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in middle-aged and older patients
discharged from a hospital: a
follow-up study
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Background: Unplanned readmissions are associated with increased mortality among older

patients. This study investigated the effects of changes in physical function and frailty on unplanned
readmissions in middle-aged and older patients after discharge. Methods: This longitudinal study
recruited participants through convenience sampling from the general wards of a medical center in
northern Taiwan. They were aged 50 years or older and identified as being at high risk for readmission
or mortality following discharge. Baseline data were collected through interviews conducted the

day before discharged, while follow-up data were obtained through interviews at 1, 2, and 3 months
post-discharge. Generalized estimating equation (GEE) was used for statistical analysis, incorporating
all tracked variables, including physical function and frailty. Results: A total of 230 participants were
recruited, each followed three times after discharge. The unplanned readmission rates at 1, 2, and

3 months post-discharge were 2%, 8%, and 14%, respectively. Participants with poorer physical
function (odds ratio [OR]=1.60 [1.27-2.02]) and more severe frailty symptoms (OR=3.16 [1.45-6.83])
had significantly higher odds of unplanned readmission. The interaction between the time and frailty
indicated a significantly lower likelihood of unplanned readmission over time (OR=0.73 [0.54-0.98]).
Conclusions: Declining physical function and frailty are key risk factors for unplanned readmission in
older patients. Effective strategies to reduce this risk include monitoring physical function and frailty
symptoms and providing supportive care services.
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Hospital readmissions are a major concern for older patients due to their impact on health, quality of life, and
healthcare systems. In the United States, nearly 20% of discharged patients are readmitted within 30 days, and
50-70% of these patients are readmitted or deceased within one year. The annual cost of unplanned readmissions
is estimated to be US$15 to 20 billion'. Research in Taiwan has reported a one-year readmission or mortality
rate of 20-48% among elderly individuals after discharge®. Patients readmitted shortly after discharge face
an increased risk of mortality>* and a decline in health-related quality of life’. Unplanned readmissions also
contribute to psychological distress in older patients, leading to depression and anxiety®”.

Several studies have demonstrated that discharge planning service can reduce readmission rates®®. These
services help prevent avoidable readmissions, improve post-discharge quality of life, and alleviate the financial
burden on healthcare systems!®. A meta-analysis of retrospective medical record reviews estimated a median
avoidable readmission rate of 27%, ranging from 5 to 79%!'!. An observational study in the United States, which
analyzed 1,000 inpatients across 12 medical centers, found that a quarter of readmissions could be prevented
by enhancing communication between healthcare providers and patients, improving discharge preparation,
strengthening disease monitoring, and supporting patient self-management!?. Additional studies have shown
that interventions such as medication safety counseling, advanced care planning, enhanced caregiver education,

1Emergency Department, Shuang Ho Hospital, Taipei Medical University, Taipei, Taiwan. 2School of Gerontology
and Long-Term Care, College of Nursing, Taipei Medical University, 250 Wuxing St, Taipei 11031, Taiwan.
3International Ph.D Program in Gerontology and Long-Term Care, College of Nursing, Taipei Medical University,
Taipei, Taiwan. “Emergency Department, Gold Coast University Hospital, Southport, QLD, Australia. “‘email:
yenken520@gmail.com; mjchi@tmu.edu.tw

Scientific Reports|  (2025) 15:10003 | https://doi.org/10.1038/s41598-025-94945-8 nature portfolio


http://orcid.org/0000-0003-0560-4471
http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-94945-8&domain=pdf&date_stamp=2025-3-23

www.nature.com/scientificreports/

and improved continuity of post-discharge care can effectively reduce unplanned readmissions!*>!4. Addressing
the root causes of unplanned readmissions requires not only identifying risk factors but also implementing
evidence-based discharge planning services.

Risk factors for unplanned admissions include advanced age, comorbidities, infection during hospitalization,
length of hospital stay, physical function, and frailty!>-'”. Identifying high-risk patients before discharge,
providing comprehensive discharge planning services, and implementing interdisciplinary home care teams
may help reduce readmissions'®!°. However, the transition from hospital to home can impact patients’ access
to care services and lead to functional changes, which may, in turn, influence health outcomes and readmission
risk20-2%,

Most previous studies on adverse discharge outcomes have focused on hospitalized elderly patients, but
unplanned readmission among middle-aged patients have recently gained attention. Research indicates that
the prevalence of comorbidities and mobility impairments is increasing in the middle-aged population®*?3.
Moreover, middle-aged patients with myocardial infarction have been shown to have a higher risk of readmission
than elderly patients, adding strain to the healthcare system?*. Additionally, while many studies have examined
predictors of readmission using baseline data at discharge, few have accounted for time-series changes in patient
conditions during the post-transition period. This study aims to bridge this gap by examining risk factors for
unplanned readmission in middle-aged and older patients. Baseline patient data at discharge were used as fixed
factors, while longitudinal data on care styles, follow-up appointments, the usefulness of care services, and
changes in physical function and frailty at different time points after discharge were collected. Furthermore,
generalized estimating equations (GEE) were applied to develop a predictive model for unplanned readmissions,
enabling multivariate analysis of repeated measures to address data correlation issues inherent in generalized
linear models®.

Methods

Participants

Taiwan has a national health insurance system and implements prioritized medical care system classified by the
Ministry of Health and Welfare into medical centers, regional hospitals, district hospitals, and primary clinics.
Medical centers are responsible for research, teaching, and the treatment of critically ill patients. This study was
conducted in collaboration with a medical center in northern Taiwan, where inpatients from general medical
and surgical wards were recruited. Patients from intensive care units, respiratory care wards, burn wards, and
psychiatric wards were excluded.

This was a longitudinal study. Patients were eligible for inclusion if they: (1) were aged 50 years and above, (2)
were hospitalized in a general ward, (3) had not been hospitalized in any hospital within the past three months
(to exclude readmissions related to recent hospitalizations), (4) were not hospitalized for routine treatments
(e.g., chemotherapy for cancer) or notifiable infectious diseases that must be reported to the Taiwan Centers
for Disease Control, (5) Were determined to require discharge planning services before discharge, and (6) were
capable of communication. Patients were excluded if they were unconscious, had cognitive impairment, or
were receiving hospice care upon admission. During hospitalization, each included patient was assessed for
the need for discharge planning services using the hospital’s high-risk patient screening tool, which considered
factors such as gender, age, BMI, disability certification, hospitalization history, diagnosis (internal medicine
or surgery), toileting ability, and need for tube assistance. Patients identified as high-risk for readmission or
mortality were referred to a case manager (discharge planning supervisor), who evaluated their eligibility for the
study. If patients met the criteria and agreed to participate, the supervisor notified the research team, which then
conducted three follow-up interviews. All questionnaire data were collected by the interviewer through paper-
pencil records. Data collection period was from March 2021 to July 2022. Due to the COVID-19 pandemig, all
interviews were conducted by telephone to minimize infection risks.

The GLIMMPSE program (URL:http://glimmpse.samplesizeshop.org/) was used to calculate the required
sample size for longitudinal studies. With a significance level of 0.05, power of 0.8, and three measurement
points, the required sample size was 82. We used the program GLIMMPSE for computing sample size for
longitudinal designs®. A separate calculation for the prediction model used the expected readmission rate (0.4)
and expected correlation strength (0.35), yielding a required sample size of 224%7.

Data collection

First interview (baseline factors)

A senior research assistant conducted individual telephone interviews, including the baseline and follow-up
interviews. Prior to formal data collection, 10 pilot interviews were conducted to refine the interview process.
Any concerns during formal interviews were documented, and if necessary, a re-interview was conducted within
two days to clarify responses. The first telephone interview was conducted before discharge to collect baseline
data, including:

(1) Demographic characteristics: age, sex (male and female), height, weight, and presence of a government-is-
sued disability or severe illness certificate (yes/no).

(2) Hospitalization indicators: main diagnosis, surgery (yes or no), use of a tube (nasogastric tube, tracheosto-
my, or urethral catheter), length of hospital stay, and functional mobility (rolling over, getting out of bed,
and walking, as perceived by the patient).

(3) Health status: medical history (high blood pressure, heart disease, diabetes, stroke, kidney disease, liver
disease, lung disease, malignant tumors, and dementia), history of hospitalization within the past year (yes/
no), and BMI (calculated from self-reported height and weight).
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Follow-up interviews (follow-up factors)
Three follow-up telephone interviews were conducted at 1, 2, and 3 months after discharge. The same variables
were assessed in each interview:

(1) Physical function: The activities of daily living (ADL) inventory was used to assess physical function?. Six
activities were evaluated: eating, turning (getting up and down from a bed or chair), indoor walking, dress-
ing, bathing, and toileting. Each activity was classified into three levels: needs help, needs assistive devices,
and does not need help. Participants requiring assistance or assistive devices received 1 point per item (total
score: 0-6, with higher scores indicating worse function). Monitoring ADL after discharge has been sug-
gested to prevent functional deterioration, readmission, or death®.

(2) Frailty: The Study of Osteoporotic Fractures (SOF) index was used to assess frailty symptoms. It includes:
weight loss (=3 kg or 5% body weight lost unintentionally in the past year), lower extremity function
(unable to stand from a chair five times without hand support), decreased energy (lack of energy to perform
daily activities in the past week), participants answered yes/no, with 1 point per “yes” response (range: 0-3).
A Taiwanese study found a moderate correlation (r=0.51)* between the SOF and Fried’s Frailty Phenotype
Index™.

(3) Use of care services after discharge: participants reported whether they had received home-based care ser-
vices (e.g., nursing care, rehabilitation, transportation, or assistive aids) since the last interview.

(4) Use of medical services after discharge: Participants were asked about outpatient visits and unplanned re-
admissions since the last interview. Unplanned readmissions were defined as unscheduled hospital admis-
sions to the same specialty via the emergency department within a specified period after discharge.

To assess data stability across interviews, we calculated the intra-class correlation coefficient (ICC). The ICC
values for ADL (72.3%) and frailty (75.4%) indicated adequate reliability for intra-rater consistency.

Statistical analysis

Data were analyzed using SPSS Statistics for Windows, version 18.0 (SPSS Inc., Chicago, Ill,, USA). Frequencies,
percentages, means, and standard deviations were used to summarize participants demographic data,
hospitalization indicators, and health status. Variance inflation factor (VIF) was used to check for multi-
collinearity in regression models.

The follow-up data were repeated measures at multiple time points. The associations between independent
variables (baseline characteristics, hospitalization indicators, health status, physical function, frailty, care services,
and medical services) and the dependent variable (unplanned readmission, OR) were examined by Generalized
Estimating Equation (GEE) Analysis. Interacting effects between time points and frailty were incorporated to
assess time-dependent influences.

Ethical considerations

Participants were informed of the study purpose, data collection methods, their right to withdraw at any time,
and privacy protection. Before participation, oral informed consent was obtained from both participants and
service supervisors. Participants could contact the research team for further inquiries. Ethical approval was
granted by the Taipei Medical University - Joint Institutional Review Board (TMU-JIRB) (N201901029).

Results

Data were collected from 230 participants. Regarding the participants’ demographic characteristics, 140 (60.9%)
were women; the average age was 74.7 years (standard deviation [SD]=10.2), and 40 (17.4%) participants
had a disability or severe illness. Regarding current hospitalization indicators, 65.6% of the patients had
undergone surgery, 47.8% had used tubes during hospitalization, and 66.5% were unable to move on their own.
The average length of stay was 8.3 days, and the median length of stay was 6 days. Regarding health status
indicators, hypertension occurred most frequently (in 57.4% of patients), followed by heart disease (34.8%) and
diabetes (31.3%). Furthermore, 26.1% of the participants had been hospitalized within 1 year of their current
hospitalization. In accordance with the World Health Organization definitions, 42.2% of the participants were
considered to have a normal BMI (18.5-24.0 kg/m?), 5.2% were considered underweight (< 18.5 kg /m?), and
52.6% were considered overweight (>24.0 kg/mz). The unplanned readmission rates at 1, 2, and 3 months after
discharge were 2%, 8%, and 14%, respectively (Table 1).

The collinearity diagnosis results of ADL and frailty in the three follow-up data were 1.275-1.285, showing
that there was no obvious collinearity problem between these two variables. All baseline and follow-up factors
were incorporated into the GEE model to enable analysis of the effects of the independent variables on unplanned
readmissions at each time point (Table 2). Among the baseline factors, significant effects were identified for
age (OR=1.04 [1.00-1.08]), operation (OR=0.44 [0.21-0.93]), functional mobility (OR=0.39 [0.15-0.98]),
comorbidity (OR=1.37 [1.06-1.76]), and hospitalization experience (OR=2.72 [1.27-5.82]). Among the
follow-up factors, worse physical function (OR=1.63 [1.37-1.93]) and more symptoms of frailty (OR=1.96,
[1.44-2.68]) were associated with a significantly higher likelihood of unplanned readmission. Participants who
returned to an outpatient clinic after discharge had a lower likelihood of unplanned readmission (OR=0.80
[0.29-2.24]) but no significant. Use of home care services, transportation, and assistive aids after discharge had
no significant effect on the likelihood of an unplanned readmission.

All baseline and follow-up significant variables and the interaction between the time points and frailty were
included in the GEE model (Table 3). The results revealed that patients with worse physical function (OR=1.60
[1.27-2.02]) and more symptoms of frailty (OR=3.16 [1.45-6.83]) had a significantly higher likelihood of
unplanned readmission and that patients who undergone surgery at baseline had a significantly lower likelihood
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Predictors n %
Gender

Male 90 |39.1
Female 140 | 60.9
Age (years) Mean (sd) 74.7 (10.2)
<65 40 | 174
65-74 79 |343
75-84 68 |29.6
85+ 43 | 187

Disability/Major illness

Yes 40 | 174
No 190 | 82.6
Operation

Yes 151 | 65.6
No 79 | 343
Tube uses

Yes 110 | 47.8
No 120 | 52.2
Ambulation

Yes 77 | 33.5
No 153 | 66.5
Length of stay (days) Mean/median | 8.3/6.0
Comorbidity

Hypertension 132 | 574
Heart diseases 80 |348
Diabetes mellitus 72 |313
Kidney diseases 28 | 122
Stroke 16 [7.0

Hospitalization in the past year

Yes 60 |26.1
No 170 | 73.9
BMI (kg/m?) Mean/median | 24.7/4.5
Underweight (< 18.5) 12 |52
Normal (18.5-24.0) 97 | 422
Overweight (>24.0) 121 | 52.6
Unplanned readmission

In 1 month 5 2.2
In 2 month 19 |83
In 3 month 31 |135
ADL! Mean/median | 2.5/2.0
SOF! Mean/median | 1.37/0.9
Total 230 [ 1000

Table 1. Baseline characteristics of older patients at discharged (N=230). BMI: body mass index. 'From the
first follow-up.

of unplanned readmission (OR=0.30 [0.11-0.83]). The interaction between the time effect and frailty also
indicated a significantly lower likelihood of unplanned readmission (OR=0.73 [0.54-0.98]). We estimated a
statistical power of 81.02% from power analysis.

Discussion

This longitudinal study examined the risk factors for unplanned readmissions in high-risk middle-aged and older
patients using the GEE model. The results identified surgery during the baseline hospitalization as a protective
factor, whereas poor physical function and frailty at follow-up were significant risk factors for unplanned
readmissions. Additionally, the interaction between time and frailty was a key predictor of readmission.

Older patients with poorer physical function and more symptoms of frailty were more likely to experience
unplanned readmissions after discharge. Previous studies have demonstrated that mobility limitations and
frailty are strong predictors of readmission; however, these studies often assessed these factors only at discharge
without longitudinal follow-ups!'®!®1%. A US study using Medicare claims data identified functional status as a
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Predictors (reference group)’ Unplanned readmission
OR [95%Cl [p

Baseline factors

Age 1.04 | 1.00-1.08 0.049
Gender (Male) Female | 1.05 | 0.49-2.25
Disability/Major illness (No) Yes 1.88 | 0.78-4.53
Operation (No) Yes 0.44 | 0.21-0.93 | 0.030
Tube uses (No) Yes 1.06 | 0.50-2.22
Functional mobility (No) Yes 0.39 | 0.15-0.98 0.046
Length of stay 1.02 | 0.98-1.06
Comorbidity 1.37 | 1.06-1.76 0.015
Hospitalization in the past year (No) | Yes 2.72 | 1.27-5.82 | 0.010
BMI 0.98 | 0.90-1.07

Follow-up factors

ADL 1.63 | 1.37-1.93 | <0.000
Home services (No) Yes 0.83 | 0.26-2.63
Assistive aids (No) Yes 0.79 | 0.36-1.71
Transportation (No) Yes 1.03 | 0.20-5.23
Outpatient clinic (No) Yes 0.80 | 0.29-2.24
SOF 1.96 | 1.44-2.68 | <0.000

Table 2. Univariate generalized Estimation equation among older patients for unplanned readmission in
3 months after discharge (N=230). BMI: body mass index; ADL: activities of daily living; SOF: Study of
Osteoporotic Fractures; CI: confidence interval. ITime effect was considered in each univariate model.

Unplanned readmission

Predictors (reference group)! | aOR | 95%CI P

Age 1.02 | 0.98-1.06
Operation (No) Yes | 0.30 | 0.11-0.83 | 0.020
Functional mobility (No) | Yes | 1.06 | 0.23-4.79
Comorbidity 1.01 |0.74-1.39
)Ii(;srp(itl\laii)zation in the past 159 | 0.58-4.37

ADL 1.60 | 1.27-2.02 | <0.000
SOF 3.16 | 1.45-6.83 | 0.004
Time*SOF 0.73 | 0.54-0.98 | 0.041

Table 3. Multivariate generalized Estimation equation among older patients for unplanned readmission
in 3 months after discharge (N=230). BMI: body mass index; ADL: activities of daily living; SOF: Study of
Osteoporotic Fractures; CI: confidence interval. I Time effect was considered in the model.

crucial patient-level predictor of readmission!®*!. A cohort study in Israel highlighted that functional assessment
at discharge could help detect patients at risk of readmission®2. A nested case-control study in Spain found that
frailty was a key predictor of heart failure readmission within one month of discharge, though it did not find
an association between functional activity and readmission®. A review article reported that functional status at
discharge could also predict post-discharge mortality in older patients*!. Many patients have poor mobility and
frailty symptoms at discharge, as they are still recovering from an acute phase of illness. Their readmission may
stem from severe health complications developed during hospitalization.

In this study, ADL and SOF scores were assessed at three time points post-discharge to track changes in
physical function and frailty. Patients with declining physical function and worsening frailty had significantly
higher readmission rates. A retrospective observational study in Japan found that ADL limitations at discharge
and ADL decline were associated with poor outcomes, including mortality and readmission in older pneumonia
patients®®. Reduced ADL ability can impair disease management and self-care, increasing the likelihood of injury
and readmission. This study also found that inability to use the toilet independently was the most predictive
ADL factor for readmission. This may be due to an increased risk of infection, falls, and other complications.
Identifying toileting difficulties in ADL assessments could help healthcare professionals develop discharge
planning strategies to prevent readmission.

The study revealed that the interaction between time and frailty was negatively associated with unplanned
readmissions. Longer time post-discharge combined with increased frailty symptoms may act as barriers to
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seeking medical treatment due to progressive functional decline, making travel and hospital visits more difficult,
increased dependence on caregivers, requiring more manpower and transportation assistance. A study by
Garcia-Gutierrez et al. found that frailty predicted short-term readmission, but its predictive ability for long-
term adverse outcomes was unclear®. The interaction between time and frailty suggests that reduced healthcare
accessibility and willingness to seek treatment may lead to more severe health complications and higher long-
term medical costs.

A major strength of this study was its longitudinal design, which allowed for robust estimations of the
associations between physical function, frailty, and readmissions over time. This design enabled the verification
of risk factors beyond baseline assessments, providing a more comprehensive understanding of post-discharge
readmission risks. However, this study has several limitations. The study focused on patients meeting specific
criteria, excluding those with certain diseases or different diagnoses. Disease severity was not included as a
hospitalization indicator, limiting control over this variable. While surgery at baseline was identified as a
protective factor, the study did not classify specific types of surgery, which may have influenced post-discharge
physical activity and recovery. Many outpatient visits post-discharge were linked to chronic disease management.
It was challenging to distinguish whether return visits were due to the original hospitalization diagnosis or
other chronic conditions. The SOF index may introduce estimation bias, as it lacks a universally agreed-upon
cut-off point. More validated instruments with strong reliability and validity could yield more robust frailty
assessments. Self-assessments of ADL and frailty may differ from in-person evaluations, introducing potential
response bias. Data collection from one hospital may introduce sampling bias and limit generalizability to other
healthcare settings.

Conclusion

Physical function deterioration and frailty were significant risk factors for unplanned readmissions in older
patients. Providing transportation services can facilitate timely access to medical care, potentially reducing
readmissions. Healthcare providers should actively monitor patients’ physical function and frailty symptoms
post-discharge to identify high-risk individuals.

Supportive care services (e.g., home care, rehabilitation, assistive aids) should be incorporated into discharge
planning to reduce readmission risk. By implementing targeted interventions based on functional status and
frailty progression, healthcare professionals can improve post-discharge outcomes and reduce the burden of
unplanned readmissions among middle-aged and older patients.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available because the relevant
research is still in progress, but they are available from the corresponding author upon reasonable request.
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