
Background: Given the association between geriatric syndrome and hospital readmission, we 
evaluated the suitability of geriatric syndrome screening for care (GSC) in identifying readmission 
risk and suggested the appropriate time for GSC. Methods: GSC considering cognitive impair-
ment, depression, polypharmacy (five or more medications), functional mobility, dysphagia, mal-
nutrition, pain, and incontinence was performed among 2,663 general ward inpatients aged 65 
years or older within 48 hours after admission and again before discharge between November 
2016 and October 2017. From each patient, fall events, pressure ulcers, potentially inappropriate 
medication use, and delirium were assessed at admission. Patients were divided into two groups 
on the basis of readmission within 1 year after the first admission. According to the screening 
period (at admission and before discharge) and in-hospital decline, we applied receiver operating 
characteristic curve analysis to compare the prevalence of clinical concerns between the read-
mission and no-readmission groups. We also used multiple logistic regression analysis to evaluate 
the risk of readmission according to the presence of geriatric syndrome and clinical outcomes. 
Results: The 782 readmitted patients (29.4%) showed a higher rate of poor GSC than those who 
were not readmitted. Polypharmacy at admission was significantly correlated with readmission 
risk (area under the receiver operating characteristic curve=0.602). Fall events (odds ratio 
[OR]=4.36; 95% confidence interval [CI], 2.36–8.05), urinary incontinence (OR=4.21; 95% CI, 
3.28–5.39), and depressive mood (OR=3.88; 95% CI, 2.69–5.59) at admission were risk factors for 
readmission. Conclusion: Geriatric syndromes assessed by GSC at admission was associated with 
an increased risk of readmission. 
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INTRODUCTION 

Readmission is an important quality and safety issue in healthcare 
research and is also a tremendous burden on patients and their 
families.1) The cost of unplanned readmissions among Medicare 
patients in the United States was as high as $26 billion in 2014.2) 
The older population, for whom medical expenditures and rates of 

hospital readmission are higher relative to those among individuals 
of other age groups, is growing in Korea.3) The risk factors for read-
mission have been evaluated widely and include both patient-relat-
ed factors such as demographic characteristics, diagnosis, comor-
bidities, and healthcare utilization as well as provider and health 
system-related factors such as hospital location and healthcare 
costs.3,4) A risk-stratified approach has recently been proposed for 
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identifying patients at high risk of readmission for transitional care 
interventions, which includes assessments of disease severity, hos-
pital-acquired complications, and stability on discharge.5) 

The Korean Framework for Senior-Friendly Hospitals6) was de-
veloped with reference to the Taiwanese7) and Canadian8) systems 
and was first implemented to address the need for healthcare as-
sessment tools for older Korean inpatients in our acute-care hospi-
tal in 2016. Since May 2016, geriatric syndrome screening for care 
(GSC) has been performed for all older inpatients aged 65 years or 
older both at admission and before discharge. For further diagnos-
tic assessment, patients with clinical issues are referred to a multi-
disciplinary team consisting of medical doctors specializing in 
neurology, rehabilitation medicine, family medicine, internal med-
icine, and psychology; nurse practitioners; dieticians; pharmacists; 
and quality improvement facilitators. Further, patients may receive 
personalized and comprehensive consultations throughout their 
hospital stay based on the GSC results. All steps are logged in each 
patient’s electronic health record (EHR) and shared with the at-
tending medical staff. 

Although readmission risk assessment throughout older pa-
tients’ hospitalization is important,6-8) continuous evaluation of pa-
tients in busy in-patient units can be cumbersome. Unfortunately, 
exactly when it is appropriate to assess the risk of readmission re-
mains unclear. 

Therefore, the present study aimed to identify the appropriate 
time for readmission risk assessment and confirmed a simple com-
prehensive screening approach for the assessment of readmission 
risk by GSC in older patients. 

MATERIALS AND METHODS 

Study Participants 
We retrospectively enrolled 3,570 patients aged 65 years or older 
who were admitted to the general ward of a tertiary hospital with 
800 beds located in Seoul, South Korea between November 2016 
and October 2017. After excluding patients with 1-day hospitaliza-
tion (n = 668; 18.7% of enrolled patients), localized disease such as 
ophthalmological conditions (n = 163; 4.6%), and incomplete re-
cords on the factors evaluated (n = 76; 2.1%), the remaining 2,663 
patients were finally examined. Study population was divided into 
two groups on the basis of readmission within 1 year regardless of 
diagnosis. The readmission group was defined as patients with 
more than one hospitalization during the observation period, 
whereas the no-readmission group was defined as patients who ex-
perienced only one hospitalization during the same period. 

The Institutional Review Board of the Clinical Research Ethics 
Committee of Konkuk University Medical Center approved the 

exemption for this study and allowed the authors to review the pa-
tients’ records (No. 11701347). The need for informed consent 
was also waived. 

Demographics and Comorbidities 
We obtained data on age, sex, health insurance status, body mass 
index (BMI), smoking status (current smoker, nonsmoker, or for-
mer smoker), alcohol intake (no alcohol intake, less than once per 
week, or more than once per week), duration of hospital stay, mari-
tal status (married/with a partner or divorced/without a partner), 
route for hospitalization (scheduled from an outpatient clinic or 
abruptly from an emergency visit), and reason for admission (e.g., 
surgery) from the EHRs. Comorbidities were defined as hyperten-
sion, diabetes mellitus, stroke, cardiovascular disease, cancer, respi-
ratory disease, mental disorder, or other according to the attending 
physician’s diagnosis or prescription. We counted the number of 
comorbidities per patient. 

Assessment of geriatric syndrome 
Geriatric syndrome was assessed not only within 48 hours of ad-
mission but also before discharge. An attending nurse designated 
at admission assessed the following nine GSC domains in each pa-
tient: cognitive impairment,9) depressive mood,10) polypharmacy 
(five or more medications),11) functional immobility,12,13) dyspha-
gia,14) malnutrition,15) urinary incontinence,16) fecal inconti-
nence,17) and pain.18) A multidisciplinary team trained the nurses 
who conducted this assessment through face-to-face training and 
monitored all GSC results. The GSC questionnaire is shown in 
Supplementary Table S1. Functional mobility was categorized as 
“independent”, “requires assistance”, or “unable to perform” regard-
ing climbing stairs, walking to a toilet, and transferring from a bed 
to a chair or a wheelchair. Patients categorized as “requires assis-
tance” or “unable to perform” were considered to have functional 
immobility. The dysphagia screening test was performed using a 
simplified dysphagia symptom questionnaire.14) Malnutrition was 
defined as a score of more than two for the sum of the responses to 
weight loss in the last 6 months (yes = 1, no = 0) and decreased ap-
petite (yes = 1, no = 0).15) The other screening questions, including 
the presence of cognitive impairment, depressive mood, polyphar-
macy (five or more medications), incontinence in the last month, 
and pain score ( ≥ 4 points), were relevant when participants re-
sponded “yes”. The attending nurses were able to complete this 
survey for each patient within 5 minutes since the GSC can be 
done simply using EHRs. 

Assessment of Other Clinical Outcomes 
An attending nurse also surveyed fall events, the presence of pres-
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sure ulcers, potentially inappropriate medication use, and delirium 
risk within 48 hours of admission. A fall event was defined as at 
least one fall within 90 days before the day of admission.9) Pressure 
ulcers were defined as partial skin loss, deep craters in the skin, a 
skin break exposing muscle or bone, or necrotic ulcer.9) Potentially 
inappropriate medication use was defined according to the updated 
2012 American Geriatrics Society Beers Criteria.19) On the basis of 
these criteria, two pharmacists categorized patients who were tak-
ing more than one medication into the inappropriate medication 
use group. Delirium risk was evaluated using the Nursing Delirium 
Screening Scale, which consists of five items: disorientation, inap-
propriate behavior, inappropriate communication, illusion or hallu-
cinations, and psychomotor retardation.20) Each domain was scored 
as 1 (yes) or 0 (no) point(s). We considered patients with total 
scores of more than 2 points to be at risk for delirium. 

Statistical Analysis 
Descriptive statistics were expressed as mean ± standard deviation 
for continuous variables and as numbers (proportions) for cate-
gorical variables. These data were compared between the readmis-
sion and no-readmission groups using Student t-test and chi-
square test. In-hospital decline was defined as any aggravation of 
assessment findings between admission and discharge. Patients 
with no change or with an improvement in these findings were cat-
egorized into the “no in-hospital decline” group. The prevalence of 
readmission was compared according to the time of assessment (at 
admission or before discharge) and in-hospital decline using chi-
square test. Receiver operating characteristic (ROC) curves were 
used to test the ability to predict the readmission risk. An area un-
der the ROC curve (AUC) value of 0.5 represents a variable with 
no discriminating ability, whereas an AUC of 1.0 represents a vari-
able with perfect discrimination.21)  

We evaluated the odds ratios (ORs) and 95% confidence inter-
vals (CIs) for the risk of readmission according to the presence of 
geriatric syndrome and other clinical outcomes using a multiple 
logistic regression analysis after adjusting for age, sex, BMI, marital 
status, smoking, alcohol intake, number of comorbidities, duration 
of hospital stay, reason for admission, route for hospitalization, and 
type of health insurance. Additionally, we performed stratified 
analysis according to sex and the 75th percentile of hospital stay 
( < 13 days and ≥ 13 days). As an increased risk of readmission in 
female patients has been reported,3) we confirmed that similar 
findings were apparent in our study. We examined the statistical 
significance of the modifying effects of sex and the duration of 
hospital stay using a generalized linear model after adjusting for 
confounding factors. All analyses were performed using IBM SPSS 
Statistics for Windows, version 24.0 (IBM Corp., Armonk, NY, 

USA). 

RESULTS 

Among the 2,663 participants, 782 (29.4%) were readmitted 
(Table 1) during the observation period. Age, sex, smoking status, 

Table 1. Baseline characteristics of the study population.

Variable
No

readmission 
(n = 1,881)

Readmission 
(n = 782) p-value

Age (y) 75.1 ± 6.9 75.2 ± 6.7 0.486
Sex 0.176
 Male 884 (47.0) 390 (49.9)
 Female 997 (53.0) 392 (50.1)
Smoking 0.774
 Current 177 (9.4) 74 (9.5)
 Never/former 1,704 (90.6) 708 (90.5)
Alcohol intake 0.341
 Never/less than one time per week 1,637 (87.0) 674 (86.2)
 More than one time per week 244 (13.0) 108 (13.8)
Body mass index (kg/m2) 23.9 ± 3.7 23.7 ± 4.0 0.003
Hospital stay (day) 11.2 ± 13.9 12.7 ± 14.3 0.153
Reason for admission < 0.001
 Surgery 813 (43.2) 224 (28.6)
 Others 1,068 (56.8) 558 (71.4)
Marital status 0.966
 Married/with partner 1,824 (97.0) 741 (94.8)
 Unmarried/without partner 57 (3.0) 41 (5.2)
Comorbidity 0.096
 None 238 (12.7) 97 (12.4)
 Hypertension 733 (39.0) 289 (37.0)
 Diabetes mellitus 207 (11.0) 85 (10.9)
 Stroke 32 (1.7) 11 (1.4)
 Cardiovascular disease 122 (6.5) 58 (7.4)
 Cancer 68 (3.6) 46 (5.9)
 Respiratory disease 55 (2.9) 35 (4.5)
 Mental disorder 14 (0.7) 4 (0.5)
 Others 412 (21.9) 157 (20.1)
Type of health insurance 0.180
 National health insurance 1,744 (92.7) 734 (93.9)
 Medical aid program 137 (7.3) 48 (6.1)
Route for hospitalization 0.830
 Scheduled from outpatient clinic 1,233 (65.6) 516 (66.0)
 Abruptly from emergency visit 648 (34.4) 266 (34.0)
Fall events 20 (1.1) 38 (4.9) < 0.001
Pressure ulcer 123 (6.5) 90 (11.5) < 0.001
Inappropriate medication use ( ≥ 1) 129 (6.9) 101 (12.9) < 0.001
Nursing delirium screening scale ( ≥ 2) 109 (5.8) 63 (8.1) 0.154

Values are presented as mean±standard deviation or number (%).
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alcohol intake, marital status, comorbidities, health insurance type, 
route for hospitalization, and duration of hospital stay did not dif-
fer between the readmission and no-readmission groups. Patients 
in the readmission group showed a lower BMI value and admis-
sion rate for surgery but higher frequencies of fall events, pressure 
ulcers, and inappropriate medication use than those in the no-re-
admission group. However, there was no difference in delirium 
scale scores between the two groups. 

Table 2 shows the prevalence of clinical concerns observed 
during GSC at admission, before discharge, and during in-hospital 
decline. The readmission group showed a higher frequency of clin-
ical concerns by GSC at admission than that in the no-readmission 
group (all p < 0.001). However, the difference in cognitive impair-
ment between the readmission and no-readmission groups disap-
peared before discharge (p = 0.430). We observed significant dif-
ferences in the number of patients who experienced in-hospital 
decline relating to depressive mood, dysphagia, malnutrition, and 
fecal and urinary incontinence between the readmission and 
no-readmission groups (all p < 0.05). Polypharmacy, functional 
immobility, and the presence of pain showed similar rates of de-

cline during hospitalization in both groups. Screening for geriatric 
syndromes at admission showed a higher AUC value than the 
GSC recorded before discharge or the GSC of in hospital decline 
group. Polypharmacy (five or more medications per day) and uri-
nary incontinence at admission were significantly associated with 
readmission (AUC = 0.602 and 0.594, respectively). 

The risks of readmission according to the presence of geriatric 
syndromes and other clinical outcomes assessed within 48 hours 
after admission are shown in Table 3. After adjusting for confound-
ing factors, we found that all measured variables increased the risk 
of readmission. The ORs were highest for fall events (OR = 4.36; 
95% CI, 2.36–8.05), urinary incontinence (OR = 4.21; 95% CI, 
3.28–5.39), and depressive mood (OR = 3.88; 95% CI, 2.69–5.59). 
In stratified subgroup analysis, delirium in men, and cognitive im-
pairment, dysphagia, and delirium in patients with hospital stays of 
longer than 13 days did not increase the OR of readmission. Fur-
thermore, pressure ulcers in patients with hospital stays of < 13 days 
did not increase the OR of readmission, whereas a hospital stay of 
≥ 13 days did (OR = 4.89, 95% CI, 2.92–8.18) (p-interaction 
< 0.001). Hospital stays of < 13 days tended to be associated with 

Table 3. Comparison of readmission according to the geriatric syndrome and clinical outcomes

Variable Totala) Maleb) Femaleb) Hospital stayc)

≥ 13 days < 13 days
Cognitive impairment 2.46 (1.84–3.29) 2.17 (1.43–3.30) 2.80 (1.86–4.22) 1.44 (0.85–2.45) 3.19 (2.25–4.53)
Depressive mood 3.88 (2.69–5.59) 4.17 (2.34–7.41) 3.74 (2.32–6.05) 3.54 (1.80–6.99) 4.04 (2.62–6.24)
Polypharmacy 2.63 (2.15–3.22) 3.17 (2.38–4.22) 2.20 (1.64–2.95) 2.64 (1.81–3.85) 2.67 (2.10–3.40)
Functional immobility
 Transferring from a bed to a chair/wheelchair 2.58 (2.03–3.28) 2.55 (1.80–3.61) 2.63 (1.88–3.68) 1.79 (1.20–2.67) 3.11 (2.30–4.21)
 Walking to a toilet 2.60 (2.05–3.30) 2.72 (1.93–3.83) 2.51 (1.80–3.49) 1.83 (1.23–2.72) 3.07 (2.28–4.14)
 Climbing up stairs 2.47 (1.94–3.03) 2.54 (1.84–3.49) 2.33 (1.70–3.20) 1.80 (1.22–2.66) 2.72 (2.07–3.59)
Dysphagia 2.65 (1.78–3.94) 2.69 (1.55–4.69) 2.62 (1.47–4.68) 1.34 (0.73–2.47) 4.56 (2.64–7.87)
Malnutrition 3.32 (2.61–4.22) 4.05 (2.88–5.71) 2.77 (1.96–3.91) 3.10 (1.99–4.83) 3.23 (2.41–4.34)
Incontinence
 Fecal 3.39 (2.25–5.10) 3.82 (2.09–6.97) 3.36 (1.89–5.95) 2.32 (1.19–4.53) 4.59 (2.71–7.77)
 Urinary 4.21 (3.28–5.39) 4.06 (2.81–5.87) 4.54 (3.23–6.39) 3.85 (2.46–6.04) 4.42 (3.27–5.96)
Pain 2.06 (1.64–2.60) 2.21 (1.58–3.09) 1.98 (1.44–2.73) 2.08 (1.37–3.14) 2.07 (1.56–2.73)
Fall events 4.36 (2.36–8.05) 4.07 (1.73–9.61) 4.70 (1.93–11.45) 6.21 (2.40–16.01) 3.14 (1.37–7.17)
Pressure ulcersd) 1.92 (1.35–2.73) 2.01 (1.23–3.29) 2.00 (1.19–3.38) 4.89 (2.92–8.18) 0.93 (0.56–1.56)
Inappropriate medication use, ≥ 1 1.90 (1.41–2.58) 2.00 (1.31–3.05) 1.79 (1.15–2.80) 2.16 (1.26–3.70) 1.84 (1.27–2.67)
Nursing delirium screening scale, ≥ 2d) 1.62 (1.08–2.44) 1.44 (0.81–2.58) 1.91 (1.07–3.41) 1.01 (0.56–1.82) 2.81 (1.56–5.04)

Values are presented as odds ratio (95% confidence interval). All variables were measured within 48 hours after admission.
a)Multiple logistic regression analysis after adjusting for age, sex, body mass index (BMI), marital status, smoking, alcohol intake, number of comorbidities, 
duration of hospital stay, reason for admission, route for hospitalization, and type of health insurance.

b)Multiple logistic regression analysis after adjusting for age, BMI, marital status, smoking, alcohol intake, number of comorbidities, duration of hospital stay, 
reason for admission, route for hospitalization, and type of health insurance.

c)Multiple logistic regression analysis after adjusting for age, sex, BMI, marital status, smoking, alcohol intake, number of comorbidities, reason for admission, 
route for hospitalization, and type of health insurance. Hospital stay was divided into the 75th percentile of duration (13 days).

d)p-interaction <0.05 which was only analyzed according to the hospital stay.
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an increased risk of delirium in older inpatients hospitalized for 
acute care (p-interaction < 0.05). 

DISCUSSION 

In this study of Korean older inpatients, geriatric syndromes were 
associated with an increased risk of readmission in an acute-care 
hospital. The presence of geriatric syndromes assessed by GSC at 
admission, rather than before discharge or the occurrence of 
in-hospital decline, was associated with the risk of readmission. 
Polypharmacy at admission showed the highest discriminating 
ability for readmission. Among the GSC criteria and other clinical 
outcomes, a fall event before hospitalization was a significant risk 
factor for readmission among Korean older patients.  

GSC was developed for administration by medical staff, caregiv-
ers, or patients in both clinical and nonclinical settings. GSC is a 
multidimensional and interdisciplinary screening tool encompass-
ing medical, psychological, and functional domains. Therefore, it 
can be extended to transitional care settings even when the medi-
cal staff is not adequately trained or is too occupied to manage 
complex geriatric needs.18) Delirium, cognitive impairment, de-
pressive mood, and inappropriate medication use are often not 
recognized in older patients, a fact that underscores the need for 
better geriatric care.18) Therefore, an easily administered tool is im-
portant to promptly evaluate inpatients for the presence of geriatric 
syndromes. In this context, our study confirmed the effectiveness 
of screening using GSC within 48 hours of hospitalization rather 
than before discharge or assessing in-hospital decline to determine 
the readmission risk. Although in-hospital decline and stability at 
discharge in older patients with pneumonia are considered good 
predictors of readmission risk,22) only one study has reported this 
correlation; thus, it had low generalizability, in addition to other 
limitations such as incomplete ascertainment of readmission and a 
lack of validation.5) The study was further limited by including 
only pneumonia patients. 

Similar to the results of our study, a study in the United States 
found that polypharmacy (six or more medicines) at admission 
predicted the risk of 30-day readmission.23) Polypharmacy was also 
a major risk factor for readmission in a prospective study of older 
Italian inpatients, with similar OR and 95% CI values (2.72; 1.48–
4.99).24) While potentially inappropriate medication use did not 
increase the risk of readmission in the Italian study, the results of 
the present study confirmed an increased risk of readmission. This 
difference could be attributed to the fact that the previous study 
assessed readmission during a 6-month period in contrast to the 
1-year period in our study.24) The previous study may not have ob-
served an association between readmission and potentially inap-

propriate medication during the short-term observation period. 
The results of our study confirmed that fall events before hospi-

talization increased the risk of readmission. In addition, long-term 
hospitalization ( > 13 days) was associated with the presence of 
pressure ulcers, which is a common problem in older inpatients.9) 
However, relatively short-term hospitalization conferred a higher 
risk of delirium than did longer hospital stay, although the differ-
ence was not statistically significant. Therefore, delirium, which 
develops or is aggravated by acute environmental changes, requires 
attention during the care of older patients.25) 

A systematic review of 12 studies including 3,590 patients re-
ported that in-hospital geriatric assessment and co-management 
had no overall effect on readmission within 30 days (OR = 1.28; 
95% CI, 0.71–2.31; n = 695) and within 12 months (OR = 0.91; 
95% CI, 0.64–1.29; n = 601). Unfortunately, limited reduction in 
the length of hospital stay (pooled mean difference = −1.88 days; 
95% CI, −2.44 to −1.33) and in-hospital mortality (pooled 
OR = 0.72; 95% CI, 0.50–1.03) after geriatric assessment and 
co-management were reported, with low-quality evidence.26) Al-
though we did not administer any interventions based on the GSC 
finding, our results suggest that a long hospital stay related to pres-
sure ulcers could mediate the risk of readmission; thus, it may con-
fer an effect modification, as shown previously.5,26) 

Among GSC variables, dysphagia alone did not provide an ac-
ceptable AUC (p > 0.05). Dysphagia can cause respiratory compli-
cations, including aspiration pneumonia and malnutrition.27) One 
explanation for this finding is the lower prevalence of dysphagia in 
our participants, including those in the readmission group (8.4%), 
relative to those among acute-care older inpatients in Spain 
(47.4%)28) and Denmark (50%).29) 

Compared to the GSC results at admission, pain, cognitive im-
pairment, and urinary impairment improved on the assessment 
before discharge. Whereas pain is thought to have been controlled 
after hospitalization, the other factors may not be improved with 
short hospitalization. This change may be due to positive respons-
es by the participants to the medical staff ’s questions that has been 
treated, resulting in a response bias in the before-discharge ques-
tionnaire, which may have reduced the relevance of the findings to 
readmission.30) In contrast, the prevalence of polypharmacy, func-
tional immobility, and fecal incontinence before discharge in-
creased compared to that at admission, possibly due to the treat-
ment process.  

Logging all care processes in EHRs and sharing records with at-
tending physicians play a specialized and comprehensive role in 
consultation in the hospital setting.31) Furthermore, EHRs facili-
tate communication among medical staff and organizations and 
provide structured coordination and documentation of the medi-
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cal services provided.32) Therefore, GSC performed within 48 
hours of hospitalization using the EHRs of all inpatients aged 65 
years or older is expected to be efficient. 

Still, the present study has some limitations. First, it was con-
ducted in a single institution; thus, the findings cannot be general-
ized to other hospital settings without further review. However, 
screening for geriatric syndromes by GSC within 48 hours can 
provide information on patients at high risk of readmission in sim-
ilar institutions. Second, instead of assessing the exact cause of hos-
pitalization in the current study, we adjusted for whether the hos-
pitalization was for surgery based on the EHR. Additionally, we 
could not confirm whether the causes of readmission were related 
to previous admissions or to other hospitals, or to pre-admission 
residence. Since the various associations between geriatric syn-
dromes and individual diagnoses were not significant in this study 
and could be confounded by detection bias, we simplified the par-
ticipant-related variables. Additionally, comorbidities and medica-
tion use were assessed based on self-reports rather than medical re-
cord review, which might have caused bias toward positive answers 
because of social desirability.30) Unfortunately, we could not assess 
all medical records of all participants as they were not shared be-
tween different medical institutions. The no-readmission group 
may have included patients who were admitted to other hospitals, 
as we did not consider visits or admission to other hospitals in this 
analysis. 

In conclusion, geriatric syndromes assessed by GSC was associ-
ated with an increased risk of readmission. The results of our study 
support the importance of an integrated approach regarding read-
mission in older inpatients. Further research is needed to deter-
mine the efficacy of GSC related to transitional care or other hos-
pital settings. 
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