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Abstract

Background The Orthopedic Frailty Score (OFS) has been proposed as a tool for measuring frailty in order to predict short-
term postoperative mortality in hip fracture patients. This study aims to validate the OFS using a large national patient register
to determine its relationship with adverse outcomes as well as length of stay and cost of hospital stay.

Methods All adult patients (18 years or older) registered in the 2019 National Inpatient Sample Database who underwent
emergency hip fracture surgery following a traumatic fall were eligible for inclusion. The association between the OFS and
mortality, complications, and failure-to-rescue (FTR) was determined using Poisson regression models adjusted for potential
confounders. The relationship between the OFS and length of stay and cost of hospital stay was instead determined using a
quantile regression model.

Results An estimated 227,850 cases met the study inclusion criteria. There was a stepwise increase in the rate of compli-
cations, mortality, and FTR for each additional point on the OFS. After adjusting for potential confounding, OFS 4 was
associated with an almost ten-fold increase in the risk of in-hospital mortality [adjusted IRR (95% CI): 10.6 (4.02-27.7),
p<0.001], a 38% increased risk of complications [adjusted IRR (95% CI): 1.38 (1.03-1.85), p=0.032], and an almost 11-fold
increase in the risk of FTR [adjusted IRR (95% CI): 11.6 (4.36-30.9), p <0.001], compared to OFS 0. Patients with OFS
4 also required a day and a half additional care [change in median length of stay (95% CI): 1.52 (0.97-2.08), p<0.001] as
well as cost approximately $5,200 more to manage [change in median cost of stay (95% CI): 5166 (1921-8411), p=0.002],
compared to those with OFS 0.

Conclusion Patients with an elevated OFS display a substantially increased risk of mortality, complications, and failure-to-
rescue as well as a prolonged and more costly hospital stay.
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Introduction

The population of hip fracture patients presents a major
challenge for healthcare systems worldwide due to their
high degree of frailty and significant comorbidity burden
[1-3]. With up to 50% of hip fracture patients being clas-
sified as frail [4, 5], frailty is likely a leading cause of the
high postoperative mortality rates observed in hip fracture
patients [6, 7]. Approximately 2.7 million people suffered
a hip fracture during 2010, comprising around 20% of all
osteoporotic fractures among individuals 50 years or older
[8—10]. This number is projected to grow as the global
population ages and life expectancy increases, putting fur-
ther strain on hospital and public resources [11-15].

The estimation of postoperative mortality risk can be a
critical aspect of patient care and is important for tailoring
preoperative and postoperative care, surgical management,
resource allocation, and facilitating discussions between
patients, their families, and healthcare providers regard-
ing treatment plans and expectations [16]. The Orthopedic
Frailty Score (OFS) has been proposed as potential tool
for filling this role. Developed with the intention of pre-
dicting short-term mortality in hip fracture patients, the
OFS makes use of five easily obtainable variables from
the patient’s history or records to estimate the patient’s
degree of frailty [17]. However, previous investigations
have chiefly focused on its relationship with 30-day and
90-day postoperative mortality in Swedish datasets [5,
17, 18]. The aim of this study is therefore to validate the
OFS using a large national American patient register in
order to determine the relationship between the OFS and
in-hospital mortality, complications, failure-to-rescue, as
well as length of stay and cost of hospital stay.

Methods

The study adhered to the principles of the Declaration
of Helsinki as well as the STROBE guidelines [19], and
received ethical approval from the Swedish Ethical Review
Authority (ref: 2022-03107-02). The data for the current
investigation was obtained from the 2019 United States
National Inpatient Sample (NIS). The NIS is maintained
by the Agency for Healthcare Research and Quality and
is a part of the Healthcare Cost and Utilization Project
(HCUP), which is the largest all-payer inpatient database
in the United States, sampling 20% of all hospitalizations
in the country. The study employed validated sampling
algorithms with discharge and survey weights to pro-
vide accurate national estimates for 97% of all inpatient
hospitalizations in the United States [20]. In accordance
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with prior studies, using International Classification of
Diseases 10th Revision (ICD-10) codes, all adult patients
(18 years or older) registered in the NIS who underwent
emergency hip fracture surgery subsequent to a traumatic
fall using internal fixation (open reduction internal fixation
or intramedullary nailing) or arthroplasty (total hip arthro-
plasty or hemiarthroplasty) were included [21]. Patients
with head, vascular, or truncal injuries were excluded
in order to reduce the heterogeneity in the dataset [21].
Patients were also excluded if they were missing varia-
bles needed to calculate the OFS. Data retrieved included
patient demographics, such as age, sex, race/ethnicity,
socioeconomic status, comorbidities, clinical character-
istics of the injury and management strategy, as well as
outcomes including in-hospital mortality, complications
[22], and failure-to-rescue (FTR). The Elixhauser Comor-
bidity Index was calculated using 38 different pre-existing
conditions listed on hospital administrative data using the
Elixhauser Comorbidity Software Refined for ICD-10-CM
developed as part of the HCUP [23, 24].

Calculating the orthopedic frailty score

The OFS was specifically developed for the purpose of
evaluating frailty and predicting short-term mortality, up to
90-days postoperatively, among patients who have suffered
a hip fracture. It is determined by assessing the presence of
five dichotomous variables: congestive heart failure, a his-
tory of malignancy (excluding non-invasive skin cancer),
institutionalization, dependence on assistance for activities
of daily living (non-independent functional status), and an
age of 85 years or older. Each variable is assigned one point,
resulting in a maximum possible score of 5 [17]. Those with
OFS 0 are considered non-frail, those with OFS 1 as pre-
frail, and those with OFS >2 are classified as frail [5, 17].
Frail patients have previously been found to suffer from a 4
times as high risk of 30-day and 90-day postoperative mor-
tality as non-frail hip fracture patients [5].

Statistical analysis

As in previous investigations into the role of risk stratifica-
tion tools in hip fracture patients, the current study divided
patients into five groups based on their OFS: OFS 0, 1, 2,
3, and 4. No patient had an OFS of 5 in the current dataset.
A comparison of patient demographics, clinical character-
istics, and outcomes was conducted between the groups
under examination. The data pertaining to categorical vari-
ables were presented in terms of counts and percentages,
while continuous variables were reported as the median
and interquartile range. To assess the statistical significance
of any differences between categorical variables, the Chi-
squared test was employed. For continuous variables the
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Kruskal-Wallis test was employed instead. The primary
outcome of interest was in-hospital mortality, with second-
ary outcomes of interest consisting of complications (any
cardiac complication, heart failure, cardiac arrest, cardiac
tamponade, ventricular tachycardia, ventricular fibrillation,
stroke, acute kidney injury, delirium, pulmonary embolism,
deep vein thrombosis, embolism due to orthopedic device,
sepsis, urinary tract infection, pneumonia, wound infec-
tion, implant infection, decubitus ulcer), FTR (defined as
in-hospital mortality subsequent to a complication), length
of stay (in days), and total cost of hospital stay (in United
States dollars).

Poisson regression models were employed to determine
the association between the OFS and in-hospital mortality,
complications as well as FTR. To minimize the bias due to
confounding, all analyses were adjusted for potential con-
founders, including age, sex, race/ethnicity, income quartile,
comorbidities (ischemic heart disease, cerebrovascular dis-
ease, peripheral vascular disease, uncomplicated diabetes
mellitus, diabetes mellitus with chronic complications, end
stage renal disease, dementia, connective tissue disease,
hypothyroidism, liver disease, coagulopathy, obesity, fluid
or electrolyte disorders, chronic obstructive pulmonary dis-
ease, alcohol abuse, drug abuse, psychoses, depression, oste-
oporosis, osteoporosis with fracture) smoking status, type
of fracture, and type of surgery. Due to the generally short
length of stay, no correction was required for time depend-
ence in the Poisson regression analysis. The associations are
reported as incidence rate ratios (IRRs) with 95% confidence
intervals (CIs) calculated using robust standard errors [25].

Quantile regression models were instead used to examine
the effects of the OFS on the length of stay as well as total
cost of hospital stay. The same covariates were included in
this analysis as in the aforementioned Poisson regression
models, and the outcomes were presented as the change in
the median length of stay or total cost, accompanied by the
corresponding 95% Cls.

A two-sided p-value less than 0.05 was considered statis-
tically significant in all analyses. As 4% of cases (N=9,100)
were missing data, multiple imputation by chained equations
was employed [26]. All analyses were performed in the soft-
ware R 4.0.5 using packages tidyverse, haven, mice, survey,
and quantreg [27].

Results

Of the 253,135 surgically managed hip fracture cases regis-
tered in the NIS, 24,415 were excluded due the presence of a
head, vascular, or truncal injury, and 870 were excluded due
to a missing OFS, resulting in an estimated 227,850 cases
being included for further analysis. As shown in Table 1,
as the OFS increased, the patients’ median age tended to

increase (OFS 0 vs. OFS 4: 74 years vs 90 years, p<0.001).
The majority of all patients were white, while those with a
higher OFS tended to be more affluent (OFS 0 vs. OFS 4,
76th to 100th income percentile: 20.3% vs 32.0%, p<0.001)
and suffer from a higher comorbidity burden according to
their Elixhauser Comorbidity Index (OFS 0 vs. OFS 4: 2
vs 4, p<0.001). Most patients suffered a cervical or per-
trochanteric hip fracture and internal fixation was the most
common management strategy (Table 1). The majority of
comorbidities increased in prevalence along with the OFS
except for diabetes mellitus, liver disease, obesity, substance
abuse, psychiatric diagnoses, chronic obstructive pulmonary
disease, previous fracture due to osteoporosis, fluid or elec-
trolyte disorders, and connective tissue disease (Table 2).

The crude analyses indicated that a higher OFS was asso-
ciated with a significantly increased risk of in-hospital mor-
tality (OFS 0 vs. OFS 4: 0.5% vs 8.0%, p<0.001), compli-
cations (OFS 0 vs. OFS 4: 26.1% vs 50.0%, p<0.001), and
FTR (OFS 0 vs. OFS 4: 0.4% vs 8.0%, p<0.001). Patients
with a high OFS also tended to require a longer hospital stay
(OFS 0 vs. OFS 4: 4 days vs 6 days, p<0.001) and incur
higher costs for the hospital (OFS 0 vs. OFS 4: $15,804 vs
$20,535, p<0.001). The majority of complications became
more prevalent as the OFS increased, except for cardiac tam-
ponade, pulmonary embolism, wound infection, and implant
infection (Table 3).

After adjusting for potential confounding, OFS 4 was
associated with an almost ten-fold increase in the risk
of in-hospital mortality [adjusted IRR (95% CI): 10.56
(4.02-27.7), p<0.001], a 38% increased risk of complica-
tions [adjusted IRR (95% CI): 1.38 (1.03-1.85), p=0.032],
and an almost 11-fold increase in the risk of FTR [adjusted
IRR (95% CI): 11.6 (4.36-30.9), p<0.001], compared to
OFS 0. Patients with OFS 4 also required a day and a half
additional care [change in median length of stay (95% CI):
1.52 (0.97-2.08), p<0.001] as well as cost approximately
$5,200 more to manage [change in median cost of stay (95%
CD): 5,166 (1,921-8,411), p=0.002], compared to those with
OFS 0. (Table 4).

Discussion

This study, which makes use of the largest all-payer inpa-
tient database in the United States, is the first that validates
the results of previous national Swedish investigations into
the association between the OFS and adverse outcomes.
An elevated OFS was found to be associated with a signifi-
cantly increased risk of complications, in-hospital mortal-
ity, as well as FTR. Patients with a high OFS also tended
to require a longer hospital stay and were more costly to
manage compared to their less frail counterparts. These
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Table 1 Demographics of hip fracture patients

OFS 0 OFS 1 OFS 2 OFS 3 OFS 4 P-value
(N=109,410) (N=87,115) (N=27,755) (N=3,320) (N=250)
Age, median [IQR] 74 [67.0-80.0] 87 [80.0-90.0] 89 [86.0-90.0] 90 [87.0-90.0] 90 [87.0-90.0] <0.001
Sex, n (%) <0.001
Male 35,370 (32.3) 26,065 (29.9) 8,505 (30.6) 1,050 (31.6) 85 (34.0)
Female 74,040 (67.7) 61,050 (70.1) 19,250 (69.4) 2,270 (68.4) 165 (66.0)
Race/Ethnicity, n (%) <0.001
White 91,750 (83.9) 73,440 (84.3) 23,995 (86.5) 2,900 (87.3) 215 (86.0)
Black 4,590 (4.2) 3,460 (4.0) 1,045 (3.8) 125 (3.8) 10 (4.0)
Hispanic 6,115 (5.6) 4,795 (5.5) 1,195 (4.3) 125 (3.8) 52.0)
Asian or Pacific Islander 1,860 (1.7) 1,605 (1.8) 440 (1.6) 30 (0.9) 15 (6.0)
American Indian 560 (0.5) 325 (0.4) 80 (0.3) 5(0.2) 5(2.0)
Other 2,165 (2.0) 1,680 (1.9) 500 (1.8) 60 (1.8) 0(0.0)
Missing 2,370 (2.2) 1,810 (2.1) 500 (1.8) 75 (2.3) 0(0.0)
Income quartile, n (%) <0.001
0-25th percentile 29,635 (27.1) 22,240 (25.5) 6,260 (22.6) 685 (20.6) 25 (10.0)
26th to 50th percentile 28,400 (26.0) 22,875 (26.3) 6,530 (23.5) 765 (23.0) 65 (26.0)
51st to 75th percentile 27,270 (24.9) 21,505 (24.7) 7,345 (26.5) 980 (29.5) 75 (30.0)
76th to 100th percentile 22,240 (20.3) 19,335 (22.2) 7,305 (26.3) 875 (26.4) 80 (32.0)
Missing 1,865 (1.7) 1,160 (1.3) 315(1.1) 15 (0.5) 5(2.0)
Elixhauser Comorbidity 2 [1.0-3.0] 3[2.0-4.0] 3[2.0-4.0] 4[3.0-5.0] 4[2.5-4.5] <0.001
Index, median [IQR]
Type of fracture, n (%) <0.001
Cervical 54,415 (49.7) 39,480 (45.3) 12,215 (44.0) 1,425 (42.9) 130 (52.0)
Basicervical 1,865 (1.7) 1,505 (1.7) 370 (1.3) 40 (1.2) 0(0.0)
Pertrochanteric 48,115 (44.0) 42,595 (48.9) 14,105 (50.8) 1,720 (51.8) 110 (44.0)
Subtrochanteric 4,970 (4.5) 3,485 (4.0) 1,060 (3.8) 130 (3.9) 10 (4.0)
Missing 45 (0.0) 50 (0.1) 5(0.0) 5(0.2) 0(0.0)
Type of surgery, n (%) 0.096
Internal fixation 68,920 (63.0) 55,270 (63.4) 17,935 (64.6) 2,195 (66.1) 145 (58.0)
Arthroplasty 40,490 (37.0) 31,845 (36.6) 9,820 (35.4) 1,125 (33.9) 105 (42.0)

OFS, Orthopedic Frailty Score

relationships were present both before and after adjusting
for confounding factors.

The results of the current investigation corroborate previ-
ous data that found an association between frailty, measured
using the OFS, and all-cause mortality as well as all specific
causes of mortality registered in the Swedish Cause of Death
Register [5]. However, while the previous study focused on
30-day and 90-day mortality, the current analysis also found
an association between the OFS and in-hospital mortality.
This is also consistent with previous publications and sys-
tematic reviews, which found an association between frailty
and an elevated risk of mortality [28-30], complications [28,
29], a longer hospital length of stay [1, 28, 30], and a higher
cost of hospital stay in hip fracture patients [1, 30]. Of note,
the OFS was able to detect these associations despite making
use of a markedly simpler model compared to the previously
listed studies [31-35].

@ Springer

It is well established that elderly individuals as well as
those who have multiple medications, coexisting health con-
ditions, and suffer from dementia, are highly susceptible to
delirium in the postoperative period [36-39]. These vulner-
abilities are common in patients with hip fractures [5-7,
40-46] particularly in those who are frail, making delirium
a prevalent issue in orthopedic wards. Research has estab-
lished a strong correlation between postoperative delirium
and elevated mortality risk, especially in emergency settings
[37]. To address this, several guidelines aimed at reducing
the risk of delirium in geriatric patients have been proposed,
which may warrant further evaluation and customization for
frail patients [47—49]. Implementing such measures could
potentially lower the risk of death following hip fracture
surgery, especially in the most frail hip fracture patients.

As this and previous publications demonstrate, frail
hip fracture patients are also associated with a substantial
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Table 2 Comorbidities in hip fracture patients
OFS 0 OFS 1 OFS 2 OFS 3 OFS 4 P-value
(N=109,410) (N=87,115) (N=27,755) (N=3,320) (N=250)

Ischemic heart disease, n (%) 19,425 (17.8) 25,350 (29.1) 11,090 (40.0) 1,405 (42.3)  95(38.0) <0.001
Congestive heart failure, n (%) 0 (0.0 15,930 (18.3) 17,420 (62.8) 2,715 (81.8) 240 (96.0) <0.001
Cerebrovascular disease, n (%) 6,360 (5.8) 5,690 (6.5) 1,965 (7.1) 250 (7.5) 15 (6.0) 0.001
Peripheral vascular disease, n (%) 4,715 (4.3) 4,225 (4.8) 1,500 (5.4) 160 (4.8) 10 (4.0) 0.006
Uncomplicated diabetes mellitus, n (%) 11,270 (10.3) 7,070 (8.1) 1,735 (6.3) 245 (7.4) 0(0.0) <0.001
Diabetes mellitus with chronic complications, n (%) 13,410 (12.3) 9,965 (11.4) 3,470 (12.5) 405 (12.2)  25(10.0) 0.089
End stage renal disease, n (%) 11,490 (10.5) 16,160 (18.6) 6,850 (24.7) 845 (25.5) 45 (18.0) <0.001
Liver disease, n (%) 3,155 (2.9) 1,130 (1.3) 180 (0.6) 40 (1.2) 0(0.0) <0.001
Coagulopathy, n (%) 5,525 (5.0) 5,115 (5.9) 1,555 (5.6) 185 (5.6) 15 (6.0) 0.011
Obese, n (%) 6,650 (6.1) 2,625 (3.0) 725 (2.6) 65 (2.0) 10 (4.0) <0.001
Alcohol abuse, n (%) 6,320 (5.8) 1,190 (1.4) 120 (0.4) 20 (0.6) 0(0.0) <0.001
Drug abuse, n (%) 2,250 (2.1) 630 (0.7) 125 (0.5) 10 (0.3) 0(0.0) <0.001
Psychosis, n (%) 3,765 (3.4) 1,545 (1.8) 405 (1.5) 85 (2.6) 5(2.0) <0.001
Depression, n (%) 14,125 (12.9) 8,515 (9.8) 2,385 (8.6) 255 (7.7) 15 (6.0) <0.001
Current smoker, n (%) 925 (0.8) 420 (0.5) 95 (0.3) 15 (0.5) 5(2.0) <0.001
Chronic obstructive pulmonary disease, n (%) 2,790 (2.6) 2,025 (2.3) 640 (2.3) 70 (2.1) 10 (4.0) 0.506
Dementia, n (%) 17,085 (15.6) 27,970 (32.1) 11,310 (40.7) 1,675(50.5) 140 (56.0) <0.001
Non-independent functional status, n (%) 0(0.0) 4,690 (5.4) 4,515 (16.3) 1,405 (42.3) 185 (74.0) <0.001
Institutionalized, n (%) 0(0.0) 4,295 (4.9) 6,065 (21.9) 1,820 (54.8) 225 (90.0) <0.001
Osteoporosis, n (%) 16,060 (14.7) 13,755 (15.8) 4,385 (15.8) 515(15.5) 75 (30.0) 0.001
Osteoporosis with fracture, n (%) 985 (0.9) 955 (1.1) 340 (1.2) 50 (1.5) 5(2.0) 0.078
Fluid or electrolyte disorder, n (%) 26,530 (24.2) 22,105 (25.4) 7,135 (25.7) 810 (24.4) 70 (28.0) 0.053
Connective tissue disease, n (%) 4,190 (3.8) 2,440 (2.8) 675 (2.4) 55 (1.7) 52.0) <0.001
Hypothyroidism, n (%) 17,215 (15.7) 16,395 (18.8) 4,865 (17.5) 500 (15.1)  45(18.0) <0.001
Local cancer, n (%) 0(0.0) 2,390 (2.7) 1,350 (4.9) 315(9.5) 40 (16.0) <0.001
Metastatic cancer, n (%) 0(0.0) 1,595 (1.8) 650 (2.3) 200 (6.0) 20 (8.0) <0.001
Leukemia, n (%) 0(0.0) 625 (0.7) 530 (1.9) 220 (6.6) 30 (12.0) <0.001
Lymphoma, n (%) 0(0.0) 905 (1.0) 530 (1.9) 170 (5.1) 15 (6.0) <0.001

OFS, Orthopedic Frailty Score

economic burden [1, 30], beyond even that of the non-frail
hip fracture patient [3, 50, 51]. Concurrently, the rate of
hip fractures in frail patients is rising due in large part to an
increase in average life expectancy and cumulative comor-
bidities [9, 52-54]. Current predictions indicate that the
annual number of hip fractures are expected to double by
2050 [13-15]. With between approximately 15% and 50% of
hip fracture patients being classified as frail, this subgroup
will take an increasingly more significant toll on both health-
care systems and the public that funds them as time pro-
gresses [4, 5, 21, 30, 55]. The utilization of risk stratification
tools, including the OFS, affords healthcare providers the
benefit of more efficiently allocating resources and exper-
tise. This approach also enables the prompt identification
of patients who exhibit an elevated risk of decline, thereby
allowing for early intervention. Furthermore, orthogeriat-
ric care has also been shown, through several systematic
reviews, to be a cost-efficient method for decreasing length

of stay, mortality, and even the risk of delirium among
patients who have suffered a hip fracture [56-59]. Despite
this, room for improvement remains. Presently, these mod-
els primarily consider chronological age when determining
eligibility; however, it might be more appropriate to base it
on the patients' degree of frailty instead [60-63].

This study draws upon the largest all-payer inpatient data-
base in the United States, the NIS, which provides accurate
national estimates for 97% of all inpatient hospitalizations,
in order to analyze over 227,000 estimated hip fracture
patients [20]. The OFS itself makes use of five dichotomous
variables, all of which can easily be retrieved at the time
of admission from the patient or the patient’s past medi-
cal records without additional blood tests or intraoperative
data. The objective and easy-to-use nature of the OFS limits
the risk of human error when used in clinical practice and
reduces the effect of intercoder variability when used with
ICD codes in retrospective datasets. However, it is important
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Table 3 Crude outcomes in hip fracture patients

OFS 0 OFS 1 OFS 2 OFS 3 OFS 4 P-value
(N=109,410) (N=87,115) (N=27,755) (N=3,320) (N=250)

In-hospital mortality, n (%) 550 (0.5) 1,350 (1.5) 875 (3.2) 115 (3.5) 20 (8.0) <0.001
Missing 35(0.0) 20 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Complication, n (%) 28,590 (26.1) 33,745 (38.7) 13,860 (49.9) 1,810 (54.5) 125 (50.0) <0.001
Any cardiac complication, n (%) 1,025 (0.9) 1,645 (1.9) 870 (3.1) 115 (3.5) 5.0) <0.001
Heart failure, n (%) 160 (0.1) 225 (0.3) 100 (0.4) 20 (0.6) 0(0.0) 0.003
Cardiac arrest, n (%) 25 (0.0) 110 (0.1) 45(0.2) 0 (0.0) 52.0) <0.001
Cardiac tamponade, n (%) 0 (0.0) 15 (0.0) 5(0.0) 0(0.0) 0 (0.0) 0.414
Ventricular tachycardia, n (%) 680 (0.6) 985 (1.1) 540 (1.9) 80 (2.4) 0(0.0) <0.001
Ventricular fibrillation, n (%) 30 (0.0) 110 (0.1) 45(0.2) 5(0.2) 0(0.0) 0.002
Stroke, n (%) 825 (0.8) 940 (1.1) 360 (1.3) 35(1.1) 0(0.0) 0.001
Acute kidney injury, n (%) 11,510 (10.5) 15,055 (17.3) 6,820 (24.6) 900 (27.1) 70 (28.0) <0.001
Delirium, n (%) 2,565 (2.3) 4,360 (5.0) 1,785 (6.4) 225 (6.8) 35 (14.0) <0.001
Pulmonary embolism, n (%) 530 (0.5) 550 (0.6) 135 (0.5) 25(0.8) 0(0.0) 0.283
Deep vein thrombosis, n (%) 605 (0.6) 640 (0.7) 275 (1.0) 20 (0.6) 5(2.0) 0.004
Embolism due to 0(0.0) 0(0.0) 5(0.0) 5(0.2) 0(0.0) <0.001
orthopedic device, n (%)

Sepsis, n (%) 1,555 (1.4) 1,675 (1.9) 670 (2.4) 85 (2.6) 10 (4.0) <0.001
Urinary tract infection, n (%) 10,220 (9.3) 11,495 (13.2) 4,280 (15.4) 665 (20.0) 30 (12.0) <0.001
Pneumonia, n (%) 6,135 (5.6) 7,085 (8.1) 3,625 (13.1) 465 (14.0) 55 (22.0) <0.001
Wound infection, n (%) 85 (0.1) 55(0.1) 20 (0.1) 0(0.0) 0(0.0) 0.938
Implant infection, n (%) 10 (0.0) 20 (0.0) 0(0.0) 0(0.0) 0(0.0) 0.669
Decubitus ulcer, n (%) 1,235 (1.1) 1,740 (2.0) 850 (3.1) 130 (3.9) 0(0.0) <0.001

Failure-to-rescue, n (%) 490 (0.4) 1,195 (1.4) 765 (2.8) 115 (3.5) 20 (8.0) <0.001
Missing 10 (0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Length of stay, median [IQR] 4 [3.0-6.0] 5[3.0-6.0] 5[4.0-7.0] 5[4.0-7.0] 6 [4.0-8.0] <0.001

Total cost of hospital stay ($), 15,804 16,451 17,526 18,034 20,535 <0.001

median [IQR] [12,286-20,984]

[12,902-21,765]

[13,643-23,338] [14,192-24,775] [16,222-25,778]

OFS, Orthopedic Frailty Score

to note that the limitations of retrospective cohort studies
apply, such as residual confounding and the risk of non-
differential misclassification, particularly given the reliance
on ICD-10 codes for many of the variables. The analyses
were also restricted to the variables available in the NIS,
which precluded analysis of long-term mortality, quality of
life, and readmission, while it was not possible to adjust for
potential perioperative and anesthesiologic confounders as
well as early ambulation practices.

@ Springer

Conclusion

Patients with an elevated Orthopedic Frailty Score display
a substantially increased risk of mortality, complications,
and failure-to-rescue. A high Orthopedic Frailty Score is
also associated with a prolonged and more costly hospital
stay. The Orthopedic Frailty Score, with its objective and
readily obtainable variables, presents a desirable option for
estimating frailty in hip fracture patients in the clinical set-
ting. Future studies would benefit from investigating how the
Orthopedic Frailty Score may be used to aid in patient man-
agement, such as preoperative optimization, surgical timing,
as well as postoperative monitoring and rehabilitation.
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Table 4 Adjusted outcomes in hip fracture patients
Outcome OFS 0 OFS 1 OFS 2 OFS 3 OFS 4
IRR P-value IRR P-value IRR P-value IRR P-value
(95% CI) (95% CI) (95% CI) (95% CI)
In-hospital mortality ~Reference 2.34 <0.001 4.15 <0.001 4.29 <0.001 10.56 <0.001
(1.80-3.04) (3.08-5.59) (2.64-6.97) (4.02-27.7)
Complication Reference 1.21 <0.001 141 <0.001 1.49 <0.001 1.38 0.032
(1.17-1.25) (1.36-1.47) (1.37-1.61) (1.03-1.85)
Failure-to-rescue Reference 2.32 <0.001 4.04 <0.001 4.77 <0.001 11.60 <0.001
(1.75-3.08) (2.93-5.56) (2.90-7.85) (4.36-30.9)
Change in P-value  Change in P-value  Change in P-value  Change in P-value
median median median median
(95% CI) (95% CI) (95% CI) (95% CI)
Length of Reference 0.24 <0.001 0.59 <0.001 0.74 <0.001 1.52 <0.001
stay (days) (0.19-0.29) (0.50-0.68) (0.47-1.01) (0.97-2.08)
Total cost of Reference 952 <0.001 1,905 <0.001 2,636 <0.001 5,166 0.002
hospital stay ($) (781-1,124) (1,640-2,171) (2,078-3,194) (1,921-8,411)

IRRs are calculated using Poisson regression models with robust standard errors. Change in median is calculated using quantile regression
models. Missing values were managed using multiple imputation by chained equations. All analyses were adjusted for age, sex, race/ethnicity,
income quartile, ischemic heart disease, cerebrovascular disease, peripheral vascular disease, uncomplicated diabetes mellitus, diabetes mellitus
with chronic complications, end stage renal disease, dementia, connective tissue disease, hypothyroidism, liver disease, coagulopathy, obesity,
fluid or electrolyte disorders, smoking status, chronic obstructive pulmonary disease, alcohol abuse, drug abuse, psychoses, depression, osteopo-

rosis, osteoporosis with fracture, type of fracture, and type of surgery

OFS, Orthopedic Frailty Score; IRR, incident rate ratio; CI, Confidence Interval

Funding Open access funding provided by Orebro University. No other
financial support or funding was received for the presented work.

Declarations

Conflict of interest The authors have no conflicts of interest to dis-
close.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Wong BLL, Chan YH, O’Neill GK, Murphy D, Merchant RA.
Frailty, length of stay and cost in hip fracture patients. Osteoporos
Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos
Found USA. 2023;34:59-68.

2. Ferris H, Brent L, Sorensen J. Cost of hospitalisation for hip frac-
ture-findings from the Irish hip fracture database. Osteoporos Int J
Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found
USA. 2022;33:1057-65.

10.

11.

Williamson S, Landeiro F, McConnell T, Fulford-Smith L, Javaid
MK, Judge A, et al. Costs of fragility hip fractures globally: a
systematic review and meta-regression analysis. Osteoporos Int J
Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found
USA. 2017;28:2791-800.

van de Ree CLP, Landers MJF, Kruithof N, de Munter L, Slaets
JPJ, Gosens T, et al. Effect of frailty on quality of life in elderly
patients after hip fracture: a longitudinal study. BMJ Open.
2019;9: €025941.

Forssten MP, Mohammad Ismail A, Ioannidis I, Wretenberg P,
Borg T, Cao Y, et al. The mortality burden of frailty in hip frac-
ture patients: a nationwide retrospective study of cause-specific
mortality. Eur J Trauma Emerg Surg Off Publ Eur Trauma Soc.
2022;

Gundel O, Thygesen LC, Gogenur I, Ekeloef S. Postoperative
mortality after a hip fracture over a 15-year period in Denmark: a
national register study. Acta Orthop. 2020;91:58-62.

Forssten MP, Mohammad Ismail A, Borg T, Ahl R, Wretenberg
P, Cao Y, et al. Postoperative mortality in hip fracture patients
stratified by the Revised Cardiac Risk Index: a Swedish nation-
wide retrospective cohort study. Trauma Surg Acute Care Open.
2021;6: e000778.

Rapp K, Biichele G, Dreinhofer K, Biicking B, Becker C, Benz-
inger P. Epidemiology of hip fractures. Z Fiir Gerontol Geriatr.
2019;52:10-6.

Johnell O, Kanis JA. An estimate of the worldwide prevalence
and disability associated with osteoporotic fractures. Osteoporos
Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos
Found USA. 2006;17:1726-33.

Odén A, McCloskey EV, Johansson H, Kanis JA. Assessing the
Impact of Osteoporosis on the Burden of Hip Fractures. Calcif
Tissue Int. 2013;92:42-9.

Rosengren BE, Bjork J, Cooper C, Abrahamsen B. Recent hip
fracture trends in Sweden and Denmark with age-period-cohort

@ Springer


http://creativecommons.org/licenses/by/4.0/

2162

M. P. Forssten et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

effects. Osteoporos Int J Establ Result Coop Eur Found Osteo-
poros Natl Osteoporos Found USA. 2017;28:139-49.
Reginster J-Y, Burlet N. Osteoporosis: a still increasing preva-
lence. Bone. 2006;38:S4-9.

Sing C-W, Lin T-C, Bartholomew S, Bell JS, Bennett C, Beyene
K, et al. Global epidemiology of hip fractures: a study protocol
using a common analytical platform among multiple countries.
BM1J Open. 2021;11: e047258.

Study Finds Global Hip Fractures Expected to Double by 2050
[Internet]. Endocrinol. Netw. 2022 [cited 2023 Jan 31]. Avail-
able from: https://www.endocrinologynetwork.com/view/top-
news-in-endocrinology-for-2022

Gullberg B, Johnell O, Kanis JA. World-wide projections for
hip fracture. Osteoporos Int J Establ Result Coop Eur Found
Osteoporos Natl Osteoporos Found USA. 1997;7:407-13.
Smilowitz NR, Berger JS. Perioperative Cardiovascular Risk
Assessment and Management for Noncardiac Surgery: A
Review. JAMA. 2020;324:279-90.

Forssten MP, Cao Y, Trivedi DJ, Ekestubbe L, Borg T, Bass GA,
et al. Developing and validating a scoring system for measuring
frailty in patients with hip fracture: a novel model for predicting
short-term postoperative mortality. Trauma Surg Acute Care
Open. 2022;7: e000962.

Forssten MP, Mohammad Ismail A, Ioannidis I, Wretenberg P,
Borg T, Cao Y, et al. A nationwide analysis on the interaction
between frailty and beta-blocker therapy in hip fracture patients.
Eur J Trauma Emerg Surg Off Publ Eur Trauma Soc. 2023;
WMA - The World Medical Association-WMA Declaration of
Helsinki — Ethical Principles for Medical Research Involving
Human Subjects [Internet]. [cited 2020 May 13]. Available
from: https://www.wma.net/policies-post/wma-declaration-
of-helsinki-ethical-principles-for-medical-research-involving-
human-subjects/

Agency for Healthcare Research and Quality. HCUP-US Methods
Series [Internet]. Healthc. Cost Util. Proj. HCUP. [cited 2023 Jan
28]. Available from: https://www.hcup-us.ahrq.gov/reports/metho
ds/methods.jsp

Tran Z, Hsiue PP, Pan C, Verma A, Rahimtoola R, Stavrakis A,
et al. Impact of delayed intervention on clinical outcomes follow-
ing traumatic hip fracture in the elderly: A national analysis. J
Orthop. 2021;27:74-8.

Madrigal J, Tran Z, Hadaya J, Sanaiha Y, Benharash P. Impact of
Chronic Lymphocytic Leukemia on Outcomes and Readmissions
After Cardiac Operations. Ann Thorac Surg. 2022;114:152-9.
Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbid-
ity Measures for Use with Administrative Data. Med Care.
1998;36:8-27.

Agency for Healthcare Research and Quality. Elixhauser Comor-
bidity Software Refined for ICD-10-CM [Internet]. Healthc. Cost
Util. Proj. HCUP. [cited 2023 Feb 2]. Available from: https://
www.hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/comor
bidity_icd10.jsp

Lumley T, Scott A. Fitting Regression Models to Survey Data.
Stat Sci. 2017;32:265-78.

van Buuren S, Groothuis-Oudshoorn K. mice: Multivariate Impu-
tation by Chained Equations in R. J Stat Softw. 2011;45:1-67.

R Development Core Team. R: A Language and Environment for
Statistical Computing [Internet]. Vienna, Austria: R Foundation
for Statistical Computing; 2008. Available from: http://www.R-
project.org/

Song Y, Wu Z, Huo H, Zhao P. The Impact of Frailty on Adverse
Outcomes in Geriatric Hip Fracture Patients: A Systematic
Review and Meta-Analysis. Front Public Health. 2022;10:
890652.

@ Springer

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

MaY, Wang A, Lou Y, Peng D, Jiang Z, Xia T. Effects of Frailty
on Outcomes Following Surgery Among Patients With Hip
Fractures: A Systematic Review and Meta-Analysis. Front Med.
2022;9: 829762.

Kwak MJ, Digbeu BD, des Bordes J, Rianon N. The associa-
tion of frailty with clinical and economic outcomes among hos-
pitalized older adults with hip fracture surgery. Osteoporos Int.
2022;33:1477-84.

Gilbert T, Neuburger J, Kraindler J, Keeble E, Smith P, Ariti
C, et al. Development and validation of a Hospital Frailty Risk
Score focusing on older people in acute care settings using elec-
tronic hospital records: an observational study. The Lancet.
2018;391:1775-82.

Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB,
McDowell I, et al. A global clinical measure of fitness and frailty
in elderly people. CMAJ Can Med Assoc J. 2005;173:489-95.
Patel KV, Brennan KL, Brennan ML, Jupiter DC, Shar A, Davis
ML. Association of a Modified Frailty Index With Mortality After
Femoral Neck Fracture in Patients Aged 60 Years and Older. Clin
Orthop Relat Res. 2014;472:1010.

Choi J-Y, Cho K-J, Kim S, Yoon S-J, Kang M, Kim K, et al. Pre-
diction of Mortality and Postoperative Complications using the
Hip-Multidimensional Frailty Score in Elderly Patients with Hip
Fracture. Sci Rep. 2017;7:42966.

Mitnitski AB, Mogilner AJ, MacKnight C, Rockwood K. The
mortality rate as a function of accumulated deficits in a frailty
index. Mech Ageing Dev. 2002;123:1457-60.

Kang SY, Seo SW, Kim JY. Comprehensive risk factor evaluation
of postoperative delirium following major surgery: clinical data
warehouse analysis. Neurol Sci. 2019;40:793-800.

Tawab Saljuqi A, Hanna K, Asmar S, Tang A, Zeeshan M, Gries
L, et al. Prospective Evaluation of Delirium in Geriatric Patients
Undergoing Emergency General Surgery. ] Am Coll Surg.
2020;230:758-65.

Ford AH. Preventing delirium in dementia: Managing risk factors.
Maturitas. 2016;92:35-40.

Fong TG, Davis D, Growdon ME, Albuquerque A, Inouye SK.
The Interface of Delirium and Dementia in Older Persons. Lancet
Neurol. 2015;14:823-32.

Forssten MP, Ioannidis I, Mohammad Ismail A, Bass GA, Borg
T, Cao Y, et al. Dementia is a surrogate for frailty in hip frac-
ture mortality prediction. Eur J Trauma Emerg Surg [Internet].
2022 [cited 2022 Aug 7]; Available from: https://doi.org/10.1007/
$00068-022-01960-9

Schnell S, Friedman SM, Mendelson DA, Bingham KW, Kates
SL. The 1-year mortality of patients treated in a hip fracture pro-
gram for elders. Geriatr Orthop Surg Rehabil. 2010;1:6-14.
Cher EWL, Allen JC, Howe TS, Koh JSB. Comorbidity as the
dominant predictor of mortality after hip fracture surgeries. Osteo-
poros Int J Establ Result Coop Eur Found Osteoporos Natl Osteo-
poros Found USA. 2019;30:2477-83.

Choi HG, Lee YB, Rhyu SH, Kwon BC, Lee JK. Mortality
and cause of death postoperatively in patients with a hip frac-
ture: a national cohort longitudinal follow-up study. Bone Jt J.
2018;100-B:436-42.

Panula J, Pihlajaméki H, Mattila VM, Jaatinen P, Vahlberg T,
Aarnio P, et al. Mortality and cause of death in hip fracture
patients aged 65 or older - a population-based study. BMC Mus-
culoskelet Disord. 2011;12:105.

Toannidis I, Mohammad Ismail A, Forssten MP, Ahl R, Cao Y,
Borg T, et al. The mortality burden in patients with hip frac-
tures and dementia. Eur J Trauma Emerg Surg [Internet]. 2021
[cited 2022 Feb 10]; Available from: https://doi.org/10.1007/
s00068-021-01612-4


https://www.endocrinologynetwork.com/view/top-news-in-endocrinology-for-2022
https://www.endocrinologynetwork.com/view/top-news-in-endocrinology-for-2022
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.hcup-us.ahrq.gov/reports/methods/methods.jsp
https://www.hcup-us.ahrq.gov/reports/methods/methods.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/comorbidity_icd10.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/comorbidity_icd10.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/comorbidity_icd10.jsp
http://www.R-project.org/
http://www.R-project.org/
https://doi.org/10.1007/s00068-022-01960-9
https://doi.org/10.1007/s00068-022-01960-9
https://doi.org/10.1007/s00068-021-01612-4
https://doi.org/10.1007/s00068-021-01612-4

Validation of the orthopedic frailty score for measuring frailty in hip fracture patients:...

2163

46.

47.

48.

49.

50.

51.

52.

53.

Forssten MP, Mohammad Ismail A, Sjolin G, Ahl R, Wretenberg
P, Borg T, et al. The association between the Revised Cardiac Risk
Index and short-term mortality after hip fracture surgery. Eur J
Trauma Emerg Surg. 2022;48:1885-92.

American Geriatrics Society Expert Panel on Postoperative Delir-
ium in Older Adults. Postoperative delirium in older adults: best
practice statement from the American Geriatrics Society. ] Am
Coll Surg. 2015;220:136-148.el.

Berger M, Schenning KJ, Brown CH, Deiner SG, Whittington RA,
Eckenhoff RG, et al. Best Practices for Postoperative Brain Health:
Recommendations From the Fifth International Perioperative
Neurotoxicity Working Group. Anesth Analg. 2018;127:1406—13.
Hughes CG, Boncyk CS, Culley DJ, Fleisher LA, Leung JM,
McDonagh DL, et al. American Society for Enhanced Recov-
ery and Perioperative Quality Initiative Joint Consensus State-
ment on Postoperative Delirium Prevention. Anesth Analg.
2020;130:1572-90.

Kanters TA, van de Ree CLP, de Jongh MAC, Gosens T, Hak-
kaart-van RL. Burden of illness of hip fractures in elderly Dutch
patients. Arch Osteoporos. 2020;15:11.

Adeyemi A, Delhougne G. Incidence and Economic Burden of
Intertrochanteric Fracture. JBJS Open Access. 2019;4: e0045.
Ferrucci L, Cooper R, Shardell M, Simonsick EM, Schrack JA,
Kuh D. Age-Related Change in Mobility: Perspectives From Life
Course Epidemiology and Geroscience. J Gerontol A Biol Sci
Med Sci. 2016;71:1184-94.

Kanis JA, Odén A, McCloskey EV, Johansson H, Wahl DA,
Cooper C, et al. A systematic review of hip fracture incidence
and probability of fracture worldwide. Osteoporos Int J Establ
Result Coop Eur Found Osteoporos Natl Osteoporos Found USA.
2012;23:2239-56.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

Kanis JA. Diagnosis of osteoporosis and assessment of fracture
risk. Lancet Lond Engl. 2002;359:1929-36.

Shen Y, Hao Q, Wang Y, Chen X, Jiang J, Dong B, et al. The asso-
ciation between preoperative modified frailty index and postopera-
tive complications in Chinese elderly patients with hip fractures.
BMC Geriatr. 2021;21:370.

Sabharwal S, Wilson H. Orthogeriatrics in the management
of frail older patients with a fragility fracture. Osteoporos Int.
2015;26:2387-99.

Van Heghe A, Mordant G, Dupont J, Dejaeger M, Laurent MR,
Gielen E. Effects of Orthogeriatric Care Models on Outcomes of
Hip Fracture Patients: A Systematic Review and Meta-Analysis.
Calcif Tissue Int. 2022;110:162-84.

Moyet J, Deschasse G, Marquant B, Mertl P, Bloch F. Which is the
optimal orthogeriatric care model to prevent mortality of elderly
subjects post hip fractures? A systematic review and meta-analysis
based on current clinical practice. Int Orthop. 2019;43:1449-54.
Grigoryan KV, Javedan H, Rudolph JL. Orthogeriatric care mod-
els and outcomes in hip fracture patients: a systematic review and
meta-analysis. J Orthop Trauma. 2014;28:e49-55.

Aging TE. Disability and Frailty. Ann Nutr Metab. 2008;52:6-11.
Murphy PB, Savage SA, Zarzaur BL. Impact of Patient Frailty
on Morbidity and Mortality after Common Emergency General
Surgery Operations. J Surg Res. 2020;247:95-102.

Goeteyn J, Evans LA, De Cleyn S, Fauconnier S, Damen C, Hewitt
J, et al. Frailty as a predictor of mortality in the elderly emergency
general surgery patient. Acta Chir Belg. 2017;117:370-5.
Joseph B, Zangbar B, Pandit V, Fain M, Mohler MJ, Kulvatunyou
N, et al. Emergency General Surgery in the Elderly: Too Old or
Too Frail? ] Am Coll Surg. 2016;222:805-13.

@ Springer



	Validation of the orthopedic frailty score for measuring frailty in hip fracture patients: a cohort study based on the United States National inpatient sample
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Calculating the orthopedic frailty score
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




