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Introduction
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Yasushi Takeya,'
3,5,6

Aim: The aim of this study was to investigate the relationship between preoperative patient
factors and postoperative half-year health care utilization reflecting recovery, common com-
plications, comorbidities, and significant health concerns, identifying strong risk and protec-
tive factors.

Methods: This retrospective cohort study utilized linear, quantile, and ordinal regressions
to analyze Osaka National Health Insurance data from 26 606 elderly patients who underwent
hip fracture surgery between 2012 and 2018.

Results: The key factors associated with multiple postoperative care utilizations (P < 0.001)
included:

1 Compared with men, women were strongly negatively correlated with postoperative length
of stay (LOS) at q90, diabetes prescriptions or drip injections, while showing strong positive
associations with postoperative antihypertensive, antiosteoporosis, and antidementia
prescriptions.

2 Age has a strong negative correlation with antiosteoporosis or diabetes prescriptions but
strongly positive associations with indwelling urinary catheters or drip injections.

3 The preoperative 1-year LOS correlated positively with the postoperative LOS or indwelling
urinary catheters, and the strongest associations were observed at q25 with the postoperative
LOS. It was significantly and negatively associated with antihypertensive or antidementia
prescriptions.

4 Many preoperative care utilizations were positive factors, and some were strong factors at
q2S5 of the LOS.

Conclusions: Nuanced relationships between the female sex; preoperative LOS;
antidementia, antiosteoporosis, antihypertensive and constipation prescriptions; indwelling
catheters, and postoperative LOS were elucidated. These are key risks during shorter postop-
erative LOS, while male subgroups are at a higher risk during longer LOS duration. Patients
with extended preoperative diabetes prescriptions or drip injections are at high risk of multiple
postoperative care. Geriatr Gerontol Int 2025; ee: ee—ee,

Keywords: aged, epidemiologic factors, hip fractures, patient outcome assessment, surgery.

increasing the risk of morbidity, complication, frailty and disabil-
ity, complicating or extending care.*

Hip fractures, particularly among older adults, represent a signifi-
cant and escalating health care challenge globally.! Japan is projec-
ted to experience a 1.36-fold increase in the prevalence of hip
fractures by 2050.> Hip fractures are a leading cause of emergency
surgery in older adults, often resulting in poor postoperative
recovery and placing substantial burdens on health care systems,’

© 2025 The Author(s). Geriatrics & Gerontology International

Patient outcomes following hip fractures are influenced by pre-
existing health conditions and the quality of care provided.® Opti-
mizing care benefits and mitigating adverse prognoses are crucial
but present challenges for older postoperative survivors with pre-
operative comorbidities or medical histories.® Despite policies
aiming at enhancing older adults’ health and quality of life,
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concerns about the health care system’s capacity to deliver quality
comprehensive care persist.” More comprehensive assessments of
risk factors related to postoperative complications, morbidities or
the protective factors promoting recovery are needed.”

Previous studies reported that 63% of patients were admitted
due to nonsurgical systemic illnesses before the fracture.” A longer
duration of preoperative comorbidities was associated with poorer
outcomes, and time, rather than technique, is a critical factor.'”
Additionally, personalized care is crucial. Therefore, other than
the need to evaluate a broader range of indicators, early, continu-
ous monitoring of multiple individual-level factors (e.g. health sta-
tus) already present before fractures, independent of specific care
contexts, should be ensured.!! Notably, unlike long-term out-
comes >6 months following a fracture shaped by a complex inter-
play of biopsychosocial factors and care received, outcomes
<6 months are primarily influenced by prefracture patient charac-
teristics.'>'® However, current findings primarily focus on postop-
erative immediate or short-term outcomes.'*'® There is a need
for a holistic understanding of the association between preopera-
tive long-term, dynamic patient factor changes and postoperative
outcomes.'® Furthermore, there are issues of heterogeneous and
even contradictory associations or studies confined to small sam-
ples and limited settings.'”'®

Japanese health insurance data enables retrospective cohort
studies to explore factors over extended periods, reduce sample
selection bias and ensure reliable epidemiological results. Claims
information, derived from standardized billing records across
medical institutions, ensures accuracy.'’

Given the regional variations in aging rates and Osaka’s higher
hip fracture rates,?® this study leveraged large-scale administrative
data from Osaka Prefecture’s universal health insurance to
examine:

® The comprehensive, dynamic relationships between preopera-
tive patient factors and the first postoperative half-year health
status and recovery, measured by length of stay (LOS), pre-
scriptions or intensive resource utilization

e The strong risk and protective factors associated with multiple
postoperative health care utilization outcomes

Methods

This retrospective cohort study adhered to the Strengthening of
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines (Appendix I). Additionally, we followed
methods to ensure real-world data quality and adhered to the rec-
ommendations of  the International Society for
Pharmacoeconomics and Outcomes Research and the Interna-
tional Society for Pharmacoepidemiology Special Task Force on
Real-World Evidence.?'*?

Data source and sample size

We included 26 606 older patients from the National Health
Insurance (NHI) database (Kokuho Database) who were admitted
for hip fracture surgery in Osaka Prefecture between April 2012
and December 2018. Seasonal variations in fracture profiles,
including postoperative systemic complications and annual hospi-
talization fluctuations, were considered to ensure an adequate
sample size and statistical power.*?

Inclusion criteria

Participants meeting the following criteria were included:

2

1. The patient was diagnosed with hip fracture (International Classi-
fication of Diseases, Tenth Revision, S72x) and underwent surgery.
To prevent duplication, only the first surgery during the study
period was considered for patients who were hospitalized more
than once and underwent multiple surgeries.

2. One to five types of surgeries (Appendix II) within S days fol-
lowing a fracture. This time frame is based on: (i) Japanese clin-
ical guidelines; (ii) the average time from hospital admission to
surgery is typically 4.5 to 5 days in practice®®; (iii) the critical
window between fracture and surgery, as prolonged waiting
times can significantly impact postoperative outcomes®**;
(iv) previous studies on antiplatelet drug half-life suggest a
S-day cutoff for identifying benefits of early surgery over del-
ayed surgery®® and (v) significant differences in outcomes
(e.g. lower risk of severe complications) for patients with anti-
platelet or warfarin therapy who undergo early surgery
(<S days) than delayed surgery (>S days).*”

3. Age 265 years at baseline, continuously enrolled in the NHI
program and with complete data for at least 1 year before and
6 months after surgery.

Data extraction and preprocessing

We assessed the preoperative demographic factors (age and sex).
Older adults with hip fractures or older surgical patients often
require increased health care services. Therefore, the study
encompassed health care utilization as a proxy for: (i) common ill-
nesses, (ii) complications or comorbidities significantly affecting
these patients’ outcomes or (iii) those conditions that are mainly
preventable.”®=! Specifically, we observed preoperative outpatient
service utilization days and preoperative and postoperative health
care utilization status, including LOS, physician order-based pre-
scriptions and clinical intensive resource utilization. Intensive
resource utilization was defined on the basis of literature indicat-
ing the high resource demands for routine care involving urinary
catheters, pressure ulcers, or certain intravenous medications.>*3
The prescribed drugs were classified following the World Health
Organization-recommended Anatomical Therapeutic Chemical
classification system.

Data preparation

Data were prepared for statistical analysis by converting the
monthly frequency of physician orders into annual counts of
months. For simplicity, the months of physician orders are
referred to as the corresponding prescription or care. Previous
studies have shown that significant functional health recovery pri-
marily occurs within the first 6 months postoperatively, and deter-
mining this can provide a comprehensive picture of short- and
long-term outcomes.** We hypothesized that the nuanced associ-
ations of preoperative demographics and 1-year care utilization
variables with postoperative half-year LOS, prescriptions, inten-
sive resource utilization and that strongly associated factors of
multiple postoperative care could be identified.

Statistical analysis

All analyses were performed using RStudio software version 4.3.0.
We reported the effect sizes, including the standardized regression
coefficients (p), the dummy variable’s regression coefficient
(B) and 95% confidence intervals (CIs), with significance level set
at 0.05. The generated histograms indicated nonnormal data dis-
tributions. Robust statistical methods were used to identify out-
liers and heteroscedasticity.*

© 2025 The Author(s). Geriatrics & Gerontology International
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Related factors of postoperative half-year care

Multiple linear regression was used to assess the relationships
between independent variables and postoperative LOS. These
were fitted using the “Im” function in R. To account for extreme
values and nonnormal distributions, we employed quantile regres-
sions at the 25th, 50th, 75th and 90th percentiles using the “rq”
function in the quantreg package of R.*® All dependent variables
were incremented by 1, log-transformed and then included in lin-
ear and quantile regressions.>” In all regressions, we virtualized
the sex variable and selected the male sex as the reference group
and used the z-score to standardize other independent vari-
ables.***? Unlike mean-based regression, different quantiles rev-
ealed how the relationship between independent variables and the
outcome variable (LOS) varies across outcome levels
(Appendix I, Figure III.1).

For ordinal outcome variables, including postoperative specific
prescriptions, urinary catheters, intravenous injections, or severe
pressure ulcer treatments (measured over 0-6 months), we

performed ordinal regression analysis using the “polr () function
in the MASS package of R. This method is specifically designed
for ordinal logistic regression of response variable categories with
a meaningful order that lacks inherent numeric distance.*® These
outcomes is divided into three ordered categories: “0”, rep-
resenting one subgroup, and the nonzero values split into two
additional subgroups based on half of their distribution. Parallel
regression assumptions were made using Brant’s test. When these
assumptions were not met (P <0.05 in the ‘Omnibus’ check),
independent variables with the lowest P-values in the parallel line
test were iteratively removed until the assumptions were satisfied.
The likelihood ratio test indicated a good model fit (P < 0.05).
Finally, to control the cumulative error rate across all regres-
sion models, we employed multiple comparison methods to adjust
the P-values, based on guidelines or studies.*"™** Given the non-
normal distribution of our data and the many independent vari-
ables (average, 10-12) in a regression, the Holm-Bonferroni

Table 1 Demographic and clinical characteristics of study participants (n = 26 606)

Variables

Preoperative Age (years)
Young-old (65-74 years) group
Middle-old (75-84 years) group
Old-old (85-100 years) group
Super-old (>100 years) group

Preoperative Sex
Male

Female

Preoperative 1-year LOS (days)

Preoperative 1-year outpatient utilization

(days)

Preoperative 1-year prescriptions or intensive care utilizations

Antiosteoporosis prescriptions
Constipation prescriptions
Antidiabetic prescriptions
Antibacterial prescriptions
Antihypertensive prescriptions
Antidementia prescriptions
Indwelling urinary catheters

Preoperative 1-year prescriptions or intensive

care utilizations
Drip injections
Severe pressure ulcer treatments

LOS for the first postoperative half-year

Number of months with physician orders for prescriptions or intensive care utilizations for the first postoperative half-year

Antiosteoporosis prescriptions
Constipation prescriptions
Antidiabetic prescriptions
Antibacterial prescriptions
Antihypertensive prescriptions
Antidementia prescriptions
Indwelling urinary catheters
Drip injections

Severe pressure ulcer treatments

IQR, interquartile range.; LOS, length of stay; SD, standard deviation.

Value
Mean (SD), range IQR/Mn (%) Quantile  Quantile  Quantile  Quantile
25 50 75 90
85.09 + 5.76 (65-108) 8 81 85 89 93
278 (1.04)
12 600
(47.36)
13 616
(51.18)
112 (0.42)
4560
(17.14)
22 046
(82.86)
17.32 4+ 49.54 (0-366) 9 0 0 9 49
37.29 £+ 40.61 (0-366) 31 14 26 45 80
2.63 +4.38 (0-12) 4 0 0 4 12
4.10 £ 4.70 (0-12) 9 0 1 9 12
1.39 4+ 3.53 (0-12) 0 0 0 0 8
0.02 £ 0.32 (0-12) 0 0 0 0 0
3.61 + 4.89 (0-12) 9 0 0 9 12
1.77 + 3.84 (0-12) 0 0 0 0 10
0.18 £+ 0.62 (0-12) 0 0 0 0 1
0.60 £+ 1.29 (0-12) 1 0 0 1 2
0.01 £ 0.14 (0-9) 0 0 0 0 0
61.92 + 47.39 (0-184) 67 23 55 90 126
1.39 + 2.06 (0-6) 3 0 0 3 S
2.51 £ 2.19 (0-6) 4 0 2 4 6
0.63 + 1.61 (0-6) 0 0 0 0 4
0.01 £+ 0.14 (0-6) 0 0 0 0 0
1.44 + 2.17 (0-6) 5 0 0 3 S
0.84 + 1.83 (0-6) 0 0 0 0 4
0.14 £+ 0.52 (0-6) 0 0 0 0 0
0.48 £+ 0.87 (0-6) 1 0 0 1 2
0.02 £+ 0.22 (0-5) 0 0 0 0 0
| 3
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retained to three decimals to accurately report the regression results. CI, confidence interval; LOS, length of stay; SE, standard error.

method was selected as the primary method to assess the result
robustness. The Benjamini-Hochberg method provides a supple-
mentary adjustment. All analyses were conducted using the R
function “p.adjust.” To identify strong predictors and control for
the cumulative error rate, we focused on the independent variables
with adjusted P-values <0.001 under both methods.

Statistical analyses were conducted in accordance with Statisti-
cal Analyses and Methods in the Published Literature (the
SAMPL Guidelines). Data analysis and interpretation were dis-
cussed in author meetings, and a statistician confirmed all
analyses.

Results

Patient’s characteristics

Demographic and care utilization characteristics are summarized
in Table 1. The mean age of the participants was 85.09 years, with
47.36% being middle-aged (75-84 years) and 51.18% old (85—
100 years). The majority of the patients were female (82.86%).

The preoperative LOS and outpatient utilization showed sub-
stantial variability. The mean preoperative LOS was 17.32 days,
median, 0 days). Outpatient utilization averaged 37.29 days, with a
median of 26 days. Preoperative prescriptions and intensive
resource utilization also varied, indicating that a subset of patients
had prolonged and multiple care needs.

Postoperative care utilization was similarly skewed, with pro-
longed and multiple needs in a substantial proportion of patients.
The mean postoperative half-year LOS was 61.92 [median, 55]
days). Seventy-five percent of participants required prescriptions
for 3 months and care for 1 month. Constipation prescriptions
had the longest mean duration (2.51 months), followed by antihy-
pertensive (1.44 months) and antiosteoporosis (1.39 months).
Intensive care utilization was lower, with indwelling urinary cathe-
ters averaging 0.14 months and drip injections at 0.48 months.

Detailed findings

Impact of preoperative demographic factors

Compared to male sex, female sex was negatively associated with
postoperative LOS and strongly associated at q90 (B = —0.078
[95% CI width = 0.059]; Table 2). Moreover, sex significantly
influenced various postoperative prescriptions and intensive care
utilizations. Specifically, female sex was strongly positively associ-
ated with postoperative antihypertensive, antiosteoporosis, or
antidementia prescriptions, while showing negative associations
with diabetes prescriptions or drip injections (Table 4).

Age has strong negative associations with antiosteoporosis or
diabetes  prescriptions (B =—0.165 or—-0.32 [95% CI
widths = 0.049 or 0.071], respectively), but strong positive associ-
ations with indwelling urinary catheters or drip injections
(B=0.136 or 0.159 [95% CI widths = 0.081 or 0.053], respec-
tively; Table 4).

Effects of preoperative medical service utilization

Preoperative 1-year LOS demonstrated strong positive correla-
tions with postoperative LOS (= 0.078-0.253 [95% CI
widths = 0.017-0.047]; Tables 2 and 3) or indwelling urinary
catheters (B = 0.08 [95% CI width = 0.074]). The strongest associ-
ation was observed at q25 with postoperative LOS. Conversely,
preoperative LOS was strongly negatively associated with antihy-
pertensive or antidementia prescriptions ( = —0.102 or — 0.073
[95% CI widths =0.057 or 0.069], respectively; Table 4).
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Table 3 95% CI width for linear and quantile regressions of postoperative LOS for first postoperative half-year

Dependent variables Independent variables

Model 1: Quantile regression

Model 2: Multiple
linear regression

Quantile  Quantile  Quantile  Quantile
25 50 75 90
95% CI 95% CI 95% CI 95% CI 95% CI Width
Width Width Width Width
LOS for the first Female (reference: male) 0.123 0.059 0.046 0.059 0.083
postoperative half-year Age (years) 0.046 0.023 0.017 0.022 0.031
(days) Preoperative 1-year medical
service utilization (days)
LOS (days) 0.047 0.023 0.017 0.023 0.032

Preoperative 1-year number of months with physician orders for prescriptions or intensive resource

utilization
Antidementia prescriptions
Antiosteoporosis prescriptions
Antihypertensive prescriptions
Antidiabetic prescriptions
Constipation prescriptions
Indwelling urinary catheters
Drip injections
Severe pressure ulcer
treatments

0.046 0.022 0.017 0.022 0.031
0.048 0.023 0.017 0.023 0.032
0.046 0.022 0.017 0.022 0.032
0.046 0.022 0.017 0.022 0.031
0.047 0.023 0.017 0.022 0.032
0.046 0.023 0.017 0.022 0.032
0.048 0.023 0.018 0.023 0.033
0.045 0.022 0.017 0.021 0.03

This table did not report factors with all P-values>0.05 across linear and quantile regressions. The 95% CI width is calculated as the absolute value
of the difference between the upper and lower bounds of the 95% CI. CI, confidence interval; LOS, length of stay.

Influence of preoperative prescription or intensive resource
utilization

Preoperative antiosteoporosis or antihypertensive prescriptions
were positively correlated with postoperative LOS with high corre-
lations at q25 (B =0.119 or 0.092 [95% CI widths = 0.048 or
0.046], respectively). In contrast, preoperative indwelling urinary
catheter use, constipation and antidementia prescriptions were
negatively correlated. The high correlations are also at q25
(B=-0.093, —0.127, —0.145 [95% CI widths = 0.046-0.047])
and the q50 for antidementia prescriptions (p = —0.081 [95% CI
width = 0.022]; Tables 2 and 3).

In ordinal regressions, preoperative constipation prescriptions
were strongly positively associated with postoperative indwelling
urinary catheters (8 =0.119 [95% CI width = 0.081]) and drip
injections (B = 0.11 [95% CI width = 0.052]). Preoperative severe
pressure ulcer treatments were strongly positively associated with
postoperative severe pressure ulcer treatments (B = 0.085 [95% CI
width = 0.068]). Additionally, preoperative diabetes prescriptions
were strongly positively related to constipation or antihypertensive
prescriptions (B =0.074 or 0.257 [95% CI widths =0.045 or
0.047], respectively). Preoperative drip injections or antidementia
prescriptions were also strongly positively related to constipation
prescriptions (B =0.076 or 0.182 [95% CI widths =0.047 or
0.045], respectively), indwelling urinary catheters (p = 0.099 [95%
CI width =0.070]) or drip injections (p=0.075 [95% CI
width = 0.051]; Table 4).

Discussion

Distinct from previous studies,*™*” we innovatively applied qua-
ntile regressions to large-scale health insurance data sets, revealing
demographics and longer preoperative care utilization factors
strongly associated with multiple postoperative outcomes. Nota-
bly, the preoperative LOS is the substantial risk of the whole

6 |

postoperative 6-month LOS. Outweighing the effects of other var-
iables, it is the most significant independent risk factor for short-
term postoperative LOS. Additionally, preoperative antidementia,
antiosteoporosis, antihypertensive and constipation prescriptions
and indwelling catheters are significant risks during a short LOS.
In contrast, male patients exhibited a higher risk during a long
postoperative LOS duration. Despite the limited clinical data, our
findings can still guide future research on observed nonlinear
effects, the development of local person-centered, integrated care
and more equitable health care resource allocation policies.***°
The prevalence of hip fractures was higher in women and
middle- to old-old adults, consistent with previous studies.>®
Women experienced shorter postoperative LOS than men, partic-
ularly as they approached the 6-month postoperative mark, likely
due to better recovery.’’ While both sexes improved from baseline
to 6 months, with only men continuing to improve between half
and 1 year.>? Sex is a significant factor in some postoperative pre-
scriptions and intensive care, with varied directions. These find-
ings may contribute to known sex-based disparities in
multifaceted health recoveries or care utilization.>* Despite shorter
LOS, older females following fracture surgery had more anti-
osteoporosis or antihypertensive prescriptions. Dementia, which is
more prevalent in women aged >80 years, contributes to a higher
prevalence of hip fractures in demented women. Conversely, men
with diabetes in Japan are more susceptible to hip fractures.>*
Additionally, older men with hip fractures may have more access
to postoperative nutritional supplements or intravenous treat-
ments, which are crucial for improving outcomes and survival
rates. Another possibility is that standardized, tailored care proce-
dures or pathways can account for or address variations in patient
sex and care preference.’® Further research on the impact of pro-
vider and patient sex on health care interactions is needed.’® Age
also has diverse and significant effects on postoperative intensive
care. Advanced age increases the likelihood of multiple critical ill-
nesses and reliance on postoperative indwelling catheters and drip
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injections. In contrast, antiosteoporosis and antidiabetic prescrip-
tions were reduced. Given the complexity of hip fracture recovery
and care, this potentially reflects polypharmacy, complicating
treatment regimens and reducing potentially inappropriate medi-
cations.’” Additionally, there is a significant interaction between
age, sex and postoperative antiosteoporosis prescriptions, as
highlighted by Hoit's research.>® Overall, these findings under-
score the need for individualized clinical decision making. Further
investigation is warranted to explore the impact of residual con-
founders, such as social support or access to care, as well as the
comprehensive effects of all factors.

Quantile regression highlights the importance of considering
the distribution of LOS when examining newly identified preoper-
ative prescriptions or intensive care determinants, specifically dur-
ing postoperative short-term LOS. Early acute postoperative
prognosis is characterized by a high concentration of complica-
tions and rehabilitation challenges.>® Multiple preoperative health
statuses or comorbidities significantly influence postoperative
short-term LOS. Almost all preoperative care was positively
related to multiple postoperative care, indicating poor prognoses.
Generally, constipation reductions shorten the LOS by reducing
complications and promoting early mobilization.®® Most current
studies found the postoperative overuse of urinary catheters on
postoperative LOS. The risk of infection rises with extended cath-
eterization, underscoring the importance of timely removal and
regular assessment of the necessity for continued use.®"*? Few
previous studies directly addressed associations of these preopera-
tive and postoperative variables.**** Comparatively, our study
explored and found that preoperative constipation prescriptions
or physician orders for indwelling urinary catheters were strongly
negative factors of postoperative LOS. The impact of preoperative
urinary catheter management on postoperative LOS is inherently
complex, requiring consideration of diverse strategies and inter-
ventions.®>® Due to the complexity surrounding the definition of
constipation, discrepancies between patients and health care pro-
viders can affect its identification and treatment.®® In future stud-
ies, comprehensive and in-depth assessments and validations of
these factors, including care processes, are essential.

However, there is no correlation between preoperative outpa-
tient utilization and postoperative LOS, which is supported by
previous studies that showed postoperative outpatient utilization
was more likely to be influenced by established regular visits to
health care providers’ habits or patterns.®” Notably, care coordina-
tion models and the availability of rehabilitation beds vary across
countries, with East Asian hospitals often discharging patients
more quickly. Overall, optimizing multifaceted preoperative care
and understanding whether limited access to hospitalization is due
to health status, preferences, care coordination models, availability
or comprehensive impacts are crucial.®*¢?

Notably, the discrepancies in sampling, research methodolo-
gies, data sources and scope of the data variables examined may
explain the different impacts of some variables on postoperative
care utilization across studies.”””! Prioritizing these preoperative
care utilization factors for older patients with hip fracture remains
crucial.

This study has several limitations. First, the exploratory and
retrospective design limits the ability to construct a standardized
hypothetical-deductive framework, draw causal interpretations
and control for all confounding factors. Second, certain patients,
such as those who dropped out, were excluded. Moreover, the
unavailability of crucial and precise information (e.g. exact survival
times) for censored data during the study period limited the sur-
vival analysis. No formal sample size calculation was performed
because previous studies did not assess all variables of interest.

10 |

Therefore, potential selection biases were introduced.”? Addition-
ally, health insurance administrative data have inherent shortcom-
ings such as clinical information adequacy issues. Specifically, the
data may not fully represent all study groups or capture all neces-
sary variables, thus limiting clinical insights. Overall, the cases
included may not completely align with all original patient trends
or characteristics. Nevertheless, the large sample size supports the
generalizability of our findings. Finally, while quantile regression is
insightful, it focuses on specific quantiles rather than the entire
distribution and is sensitive to outliers in the tails.”® Future
research should encompass the entire population and integrate
complete and accurate health data from all available sources,
including death certificates and facility and prescription details, for
thorough analysis. Additionally, prospective longitudinal studies
or randomized controlled trials are required to improve the study
design. More comprehensive preoperative risk assessment and
exploration of care disparities are needed to enable targeted inter-
ventions. Clinical practice should use insurance data to support
interventions for high-risk older adults.”*

In conclusion, our study revealed complex relationships
between preoperative demographic characteristics, preoperative
health care utilization and multiple postoperative half-year care
utilization. Key factors such as sex, age, preoperative 1-year LOS
and new preoperative prescriptions or intensive care utilization in
clinical decision making is crucial.
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Appendix I

STROBE statement—Checklist of items that should be included in reports of cohort studies

Item No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract.
(b) Provide in the abstract an informative and balanced summary of what was done and what was
found.
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported.
Objectives B State specific objectives, including any prespecified hypotheses.
Methods
Study design 4 Present key elements of study design early in the paper.
Setting S Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-
up, and data collection.
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe
methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and unexposed.
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give
diagnostic criteria, if applicable.
Data sources/measurement 8f For each variable of interest, give sources of data and details of methods of assessment (measurement).
Describe comparability of assessment methods if there is more than one group.
Bias 9 Describe any efforts to address potential sources of bias.
Study size 10 Explain how the study size was arrived at.
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings
were chosen and why.
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding.
(b) Describe any methods used to examine subgroups and interactions.
(c) Explain how missing data were addressed.
(d) If applicable, explain how loss to follow-up was addressed.
(e) Describe any sensitivity analyses.
Results
Participants 137 (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for

eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 147 (a) Give characteristics of study participants (e.g. demographic, clinical, social) and information on
exposures and potential confounders.
(b) Indicate number of participants with missing data for each variable of interest.
(c) Summarize follow-up time (e.g. average and total amount).

Outcome data 157 Report numbers of outcome events or summary measures over time.

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg,
95% confidence interval). Make clear which confounders were adjusted for and why they were
included.

(b) Report category boundaries when continuous variables were categorized.
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time

period.
Other analyses 17 Report other analyses done — e.g. analyses of subgroups and interactions and sensitivity analyses
Discussion
Key results 18 Summarize key results with reference to study objectives.
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss
both direction and magnitude of any potential bias.
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of
analyses, results from similar studies, and other relevant evidence.
Generalizability 21 Discuss the generalizability (external validity) of the study results.
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the

original study on which the present article is based.

Give information separately for exposed and unexposed groups.

An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent
reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLOS Medicine at http://www.
plosmedicine.org/, Annals of Internal Medicine at http:/www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the
STROBE Initiative is available at http://www.strobe-statement.org.
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APPENDIX II
Five types of surgeries
Category numbere Medical Procedure Name Billing code
K046-00 Open reduction of fracture (thigh) 150019210
K073-00 Open reduction of intra-articular 150042710
fracture (hip)
K073-02 Arthroscopic open reduction of intra- 150353310
articular fracture (hip)
K081-00 Artificial femoral head replacement (hip) 150049510
K082-00 Total hip replacement (hip) 150050410

These types of surgeries were identified on the basis of a single national list of official medical fees based on standard disease codes or medical pro-
cedure codes in the Ministry of Health, Labour and Welfare. The list can refer to the website: https://shinryohoshu.mhlw.go.jp/shinryohoshu/
paMenu/doPaDetailSpNext&100.
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Figure III.1 Preoperative factors associated with LOS within first postoperative half-year in linear regressions and the regressions
for each quantile. The x-axis represents each percentile point of the dependent variable (LOS), and the results for each
independent variable are shown starting from the 25th percentile (0.25). The solid red line represents the standardized regression
coefficient or dummy variable’s regression coefficient for multiple linear regressions; red dashed lines show their 95% confidence
intervals. The black lines represent the standardized regression coefficient or dummy variable’s regression coefficient for quantile
regressions, while gray areas indicate 95% confidence intervals. LOS: Preoperative one-year LOS (days). Outpatient service:
Preoperative one-year days of outpatient utilization. Antidementia: Preoperative 1-year number of months with physician orders
for antidementia prescriptions. Antiosteoporosis: Preoperative 1-year number of months with physician orders for
antiosteoporosis prescriptions. Antibacterial: Preoperative 1-year number of months with physician orders for antibacterial agents.
Antihypertensive: Preoperative 1-year number of months with physician orders for antihypertensive agents. Diabetes: Preoperative
1-year number of months with physician orders for agents for diabetes mellitus. Constipation: Preoperative 1-year number of
months with physician orders for constipation prescriptions. Indwelling urinary catheter: Preoperative 1-year number of months
with physician orders for indwelling urinary catheters. Drip injections: Preoperative 1-year number of months with physician
orders for drip injections. Severe pressure ulcer treatments: Preoperative 1-year number of months with physician orders for
severe pressure ulcer treatments.
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