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Abstract

Background: A composite outcome of hospital-associated complications of older people (HAC-OP; comprising functional
decline, delirium, incontinence, falls, and pressure injuries) has been proposed as an outcome measure reflecting quality of acute
hospital care. Estimating HAC-OP from routinely collected administrative data could facilitate the rapid and standardized evaluation
of interventions in the clinical setting, thereby supporting the development, improvement, and wider implementation of effective
interventions.

Objective: This study aimed to create a Diagnosis Procedure Combination (DPC) data version of the HAC-OP measure
(HAC-OP-DPC) and demonstrate its predictive validity by assessing its associations with hospital length of stay (LOS) and
discharge destination.

Methods: This retrospective cohort study acquired DPC data (routinely collected administrative data) from a general acute care
hospital in Tokyo, Japan. We included data from index hospitalizations for patients aged ≥65 years hospitalized for ≥3 days and
discharged between July 2016 and March 2021. HAC-OP-DPC were identified using diagnostic codes for functional decline,
incontinence, delirium, pressure injury, and falls occurring during the index hospitalization. Generalized linear regression models
were used to examine the associations between HAC-OP-DPC and LOS, and logistic regression models were used to examine
the associations between HAC-OP-DPC and discharge to other hospitals and long-term care facilities (LTCFs).

Results: Among 15,278 patients, 3610 (23.6%) patients had coding evidence of one or more HAC-OP-DPC (1: 18.8% and ≥2:
4.8%). Using “no HAC-OP-DPC” as the reference category, the analysis showed a significant and graded association with longer
LOS (adjusted risk ratio for patients with one HAC-OP-DPC 1.29, 95% CI 1.25-1.33; adjusted risk ratio for ≥2 HAC-OP-DPC
1.97, 95% CI 1.87-2.08), discharge to another hospital (adjusted odds ratio [AOR] for one HAC-OP-DPC 2.36, 95% CI 2.10-2.65;
AOR for ≥2 HAC-OP-DPC 6.96, 95% CI 5.81-8.35), and discharge to LTCFs (AOR for one HAC-OP-DPC 1.35, 95% CI
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1.09-1.67; AOR for ≥2 HAC-OP-DPC 1.68, 95% CI 1.18-2.39). Each individual HAC-OP was also significantly associated with
longer LOS and discharge to another hospital, but only delirium was associated with discharge to LTCF.

Conclusions: This study demonstrated the predictive validity of the HAC-OP-DPC measure for longer LOS and discharge to
other hospitals and LTCFs. To attain a more robust understanding of these relationships, additional studies are needed to verify
our findings in other hospitals and regions. The clinical implementation of HAC-OP-DPC, which is identified using routinely
collected administrative data, could support the evaluation of integrated interventions aimed at optimizing inpatient care for older
adults.

(JMIR Aging 2025;8:e68267) doi: 10.2196/68267
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Introduction

Hospitalization can impose a heavy physical and psychological
burden on older adults, leading to in-hospital complications
such as functional decline (the loss of independence in activities
of daily living) and delirium [1]. A recent meta-analysis reported
that the prevalence of functional decline following acute
hospitalization was 30% in older adults aged ≥65 years [2].
Such functional decline is associated with various adverse
outcomes, including prolonged hospital length of stay (LOS)
and increased risks of hospital readmission and mortality within
30 days after discharge [3,4]. Similarly, delirium is estimated
to affect around one quarter of older hospitalized adults [5-7],
and is associated with longer stays, higher mortality, and higher
health care costs [8,9].

Previous studies have developed and demonstrated the
effectiveness of interventions to prevent such complications in
hospitalized older adults [10,11]. While these interventions have
generally focused on single complications as outcomes, they
may also be effective in preventing other complications (eg,
delirium prevention programs can also reduce falls) [1,12-16].
This is because in-hospital complications common in older
people (often termed “geriatric syndromes”) tend to have
overlapping risk factors that can be collectively targeted by
complex and multifaceted interventions [1,12-16]. Mudge et al
[1] proposed a multicomponent measure of “hospital-associated
complications of older people” (HAC-OP) comprising common
complications (functional decline, hospital-associated
incontinence, hospital-associated delirium, pressure injury, or
fall) among older adults admitted to acute care hospitals. In a
prospective study using regular structured patient assessments
as well as document review, the authors demonstrated a
significant graded association between the HAC-OP measure
and hospital LOS, facility discharge, and mortality within 6
months after admission. However, collecting this research
measure was resource-intensive [1,17], which makes it difficult
to replicate in routine practice. Routinely collected
administrative data have been examined to assist clinicians,
patients, and policy makers in making informed decisions
[18,19]. Estimating HAC-OP from routinely collected
administrative data could facilitate the rapid and standardized
evaluation of interventions in the clinical setting, thereby

supporting the development, improvement, and wider
implementation of effective interventions.

In Japan, the majority of acute care hospitals use the Diagnosis
Procedure Combination (DPC) case-mix patient classification
system, which is linked to a lump-sum payment system for
inpatients [20]. DPC-compliant hospitals must generate and
submit DPC data to the government. These data include
administrative claims and discharge abstracts containing
patient-level information on diagnoses (recorded using ICD-10
[International Statistical Classification of Diseases, Tenth
Revision] codes), treatments, and prescribed drugs. Unlike many
other countries, the required data also include activities of daily
living (ADL) assessment scores at admission and discharge
[20]. Prior studies have used DPC data to assess ADL scores
in patients to examine the effects of rehabilitation services and
to identify patients at high risk of early readmission in acute
care settings [21,22]. Hospital outcomes, such as LOS and
readmission within 28 days after discharge from hospital, are
published annually for each DPC hospital [23]. However,
in-hospital complications are not currently reported or
benchmarked as they are in some other countries [24,25]. The
systematic and accurate identification of HAC-OP from DPC
data would support the evaluation of inpatient care and
interventions that target these complications in Japan’s acute
care hospitals.

Although the validity of chronic disease diagnoses in DPC data
has been reported to be generally high [26], no study has tested
the validity of in-hospital complications in DPC data, and
complications are often underestimated in administrative
datasets [27]. Understanding the current reporting of in-hospital
complications and the association with important outcomes such
as LOS and discharge destination could inform their use as an
efficient and standardized evaluation of system-level
interventions. Therefore, this study was conducted to develop
a DPC data version of the HAC-OP measure (HAC-OP-DPC),
describe the incidence of HAC-OP-DPC in a cohort of older
acute care inpatients, and evaluate the predictive validity of this
composite measure and its components by assessing associations
with LOS and discharge destination.
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Methods

Study Design and Patients
This retrospective cohort study was conducted using an
anonymized DPC database obtained from a large general public
acute care hospital (550 beds: 520 beds on general wards and
30 beds on psychiatric wards) in Tokyo, Japan. The DPC data
comprised patient-level demographic characteristics, ICD-10
codes, treatments, and prescribed drugs during all
insurance-covered clinical encounters. The study used data from
July 2016 to March 2021.

Patients who had been admitted to the study hospital from home
or a long-term care facility (LTCF) and discharged during the
study period were eligible for inclusion; the first hospitalization
episode during the study period was designated the index
hospitalization and included in the analysis. We excluded
patients aged <65 years, patients discharged within 2 days of
admission, patients who died during the index hospitalization,
and patients with missing data in the study variables.

Ethical Considerations
The study protocol was approved by the Ethics Committee of
the Tokyo Metropolitan Geriatric Hospital and Institute of
Gerontology (approval number R18-20). All procedures
followed the ethical guidelines of the Medical and Biological
Research Involving Human Subjects established by the Japanese
government. Opt-out consent was used because all data were
anonymized before being received by the authors.

Measures

HAC-OP-DPC
Based on the original HAC-OP measure [1], we identified the
following 5 conditions as HAC-OP-DPC: hospital-associated
functional decline, incontinence, delirium, pressure injury, and
fall. Each condition was defined using DPC data.

First, hospital-associated functional decline was defined as a
decrease in ADL scores for the Barthel Index (BI) components
of bathing, dressing, toileting, transfers, mobility, and feeding
from hospital admission to discharge. In the BI, each component
is given a score of 0, 5, 10, or 15 points (maximum scores vary
among the components), with higher scores indicating greater
independence in that activity [28]. BI was assessed at admission
and hospital discharge by bedside nurses. Second,
hospital-associated incontinence was defined as a decrease in
scores for the BI components of bladder function and bowel
function from hospital admission to discharge. Third,
hospital-associated delirium was identified based on a recorded
diagnosis of delirium (Multimedia Appendix 1) as a
postadmission complication and recorded prescriptions of drugs
used to manage agitation in delirium (injections of haloperidol
or other antipsychotic drugs identified using prescription codes
that remained constant throughout the study period). Fourth,
hospital-associated pressure injury was identified based on a
recorded diagnosis of pressure injury as a postadmission
complication and discharge abstract records indicating pressure
injury treatment during hospitalization without any similar
treatment at admission. Fifth, a hospital-associated fall was

identified based on a recorded diagnosis of fall as a
postadmission complication. The overall multicomponent
HAC-OP-DPC measure was categorized into none, 1, and 2 or
more complications based on the count of conditions occurring
in each patient.

Outcome Measures
The study outcome measures were hospital LOS during the
index hospitalization, discharge to other hospitals, and discharge
to LTCFs. LOS was calculated as the number of days between
the dates of admission and discharge. Discharges to other
hospitals, such as rehabilitation hospitals and LTCFs (including
special nursing homes, private paid care facilities, and social
welfare institutions), were identified using the relevant DPC
codes indicating discharge destination.

Covariates
Using the subject hospital’s DPC data, we extracted
demographic variables of patient sex, age group (65-74, 75-84,
and ≥85 years), and annual household income (<¥3.7 million,
≥¥3.7 million, and unknown; ¥1=US $0.0092 in 2016) at the
index hospitalization [29]. Income was estimated from the
available data about insurance copayments. Insurance copayment
rates are the designated rates that patients pay at the point of
care in Japan. For patients who have an annual household
income below ¥3.7 million (approximately US $34,040; ¥1=US
$0.0092), the copayment rates are 10% and 20% for patients
aged ≥75 years and 70-74 years, respectively [29]. For patients
aged ≥70 years who have an annual household income of ¥3.7
million or higher (¥1=US $0.0092), the copayment rate is 30%.
The DPC data did not indicate the copayment rates for patients
who received public medical assistance and patients aged 65-69
years. Therefore, income for these cases was categorized as
“unknown.”

We calculated variables for disease category, comorbidity, and
frailty using ICD-10 codes. Using previously described methods
[30,31], we grouped patients into 12 disease categories based
on their recorded primary diagnosis for admission. Next, we
determined each patient’s score in the Charlson Comorbidity
Index (CCI), which is a weighted index of specific comorbidities
that were identified using ICD-10 codes [32]. CCI scores were
divided into 3 categories (0, 1-2, and ≥3). Similarly, we
calculated each patient’s Hospital Frailty Risk Score (HFRS),
which was developed to identify older adults experiencing frailty
with a higher risk of adverse outcomes [33]. The total HFRS
ranges from 0 to 99 and was divided into 2 categories (<5 and
≥5). To determine baseline functional dependence and
incontinence levels in patients at admission, we analyzed the
following 2 variables: dependence in ≥1 ADL items (BI
components of bathing, dressing, toileting, transfers, mobility,
and feeding) at admission and urinary and fecal incontinence
(BI components of bladder function and bowel function) at
admission. We dichotomized each of these 2 variables into
independent (ie, scoring the maximum score on all components)
or dependent (all other patients). We also determined each
patient’s location before admission (home or LTCF) and the
surgical treatment received during the index hospitalization.
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Statistical Analysis
The chi-square test was used to compare the differences in
patient characteristics among the 3 HAC-OP-DPC categories.
We generated cross-tabulations to examine the co-occurrences
of each complication. Pearson correlation coefficients were
calculated to measure the associations between each
complication.

The associations between HAC-OP-DPC and LOS were
examined using multivariable generalized linear regression
models for gamma-distributed data with a log-link function that
adjusted for all covariates. Effect sizes for 1 HAC-OP-DPC and
≥2 HAC-OP-DPC were quantified using adjusted risk ratios
(ARRs) and their 95% CIs, which indicated the likelihood of
having a longer LOS. Next, the associations of HAC-OP-DPC
with discharge to other hospitals and discharge to LTCFs were
examined using multivariable logistic regression models that
adjusted for all covariates. Effect sizes for 1 HAC-OP-DPC and
≥2 HAC-OP-DPC were quantified using adjusted odds ratios
(AORs) and their 95% CIs, which indicated the odds of being
discharged to another hospital or LTCF. In addition to analyzing
the associations between the number of HAC-OP-DPC and the
3 outcomes, we constructed models to examine the associations
between individual HAC-OP-DPC components and the
outcomes. For the analysis of hospital-associated functional
decline, we excluded patients who were already dependent in
all the BI components at admission because they could not
experience any further functional decline. Similarly, for the
analysis of hospital-associated incontinence, we excluded
patients who were already dependent in both bladder function

and bowel function at admission because they could not
experience new-onset incontinence during hospitalization. We
also conducted several sensitivity analyses. First, we re-ran the
primary analysis for each of the 3 outcomes, excluding patients
who could not experience functional decline (fully dependent
on admission) or hospital-associated incontinence (incontinent
on admission). Second, we recalculated the HAC-OP-DPC
composite outcome excluding cases of delirium that were
identified only by drug prescribing as we recognized that
antipsychotic drugs might be prescribed for other indications
(eg, behavioral and psychological symptoms of dementia,
psychosis). All analyses were conducted using SPSS (version
28.0; IBM Corp), and the cross-tabulations were created using
R (version 4.3.2; R project for Statistical Computing). P values
(2-tailed) below .05 were considered statistically significant.

Results

Study Participant Selection
We first identified 26,780 candidate patients who were admitted
to the subject hospital and discharged to home, another hospital,
or an LTCF during the study period (Figure 1). After applying
the exclusion criteria, the final sample for analysis consisted of
15,278 patients aged ≥65 years. Multimedia Appendix 2 shows
the characteristics among 833 patients ≥65 years who died
during hospitalization and without missing data at admission.
These excluded participants were aged ≥85 years, had ≥2 CCI,
were more likely to have ADL dependency and incontinence,
and were more likely to have cancer, pneumonia, or heart failure.

Figure 1. Flowchart of patient selection. BI: Barthel Index.

Characteristics of Study Patients
Their mean age was 81.2 (SD 7.9) years, and women accounted
for 55.4% of all patients (Table 1). There were 2877 (18.8%)

patients who experienced 1 HAC-OP-DPC and 733 (4.8%)
patients who experienced ≥2 HAC-OP-DPC during the index
hospitalization.
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Table 1. Patient characteristics according to the number of HAC-OP-DPCa.

HAC-OP-DPCTotal (N=15,278)Characteristics

P value≥2% (n=733)1% (n=2877)None (n=11,668)

%n%n%n%N

.16Sex

48.035244.5128044.4518344.66815Men

52.038155.5159755.6648555.48463Women

<.001Age (years)

10.17417.750823.7277121.9335365-74

36.827038.8111742.9500941.9639675-84

53.138943.5125233.3388836.25529≥85

<.001Annual household income ( ¥; ¥ 1=US $0.0092)

83.461177.5223075.1875975.911,600<3.7 million

9.16710.730810.2119510.31570≥3.7 million

7.55511.833914.7171413.82108Unknown

<.001Primary diagnosis for admission

4.6347.12037.68907.41127Musculoskeletal diseases

0.431.6472.52882.2338Coronary heart disease

7.0514.61334.35054.5689Congestive heart failure

4.4324.61337.58746.81039Cerebrovascular disease

10.2759.52748.39748.71323Pneumonia or acute bronchitis

4.4324.81373.54073.8576Fracture

7.0516.51866.37356.4972Metabolic diseases

5.9436.61905.56465.8879Renal diseases

2.9213.51004.45104.1631Neurological diseases

9.57012.235210.9127211.11694Gastrointestinal diseases

16.812313.940011.5134412.21867Cancer

27.019825.172227.6322327.14143Other

<.001CCIb

49.436254.3156361.0711659.290410

37.427434.8100030.7357831.848521-2

13.29710.93148.39749.11385≥3

<.001HFRSc

79.558382.4237188.510,32486.913,278<5

20.515017.650611.5134413.12000≥5

<.00189.465577.8223983.7976482.912,658Dependence in ≥1 ADLd items at admission

<.00125.618836.1103833.7393233.85158Urinary and fecal incontinence at admission

<.001Location before admission

91.366991.8264293.210,87592.914,186Home

8.7648.22356.87937.11092LTCFe

<.00122.016125.473220.9244421.83337Surgical treatment

aHAC-OP-DPC: hospital-associated complications of older people-Diagnosis Procedure Combination data version.
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bCCI: Charlson Comorbidity Index.
cHFRS: Hospital Frailty Risk Score.
dADL: activities of daily living.
eLTCF: long-term care facility.

HAC-OP-DPC Among This Study’s Patients
The most common complication was functional decline (n=2103,
13.8%), followed by delirium (n=1345, 8.8%: recorded diagnosis
of delirium (n=59); recorded prescriptions of drugs for delirium,
n=1286), new incontinence (n=860, 5.6%), pressure injury
(n=104, 0.7%), and fall (n=59, 0.4%). Figure 2 demonstrates
the patterns of co-occurrence amongst HAC-OP-DPC. For
example, among patients with functional decline, 20.6% also
experienced incontinence during hospitalization, while 50.5%
of patients with incontinence, 33.9% of patients with falls, and

22.5% of patients with delirium also experienced functional
decline during hospitalization. While there were statistically
significant correlations between most complications, the strength
of these correlations was weak (maximum correlation coefficient
of 0.26; Table 2). As shown in Table 1, older age, annual
household income, multimorbidity, frailty, baseline functional
impairment and incontinence, and living in LTCF were all
significantly associated with HAC-OP-DPC. Patients with ≥2
HAC-OP-DPC had a significantly greater proportion of patients
with congestive heart failure, pneumonia or acute bronchitis,
metabolic diseases, and cancer as the principal diagnosis.

Figure 2. Co-occurrence of each HAC-OP-DPC among older patients aged ≥65 years (N=15,278). Values show the percentages of patients in each
row who also had the column condition during hospitalization. HAC-OP-DPC: hospital-associated complications of older people-Diagnosis Procedure
Combination data version.

Table 2. Within-patient correlations between each HAC-OP-DPCa among older patients aged ≥65 years (N=15,278). Values show Pearson correlation
coefficients (r) between each HAC-OP-DPC.

Hospital-as-
sociated fall

Hospital-associated
pressure injury

Hospital-associated
delirium

Hospital-associated
incontinence

Hospital-associated
functional decline

0.036b–0.0080.079b0.260b1.000Hospital-associated functional decline

0.040b0.021b0.099b1.000—Hospital-associated incontinence

0.025b0.016c1.000——Hospital-associated delirium

0.0081.000———Hospital-associated pressure injury

1.000————Hospital-associated fall

aHAC-OP-DPC: hospital-associated complications of older people-Diagnosis Procedure Combination data version.
bP<.01.
cP<.05.
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Association of HAC-OP-DPC With Outcome Measures
Table 3 demonstrates the significant and graded association
observed between HAC-OP-DPC and outcomes. Adjusting for
all covariates, those with 1 and ≥2 HAC-OP-DPC were
significantly more likely to have a longer LOS during the index
hospitalization (ARR 1.29, 95% CI 1.25-1.33, and ARR 1.97,
95% CI 1.87-2.08, respectively) compared to those with no
HAC-OP-DPC. They were significantly more likely to be
discharged to other hospitals (AOR 2.36, 95% CI 2.10-2.65,
and AOR 6.96, 95% CI 5.81-8.35, respectively), and be
discharged to LTCFs (AOR 1.35, 95% CI 1.09-1.67, and AOR
1.68, 95% CI 1.18-2.39, respectively). The analyses of
individual HAC-OP-DPC showed that patients who experienced
hospital-associated functional decline, incontinence, delirium,

pressure injury, and falls were significantly more likely to have
a longer LOS and be discharged to other hospitals than patients
without these complications. However, only delirium was
significantly associated in this individual complication analysis
with discharge to LCTFs. A sensitivity analysis (n=11,075) that
excluded 4203 patients who could neither experience
hospital-associated functional decline nor incontinence found
that HAC-OP-DPC still had a significant and graded association
with longer LOS and discharge destination (Multimedia
Appendix 3), similar to the results of the main analysis.
Moreover, the associations of the number of HAC-OP-DPC
using delirium identified from a recorded diagnosis alone with
these outcomes were similar to the results of the main analysis
(Multimedia Appendix 4).
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Table 3. Association of HAC-OP-DPCa with outcome measures in 15,278 participants.

Discharge to LTCFscDischarge to other hospitalsLOSbParticipants, n

AOR (95%

CI)k
OR (95%

CI)i
%AORj

(95% CI)k
ORh (95%

CI)i

%ARRf

(95% CI)g
RRd (95%

CI)e

IQRMedian

HAC-OP-DPC

1.001.007.31.001.0014.41.001.00(7-25)1411,482No

(Refl)

1.35

(1.09-1.67)

1.42

(1.24-1.64)

9.72.36

(2.10-2.65)

1.94

(1.76-2.14)

24.61.29

(1.25-1.33)

1.28

(1.25-1.32)

(9.5-32)182,8381

1.68

(1.18-2.39)

1.76

(1.38-2.23)

11.16.96

(5.81-8.35)

4.40

(3.76-5.14)

42.61.97

(1.87-2.08)

1.88

(1.78-1.99)

(14-44)29724≥2

Hospital-associated functional declinem

1.001.004.31.001.0010.41.001.00(7-24)1310,124No
(Ref)

1.09

(0.81-1.47)

1.77

(1.46-2.14)

7.33.56

(3.11-4.09)

2.67

(2.37-3.00)

23.61.35

(1.30-1.40)

1.35

(1.30-1.40)

(8-31)162,103Yes

Hospital-associated incontinencen

1.001.003.41.001.008.61.001.00(7-22)1210,615No
(Ref)

1.24

(0.84-1.83)

4.39

(3.51-5.49)

13.37.33

(6.16-8.73)

8.12

(6.98-9.44)

43.31.80

(1.71-1.9)

1.93

(1.83-2.04)

(14-42)27860Yes

Hospital-associated delirium

1.001.007.61.001.0016.11.001.00(8-26)1413,933No
(Ref)

1.61

(1.24-2.10)

1.71

(1.44-2.04)

12.32.23

(1.94-2.56)

2.70

(2.39-3.05)

34.11.53

(1.47-1.59)

1.61

(1.54-1.68)

(14-40.5)251,345Yes

Hospital-associated pressure injury

1.001.007.91.001.0017.51.001.00(8-27)1515,174No
(Ref)

0.69

(0.31-1.56)

2.44

(1.46-4.07)

17.32.78

(1.83-4.22)

4.37

(2.97-6.43)

48.11.43

(1.24-1.64)

1.68

(1.45-1.95)

(16.25-
42.75)

28104Yes

Hospital-associated fall

1.001.008.01.001.0017.61.001.00(8-27)1515,219No
(Ref)

0.68

(0.15-3.19)

0.62

(0.19-1.98)

5.14.65

(2.63-8.23)

4.53

(2.72-7.56)

49.22.02

(1.68-2.43)

2.05

(1.68-2.49)

(22-50)3859Yes

aHAC-OP-DPC: hospital-associated complications of older people-Diagnosis Procedure Combination data version.
bLOS: length of stay.
cLTCF: long-term care facility.
dRR: risk ratio.
eGeneralized linear regression analysis.
fARR: adjusted risk ratio.
gGeneralized linear regression analysis that adjusted for all covariates (sex, age group, annual household income, primary diagnosis for admission,
Charlson Comorbidity Index score, Hospital Frailty Risk Score, dependence in ≥1 activities of daily living items at admission, urinary and fecal
incontinence at admission, location before admission, and surgical treatment).
hOR: odds ratio.
iLogistic regression analysis.
jAOR: adjusted odds ratio.
kLogistic regression analysis that adjusted for all covariates (sex, age group, annual household income, primary diagnosis for admission, Charlson
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Comorbidity Index score, Hospital Frailty Risk Score, dependence in ≥1 activities of daily living items at admission, urinary and fecal incontinence at
admission, location before admission, and surgical treatment).
lRef: reference.
mModels for functional decline excluded participants with pre-exiting full dependence (model n=12,227).
nModels for hospital-associated incontinence excluded those with pre-existing incontinence (model n=11,475).

Discussion

Principal Findings
This retrospective cohort study is the first to develop and apply
a tool to assess HAC-OP from routinely collected administrative
data and evaluate its predictive validity for hospital outcomes.
Our analysis showed that almost one quarter of older inpatients
with multiday stays of more than 2 days had a coded HAC-OP,
and that having one or more HAC-OP-DPC was associated with
longer LOS and discharge to other hospitals and LTCFs. The
clinical implementation of the HAC-OP-DPC measure could
support comparative analyses of clinical and policy interventions
aimed at preventing these complications, thereby contributing
to the optimization of acute care for older adults.

Almost 1 in 4 older patients had coding documentation of any
HAC-OP-DPC in the present study, which was approximately
half that of the incidence of any HAC-OP described in the
Australian study [1]. Nonetheless, the incidences of each
HAC-OP-DPC were ranked in similar order, with functional
decline and delirium being most common. A large contribution
to the disparity in incidence is likely to be reliance on DPC data
to identify individual complications as HAC-OP-DPC, while
the HAC-OP study used repeated patient and clinical record
assessments by trained research assistants [1,17]. Although we
made efforts to minimize the underestimation of delirium, falls,
and pressure injuries by including additional codes and data
sources in their identification criteria, it is very likely that the
coding data underestimated the incidences of all complications.
For example, there were no coded falls without fracture, and
only 59 cases of direct recording of a delirium diagnosis. There
are recognized gaps in clinician recognition and documentation
of hospital complications as well as translation into coding [27].
Understanding and improving the accuracy and usability of
HAC-OP-DPC may require correlation with clinical data and
comparisons between sites. There are other reasons that our
incidence estimates may have been lower than expected. The
denominator in our main analysis included 3051 patients who
could not experience further functional decline and 3803 patients
who could not experience new-onset incontinence, which may
have led to an underestimation of these HAC-OP-DPC. Our
analyses also excluded patients who died during their inpatient
stay, who may have had a higher rate of HAC-OP.

Nonetheless, our study found that the HAC-OP-DPC measure
was associated with longer LOS and discharge destination,
thereby demonstrating its predictive validity for outcomes in
an acute care setting. Furthermore, our analysis found
nonoverlapping risk estimates for LOS and discharge to other
hospitals between patients with 1 and ≥2 HAC-OP-DPC,
showing a significant exposure-outcome effect of a graded
nature. These findings were consistent with the results of the
original HAC-OP study [1] and suggest that prevention of
further HAC-OP is important in those who have already acquired

1 complication. Our observations that HAC-OP-DPC was
significantly associated with older age and baseline function
are consistent with previous reports [1]. Importantly, our study
is the first to demonstrate the strong associations of HAC-OP
with higher CCI scores and HFRS, consistent with existing
knowledge that comorbidities and frailty are risk factors for the
individual complications included in the composite measure
[13,16,34-37].

Our analysis also confirmed that the individual HAC-OP-DPC
were associated with longer LOS and discharge to other
hospitals, which was congruent with previous studies
[6,14,35-39]. All HAC-OP-DPC have been individually
recognized as important outcomes in older patients
[1,6,14,17,36-42]. Although our study showed that there were
patterns of co-occurrence and significant correlations among
the individual HAC-OP-DPC, these correlations were weak.
This suggests that these complications represent relatively
distinct conditions and that they can be treated individually [1].
Moreover, a systematic review of composite outcomes in clinical
trials proposed that studies should list results for all components
of a composite outcome to avoid confusion and bias [43], and
an outcome study using the original multicomponent HAC-OP
measure demonstrated significant and clinically important
improvements in individual outcomes but not in the composite
measure [17]. We recommend that future studies should report
the effects of interventions not only on the HAC-OP-DPC
measure as a composite outcome but also on its individual
complications.

Strengths and Limitations
Strengths of this study include a large, representative dataset
with high levels of item completeness (including functional
variables), adjustment for important covariates, and use of
sensitivity analyses to explore data assumptions. We also
recognize several limitations. First, we included additional
information to reduce these anticipated underestimates that may
have reduced precision; for example, by including drug
prescribing of antipsychotics in the delirium diagnosis, we may
have included some patients with other indications such as
behavioral and psychological symptoms of dementia. However,
our sensitivity analysis using a more stringent definition of
delirium suggests that this had minimal impact on our overall
findings. Second, our study was conducted in a single acute
care hospital in Japan, and its findings may not be generalizable
to other hospitals, regions, or countries. Nevertheless, the
majority of acute care hospitals in Japan have adopted the DPC
system [20], and future studies could compare the incidence of
HAC-OP-DPC in each acute hospital throughout Japan. Also,
although a previous study identified the validity of chronic
disease diagnoses in DPC data as being generally high [26], we
recognize that the performance of comorbidity scoring methods
based on administrative data may vary between health systems
[44]. Third, we could not infer a causal relationship between
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HAC-OP-DPC and LOS because we were unable to identify
the date when each complication occurred, and we cannot
exclude reverse causality between HAC-OP-DPC and LOS [1].
Fourth, our study did not examine the association between
HAC-OP-DPC and mortality, which had been analyzed in the
original HAC-OP study [1], because there are no BI scores
assigned on discharge for in-hospital deaths to calculate
functional decline and incontinence of HAC-OP-DPC, and DPC
data lack information on death after discharge. Future studies
could link DPC data with mortality data to examine the
associations between HAC-OP-DPC and mortality. Finally, our
database lacked information on potentially important
confounders, such as residential status (eg, living alone or with

others), the presence of caregivers, and disease severity that
could be included in future studies.

Conclusions
This study showed that almost one quarter of older acute care
inpatients in a Japanese hospital have coding indicating a
HAC-OP and demonstrated the predictive validity of the
HAC-OP-DPC measure for longer LOS and discharge to other
hospitals and LTCFs. To attain a more robust understanding of
these relationships, additional studies are needed to verify our
findings in other hospitals and regions. The clinical
implementation of HAC-OP-DPC, which are identified using
routinely collected administrative data, could support the
efficient evaluation of integrated interventions aimed at
optimizing inpatient care for older adults.

Acknowledgments
This study was supported by KAKENHI Grants-in-Aid for Scientific Research (grant numbers 20H03924 and 24K13306) from
the Japan Society for the Promotion of Science.

Conflicts of Interest
None declared.

Multimedia Appendix 1
ICD-10 (International Statistical Classification of Diseases, Tenth Revision) codes for identifying hospital-associated complications
of older people-Diagnosis Procedure Combination data version.
[DOCX File , 34 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Characteristics among patients who died during hospitalization (n=833).
[DOCX File , 36 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Association of HAC-OP-DPC (hospital-associated complications of older people-Diagnosis Procedure Combination data version)
with the outcome measures after excluding patients who could neither experience hospital-associated functional decline nor
incontinence (n=11,075).
[DOCX File , 36 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Association of HAC-OP-DPC (hospital-associated complications of older people-Diagnosis Procedure Combination data version)
with the outcome measures after excluding patients who could neither experience hospital-associated functional decline nor
incontinence (N=15,278).
[DOCX File , 36 KB-Multimedia Appendix 4]

References

1. Mudge AM, McRae P, Hubbard RE, Peel NM, Lim WK, Barnett AG, et al. Hospital-associated complications of older
people: a proposed multicomponent outcome for acute care. J Am Geriatr Soc. Feb 2019;67(2):352-356. [FREE Full text]
[doi: 10.1111/jgs.15662] [Medline: 30423197]

2. Loyd C, Markland AD, Zhang Y, Fowler M, Harper S, Wright NC, et al. Prevalence of hospital-associated disability in
older adults: a meta-analysis. J Am Med Dir Assoc. 2020;21(4):455-461.e5. [FREE Full text] [doi:
10.1016/j.jamda.2019.09.015] [Medline: 31734122]

3. Boyd CM, Ricks M, Fried LP, Guralnik JM, Xue Q, Xia J, et al. Functional decline and recovery of activities of daily living
in hospitalized, disabled older women: the women's health and aging study I. J Am Geriatr Soc. 2009;57(10):1757-1766.
[FREE Full text] [doi: 10.1111/j.1532-5415.2009.02455.x] [Medline: 19694869]

JMIR Aging 2025 | vol. 8 | e68267 | p. 10https://aging.jmir.org/2025/1/e68267
(page number not for citation purposes)

Mitsutake et alJMIR AGING

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=aging_v8i1e68267_app1.docx&filename=5e0332d77cf15fb95f3e637434eec790.docx
https://jmir.org/api/download?alt_name=aging_v8i1e68267_app1.docx&filename=5e0332d77cf15fb95f3e637434eec790.docx
https://jmir.org/api/download?alt_name=aging_v8i1e68267_app2.docx&filename=d0cb3ad4d14c25030e2e336223d4d65b.docx
https://jmir.org/api/download?alt_name=aging_v8i1e68267_app2.docx&filename=d0cb3ad4d14c25030e2e336223d4d65b.docx
https://jmir.org/api/download?alt_name=aging_v8i1e68267_app3.docx&filename=02831cd433c8cd694f2d329bda5ffc11.docx
https://jmir.org/api/download?alt_name=aging_v8i1e68267_app3.docx&filename=02831cd433c8cd694f2d329bda5ffc11.docx
https://jmir.org/api/download?alt_name=aging_v8i1e68267_app4.docx&filename=e562ef983628cdca525f859c9d510a8d.docx
https://jmir.org/api/download?alt_name=aging_v8i1e68267_app4.docx&filename=e562ef983628cdca525f859c9d510a8d.docx
https://europepmc.org/abstract/MED/30423197
http://dx.doi.org/10.1111/jgs.15662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30423197&dopt=Abstract
https://europepmc.org/abstract/MED/31734122
http://dx.doi.org/10.1016/j.jamda.2019.09.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31734122&dopt=Abstract
https://europepmc.org/abstract/MED/19694869
http://dx.doi.org/10.1111/j.1532-5415.2009.02455.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19694869&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


4. Berian JR, Mohanty S, Ko CY, Rosenthal RA, Robinson TN. Association of loss of independence with readmission and
death after discharge in older patients after surgical procedures. JAMA Surg. 2016;151(9):e161689. [doi:
10.1001/jamasurg.2016.1689] [Medline: 27409710]

5. Gibb K, Seeley A, Quinn T, Siddiqi N, Shenkin S, Rockwood K, et al. The consistent burden in published estimates of
delirium occurrence in medical inpatients over four decades: a systematic review and meta-analysis study. Age Ageing.
2020;49(3):352-360. [FREE Full text] [doi: 10.1093/ageing/afaa040] [Medline: 32239173]

6. Geriatric Medicine Research Collaborative. Delirium is prevalent in older hospital inpatients and associated with adverse
outcomes: results of a prospective multi-centre study on world delirium awareness day. BMC Med. 2019;17(1):229. [FREE
Full text] [doi: 10.1186/s12916-019-1458-7] [Medline: 31837711]

7. Siddiqi N, House A, Holmes J. Occurrence and outcome of delirium in medical in-patients: a systematic literature review.
Age Ageing. 2006;35(4):350-364. [doi: 10.1093/ageing/afl005] [Medline: 16648149]

8. Milbrandt EB, Deppen S, Harrison PL, Shintani AK, Speroff T, Stiles RA, et al. Costs associated with delirium in
mechanically ventilated patients. Crit Care Med. 2004;32(4):955-962. [doi: 10.1097/01.ccm.0000119429.16055.92] [Medline:
15071384]

9. Leslie DL, Marcantonio ER, Zhang Y, Leo-Summers L, Inouye SK. One-year health care costs associated with delirium
in the elderly population. Arch Intern Med. 2008;168(1):27-32. [FREE Full text] [doi: 10.1001/archinternmed.2007.4]
[Medline: 18195192]

10. Cohen Y, Zisberg A, Chayat Y, Gur-Yaish N, Gil E, Levin C, et al. Walking for better outcomes and recovery: the effect
of WALK-FOR in preventing hospital-associated functional decline among older adults. J Gerontol A Biol Sci Med Sci.
2019;74(10):1664-1670. [doi: 10.1093/gerona/glz025] [Medline: 30726886]

11. Clinical guidelines, No. 103. Delirium: prevention, diagnosis and management in hospital and long-term care. National
Institute for Health and Care Excellence (NICE). London. (NICE) URL: https://www.nice.org.uk/guidance/cg103 [accessed
2024-03-18]

12. Hshieh TT, Yue J, Oh E, Puelle M, Dowal S, Travison T, et al. Effectiveness of multicomponent nonpharmacological
delirium interventions: a meta-analysis. JAMA Intern Med. 2015;175(4):512-520. [FREE Full text] [doi:
10.1001/jamainternmed.2014.7779] [Medline: 25643002]

13. Geyskens L, Jeuris A, Deschodt M, Van Grootven B, Gielen E, Flamaing J. Patient-related risk factors for in-hospital
functional decline in older adults: a systematic review and meta-analysis. Age Ageing. 2022;51(2):afac007. [doi:
10.1093/ageing/afac007] [Medline: 35165688]

14. Ahmed S, Leurent B, Sampson EL. Risk factors for incident delirium among older people in acute hospital medical units:
a systematic review and meta-analysis. Age Ageing. 2014;43(3):326-333. [FREE Full text] [doi: 10.1093/ageing/afu022]
[Medline: 24610863]

15. Deandrea S, Bravi F, Turati F, Lucenteforte E, La Vecchia C, Negri E. Risk factors for falls in older people in nursing
homes and hospitals. A systematic review and meta-analysis. Arch Gerontol Geriatr. 2013;56(3):407-415. [doi:
10.1016/j.archger.2012.12.006] [Medline: 23294998]

16. Palmer MH, Baumgarten M, Langenberg P, Carson JL. Risk factors for hospital-acquired incontinence in elderly female
hip fracture patients. J Gerontol A Biol Sci Med Sci. 2002;57(10):M672-M677. [doi: 10.1093/gerona/57.10.m672] [Medline:
12242323]

17. Mudge AM, McRae P, Banks M, Blackberry I, Barrimore S, Endacott J, et al. Effect of a ward-based program on
hospital-associated complications and length of stay for older inpatients: the cluster randomized CHERISH trial. JAMA
Intern Med. 2022;182(3):274-282. [FREE Full text] [doi: 10.1001/jamainternmed.2021.7556] [Medline: 35006265]

18. Daniels H, Hollinghurst J, Fry R, Clegg A, Hillcoat-Nallétamby S, Nikolova S, et al. The value of routinely collected data
in evaluating home assessment and modification interventions to prevent falls in older people: systematic literature review.
JMIR Aging. 2021;4(2):e24728. [FREE Full text] [doi: 10.2196/24728] [Medline: 33890864]

19. Han E, Kharrazi H, Shi L. Identifying predictors of nursing home admission by using electronic health records and
administrative data: scoping review. JMIR Aging. 2023;6:e42437. [FREE Full text] [doi: 10.2196/42437] [Medline:
37990815]

20. Yasunaga H. Real world data in Japan: chapter II the diagnosis procedure combination database. ACE. 2019;1(3):76-79.
[doi: 10.37737/ace.1.3_76]

21. Mitsutake S, Ishizaki T, Yano S, Tsuchiya-Ito R, Uda K, Toba K, et al. All-cause readmission or potentially avoidable
readmission: which is more predictable using frailty, comorbidities, and ADL? Innov Aging. 2023;7(5):igad043. [FREE
Full text] [doi: 10.1093/geroni/igad043] [Medline: 37342490]

22. Uda K, Matsui H, Fushimi K, Yasunaga H. Intensive in-hospital rehabilitation after hip fracture surgery and activities of
daily living in patients with dementia: retrospective analysis of a nationwide inpatient database. Arch Phys Med Rehabil.
2019;100(12):2301-2307. [doi: 10.1016/j.apmr.2019.06.019] [Medline: 31421098]

23. Health survey on impact assessment of DPC introduction: summary of statistics. Ministry of Health, Labour and Welfare.
URL: https://www.mhlw.go.jp/stf/shingi2/0000196043_00006.html; [accessed 2024-10-02]

JMIR Aging 2025 | vol. 8 | e68267 | p. 11https://aging.jmir.org/2025/1/e68267
(page number not for citation purposes)

Mitsutake et alJMIR AGING

XSL•FO
RenderX

http://dx.doi.org/10.1001/jamasurg.2016.1689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27409710&dopt=Abstract
https://europepmc.org/abstract/MED/32239173
http://dx.doi.org/10.1093/ageing/afaa040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32239173&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-019-1458-7
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-019-1458-7
http://dx.doi.org/10.1186/s12916-019-1458-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31837711&dopt=Abstract
http://dx.doi.org/10.1093/ageing/afl005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16648149&dopt=Abstract
http://dx.doi.org/10.1097/01.ccm.0000119429.16055.92
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15071384&dopt=Abstract
https://europepmc.org/abstract/MED/18195192
http://dx.doi.org/10.1001/archinternmed.2007.4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18195192&dopt=Abstract
http://dx.doi.org/10.1093/gerona/glz025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30726886&dopt=Abstract
https://www.nice.org.uk/guidance/cg103
https://europepmc.org/abstract/MED/25643002
http://dx.doi.org/10.1001/jamainternmed.2014.7779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25643002&dopt=Abstract
http://dx.doi.org/10.1093/ageing/afac007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35165688&dopt=Abstract
https://europepmc.org/abstract/MED/24610863
http://dx.doi.org/10.1093/ageing/afu022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24610863&dopt=Abstract
http://dx.doi.org/10.1016/j.archger.2012.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23294998&dopt=Abstract
http://dx.doi.org/10.1093/gerona/57.10.m672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12242323&dopt=Abstract
https://europepmc.org/abstract/MED/35006265
http://dx.doi.org/10.1001/jamainternmed.2021.7556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35006265&dopt=Abstract
https://aging.jmir.org/2021/2/e24728/
http://dx.doi.org/10.2196/24728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33890864&dopt=Abstract
https://aging.jmir.org/2023//e42437/
http://dx.doi.org/10.2196/42437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37990815&dopt=Abstract
http://dx.doi.org/10.37737/ace.1.3_76
https://europepmc.org/abstract/MED/37342490
https://europepmc.org/abstract/MED/37342490
http://dx.doi.org/10.1093/geroni/igad043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37342490&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2019.06.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31421098&dopt=Abstract
https://www.mhlw.go.jp/stf/shingi2/0000196043_00006.html;
http://www.w3.org/Style/XSL
http://www.renderx.com/


24. Hospital-acquired complications (HACs). Australian Commission on Safety and Quality in Health Care. URL: https://www.
safetyandquality.gov.au/our-work/indicators-measurement-and-reporting/hospital-acquired-complications-hacs [accessed
2024-10-31]

25. Department of health and human services. Patient safety indicators (PSI) benchmark data tables. Agency for Healthcare
Research and Quality, U.S. URL: https://qualityindicators.ahrq.gov/Downloads/Modules/PSI/V2024/
Version_2024_Benchmark_Tables_PSI.pdf [accessed 2024-10-31]

26. Yamana H, Moriwaki M, Horiguchi H, Kodan M, Fushimi K, Yasunaga H. Validity of diagnoses, procedures, and laboratory
data in Japanese administrative data. J Epidemiol. 2017;27(10):476-482. [FREE Full text] [doi: 10.1016/j.je.2016.09.009]
[Medline: 28142051]

27. Ibitoye T, So S, Shenkin S, Anand A, Reed MJ, Vardy ERLC, et al. Delirium is under-reported in discharge summaries
and in hospital administrative systems: a systematic review. Delirium (Bielef). 2023;2023:74541. [doi: 10.56392/001c.74541]
[Medline: 39654697]

28. Mahoney FI, Barthel DW. Functional evaluation: the Barthel Index. Md State Med J. 1965;14:61-65. [doi:
10.1037/t02366-000]

29. Exchange rates. Organization for economic co-operation and development. URL: https://www.oecd.org/en/data/indicators/
exchange-rates.html [accessed 2024-03-18]

30. Mitsutake S, Ishizaki T, Tsuchiya-Ito R, Furuta K, Hatakeyama A, Sugiyama M, et al. Association of cognitive impairment
severity with potentially avoidable readmissions: a retrospective cohort study of 8897 older patients. Alzheimers Dement
(Amst). 2021;13(1):e12147. [FREE Full text] [doi: 10.1002/dad2.12147] [Medline: 33816752]

31. Mitsutake S, Ishizaki T, Tsuchiya-Ito R, Furuta K, Hatakeyama A, Sugiyama M, et al. Association of cognitive impairment
severity with potentially avoidable readmissions: a retrospective cohort study of 8897 older patients. Alzheimers Dement
(Amst). 2021;13(1):e12147. [FREE Full text] [doi: 10.1002/dad2.12147] [Medline: 33816752]

32. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi J, et al. Coding algorithms for defining comorbidities in
ICD-9-CM and ICD-10 administrative data. Med Care. 2005;43(11):1130-1139. [doi: 10.1097/01.mlr.0000182534.19832.83]
[Medline: 16224307]

33. 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 electronic hospital records: an observational study. Lancet.
2018;391(10132):1775-1782. [FREE Full text] [doi: 10.1016/S0140-6736(18)30668-8] [Medline: 29706364]

34. Tran NN, Hoang TPN, Ho TKT. Diagnosis and risk factors for delirium in elderly patients in the emergency rooms and
intensive care unit of the national geriatric hospital emergency department: a cross-sectional observational study. Int J Gen
Med. 2021;14:6505-6515. [FREE Full text] [doi: 10.2147/IJGM.S325365] [Medline: 34675618]

35. Raats JW, Steunenberg SL, de Lange DC, van der Laan L. Risk factors of post-operative delirium after elective vascular
surgery in the elderly: a systematic review. Int J Surg. 2016;35:1-6. [FREE Full text] [doi: 10.1016/j.ijsu.2016.09.001]
[Medline: 27613124]

36. Hori K, Usuba K, Sakuyama A, Adachi Y, Hirakawa K, Nakayama A, et al. Hospitalization-associated disability after
cardiac surgery in elderly patients - exploring the risk factors using machine learning algorithms. Circ Rep. 2021;3(8):423-430.
[FREE Full text] [doi: 10.1253/circrep.CR-21-0057] [Medline: 34414331]

37. Bates DW, Pruess K, Souney P, Platt R. Serious falls in hospitalized patients: correlates and resource utilization. Am J
Med. 1995;99(2):137-143. [doi: 10.1016/s0002-9343(99)80133-8] [Medline: 7625418]

38. Moghadamyeghaneh Z, Stamos MJ, Stewart L. Patient co-morbidity and functional status influence the occurrence of
hospital acquired conditions more strongly than hospital factors. J Gastrointest Surg. 2019;23(1):163-172. [doi:
10.1007/s11605-018-3957-9] [Medline: 30225796]

39. Campbell J, Hubbard R, Ostaszkiewicz J, Green T, Coyer F, Mudge A. Incontinence during and following hospitalisation:
a prospective study of prevalence, incidence and association with clinical outcomes. Age Ageing. 2023;52(9):afad181.
[FREE Full text] [doi: 10.1093/ageing/afad181] [Medline: 37738169]

40. Montero-Marco J, Charlo-Bernardos M, Subirón-Valera AB, Erickson H, Herrero-Cortina B, Altarribas-Bolsa E. The role
of nursing care continuity report in predicting length of hospital stay in older people: a retrospective cohort study. J Clin
Nurs. 2024;33(5):1830-1838. [doi: 10.1111/jocn.16953] [Medline: 38178555]

41. Brand CA, Sundararajan V. A 10-year cohort study of the burden and risk of in-hospital falls and fractures using routinely
collected hospital data. Qual Saf Health Care. 2010;19(6):e51. [doi: 10.1136/qshc.2009.038273] [Medline: 20558479]

42. Rubin EB, Buehler AE, Halpern SD. States worse than death among hospitalized patients with serious illnesses. JAMA
Intern Med. 2016;176(10):1557-1559. [FREE Full text] [doi: 10.1001/jamainternmed.2016.4362] [Medline: 27479808]

43. Cordoba G, Schwartz L, Woloshin S, Bae H, Gøtzsche PC. Definition, reporting, and interpretation of composite outcomes
in clinical trials: systematic review. Br Med J. 2010;341:c3920. [FREE Full text] [doi: 10.1136/bmj.c3920] [Medline:
20719825]

44. Sundararajan V, Quan H, Halfon P, Fushimi K, Luthi JC, Burnand B, et al. International Methodology Consortium for
Coded Health Information (IMECCHI). Cross-national comparative performance of three versions of the ICD-10 Charlson
index. Med Care. 2007;45(12):1210-1215. [doi: 10.1097/MLR.0b013e3181484347] [Medline: 18007172]

JMIR Aging 2025 | vol. 8 | e68267 | p. 12https://aging.jmir.org/2025/1/e68267
(page number not for citation purposes)

Mitsutake et alJMIR AGING

XSL•FO
RenderX

https://www.safetyandquality.gov.au/our-work/indicators-measurement-and-reporting/hospital-acquired-complications-hacs
https://www.safetyandquality.gov.au/our-work/indicators-measurement-and-reporting/hospital-acquired-complications-hacs
https://qualityindicators.ahrq.gov/Downloads/Modules/PSI/V2024/Version_2024_Benchmark_Tables_PSI.pdf
https://qualityindicators.ahrq.gov/Downloads/Modules/PSI/V2024/Version_2024_Benchmark_Tables_PSI.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0917-5040(17)30003-5
http://dx.doi.org/10.1016/j.je.2016.09.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28142051&dopt=Abstract
http://dx.doi.org/10.56392/001c.74541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39654697&dopt=Abstract
http://dx.doi.org/10.1037/t02366-000
https://www.oecd.org/en/data/indicators/exchange-rates.html
https://www.oecd.org/en/data/indicators/exchange-rates.html
https://europepmc.org/abstract/MED/33816752
http://dx.doi.org/10.1002/dad2.12147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33816752&dopt=Abstract
https://europepmc.org/abstract/MED/33816752
http://dx.doi.org/10.1002/dad2.12147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33816752&dopt=Abstract
http://dx.doi.org/10.1097/01.mlr.0000182534.19832.83
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16224307&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(18)30668-8
http://dx.doi.org/10.1016/S0140-6736(18)30668-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29706364&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.2147/IJGM.S325365?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/IJGM.S325365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34675618&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1743-9191(16)30849-4
http://dx.doi.org/10.1016/j.ijsu.2016.09.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27613124&dopt=Abstract
https://doi.org/10.1253/circrep.CR-21-0057
http://dx.doi.org/10.1253/circrep.CR-21-0057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34414331&dopt=Abstract
http://dx.doi.org/10.1016/s0002-9343(99)80133-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7625418&dopt=Abstract
http://dx.doi.org/10.1007/s11605-018-3957-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30225796&dopt=Abstract
https://europepmc.org/abstract/MED/37738169
http://dx.doi.org/10.1093/ageing/afad181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37738169&dopt=Abstract
http://dx.doi.org/10.1111/jocn.16953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38178555&dopt=Abstract
http://dx.doi.org/10.1136/qshc.2009.038273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20558479&dopt=Abstract
https://europepmc.org/abstract/MED/27479808
http://dx.doi.org/10.1001/jamainternmed.2016.4362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27479808&dopt=Abstract
https://europepmc.org/abstract/MED/20719825
http://dx.doi.org/10.1136/bmj.c3920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20719825&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0b013e3181484347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18007172&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
ADL: activities of daily living
AOR: adjusted odds ratio
ARR: adjusted risk ratio
BI: Barthel Index
CCI: Charlson Comorbidity Index
DPC: Diagnosis Procedure Combination
ICD-10: International Statistical Classification of Diseases, Tenth Revision
HAC-OP: hospital-associated complications of older people
HAC-OP-DPC: hospital-associated complications of older people-Diagnosis Procedure Combination data version
HFRS: Hospital Frailty Risk Score
LOS: length of stay
LTCF: long-term care facility
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