-1.24] <.001 1.06 [1-1.11] .047
4:1to2 1.23 [1.16—1.31] <.001 1.05 [0.99—-1.11] .109
HFRI* year —1 to 0 1.1 [1.01-1.2] .030 1.13 [1.03—1.23] .008
HFRI* Years HFRI* year O to 1 2.38 [2.12—-2.66] <.001 247 [2.22—-2.75] <.001
HFRI* year 1 to 2 0.86 [0.75-0.99] .033 0.91 [0.8—1.04] 184
CCl 0 1 - -
1 1.91 [1.79-2.04] <.001
2 343 [3.15-3.72] <.001

*Interaction term; Model 1: without CCI adjustment; Model 2: with CCI adjustment.

Survival Analyses

The 2-year survival rate of the HFRI population was significantly
lower than that of the non-HFRI population, being 0.77 and 0.67 for
the first year and second year, respectively, compared with 0.93 and
0.85 for the non-HFRI group (Figure 3). The gap quickly widened
during the first semester and increased slightly during the subsequent
period. Once adjusted, patients with HFRI were estimated to be 2.14
times more likely to die during the 2 years following an HFRI than the
non-HFRI group (CI = 1.9-2.41; P < .001) (Supplementary Table 5).
This effect tended to differ according to sex [ie, interaction term:
hazard ratio (HR) = 0.79; CI = 0.61-1.02; P = .076]. Men and women
who had experienced an HFRI were at, respectively, 2.54-times and
2.00-times greater risk of death than the non-HFRI group during the 2
years after the HFRI. Women who have suffered an HFRI have a 40%
lower risk of death compared with men who have suffered an HFRI

Strata = Non-HFRI group 1=

(HR = 0.76*0.79), or conversely, men who have suffered an HFRI are
67% more likely to die than women who have suffered an HFRIL.

Discussion

Using a real-world claim database, we assessed annual costs from
both the 2 years before and the 2 years after the HFRI and the 2-year
survival in patients with HFRI compared with matched controls. First,
unadjusted net costs amounted to €1294, €2378, €11,796, and €1659,
respectively, for the 4 periods. When adjusted, an HFRI leads to 19%
and 259% more expensive annual cost of management for the year
before the HFRI and the year after the HFRI. The burden of comor-
bidities explained a major part of these differences. Extra comorbid-
ities had already been identified in the 2 years before the HFRI
(Supplementary Figure 2), with a lesser proportion of patients with
HEFRI with CCIO and a higher proportion within the other categories.

HFRI group

g 0771 ----=====------m-mmmm oo - - e e
c i . i
> 1 R '
%3 i i
i i
: v, :
0,67 = o o . L. .
h |
i |
H i
| H
| H
p <0.0001 : :
' 1
| H
0.50 ' H
0 200 365 600 730
Time (days)

Fig. 3. Kaplan-Meier curves between groups 2 years after the HFRI.
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This is confirmed in model 2, which uses the CCI as the adjustment
variable, in which the effect of the HFRI on costs decreases during
these years. This underlines the association between comorbidities
and falls.">"'> More broadly, extra costs were likely linked to a global
frailty of patients, defined as “a state of vulnerability to adverse out-
comes,” which leads to an increased risk of falls and hospitaliza-
tions.”®?” This may explain the larger costs identified, particularly for
paramedical acts, due to the costs of nurses, and the larger costs for
medications before the HFRL In line with our results, using French
data, Sirven and Rapp?® found additional ambulatory care costs for
pre-frail and frail individuals in 2017 to be €750 and €1500, respec-
tively. Worldwide, frailty also affects health care resource consump-
tion, which varies between countries and health care systems and
increases according to the severity of frailty.>>! Given the high
prevalence of frailty among older adults, our results emphasize the
need to appropriately allocate health care resources to frail older
populations to prevent significant costs being incurred due to adverse
outcomes associated with frailty, such as a HFRL.>

The higher cost of medication before the HFRI, which we have
identified is not surprising, as it has been shown in the “Fall-Risk-
Increasing Drugs” studies that cardiovascular, psychotropic, and anti-
Parkinson, opioid, and antiepileptic drugs and polypharmacy increase
the risk of falls.>'" A higher proportion of patients with HFRI
consuming psychotropic drugs (antipsychotic and antidepressant
drugs) were identified throughout the entire period, with significant
cost increases for patients with HFRI between the periods 2 years
before the HFRI and the period 2 years after (€93 vs €62, €77 vs €52,
€50 vs €42, €50 vs €38). These differences are particularly observ-
able before the HFRI, which also suggests these drugs increase the risk
of a fall."! This greater consumption is likely linked to the larger pro-
portion of patients with dementia in the HFRI population, which is
23.41% vs 10.66% and 35.52% vs 13.36% in the year before the fall and
the year after the fall, respectively. Nevertheless, no significant dif-
ference in costs was found between groups for cardiovascular drugs,
proton pump inhibitors, or opioids.'%'?

Our results are consistent with those of the literature, with exac-
erbated costs in the US health care systems. Hoffman et al'’ estimated
$13,636 to be the mean cost per patient for patients with a fall-related
injury and $21,424 for patients with HFRI. As was the case in our study,
additional costs were already found before the fall. Another US study
calculated the costs for patients who had been transported by
ambulance to an emergency department to be $19,636 and $47,543 for
the year preceding a fall and the year following a fall, respectively;
however, this study did not use a control group.'® Furthermore, in
Europe, a Belgian study in 2015 estimated the cost of an inpatient stay
related to a fall to be €5139.'° Our results are rather similar, even if we
did not focus only on inpatient stay-related costs. Comparisons be-
tween studies around the world remain difficult, especially owing to
differences between health care organizations, reimbursement con-
ditions, and unit prices used to value health care resources.

The CCl is correlated with the probability of a fall and with a higher
cost. To take into account this association, we summarized the 2
models with and without the CCI to adjust the cost of management.>>
These models make it possible to identify the extra cost mechanism in
the years before the HFRI, which is mainly due to the comorbid con-
ditions and the overall frailty of patients. Thus, our results highlight
the crucial need for preventive care, improving the management of
the elderly and frail persons, minimizing the use of drugs that increase
the risk of a fall, optimizing comorbidity management, and imple-
menting measures to prevent HFRI, in order to reduce the higher
mortality rate and costs associated with HFRIs. Deceased patients in
both groups were not excluded during the year of the death to
consider the extra costs due to its management. The higher mortality
rate in the HFRI group is a consequence of the HFRI, the comorbidities,
and the global degraded health of the patients with HFRI, and we

believe it was crucial to consider these extra costs. Nevertheless, pa-
tients who died the year after the HFRI were excluded in the last
period because they were no longer contributing to the annual costs. It
explains the nonsignificant difference in cost between the 2 groups in
the last period, given the excluded patients who were deceased were
generally more comorbid and had costlier management.

An HFRI results in a significantly increased adjusted 2-year mor-
tality rate, whereby men and women have a 2.54-times and 2-times
higher risk of dying, respectively, compared with non-HFRI patients,
respectively. In 2022, Newgard et al® found that the 1-year mortality
rate for a community-dwelling population of individuals aged
>65 years who had experienced a fall and required emergency ser-
vices in the United States to be 21.1%. Our results are similar, with an
estimated 23% mortality rate at 1 year, despite our study population
being older. Finally, the mortality rate reaches 33% within 2 years, and
as can be observed in the survival curves, we have also confirmed that
most deaths occur following the acute care period.® Unfortunately,
Newgard et al® do not use a comparison population to assess the net
mortality rate. Johnson et al® assessed survival disparities among
fallers aged 65 and older who required hospitalization in Canada using
data from 1995 to 2005, with a special focus on disparities based on
age, sex, and area of residence. Because they only used information on
deaths at hospitals, we cannot compare our survival estimates.
Nevertheless, in this study, as in our own, a worse survival rate was
observed among men compared with women. In 2012, Coutinho et al®
estimated that the 1-year reduction in the survival rate of fallers aged
60 and older with a severe fracture was 25%. Nevertheless, this work is
aresearch note originating in Brazil, where the organization of health
care differs from France. This underlines the great need for studies to
be conducted in countries with different health care structures to add
to our knowledge in this field.

We were not able to assess informal costs, which may be a non-
negligible part of the total costs given the older, frail, and comorbid
conditions of our HFRI population. As shown in 2021 in Sweden, the
annual societal costs of informal care for frail older people was esti-
mated at €74773* The HFRI identification algorithm represents
another limitation to this study, as its performances have not been
evaluated. Based on our conservative choices to include only patients
aged 75 or older, in addition to the expert validation, the codes taken
into consideration must have correctly identified patients with HFRI.
The CCI was evaluated using an algorithm based on resource con-
sumption and focused on treated comorbidities. Bias with regard to
estimates due to misidentification or overidentification of comorbid-
ities could occur. Nevertheless, the algorithm used is based on the
reference in the French health insurance database, allowing the CCI to
be correctly determined.’*

Comorbidities such as dementia may be underidentified if no
hospitalization occurs due to the particular management of these
diseases. Therefore, an overrepresentation of comorbidities could
be observable in the year of the HFRI. All patients with HFRI were
included based on an inpatient stay, which is also used by the al-
gorithm to identify the comorbidities. The HFRI made it possible to
identify a new comorbidity, which is detected during the inpatient
management and the algorithm could identify a comorbidity
already known but unidentifiable by the algorithm in the year
before the HFRI. Unfortunately, the French national health database
is a claim database and no clinical or socioeconomic data were
available. In this context, all confounding factors may not be iden-
tified and used in the multivariate analyses, leading to possible
residual confounding.

The main strength of this study is the use of real-world data that
allow us to provide detailed and accurate estimations of real-life net
costs associated with HFRI and mortality in France. Using several
models to take into account cofounding bias and causal inference, we
described the cost and survival variation mechanisms.
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Conclusions and Implications

HFRIs occur mostly in older comorbid patients, causing further
deterioration to their health and increasing the cost of management
and the mortality rate. Our study thus provides accurate and detailed
estimates of cost management and mortality rates in older patients
following an HFRI in a real-world setting, up to 2 years before the HFRI
and 2 years thereafter. There was found to be a strong association
between comorbid conditions, HFRI, survival, and cost management.
In this context, early management of older patients with comorbid
conditions is needed to help prevent HFRIs. Extra funds and programs
addressing falls and fracture risk in the older population would likely
reduce excess mortality and costs. Special attention must be given to
reducing the use of drugs known to increase the likelihood of a fall and
to optimizing comorbidity management.
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Supplementary Material

Algorithm Development

We had to develop a new algorithm to avoid the use of older al-
gorithms based on ICD-9 codes, which are outdated in our context.
French hospitals are funded based on the French national uniform
hospital discharge database and only use ICD-10 codes to describe
inpatient stays. Three kinds of diagnoses are used, together or
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otherwise, to ascertain the purpose of the hospitalization: the Main
Diagnosis, the Related Diagnosis, and the Associated Diagnosis. Codes
associated with falls are available in the ICD-10 encoding (ie, WOO to
W19, R29.6), but they are used heterogeneously on a national scale, as
the codes are not linked with a particular type of patient management.
The code R29.6 was excluded because it can relate to a history of falls.
The algorithm that we have developed, allowing discriminant ICD-10
codes related to falls to be identified, comprises 4 main steps and
focuses on the population aged 75 years or older. It is described in
Supplementary Figure 1.

i Screening of hospital stays with

University Hospital
Center of Toulouse in
2019
Age: = 75 years

Two geriatricians and
one orthopedic
surgeon

The 5 institutions with
the higher percentage
of fall codes in AD

w an AD of falls (i.e. W00 to W19)
0] and selection of associated MD
- codes
— ) .
S Screening of all hospital stay
\_ with MD codes selected

A
1) Interview of 3 experts to select the
N most specific MD of falls
- .

Screening of hospital stays using
w . -
= 5 hospitals distributed at
© national scale and re-audition of
= experts to confirm MD selected
2 Final selection of MD frequently
_g used with an AD of fall in the
B French national uniform hospital

discharge data set database

Those with more than
70% of them
associated with a fall
related AD, frequency
=25

Supplementary Fig. 1. Description of steps for selecting final Main Diagnoses codes related

to an HFRI. AD, Associated Diagnoses; MD, Main Diagnoses; The University Hospital of

Toulouse was primarily used because it ensures a very satisfactory level of completeness and quality of the coding of hospital stays, particularly in the area of falls.
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Supplementary Fig. 2. CCI according to groups and periods (%).

Supplementary Table 1

Detailed Cost (€ 2020) Description According to Cost Component, Patients With HFRI, and Control Group From 2 Years To 1 Year Before HFRI

HFRI Group Control Group
Frequency Cost Frequency Cost A Cost (HFRI — Control) P
Mean [95% CI] Mean [95% CI] Mean [95% CI] Mean [95% CI]

Hospitalizations 1.13[0.91-1.61] 2405 [2106—2791] 0.98 [0.81—-1.34] 2037 [1871—-2230] 368 .001
Medicine, surgery, obstetrics 0.95 [0.74—1.44] 1930 [1700—2199] 0.86 [0.68—1.22] 1752 [1614—1923] 177 012
Home care service 0.03 [0—0.12] 97 [0—292] 0.01 [0—0.03] 27 [7-104] 70 999
Rehabilitation care 0.13 [0.09—0.18] 219 [147-328] 0.11 [0.09—0.13] 167 [133—-213] 52 .103
Other inpatient care* - 159 [101-293] - 91 [77-130] 68 .002

Consultations 10.31 [9.91—10.73] 302 [289—316] 9.99 [9.75—10.24] 272 [264—280] 30 <.001
General practitioner 8.65 [8.3—9.04] 222 [211-234] 8.23 [8.02—8.46] 198 [192—204] 24 <.001
Specialist 1.66 [1.51—1.85] 48 [43-53] 1.75 [1.66—1.86) 47 [44-50] 1 179
Other consultations' - 33 [31-36] - 27 [26—29] 5 351

Paramedical acts 81.96 [74.33—90.22] 1618 [1440—1822] 52.18 [48.25—56.12] 1018 [932—-1120] 600 <.001
Nurse 64.73 [58.11-7222] 1263 [1110-1450]  38.81 [35.5—-42.43] 757 [680—848] 506 <.001
Physiotherapist 16.18 [14.46—18.15] 316 [280—359] 12.81 [11.75—13.88] 241 [220—264] 75 <.001
Other paramedical acts' - 39 [28-56] - 21 [15-30] 19 .009

Medical acts 9.77 [9.16—10.42] 292 [271-319] 9.21 [8.89-9.54] 286 [275—300] 6 76
Laboratory tests 6.74 [6.26—7.29] 127 [118-138] 5.77 [5.51—6.04] 105 [101-109] 23 002
Imaging acts 1.27 [1.18—1.37] 61 [56—66] 1.38 [1.32—1.43] 68 [65—72] -7 202
Other medical acts® - 104 [91-125] - 114 [106—124] -10 <.001

Medical devices 5.16 [4.73—5.61] 314 [277-357] 417 [3.95-4.44) 256 [235—285] 58 <.001

Medications 38.86 [37.46—40.15] 919 [837—1049] 28.5 [27.98—29.09] 781 [747—-820] 137 <.001

Transportation 2.02 [1.78-2.33] 286 [217—419] 1.46 [1.34—1.63] 192 [157—264] 94 <.001
Ambulance 1[0.84—1.25] 184 [125-321] 0.65 [0.58—0.76] 107 [78—183] 77 <.001
Other transportations/ - 102 [81-135] - 85 [69—-114] 17 <.001

Global - 6137 [5674—6695] - 4843 [4595—5139] 1294 <.001

P value from Mann-Whitney-Wilcoxon test. P value associated with the cost comparison. - indicates Frequency not applicable because the category is a sum of different cost

component.

*Other inpatient care: hospital-reserved drugs, hospital outpatient department, dialysis.
fOther consultations: teleconsultations, mark-up, flat-rate participation.
‘Other paramedical acts: pedicure-podiatrist, speech therapists, orthoptists, midwives, thermal baths.

S0ther medical acts: anesthesia, surgery, dental, obstetrics.

lother transportation: taxis, light medical vehicles, personal vehicles.
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Detailed Cost (€ 2020) Description According to Cost Component, Patient With HFRI, and Control Group the Year Before HFRI

HFRI Group Control Group
Frequency Cost Frequency Cost A Cost (HFRI — Control) P
Mean [95% CI] Mean [95% CI] Mean [95% CI] Mean [95% CI]

Hospitalizations 1.62 [1.33—-2.12] 3582 [3193—4005] 1.04 [0.87—1.39] 2314 [2116—2586] 1267 <.001
Medicine, surgery, obstetrics 1.35[1.08—1.91] 3062 [2730—3496] 0.91 [0.75—1.23] 1904 [1754—2093] 1158 <.001
Home care service 0.04 [0—-0.21] 43 [5—-192] 0.02 [0—-0.07] 111 [35-310] —68 .883
Rehabilitation care 0.23[0.17—-0.31] 284 [215—383] 0.11 [0.09—0.15] 188 [145—256] 97 .068
Other inpatient care* - 192 [132-338] - 112 [88—158] 80 <.001

Consultations 10.97 [10.54—11.43] 336 [322—-352] 10.37 [10.1-10.65] 294 [285—303] 42 <.001
General practitioner 9.12 [8.72—9.53] 244 [233-259] 8.54 [8.31-8.77] 209 [202-216] 36 <.001
Specialist 1.84 [1.66—2.09] 56 [50—64] 1.82 [1.73—1.94] 52 [49-55] 4 .289
Other consultations' - 35[33-38] - 33 [32—-35] 2 101

Paramedical acts 95.62 [87.67—104.12] 1880 [1697—2085] 62.1 [57.99—-66.72] 1238 [1136—1357] 642 <.001
Nurse 75.32 [68.25—83.03] 1467 [1303—1664] 46.4 [42.7-50.43] 929 [835—1028] 538 <.001
Physiotherapist 19.22 [17.26—-21.32] 374 [333—-420] 14.97 [13.83—-16.22] 282 [260—308] 92 <.001
Other paramedical acts - 39 [28-55] - 28 [20—38] 12 .105

Medical acts 10.12 [9.53—10.79] 291 [272-314] 9.44 [9.11-9.78] 285 [274—299] 5 168
Laboratory tests 7.12 [6.62—-7.69] 138 [128—150] 6.11 [5.84—6.41] 110 [105—115] 28 <.001
Imaging acts 1.39 [1.29-1.5] 68 [63—74] 1.41 [1.35-1.47] 69 [66—73] -1 483
Other medical acts® - 84 [75-101] - 106 [98—117] —22 <.001

Medical devices 6.31 [5.87—6.8] 406 [364—461] 4.91 [4.66—5.2] 325 [298—-358] 81 <.001

Medications 57.78 [56.02—59.64] 967 [875—1109] 47.78 [46.73—48.91] 789 [753—834] 178 <.001

Transportation 2.62 [2.38—2.92] 391 [309-535] 1.69 [1.55—1.88] 227 [190-307] 163 <.001
Ambulance 1.46 [1.3—1.65] 271 [200—408] 0.81 [0.73—0.94] 129 [98—203] 142 <.001
Other transportations - 120 [93—162] - 98 [80—131] 21 <.001

Global - 7851 [7299—8491] - 5473 [5187—5836] 2378 <.001

P value from Mann-Whitney-Wilcoxon test. P value associated with the cost comparison.
*Other inpatient care: hospital-reserved drugs, hospital outpatient department, dialysis.
'Other consultations: teleconsultations, mark-up, flat-rate participation.
fOther paramedical acts: pedicure-podiatrist, speech therapists, orthoptists, midwives, thermal baths.
f0ther medical acts: anesthesia, surgery, dental, obstetrics.
lother transportation: taxis, light medical vehicles, personal vehicles.
Supplementary Table 3
Detailed Cost (€ 2020) Description According to Cost Component, Patients with HFRI, and Control Group the Year After HFRI
HFRI Group Control Group
Frequency Cost Frequency Cost A Cost (HFRI — Control) P
Mean [95% CI] Mean [95% CI] Mean [95% CI] Mean [95% CI]

Hospitalizations 4.11 [3.74—-4.73] 13,480 [12923—-14115] 1.16 [0.98—1.5] 2515 [2337—-2732] 10,965 <.001
Medicine, surgery, obstetrics 2.74 [2.42-3.3] 11,095 [10690—11545] 1.02 [0.85—1.39] 2142 [1985—2327] 8953 <.001
Home care service 0.13 [0.08—0.22] 438 [281-700] 0.02 [0.01—0.05] 77 [44—133] 361 <.001
Rehabilitation care 1.24 [1.07-1.47] 1782 [1541-2104] 0.11 [0.09—0.15] 178 [136—240] 1605 <.001
Other inpatient care” - 165 [137—-246] - 119 [96—163] 46 <.001

Consultations 8.92 [8.49—9.39] 284 [269—300] 10.19 [9.92—-10.47] 293 [285—303] -10 .003
General practitioner 7.59 [7.19-8] 217 [204—-231] 8.38 [8.16—8.62] 207 [200—214] 10 291
Specialist 1.33 [1.19—-1.48] 37 [33—42] 1.81[1.7-1.91] 52 [49-56] -15 <.001
Other consultations' - 29 [28-32] - 34 [33-36] -5 <.001

Paramedical acts 89.52 [82.85—96.29] 1676 [1527—1840] 66.13 [62.05—70.82] 1365 [1258—1486] 311 <.001
Nurse 57.32 [51.61-63.93] 1088 [958—1233] 49.14 [45.47-53.01] 1034 [939—-1144] 55 519
Physiotherapist 31.59 [29.36—33.95] 566 [523—612] 16.27 [15.05—17.67] 306 [282—334] 260 <.001
Other paramedical acts - 22 [15-33] - 26 [19-36] -4 791

Medical acts 9.57 [8.99—10.19] 273 [255—296] 9.49 [9.14—9.85] 290 [277-307] -18 .049
Laboratory tests 7.3 [6.8—7.83] 121 [113-131] 6.32 [6.03—6.63] 116 [111-121] 6 .994
Imaging acts 1.26 [1.16—1.37] 52 [47—56] 1.42 [1.36—1.48] 66 [63—70] -15 <.001
Other medical acts’ - 100 [87—-115] - 108 [98—123] -9 <.001

Medical devices 7.31 [6.8—7.9] 533 [482—-597] 5.45 [5.18—-5.75] 383 [354—420] 150 <.001

Medications 51.95 [49.98—53.93] 731 [666—825] 64.65 [63.4—66.03] 784 [744—835] -53 .02

Transportation 5.48 [5.15—5.93] 708 [623—880] 2.02 [1.85—2.26] 258 [220—-333] 450 <.001
Ambulance 4.34 [4.09—-4.74] 594 [513-742] 1.02 [0.92—-1.18] 152 [120—-226] 441 <.001
Other transportation - 115 [96—152] - 106 [87—139] 9 <.001

Global - 17684 [17049—18454] - 5889 [5610—6237] 11796 <.001

P value from Mann-Whitney-Wilcoxon test. P value associated with the cost comparison.
*Other inpatient care: hospital-reserved drugs, hospital outpatient department, dialysis.
fOther consultations: teleconsultations, mark-up, flat-rate participation.
*Other paramedical acts: pedicure-podiatrist, speech therapists, orthoptists, midwives, thermal baths.
Other medical acts: anesthesia, surgery, dental, obstetrics.

IOther transportation: taxis, light medical vehicles, personal vehicles.
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Supplementary Table 4
Detailed Cost (€ 2020) Description According to Cost Component, Patients With HFRI, and Control Group the Second Year After HFRI (continued)
HFRI Group Control Group
Frequency Cost Frequency Cost A Cost (HFRI- Control) P
Mean [95% CI] Mean [95% CI] Mean [95% CI] Mean [95% CI]

Hospitalizations 1.35[1.15-1.68] 3754 [3325—-4265] 1.19 [0.98—1.58] 2588 [2392-2823] 1166 <.001
Medicine, surgery, obstetrics 1.05 [0.88—1.36] 3057 [2694—3484] 1.07 [0.85—1.46] 2255 [2083—-2472] 801 <.001
Home care service 0.06 [0.03—0.12] 152 [79—-333] 0.02 [0.01-0.03] 76 [43—-162] 76 .005
Rehabilitation care 0.25 [0.17—-0.38] 358 [241-532] 0.11 [0.08—-0.14] 135 [104—-171] 223 .012
Other inpatient care* - 188 [115—348] - 121 [98—168] 66 .004

Consultations 8.98 [8.46—9.55] 283 [266—301] 9.82[9.56—10.1] 289 [280—298] -6 .046
General practitioner 7.89 [7.44—8.39] 229 [213—-244] 8.19 [7.97-8.42] 208 [202—-215] 20 283
Specialist 1.09 [0.93—1.42] 32 [27-40] 1.63 [1.53—1.75] 47 [44—52] -16 <.001
Other consultations’ - 23 [21-25] - 33 [32-35] -10 <.001

Paramedical acts 92.04 [83.9-101.82] 1781 [1597—-2011] 69.01 [64.53—73.56] 1385 [1274—-1510] 396 <.001
Nurse 63.55 [55.26—72.27] 1242 [1067—-1451] 51.92 [48.17—56.28] 1052 [952—-1161] 190 <.001
Physiotherapist 27.83 [24.99—-30.92] 515 [461-576] 16.42 [15.21-17.79] 308 [283—335] 207 <.001
Other paramedical acts’ - 24 [16—-38] - 25[19-34] -1 941

Medical acts 7.79 [7.19-8.44] 225 [204—-252] 9.23 [8.89-9.59] 284 [271-302] -59 <.001
Laboratory tests 5.63 [5.15-6.18] 108 [99—120] 6.16 [5.88—6.47] 114 [109-120] -6 .013
Imaging acts 1[0.9-1.11] 46 [41-52] 1.37 [1.3-1.43] 62 [59—66] -16 <.001
Other medical acts’ - 72 [60—-92] - 108 [98—123] -37 <.001

Medical devices 6.27 [5.66—6.92] 416 [361-496] 5.69 [5.38—6.01] 392 [359—432] 24 126

Medications 56.58 [54.28—59.01] 737 [661-855] 64.44 [63.06—65.82] 758 [719—-806] =21 .05

Transportation 2.78 [2.51-3.16] 392 [319-530] 2.01[1.83-2.23] 233 [196—304] 158 <.001
Ambulance 1.97 [1.74-2.27] 304 [234—439] 1.01 [0.91-1.2] 139 [111-214] 164 <.001
Other transportation' - 88 [64—148] - 94 [77—-126] -6 333

Global - 7588 [7017—8343] - 5929 [5622—6279] 1659 <.001

P value from Mann-Whitney-Wilcoxon test. P value associated with the cost comparison.
*Other inpatient care: hospital-reserved drugs, hospital outpatient department, dialysis.
fOther consultations: teleconsultations, mark-up, flat-rate participation.
Other paramedical acts: pedicure-podiatrist, speech therapists, orthoptists, midwives, thermal baths.
SOther medical acts: anesthesia, surgery, dental, obstetrics.

lother transportation: taxis, light medical vehicles, personal vehicles.

Supplementary Table 5
Cox Regression Models on Survival at 2 years
Variable Modality Model 1 Model 2
HR  95%Cl P HR  95% Cl P
HEFRI Control 1 1
HFRI 214 [19-241] <.001 254 [2.03-3.18] <.001
Sex Men 1 1
Women 0.69 [0.6-0.78] <.001 0.76 [0.64—0.91] .002
Age 75; 85 1 1
86; 90 1.67 [1.39-2] <.001 1.67 [1.4-2] <.001
91; + 3.15 [2.67-3.71] <.001 3.15 [2.68—-3.72] <.001
ccl 0 1 1
1 219 [1.84-2.6] <.001 2.19 [1.85-2.61] <.001
2 4.07 [3.45-4.81] <.001 4.05 [3.43—4.78] <.001
Sex x HFRI 0.79 [0.61-1.02] .076

Model 1: Without the interaction between sex and HFRI; Model 2: With the

interaction between sex and HFRIL.
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