Factors associated with proximal

femoral fractures in older adults
during hospital stay: a cross-

©®

OPEN ACCESS

» Additional supplemental
material is published online
only. To view, please visit the
journal online (https://doi.
org/10.1136/bmjgs-2023-
016865).

For numbered affiliations see
end of article.

Correspondence to
Professor Satoshi Obayashi,
Department of Obstetrics &
Gynecology, Dokkyo Medical
University, Shimotsuga-gun,
Tochigj, Japan;
obayashi@dokkyomed.ac.jp

Received 21 November 2023
Accepted 6 June 2024

I '.) Check for updates

© Author(s) (or their
employer(s)) 2024. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

To cite: Moriwaki M, Takae A,
Toba M, et al. BMJ Qual Saf
Epub ahead of print: [please
include Day Month Year].
doi:10.1136/
bmjgs-2023-016865

sectional study

Mutsuko Moriwaki
Miki Sasaki © ,* Yasuko Ogata
Masayuki Kakehashi

ABSTRACT

Background Proximal femoral fractures in older adults
affect prognosis, quality of life and medical expenses.
Therefore, identifying patients with an elevated risk for
proximal femoral fractures and implementing preventive
measures to mitigate their occurrence are crucial.
Objective This study aimed to develop an accurate
in-hospital fracture prediction model that considers
patients’ daily conditions and medical procedure

status. Additionally, it investigated the changes in their
conditions associated with fractures during hospital stays.
Design A retrospective observational study.
Setting(s) Acute care hospitals in Japan.
Participants Participants were 8 514 551 patients
from 1321 medical facilities who had been discharged
between April 2018 and March 2021 with hip and
proximal femoral fractures.

Methods Logistic regression analysis determined the
association between patients’ changes in their ability to
transfer at admission and the day before fracture, and
proximal femoral fracture during hospital stays.

Results Patients were classified into fracture and
non-fracture groups. The mean ages were 77.4 (SD:

7.7) and 82.6 (SD: 7.8), and the percentages of women
were 42.7% and 65.3% in the non-fracture and fracture
groups (p<0.01), respectively. Model 4 showed that even
if a patient required partial assistance with transfer on
the day before the fracture, the fracture risk increased

in each category of change in ability to transfer in the
following order: ‘declined’, ‘improved’ and 'no change'.
Conclusions Patients showing improved ability to
transfer during their hospitalisation are at a higher risk
for fractures. Monitoring patients’ daily conditions and
tracking changes can help prevent fractures during their
hospital stays.

BACKGROUND

The proportion of Japan’s population
aged 65 years or older is projected to reach
37.16 million in 2030 and 39.21 million
in 2040. A previous study estimated that
fracture incidence in this age group would
reach approximately 250000 in 2020
and 300000 in 2040." This incidence is
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WHAT IS ALREADY KNOWN ON THIS
TOPIC

= Proximal femoral fractures are an
important and debilitating in-hospital
complication.

= Numerous predictive models have
been developed to prevent falls during
hospitalisation, but they do not include
information about the patients’ walking
stability and how that changes.

WHAT THIS STUDY ADDS

= This study reveals that patients are at
a higher risk if their walking stability
improves during their hospital stay
compared with their admission status.

= The model developed in this study
demonstrated higher accuracy than
models that capture walking stability at
admission or the day before the fracture
in a cross-sectional manner.

HOW THIS STUDY MIGHT AFFECT
RESEARCH, PRACTICE OR POLICY

= We identified patients at high risk for
fractures during hospitalisation using
data from daily nursing records. This
model may be useful for identifying
patients who would benefit from
measures to reduce fall risk.

expected to further increase as the popu-
lation ages.' * Proximal femoral fractures
represent age-related fragility. Their
occurrence during hospital stays has
been linked to increased mortality rates.’
Studies have indicated that the 30-day and
1-year mortality rates are approximately
double in cases of proximal femoral frac-
tures within communities.*
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Proximal femoral fractures are predominantly
caused by falls.’ © Numerous predictive models have
been developed to prevent falls during hospital stays.”™
However, older adults are at an increased risk of falling
due to declining physical function, and advanced age
is considered a high-risk factor in these models. In
countries with ageing populations, many hospitalised
patients are at a high risk of falling, making it chal-
lenging for medical professionals to efficiently assess
this risk.

Proximal femoral fractures in older adults have a
significant impact on patient prognosis, quality of life
and medical expenses. This situation is undesirable for
the patient and from a national financial perspective.
Therefore, identifying patients with an elevated risk of
proximal femoral fractures and preventing their occur-
rence are necessary.

The primary risk factors for proximal femoral frac-
tures are age, sex and body mass index (BMI).* '° Other
risk factors include a diminished ability to perform
activities of daily living and maintain balance.”" Falls
account for 80%-98% of proximal femoral fractures.’
Diminished activities of daily living capacity, balance
and muscle strength have also been identified as fall
risk factors.'” Ability to transfer and balance may
change depending on the patient’s condition during
their hospital stay. In older adults, activities of daily
living changes depend on illness and treatment status.
Even patients who can walk independently may need
considerable help completing their activities of daily
living. Monitoring the patient’s condition is necessary
to prevent fractures due to such changes.

Japan’s medical system has achieved universal health
insurance,"” ensuring access to medical services for all
citizens. This robust insurance system has contrib-
uted to Japan achieving one of the highest average
life expectancies in the world and maintaining a
low infant mortality rate.'*'® However, the chal-
lenges of a rapidly ageing population and prolonged
economic stagnation have led to a notable increase in
the proportion of national medical expenses relative
to the gross national product.'” In addition, Japan has
more hospital beds per capita and longer hospital stays
than other developed countries.'® Therefore, in recent
years, efforts have been made to improve the efficiency
of medical costs by shortening hospitalisation periods,
among other measures.'’

The reality of Japan’s rapidly ageing population is
important when considering the future of other older
adult income countries. In the USA, it is anticipated
that the number of people over 65 years old will exceed
40% in the near future.”’ Under these circumstances,
preventing accidents that occur during hospitalisation
is essential, even if the incidence is low.

We often encounter situations where risk assessment
for changes in a patient’s condition during hospitalisa-
tion is not done in time, resulting in a fall. Therefore,
we aimed to develop a more accurate predictive model

for fractures during hospital stays, considering the
patient’s daily condition and medical process status.
Additionally, we sought to identify patient condition
factors contributing to fractures during hospital stays.

METHODS

Data source

We used two databases: the Diagnosis Procedure
Combination (DPC) and the Severity of a Patient’s
Condition and the Extent of a Patient’s Need for
Medical/Nursing Care (SCNMN).

The DPC classification method was developed in
Japan for acute inpatients. In 2003, the Ministry of
Health, Labour and Welfare initiated its operation as a
lump-sum per-diem payment system. It is used for acute
inpatient care and medical resource allocation. Acute
care hospitals participate in this system and report
clinical information related to medical procedures
to the government.”' As of 2020, the DPC database
has been implemented in 1757 facilities with 483 180
beds, covering 24.5% of general hospitals and 54.4%
of hospital beds in Japan. The DPC database contains
information such as the patient’s age, sex, medical
information, such as primary diagnosis, pre-existing
comorbidities and postadmission complications
presented with International Classification of Diseases,
Tenth Revision codes, admission and discharge dates,
hospital admission route, discharge destinations and
outcomes and surgical procedures. Numerous epide-
miological studies have been conducted on this data’s
reliability.” 2 %

The SCNMN is an index developed in Japan to
measure the nursing services required by hospitalised
patients. It is primarily used as a standard for paying
basic hospitalisation fees and other medical expenses
for acute care. The index comprises 21 items divided
into three categories: Item A (seven items), which
pertains to highly specialised nursing care, including
monitoring and treatment; item B (seven items), which
encompasses patients’ functional status, such as activ-
ities of daily living affecting medical care and item C
(seven items), which pertains to medical management
such as medical treatment related to surgery and emer-
gency care. Items A and C data can be obtained from
treatment records. These items are evaluated daily for
each patient and compiled into a database.**

Study population

The target population for this study comprised 14 632
368 patients aged 65 and older who were admitted
and discharged from the hospital between 1 April 2018
and 31 March 2021. Among these patients, those who
met any of the following criteria were excluded: (1)
were bedridden (requiring complete assistance with
transfer from admission to discharge) or had (2) phys-
ical trauma or pathological fractures (including bone
tumours, femoral head necrosis, pathological femoral
fractures and periprosthetic fractures) or (3) other
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conditions requiring the same surgical procedures as
proximal femoral fracture reduction (such as rheuma-
toid arthritis or complications associated with surgery
and procedures, including loosening artificial joints).

Outcome

Hip fractures were the outcome variable. Patients were
considered to have a hip fracture if they met one of the
following criteria: (1) underwent any of the following
surgeries during hospital stay: open reduction surgery
(Receipt code: K0461), intra-articular open reduction
surgery (K0731), hip hemiarthroplasty (KO811) or hip
arthroplasty (K0821) and had a proximal femoral frac-
ture recorded as a postadmission complication or (2)
did not undergo any of the surgeries above but had
a hip fracture recorded as a post-admission complica-
tion. The fracture date was defined as the day before
the most recent surgery or traction procedure when
the patient required full assistance with the transfer.
If no surgery or traction procedure was performed, it
was defined as the day before the patient’s ability to
transfer deteriorated from independent or partially to
fully assisted and remained in that state for at least
2 days.

Variables

The following variables were used in this study: age,
sex, length of hospital stay, Charlson comorbidity
index (CCI) score,” 2 BMI, use of antithrombotic or

coagulant agents, use of sedative-hypnotic drugs, use
of psychotropic medications, surgical interventions,
medical treatment and ability to transfer. Ability to
transfer was defined as the transfer status of walking or
using a wheelchair. Even if a patient uses a wheelchair,
if assistance is not required, the patient is considered
‘without assistance’. This variable primarily focuses
on the degree of need for assistance, is based on the
functional independence measure and is set as part of
item B of the SCNMN used in Japan (see the Methods
and Variables section). Additionally, we multiplied
the change in ability to transfer from the time of
admission to the day before the fracture occurred by
this variable. Furthermore, we considered hospital
factors such as nurse staffing, designation status as an
academic hospital and hospital classification based on
bed capacity.

The CCI score was calculated by including the
primary diagnosis, admission precipitating diagnosis,
most resource-consuming diagnosis and second most
resource-consuming diagnosis and pre-existing comor-
bidities. The ability to transfer was categorised as
‘without assistance’, ‘partly assisted’ and “fully assisted’
at two points: (1) the time of admission and (2) the day
before the fracture. Next, we established a variable to
represent (3) the difference from admission to the day
before the fracture, classified as ‘declined’, ‘no change’
and ‘improved’. Furthermore, a combined variable was
introduced, incorporating (4) the difference from the

| April 2018 - March 2021; Patients who were hospitalized and discharged and patients over the age of 65. N=14,632,368 |

Excluded:

Bedridden, pathological fracture, and diseases requiring
the same surgical procedure as proximal femoral fracture
reduction.

Fracture group

| N=9,078,083
N=3,300

Non-fracture group

Excluded:
# > Unidentifiable fracture date

N=1,863

Excluded:
* DPC data and H files did not link.
* Age>104 (Outlier)

N=9,074,783 Excluded:
¢—} Admission-precipitating diagnosis
differs from the fracture group
N=8,613,875
Excluded:
* DPC data and H files did not link.
* Age>104 (Outlier)

Fracture group
N=1,858

Non-fracture group
N=8,512,693

Complete participants: N=8,514,551
(Participating hospitals: N=1,321)

Figure 1 Flowchart of sample selection. Showing the flow of selecting subjects for analysis in this study. DPC, Diagnosis Procedure Combination.
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Table 1  Participant characteristics (N=8 514 551)

Non-fracture group (N=8512693) Fracture group (N=1858) P
Age, mean, SD 77.4 +7.7 82.6 +7.8 <0.01
Age class, n, % <0.01
65-74 3393995 39.9 314 16.9
75-84 3457215 40.6 740 39.8
>85 1661483 19.5 804 433
Sex, n, % <0.01
Female 3638153 42.7 1214 65.3
Male 4874540 57.3 644 34.7
Length of stay, mean, SD 15.4 +17.3 56.9 +38.6 <0.01
CCl (Quan) score, n, % <0.01
0 2965370 34.8 426 229
1 661048 7.8 147 7.9
2 3139215 36.9 682 36.7
>3 1747060 20.5 603 325
BMI, mean, SD 22.3 +3.7 20.3 +3.7 <0.01
BMI class, n, % <0.01
<18.5 1217619 14.3 563 30.3
18.5-24.9 5038431 59.2 983 52.9
>25.0 1817612 21.4 183 9.8
Unknown 79031 0.9 129 6.9
Antithrombogenic/anticoagulants drug, n, % 4074961 47.9 807 43.4 <0.01
Sedative hypnotics, n, % 3216177 37.8 719 38.7 0.42
Psychotropic, n, % 3420706 40.2 726 39.1 033
Surgery or emergency care, n, %* 2709539 31.8 284 15.3 <0.01
Transfer (admission date) <0.01
Without assistance 5097971 59.9 524 28.2
Partly assisted 2164018 25.4 742 39.9
Fully assisted 1250704 14.7 592 31.9
Transfer (day before fracture)t <0.01
Without assistance 4881247 57.3 939 50.5
Partly assisted 2432319 28.6 880 47.4
Fully assisted 852289 10.0 39 2.1
Unknown 346838 4.1
Transfer differencet <0.01
Declined 1450602 17.0 208 11.2
No change 5006629 58.8 826 44.5
Improved 1708624 20.1 824 443
Unknown 346838 4.1
Transfer (Day Before Fracture)xTransfer Difference <0.01
Without AssistancexNo Change 3544898 41.6 326 17.5
Without AssistancexImproved 1336349 15.7 613 33.0
Partly AssistedxNo Change 1183946 13.9 479 25.8
Partly AssistedxDeclined 876098 10.3 190 10.2
Partly AssistedxImproved 372275 4.4 21 1.4
Fully AssistedxNo Change 277785 33 21 1.1
Fully AssistedxDeclined 574504 6.7 18 1.0
Unknown 346838 4.1 0 0.0
Nurse staffing <0.01
7:1 patient-to-nurse ratio 7760133 91.2 1624 87.4
10:1 or 13:1 patient-to-nurse ratio 661491 1.8 216 11.6
Unknown 91069 1.1 18 1.0
Academic hospital 1419580 16.7 21 11.4 <0.01
Continued
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Table 1 Continued

Non-fracture group (N =8 512693)

Fracture group (N=1858) P

Bed size (non-academic hospital ) 7002044 82.3 1629 87.7 <0.01
<200 903406 10.6 275 14.8
200-399 2197935 25.8 596 32.1
400-599 2468385 29.0 494 26.6
>600 1432318 16.8 264 14.2

*Surgery and emergency care are craniotomy, thoracotomy, laparotomy, bone surgery, thoracoscopic/laparoscopic surgery, general anaesthesia/spinal
anaesthesia surgery, percutaneous endovascular treatment, treatment such as percutaneous myocardial ablation, invasive gastrointestinal treatment in

SCNMN Item C.
tNon-fracture group: between admission and random days in hospital.

$Non-fracture group: between admission and random days in hospital, fracture group: between admission and day before the fracture day.

§Continuous variable: Mann—Whitney U test, Discrete variable: y2 test.
BMI, body mass index; CCl, Charlson comorbidity index.

time of admission to the day before the fall and ability
to transfer (‘without assistance’, ‘partly assisted’ and
‘fully assisted’). We used item A from the SCNMN;
which includes treatment and treatment-related vari-
ables as well as monitoring information. The 18
subitems within item A were consolidated through
factor analysis. Among these, four subitems that
accounted for less than 2% of patients (86437 people)
in item A were excluded. The remaining subitems
were analysed using the principal factor method and
Promax rotation. Two subitems, ‘management of oral
administration of anticancer drugs’ and ‘management
of oral, transdermal and rectal administration of
narcotics’, which had a communality of less than 0.05,
were not consolidated with other subitems and were
used as independent variables instead. Another factor
analysis was performed on the remaining 12 items,
extracting five factors (online supplemental etable 1).
Seven treatment-related variables (SCNMN Item A)
were ultimately established. Item C from the SCNMN
was used for variables related to surgeries and invasive
procedures. Patients who underwent any procedure
listed in item C were included. A logistic regression
analysis was conducted to investigate whether the
effect of these procedures on the occurrence of prox-
imal femoral fractures during hospital stay varied
depending on the details of the procedures performed.
The analysis revealed that the impact of the proce-
dures on the occurrence of proximal femoral fractures
during hospital stay was equivalent when examining
each surgery or invasive procedure separately and
when considering the implementation of any surgical
and invasive procedures together (online supplemental
etable 2).

Regarding medications and surgery, the data acqui-
sition period for the non-fracture group encompassed
the entire hospital stay. For the fracture group, it
spanned from the date of admission to the fracture
date. Data on ability to transfer and variables related
to medical treatment were obtained from the day
preceding the fracture date for the fracture group and
from a randomly selected day within the hospital stay

for the non-fracture group. Ability to transfer (unas-
sisted, partly or fully assisted) was based on item B
from the SCNMN.

Statistical analyses
An intergroup comparison was conducted for each
variable based on the occurrence status of proximal
femoral fractures during hospital stay using the Mann-
Whitney U and y* tests. Logistic regression analysis
using the forced entry method was performed with
variables that showed significant differences in the
intergroup comparison. These variables included
patients’ characteristics such as age, sex, length of
stay, CCI score and BMI. They also included variables
related to the implementation of medical procedures
(seven variables), surgeries or invasive procedures and
hospital-related factors (nurse staffing, designation
status as an academic hospital, classification based
on bed capacity) as independent variables. To address
multicollinearity, only one variable was selected for
those with a correlation coefficient (r) greater than 0.5.
SPSS (IBM, Chicago, Illinois) V.28 was used for
all statistical analyses, with a significance level set at
5%. The participating medical institutions provided
comprehensive consent by posting the form on the
hospital website. Patients who did not agree to partici-
pate in the research had the option to opt out.

RESULTS
The analysis included 8514551 patients and 1321
target facilities (figure 1).

Among the target facilities, 78 (5.9%) were academic
hospitals and 930 (70.4%) had a patient-to-nurse ratio
of 7:1 (online supplemental etable 3). The number of
patients without fractures was 8512693 (99.98%),
whereas the number with fractures was 1858 (0.02%)
(table 1). Among the patients with fractures, 968
(52.1%) underwent surgery for proximal femoral
fractures.

An intergroup comparison of patients’ character-
istics between the groups revealed that the fracture
group had a significantly higher mean age (77.4 years
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Table 2 Frequency distribution of monitoring and treatment and surgery and emergency care (N=8514551)
Non-fracture group* Fracture
g':mgmf (N=8512 6939) P group*(N = 1858)
patients N % N % P

Monitoring and treatment
Wound treatment (excluding treatment of pressure ulcer) 380113 380054 4.5 59 3.2 <0.05
Treatment of pressure ulcer 9317 9303 0.1 14 0.8 <0.01
Respiratory care (except for only sputum aspiration) 939119 938842 11.0 277 14.9 <0.01
Management of three or more intravenous lines simultaneously 303349 303264 3.6 85 4.6 <0.05
ECG monitor management 1998355 1997922 235 433 233 0.74
Syringe driver management 242308 242268 2.8 40 2.2 0.07
Management of blood transfusion and blood product 123958 123903 1.5 55 3.0 <0.01
Use of antineoplastic agents (injection only) 352443 352435 4.1 8 0.4 <0.01
Management of oral administration of antineoplastic agents 141711 141691 1.7 20 1.1 <0.05
Use of narcotics (injection only) 333377 333355 3.9 22 1.2 <0.01
Internal use of narcotics, application, management of suppositories 92792 92753 1.1 39 2.1 <0.01
Radiation therapy 55394 55376 0.7 18 1.0 0.09
Immunosuppressant management 550487 550382 6.5 105 5.7 0.13
Use of pressor agent (injection only) 245587 245568 2.9 19 1.0 <0.01
Use of antiarrhythmic agent (injection only) 59067 59060 0.7 7 0.4 0.10
Use of continuous infusion of antithrombotic embolic drug 790718 790646 93 72 3.9 <0.01
Drainage management 454193 454136 5.3 57 3.1 <0.01
Treatment in a sterile treatment room 29532 29525 0.3 7 0.4 0.84
Any monitoring and treatment 4323367 4322498 50.8 869 46.8

Surgery and emergency care
1_Craniotomy 37838 37832 0.44 6 0.32 0.431
2_Thoracotomy 83085 83064 0.98 21 1.13 0.498
3_Laparotomy 315606 315558  3.71 48 2.58 <0.05
4_Bone surgery 224364 224328  2.64 36 1.94 0.06
5_Thoracoscopic/laparoscopic surgery 455015 454990 534 25 1.35 <0.01
6_General anaesthesia/spinal anaesthesia surgery 1616814 1616644 18.99 170 9.15 <0.01
7_Percutaneous endovascular treatment 459840 459802  5.40 38 2.05 <0.01
8_Treatment such as percutaneous myocardial ablation 203725 203710 239 15 0.81 <0.01
9_Invasive gastrointestinal treatment 539223 539151  6.33 72 3.88 <0.01
Any surgery from 1 to 6 1641671 1641495 19.28 176 9.47 <0.01
Any emergency care 7 to 9 1185802 1185683 13.93 119 6.40 <0.01
Any surgery and emergency care 2709823 2709539 31.83 284 15.29 <0.01

*Non-fracture group: between admission and random days in hospital, fracture group: between admission and day before fracture.

(SD 7.7) vs 82.6 years (SD 7.8), p<0.01), percentage
of women (42.7% vs 65.3%, p<0.01) and percentage
of patients with a BMI below 18.5 (14.3% vs 30.3%,
p<0.01). Moreover, significant differences were
observed in most variables except sedative-hypnotic
drug use, psychotropic drug use and cardiovascular
and respiratory care (tables 1 and 2).

An intergroup comparison of transfer-related vari-
ables, showing the differences between prefracture
ability to transfer and that from the time of admis-
sion, was performed. Compared with the non-fracture
group, a higher percentage of patients in the frac-
ture group fell into the following three categories:
“Wlthout Assistance X Improved’ (15.7% vs 33.0%),
‘Partially Assisted X No Change’ (13.9% vs 25.8%)

and ‘Partially Assisted X Improved’ (4.4% vs 11.4%)
(p<0.01) (table 1).

An analysis of ability to transfer’s impact on prox-
imal femoral fracture risk was performed (table 3,
online supplemental etable 4). In each model, almost
all the variables were statistically significant, except
medication management. In model 1, which examined
the effect of ability to transfer at the time of admission,
the ORs for ‘partly assisted” and ‘without assistance’
were 1.75 (p<0.01) and 1.49 (p<0.01), respectively,
using ‘fully assisted’ as the reference. In model 3, which
examined the changes in ability to transfer between the
time of admission and the day before the fracture, the
OR for ‘no change’ and ‘improved” was 1.58 (p<0.01)
and 2.65 (p<0.01), respectively. This result suggests
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Table 3  Logistic regression analysis of the effect of fracture in hospital

(Model 1) (Model 2) (Model 3) (Model 4)
ORs P ORs P ORs P ORs P
Transfer (admission date)
Fully assisted ref
Partly assisted 1.75  <0.01
Without assistance 149  <0.01
Transfer (day before fracture)*
Fully assisted ref
Partly assisted 14.14  <0.01
Without assistance 12.61 <0.01
Transfer differencet
Declined ref
No change 1.58  <0.01
Improved 265 <0.01
Transfer (Day Before Fracture)xTransfer Difference
Fully AssistedxDeclined ref
Fully AssistedxNo Change 0.94 0.85
Partly AssistedxDeclined 10.01  <0.01
Partly AssistedxNo Change 1493  <0.01
Partly AssistedxImproved 1338 <0.01
Without AssistancexNo Change 8.30 <0.01
Without AssistancexImproved 15.05  <0.01

*Non-fracture group: between admission and random days in hospital.

tNon-fracture group: between admission and random days in hospital; fracture group: between admission and day before the fracture day.

that patients whose ability to transfer improved from
admission to the day before the fracture had a higher
risk of proximal femoral fracture than those whose
status remained unchanged. Sufficiently high ORs were
observed in some model-specific variables concerning
transfer, where the number of patients who were “fully
assisted’ was very small. The implication of this will be
discussed later.

A decline in ability to transfer from admission
appeared to be associated with an increased fracture
risk in patients who required full assistance the day
before. The area under the curve (AUC) for models
1 to 4 ranged from 0.908 to 0.918 (p<0.01), with
model 4 having the highest AUC value (AUC=0.918,
p<0.01).

Adjusted for age, sex, length of stay, CCI, BMI, anti-
thrombogenic/anticoagulant drug, Surgery or emer-
gency care, Monitoring and treatment (SCNMN Item
A), bed size, 7:1 patient-to-nurse ratio (online supple-
mental etable 4).

DISCUSSION

To our knowledge, this study is the first to demon-
strate that information about patients’ daily ability to
transfer can improve the accuracy of fracture predic-
tion during hospital stays compared with relying
solely on status at admission. Additionally, this study
reveals that patients are at a higher risk if their ability
to transfer during their hospital stay tends to improve
compared with their admission status. Furthermore,

this study indicates that using the nearest ability to
transfer, which reflects changes in condition during
hospital stays, combined with basic patient informa-
tion at admission, such as age and sex, helps identify
patients with a high proximal femoral fracture risk
during hospital stays with high accuracy.

Falls are the leading cause of proximal femoral frac-
tures, accounting for 74% of cases.”” Furthermore,
falls and slips are the primary cause of femoral neck
fractures during hospital stays.® Identifying patients at
risk of severe outcomes, such as proximal femoral frac-
tures, during hospital stay based on changes in their
capacity to perform activities of daily living may help
determine priorities and tailor care support, contrib-
uting to hospital safety management.

This study established several primary factors
that increase the risk of proximal femoral fractures,
including being aged 85 or older, female sex, being
underweight and changes (or lack thereof) in ability
to transfer from admission to the day before the frac-
ture. These findings align with previous studies that
described fracture risks, including age, sex, and body
mass index.® '

Previous research has indicated that patients who
require partial assistance when performing activi-
ties of daily living have an increased risk of falling.'*
Furthermore, independent walking on flat ground
has been associated with a reduced risk of fractures,’
whereas poor physical balance increases the risk.'!
In this study, ability to transfer was classified into
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three levels. Patients required partial assistance with
transfer, include those who had difficulty walking
independently or had poor physical balance, consis-
tent with the findings of previous research.'' More-
over, evaluating the modulation of ability to transfer
from admission, such as ‘deteriorated’, ‘no change’
and ‘improved’, revealed a clinically valuable finding.
Despite having the same ability to transfer on admis-
sion, patients whose conditions improve or do not
change during their hospital stay must be monitored
to prevent fractures. Older adults tend to overestimate
their physical abilities, and this has been shown to be
associated with falls.”*! In the process of improving
transfer ability and increasing activity as a result of
recovery, older age and differences in perception of
changes in transfer ability related to hospitalisation
may lead to falls and fractures during hospitalisation.
Conversely, the key to preventing falls and fractures
during admission is to provide a safe environment
for older patients, including ensuring communication
between healthcare professionals and patients, and
staff education®”*?

Furthermore, the model developed in this study,
combining ability to transfer changes from admission
to the day before the fracture and current ability to
transfer, demonstrated higher accuracy than the model
that captures ability to transfer at admission or the
day before the fracture in a cross-sectional manner.
Compared with patients whose ability to transfer wors-
ened from the time of admission and who received
full assistance, the risk of fracture during hospitalisa-
tion was higher in patients with ‘Partly AssistedXNo
Change’ and ‘Partly Assisted X Improved’. These results
suggest that risk assessment based on daily patient
conditions helps prevent fractures during hospital
stays.

In Japan, the number of days of hospitalisation at
acute care institutions has been gradually decreasing
owing to national policy, but length of hospital stay is
still longer than in Western countries.'® In our study,
the length of stay for patients who sustained a fracture
during hospitalisation averaged 56.9 days (SD 38.6),
with some patients staying for nearly 2 months. While
the current situation poses challenges for national poli-
tics, it is possible to observe changes in the patient’s
recovery process, offering valuable insights when tran-
sitioning to home care. Although fractures due to falls
during hospitalisation can occur in any country, they
are considered to be particularly important in Japan,
where hospitalisation periods tend to be long. In this
study, several risk factors that are considered common
in other countries have been identified. Our findings
indicate that surgery does not increase the risk of frac-
tures. These factors often include patients’ underlying
illnesses, such as dementia.® However, information
accuracy concerning comorbidities recorded at admis-
sion in the DPC data varies by illness.”> Therefore,
rather than analysing disease-based factors, focusing

on those related to patients’ daily condition, such
as ability to transfer and medical treatment the day
before the fracture. This is because patient conditions,
particularly for older adults, are changeable.

Regarding hospital factors, a higher nurse-to-patient
ratio has been associated with a decreased risk of prox-
imal femoral fractures.” ** In contrast, in this study, a
7:1 (one nurse-to-seven patients) ratio system (the
highest nurse placement standard among general wards
in acute care facilities in Japan) increased the fracture
risk. These advanced acute care hospitals admit a
certain percentage of critically ill patients. Therefore,
this variable may reflect patient status that is not fully
accounted for by those used. Moreover, these facilities
may have systems to accept hospitalised patients with
fractures from other hospitals for additional medical
procedures or treatments, such as surgery, which could
contribute to the increased risk.

One strength of this analysis is its large sample size,
with 8 512 693 cases across 1321 facilities, providing
high wvalidity. The incidence of femoral fractures
during hospital stays is extremely low, with only
3-5cases (0.02%-0.05%) occurring yearly at one
medical facility.® Therefore, elucidating the relation-
ship between factors related to a patient’s condition
and femoral fractures during hospital stays might be
challenging. Findings based on large data sets are
essential for patient safety. Furthermore, by excluding
bedridden patients and those with pathological frac-
tures from the analysis and focusing on patients with
a high likelihood of falling, the study appropriately
assessed the risk of traumatic fractures during hospital
stays, which may have been overestimated in the past.

In addition to femoral fractures, head trauma
resulting from falls during hospital stays is another
adverse event that significantly affects patient
outcomes. Therefore, future studies should consider
including head injuries when examining the risks asso-
ciated with falls during hospital stays.

Limitations

This study has several limitations. First, the exact
fracture time was not determined in this study. The
fracture date was estimated based on the patient’s
ability to transfer and daily activities of daily living
scores during their hospital stay, assuming that the
date of fracture corresponded with the point at which
the patient’s ability to transfer suddenly deteriorated
and they became bedridden. However, validating the
accuracy of this estimated fracture date remains a
challenge. Another limitation is that the input varia-
bles were limited to the range represented by medical
records in the DPC data. Previous falls'' and delirium®
are a risk factor for falls, leading to proximal femoral
fractures. Older adults may be prescribed a large
number of drugs from multiple medical institutions,
and multiple drug prescriptions and falls among this
population have also been reported.>® *” It is difficult
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to accurately obtain information on the prescription
status using DPC data, and there are limits to the
effects of drugs in this study. However, this study did
not include it as a variable because it is not recorded in
the DPC data. Furthermore, medical institutions not
covered by the lump-sum per-diem payment system
also admit patients with hip fractures. By considering
only medical institutions accepting ‘hip fracture’ as the
study population, medical institutions not covered by
the daily allowance lump-sum system are excluded.
Therefore, the generalisability of the hospital factor
findings is limited. Nonetheless, this study provides
valuable insights into how the risk of fracture during
a hospital stay can vary depending on patients’ daily
conditions and changes in their condition.

Furthermore, the statistical analyses of this study
may have room for improvement. Regarding selec-
tion of independent variables in the logistic regression
model building, our method was based on pairwise
association between the dependent and independent
variables. We expected the final selected influential
variables to most likely show similar associations as
the variable alone. However, it must be noted that this
may not hold in the presence of complex confounding
factors. Additionally, we used age and BMI variables in
the regression model to reflect possible non-linearity.
However, fitting splines to these variables as contin-
uous ones without categorisation or setting justifiable
cut-off points may have been better. Using these vari-
ables as continuous ones without categorisation by
adopting the spline method or setting a justifiable cut-
off point may have been helpful. The results of the
logistic regression revealed some high ORs; however,
those were possibly because of biases caused by a very
small number of patients with fractures who were
“fully assisted’. Considering the above, caution must
be exercised in interpreting the results.

Conclusions

This study identified risk factors for proximal femoral
fractures immediately before their occurrence using
daily records. Monitoring patients’ daily condition
and changes can help prevent fractures during hospital
stays, particularly in older patients. Medical informa-
tion systems that store daily information on patient
conditions and treatment outcomes can help reduce
adverse events and improve hospital stays.
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