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Objective: To analyze the impact of the number of hospital readmissions on the risks of 
further hospital readmission and death after adjustment for a range of risk factors.
Methods: We performed a multicentre prospective study of the DAMAGE cohort in the 
Hauts-de-France region of France. Patients aged 75 and over hospitalized initially in an acute 
geriatric unit (AGU) were included and followed up for 12 months. The risk of hospital 
readmission was analyzed using a Cox model, and its extension for recurrent events and the 
risk of death were analyzed using a Cox model for time-dependent variables.
Results: A total of 3081 patients were included (mean (SD) age: 86.4 (5.5)). In the 
multivariate analysis, the relative risk (95% confidence interval [CI]) of hospital 
readmission rose progressively to 2.66 (1.44; 5.14), and the risk of death rose to 
2.01 (1.23; 3.32) after five hospital admissions, relative to a patient with no hospital 
readmissions. The number of hospital readmissions during the follow-up period was 
the primary risk factor and the best predictor of the risk of hospital readmission and 
the risk of death.
Conclusion: Hospital readmission is the primary risk factor for further hospital readmis-
sions and for death in older subjects discharged from an AGU.
Keywords: hospital readmission, death, older patients, acute geriatric unit, risk factors, 
recurrent events

Plain Language Summary
Recurrent hospital admission is a major problem among older people. Each hospital read-
mission increases the risks of further hospital readmissions and death. However, the impor-
tance of the number of hospital readmissions (relative to other known risk factors) has not 
previously been determined.

Our findings show that the number of hospital readmissions during the follow-up 
period of 12 months is the main risk factor for further hospital readmission and for 
death in older patients discharged from an acute geriatric medicine unit. 
A simultaneous analysis of the risks of hospital readmission and death enables us to 
identify the factors more associated with organic phenomena (such as the presence of 
a cancer) or more associated with life decisions and circumstances (such as living in 
a retirement home).

The many risk factors associated with hospital readmission and death are key issues, and 
a number of interventions have been developed with a view to reducing the occurrence of these 
events. Our results show that studies of hospital readmission should consider the number of 
consecutive admissions (ie the rank) for each patient because it is the main risk factor.
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Introduction
In older patients, hospital readmissions increase morbidity, 
mortality, the loss of functional independence, and health-
care costs.1–4 Although many researchers have focused on 
the readmission of older people to hospital, the studies 
were limited to the analysis of the first hospital readmis-
sion during a set period (ranging from 30 days to 24 
months after the index discharge).5–9 The effect of each 
new hospital readmission on the risk of further hospital 
readmissions has barely been studied. Moreover, research 
on hospital readmissions has not analyzed deaths, whereas 
certain characteristics (such as polypharmacy, comorbid-
ities and malnutrition) have been linked to hospital read-
mission in some studies8,10 and to death in others.7,11

In fact, it is possible to analyze death and multiple hospi-
tal readmissions during follow-up by using appropriate sta-
tistical models.12 Models for recurrent event analysis are 
developed in the framework of counting process theory and 
are used to analyse the impact of previous hospital stays on 
the risk of hospital readmission and death. We have used this 
type of model to show that each hospital readmission during 
the follow-up period is a major risk factor for further hospital 
readmission and death in older patients.13 However, the 
number of adjustment variables was limited, and the model 
suggested that the study population was heterogeneous. It 
therefore remained to be determined whether hospital read-
mission per se is a major risk factor for further hospital 
readmissions or whether it is an indirect marker of other 
risk factors. If hospital readmission per se is a major risk 
factor for further hospital readmissions, then hospital read-
mission should promote specific interventions (eg commu-
nication) that could reduce the risk of further hospital 
readmissions.14,15

The most fragile older patients are managed in acute 
geriatric units (AGUs). In France, all AGUs are labelled 
and have similar equipment, medical staffs, and quality of 
care. The incidence of hospital readmission and/or death 
after hospitalization in an AGU is high16 The French 
DAMAGE (Patient Outcomes After Hospitalization in 
Acute Geriatric Unit) multicentre study involved 
a standardized evaluation of many known risk factors for 
death and hospital readmission after discharge from an 
AGU and followed the patients up for 12 months.

The primary objective of the present analysis of the 
DAMAGE cohort was to determine the impact of the number 
of consecutive readmission (ie the rank) on the risks of future 
hospital readmissions and death after discharge from an 

AGU. The analyses were adjusted for the many known risk 
factors for hospital readmission and death.

Methods
Study Design
The DAMAGE study is a multicentre, prospective cohort 
study of patients aged 75 or over hospitalized in an AGU 
in the Hauts-de-France and Normandie regions of France 
(NCT02949635). The six recruiting centres are Lille 
University Hospital (Lille, France; 2 AGUs), Saint 
Philibert Hospital (Lille, France; 1 AGU), Amiens- 
Picardie University Hospital (Amiens, France; 1 AGU), 
Caen University Hospital (Caen, France; 1 AGU), and 
Saint Quentin General Hospital (Saint Quentin, France; 1 
AGU). Patients discharged from the AGU to a non-acute 
facility (the patient’s home, a residential home, or 
a rehabilitation unit) were followed up for one year. The 
inclusion period ran from September 14th, 2016, to 
January 29th, 2018. The last 12-month follow-up visit 
was performed on January 29th, 2019.

Ethical Approval
The DAMAGE study was performed in compliance with 
the terms of the Declaration of Helsinki and was approved 
by the local independent ethics committee (CPP Nord- 
Ouest IV, Lille, France) on February 13th, 2015, with an 
amendment approved on January 21st, 2016 (reference: 
IDRCB 2014 A01670 47, CNIL. bxA15352514).

The patients and their primary family caregivers or 
legal representatives were given detailed verbal and writ-
ten information about the study, in order to ensure that the 
patients fully understood the potential risks and benefits of 
participation. In accordance with the French legislation on 
observational, non-interventional studies of routine clinical 
care, written consent was not required. The patients were 
informed that they could refuse to participate in the study 
and that refusal would not have any impact on their treat-
ment in the AGU. If the patient was unable to refuse to 
participate in the DAMAGE study (notably because of 
severe neurocognitive disorders), the next of kin or legal 
representative could refuse participation. All participants 
were free to withdraw from the study at any time. This 
withdrawal had no impact on the care received.

Inclusion and Exclusion Criteria
All patients aged 75 and over, with health insurance cover-
age and hospitalized in an AGU were eligible for inclusion 
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in the study. Patients hospitalized in the AGU for less than 
48 hours were not included because this short duration 
prevented the completion of a comprehensive geriatric 
assessment. Patients admitted for immediate palliative 
care were not considered for inclusion in the study because 
of the high risk of death. Lastly, patients who refused to 
participate to the study (as notified by the patient or his/her 
primary family caregiver or legal representative) were not 
included. However, cognitive impairment was not an 
exclusion criterion per se.

Patients who died in the AGU were excluded because 
one of the study’s objectives concerned the assessment of 
the death rate after discharge. Patients transferred to 
another acute care ward (a surgical ward or a non- 
geriatric ward) without returning to the AGU were also 
excluded. Patients transferred to palliative care units or 
having received palliative care during the stay in the 
AGU were also excluded because of the above- 
mentioned high risk of death.

Collection of Data During the Stay in the 
AGU
Data were collected at various time points during the stay 
in the initial AGU, using a case report form. The social, 
medical and geriatric variables recorded within 72 hours of 
admission, during hospitalization, and upon discharge are 
listed in Supplement 1.

● The social and medical variables recorded on admis-
sion included the age, sex, type of home environment 
(own home or residential home), number of previous 
hospital stays, the Charlson Comorbidity Index 
(CCI),17 and presence of cancer. The geriatric vari-
ables recorded on admission included the number of 
medications usually taken, dependency before hospi-
talization (the Katz Index of independence in activ-
ities of daily living (Katz ADL)),18 malnutrition 
(weight loss and body mass index), cognitive disor-
ders, history of depression, swallowing disorders, and 
walking ability. Standard laboratory variables were 
also recorded.

● During the hospital stay, a daily evaluation of clinical 
status enabled us to classify the patient into one of 
five predefined states: late discharge, a medical 
obstacle to discharge (other than infection), treatment 
of a community-acquired infection, treatment of 
a hospital-acquired infection, and palliative care. 

These clinical states were mutually exclusive (ie 
only one state per day and per patient) and were 
determined by the patient’s attending physician.

● On the day of discharge, geriatric variables were also 
recorded: the patient’s bodyweight, the bodyweight 
difference between admission and discharge, the 
Katz ADL on discharge, the difference in Katz 
ADL between admission and discharge, and the dis-
charge destination (the patient’s own home, 
a residential home, or a rehabilitation unit). The 
collected data were audited.

Follow-Up
The exact date of hospital readmission and the exact date 
of death were collected at 3 and 12 months after the index 
discharge from the AGU; this was done by phoning the 
patient (if alive), his/her next of kin or caregiver or the 
referent healthcare professional in a community setting (eg 
the general practitioner). Mortality was also evaluated by 
consulting freely available national mortality data.

Statistical Analysis
Categorical variables were expressed as the frequency 
(percentage). Continuous variables were expressed as the 
mean ± standard deviation (SD) if normally distributed or 
as the median [interquartile range (IQR)]. Normal data 
distributions were checked graphically and by applying 
the Shapiro–Wilk test. The median time intervals between 
consecutive hospital stays were calculated according to the 
hospital stay’s rank and were then represented graphically 
on boxplots.

The impact of clinical and laboratory variables on the 
outcomes (time to death, and time to a hospital admission) 
was assessed in a bivariate analysis (Supplement 2) and 
a multivariate analysis, using as semi-parametric Cox 
regression model and its extension to recurrent events. 
Number of patients will be refered to as the sample size 
(N = 3081).

The impact of consecutive hospitalizations on hospital 
readmission was assessed as a time-dependent variable. 
Hospital readmission counts were entered as categorical 
variables. The frailty model12 was used to account for 
multiple events (hospital readmissions). The frailty model 
enabled us to take account of interindividual variability in 
the risk of hospital readmission potentially not explained 
by the observed variables.

Likewise, the risk of death was estimated with a semi- 
parametric Cox model for time-dependent variables.19
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The log-linearity hypothesis in the Cox proportional risks 
model was checked against the Martingale residuals.20 If the 
log-linearity hypothesis was not met for a given variable, it 
was dichotomized as a categorical variable. The dichotomi-
zation threshold was defined with a graphical assessment of 
the Martingale residuals and a chi-squared test (for death) 
and on the basis of an expert medical consensus.

An automatic stepwise procedure based on the Akaike 
information criterion21 was applied to both models.

To avoid case loss in the univariate and multivariate 
analyses, missing data for candidate predictors (missing 
data rate: from 0% to 8.6%, depending on the variable) 
were imputed by multiple imputation with a regression- 
switching approach (chained equations, m=5 
imputations).22 The imputation procedure was performed 
with the missing-at-random assumption plus the predictive 
mean-matching method for continuous variables and logis-
tic regression (binary, ordinal, or multinomial) models for 
categorical variables. Rubin’s rules were used to combine 
the estimates derived from multiple imputed data sets.23 

Lastly, the relative importance of the predictors of hospital 
readmission and death was assessed with Wald’s test.24

In all analyses, we considered a maximum of five 
hospital stays per patient because the proportion of 
patients with more than five hospital stays was low (1%, 
data not shown); hence, reliable estimation of the study 
endpoint would not have been possible beyond this point.

All the analyses were performed with R software (ver-
sion 3.4.3),25 using the survival package for the survival 
analyses and the mice package for the multiple imputation 
of the missing data.

Results
The Study Population
Of the 3509 patients hospitalized in the AGU, 202 died 
there, 97 were transferred to another non-geriatric medical 
or surgical acute unit (without returning to the AGU), and 
98 were lost to follow-up after palliative care and/or were 
transferred to a palliative care unit. Overall, 3112 patients 
met all the inclusion criteria and none of the exclusion 
criteria. 31 patients presented errors in the hospitalization 
date during the follow-up period. Our analyses therefore 
covered a total of 3081 patients.

The study population’s general characteristics are sum-
marized in Table 1. The population was very old (mean 
(SD) age: 86.4 (5.5)), with female predominance (66%), 
a high proportion of polypharmacy (mean number of drugs 

taken at home: 7.9 (3.6)). The prevalence of cognitive 
disorders was high (54.4%).

Follow-Up and Events
A total of 1531 (49.7%) patients were readmitted to hos-
pital at least once during the follow-up period, and 608 
(19.7%) patients were readmitted to hospital twice or 
more. The median [IQR] time interval between two con-
secutive hospitalizations decreased as the rank of hospita-
lization increased (Figure 1); it decreased from 88 [45, 
179] days between the initial hospitalization and the first 
hospital readmission to 31 [26, 47] days between the 
fourth and fifth hospital readmissions. During the follow- 
up, 1014 (32.9%) patients died, including 427 (13.9%) 
who had not been readmitted to hospital and 587 
(19.1%) readmitted to hospital at least once.

Importance of Consecutive 
Hospitalizations on the Risks of Hospital 
Readmission and Death
The results of the bivariate analysis are summarized in 
Supplement 2 and those of the multivariate analysis are 
summarized in Table 2. Consecutive hospital readmis-
sions significantly increased both the risk of further 
hospital readmission and the risk of death. Indeed, the 
relative risk (RR) (95% CI) for hospital readmission rose 
from 1.31 (1.08, 1.60) after one hospital admission to 
2.66 (1.44, 5.14) after five hospital admission (relative to 
a patient not readmitted to hospital). The risk (95% CI) 
of death (hazard ratio) also increased with the number of 
consecutive hospitalizations, it rose from 1.61 (1.48, 
1.76) after one hospital readmissions to 2.01 (1.23, 
3.32) after five hospital readmissions (relative to 
a patient not readmitted to hospital). The number of 
hospital readmissions during the follow-up period was 
the variable that best predicted the risks of further hos-
pital readmission and death (Figure 2).

Importance of Other Factors with Regard 
to the Risks of Hospital Readmission and 
Death
Some characteristics were significantly associated with 
both hospital readmission and death. Thus, cancer and 
each extra day in hospital due to a medical obstacle were 
significantly associated with greater risks of hospital read-
mission and death. In contrast, female sex was signifi-
cantly associated with lower risks. Lastly, living in 
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Table 1 The Characteristics of the Study Population

Study Population (n=3081)

N Value

SOCIAL & MEDICAL CHARACTERISTICS

Age, years (mean ± SD) 3081 86.4 ± 5.5

Sex (male) N (%) 3081 1050 (34.1)

Place of residence N (%) 3077

At home 2484 (80.7)

In a residential home 593 (19.2)

Hospitalized in the previous 6 months N (%) 3028 1178 (38.9)

Admission route N (%) 3066

Hospital ward 390 (12.7)

Residential home 76 (2.5)
Own home 155 (5.1)

Emergency department 2445 (79.8)

Charlson Comorbidity Index (median [IQR]) 3071 2.0 [1.0; 3.0]

Cancer N (%) 3059 459 (15.0)

GERIATRIC SYNDROMES
Living alone N (%) 3063 1412 (46.1)

Socially isolated N (%) 3050 261 (8.6)

Number of medications taken at home (mean ± SD) 3077 7.9 ± 3.6

Polypharmacy* N (%) 3026 655 (21.6)

Psychotropic medication N (%) 3047 1679 (55.1)

Katz ADL at home† N (%) 2905

≥ 3 2217 (76.3)
< 3 688 (23.7)

Body mass index (mean ± SD) 2800 25.1 ± 5.7

Malnutrition‡ N (%) 2890 808 (28)

Swallowing disorder N (%) 3023 449 (14.8)

History of depression N (%) 3055 614 (20.1)

Cognitive disorder§ N (%) 3081

No 1406 (45.6)
Memory complaints 566 (18.4)

Known neurocognitive disorders 1109 (36)

Walking ability N (%) 3065

No, confined to bed 151 (4.9)

No, bed or chair only 416 (13.6)
Walks with assistance 1412 (46.1)

Walks unaided 1086 (35.4)

CHANGES IN HOSPITAL

Katz ADL on admission (median [IQR]) 3066 3.0 [1.0; 5.0]

Katz ADL on discharge (median [IQR]) 3028 4.0 [2.0; 5.0]

(Continued)
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Table 1 (Continued). 

Study Population (n=3081)

N Value

Change in Katz ADL in hospital N (%) 3024
Worse 274 (9.1)

Stable 1699 (56.2)

Better 1051 (34.8)

Body weight on admission, kg (median [IQR]) 2926 64.9 [55.0; 76.6]

Body weight on discharge, kg (median [IQR]) 2225 64.0 [54.0; 76.0]

Change in body weight in hospital N (%) 2176

Decrease 1034 (47.5)

Stable 398 (18.3)
Increase 744 (34.2)

Serum albumin level, g/L (mean ± SD) 3015 31.8 ± 5.4

Blood haemoglobin level, g/L (mean ± SD) 3075 11.7 ± 1.9

Serum creatinine level, µmol/mL (median [IQR]) 3075 87.5 [64.5; 114.9]

Estimated glomerular filtration rate, according to the CKD-Epi equation, mL/min 
N (%)

3016

≥60 1457 (46.9)

45–59 691 (22.2)
30–44 569 (18.3)

15–29 337 (10.8)

<15 56 (1.7)

Serum vitamin D level, ng/mL (median [IQR]) 2874 22.0 [11.3; 32.0]

Lymphocyte count, % (mean ± SD) 2947 1.7 ± 3.3

Delirium on admission N (%) 3081 425 (13.8)

Time spent in each state during the hospital stay, days (mean ± SD) 3081

Late discharge|| 3.6 ± 4.1
Medical obstacle to discharge** 5.3 ± 4.7

Community-acquired infection 1.4 ± 2.9

Hospital-acquired infection 0.3 ± 1.7

FOLLOW-UP

Patients readmitted to hospital N (%) 1447 (47)
1 hospital readmission 856 (19)

2 hospital readmissions 350 (11)

3 hospital readmissions 142 (4.6)
4 hospital readmissions 63 (2.0)

5 hospital readmissions 18 (0.5)

Notes: *At least 10 medications taken at home. † Dependence before admission was defined as a Katz ADL score at home < 3. ‡ Weight loss >5% in 1 month or >10% in 6 
months, or body mass index <21. § Memory complaints reported by the family or the patient, or known neurocognitive disorders. || Late discharge, defined as being in 
a stable state for all 24 hours of the previous working day. ** Medical obstacle to discharge: assigned if the patient was not in any of the other states (delayed discharge, 
treatment of a community-acquired infection, treatment of a hospital-acquired infection, or palliative care). 
Abbreviations: ADL, activities of daily living; SD, standard deviation; IQR, interquartile range.
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a retirement home was associated with a lower risk (95% 
CI) for hospital readmission (relative risk (RR) = 0.81 
(0.68, 0.92)) but a greater risk (95% CI]) for death (hazard 
ratio (HR) = 1.20 (1.08, 1.34), relative to people living at 
home.

Some characteristics were associated only with the risk 
of hospital readmission: weight gain during the hospital 
stay (RR (95% CI) = 1.17 (1.02, 1.33)) and polypharmacy 
(1.24 (1.11, 1.36)). In contrast, older age and some ger-
iatric syndromes were associated only with the risk of 
death: malnutrition (HR (95% CI) = 1.13 (1.04, 1.26)), 
confinement to bed (1.24 (1.01, 1.53)) and limited inde-
pendence one month before hospitalization (1.05 
(1.02, 10.8)).

Discussion
Our study confirmed the importance of taking account of 
consecutive hospitalizations when analyzing the risks of 
further hospital readmissions and death in older people. 
Hospital readmission is a major event that accelerates and 
increases the likelihood of further new hospital readmis-
sion and of death. Consequently, the statistical analysis of 
hospital readmission should not be considered without 
considering death, and vice versa.26

We analyzed the risks of hospital readmission and 
death after adjusting for many variables known to be 
associated with one or both of these outcomes.1,3,4,6–11 

We have previously reported that the risks of hospital 
readmission and death were strongly influenced by the 

hospital readmission process.13 However, this analysis 
was limited by the number of available adjustment vari-
ables (ie age, sex, and the CCI). Our present results con-
firmed the importance of the rank and time to hospital 
readmission on the change in the risks of hospital read-
mission and death. Our results showed that the hospital 
readmission rank was the primary risk factor for hospital 
readmission and death in older patients discharged alive 
from an AGU. The risk of hospital readmission increased 
slowly until the second hospital readmission and then rose 
sharply until five hospital readmissions. The risk of death 
increased more slowly with the number of hospital read-
missions, from the first readmission onwards. Consecutive 
hospitalizations, therefore, capture risk in addition to the 
other proxy, in connection with a possible inter-individual 
variability, present in older people.

The bothrisks of hospital readmission and death enabled 
us to highlight the influence of other characteristics related 
to these two outcomes. Some corresponded to “organic” 
patient characteristics, such as the presence of cancer27 or 
a medical obstacle to discharge from the AGU.2 These 
characteristics probably reflect the severity of the patient’s 
illness. Other characteristics appeared to correspond to 
“decisional” processes. For example, living in a retirement 
home increased the risk of death but decreased the risk of 
being readmitted to hospital. This suggests that 
a consensual ethical decision (involving the patient and/or 
his/her family) had been taken in favour of care (and per-
haps palliative care) in the retirement home rather than in 
hospital. More surprisingly, a few characteristics were 
related only to hospital readmission or only to death. 
Some of these increased the risk of hospital readmission 
without increasing the risk of death; they included some 
known risk factors documented in the literature (such as 
polypharmacy8) and factors more specifically linked to 
clinical practice in the AGU (such as weight loss during 
the hospital stay). The latter variable certainly testified to 
the presence of medical signs of an unstable clinical state 
(such as volume expansion or decompensated oedema). In 
contrast, some factors were associated with a greater risk of 
death but not a greater risk of hospital readmission. This 
was true for known risk factors frequently observed among 
older patients in the AGU, such as loss of independence,28 

malnutrition,7 and walking difficulties.29

All these results showed that a specific methodological 
framework should be applied to the analysis of the risks of 
hospital readmission and death. The analysis of the risk of 
hospital readmission just a few days30 or at 30 days1,2,5 after 

Figure 1 Median time interval between two consecutive hospitalizations. Median 
time intervals between consecutive hospital readmissions. The rank of the hospital 
stay corresponds to the ordered number of the readmission (1: time between the 
start date of the index hospitalization and the start date of the first hospital 
readmission, 2: the time between the start date of the first hospital readmission 
and the start date of the second hospital readmission, etc.).
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Table 2 Multivariate Analyses of the Risk of Hospital Readmission (Using a Frailty Model) and the Risk of Death (Using a Time- 
Dependent Cox Regression Model) in the Study Population (N=3081 Patients)

The Risk of Hospital Readmission The Risk of Death

RR 95% CI HR 95% CI

SOCIAL AND MEDICAL CHARACTERISTICS
Age (years)

(74–89) Reference – Reference –

(90–104) 1.00 (0.89, 1.11) 1.10 (1.01, 1.19)

Sex (female) 0.81 (0.74, 0.90) 0.92 (0.85, 0.99)

Place of residence

At home Reference – Reference –

In a residential home 0.81 (0.68, 0.92) 1.20 (1.08, 1.34)

Cancer (present) 1.26 (1.11, 1.41) 1.17 (1.06, 1.30)

GERIATRIC SYNDROMES

Malnutrition 1.06 (0.93, 1.22) 1.13 (1.04, 1.26)

Swallowing disorder 1.02 (0.85, 1.14) 1.09 (0.98, 1.23)

Katz ADL at home

≥ 3 Reference – Reference –

< 3 1.01 (0.97, 1.33) 1.17 (1.03, 1.32)

Polypharmacy 1.24 (1.11, 1.36) 0.97 (0.88, 1.05)

Cognitive disorder

No Reference – Reference –

Memory complaint 0.94 (0.83, 1.04) 1.07 (0.90, 1.06)
Known neurocognitive disorders 0.91 (0.79, 1.10) 1.00 (0.88, 1.12)

Walking ability
Walks unaided Reference – Reference –

Walks with assistance 1.05 (0.94, 1.18) 1.02 (0.94, 1.11)

No, confined to bed 1.11 (0.80, 1.34) 1.24 (1.01, 1.53)
No, bed or chair only 1.03 (0.80, 1.34) 1.05 (0.90, 1.21)

Socially isolated 0.98 (0.90, 1.10) 0.98 (0.91, 1.06)

CHANGES IN HOSPITAL

Delayed discharge 1.00 (0.98, 1.01) 1.01 (0.99, 1.01)

Medical obstacle to discharge 1.01 (1.01, 1.02) 1.01 (1.01, 1.02)

Change in body weight in hospital

Stable Reference – Reference –

Decrease 1.07 (0.91, 1.22) 1.03 (0.93, 1.15)
Increase 1.17 (1.02, 1.33) 1.00 (0.90, 1.13)

Change in Katz ADL in hospital
Stable Reference – Reference –

Worse 1.16 (0.99, 1.36) 1.03 (0.90, 1.16)

Better 1.01 (0.92, 1.12) 0.94 (0.88, 1.03)

(Continued)
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an index discharge does not appear to be appropriate because 
it fails to fully take account of the patient’s consecutive 
hospitalizations. The use of statistical models designed for 
studying recurrent events is therefore more appropriate when 
a patient has been admitted to hospital several times.13 

Hospital readmissions should thus be analyzed precisely 
because they reflect a frequent clinical picture among older 
adults. Most of the studies of patient pathways in this popula-
tion have focused on the occurrence of events like hospital 
readmission or death. Our results show that these patient 
pathways should take account of all the patient’s hospital 
admissions and should use appropriate analytical methods, 
such as those applied here. Lastly, the conjoint analysis of the 
risks of hospital readmission and death is recommended 
because death is a competing risk that prevents hospital 
readmission. Some specific statistical models have recently 

been developed for this purpose31 but have not yet been 
applied to large cohorts like DAMAGE.

The present study had a number of strengths. Firstly, we 
used high-quality data from a multicentre cohort of AGU 
patients AGU (N = 3081), with a low proportion of missing 
data (often below 5%). Secondly, this was (to the best of our 
knowledge) the first multicentre study of older patients 
discharged from an AGU to have included with standar-
dized geriatric evaluation. Thirdly, we had few exclusion 
criteria. Lastly, we used specific statistical models to study 
of recurrent events with time-dependent covariables.

However, our study also had some limitations. Firstly, 
the older patients in our cohort were discharged from an 
AGU and were often very old, with multiple comorbid-
ities. Our results cannot therefore, be extrapolated to the 
population of older adults as a whole. Secondly, we 

Table 2 (Continued). 

The Risk of Hospital Readmission The Risk of Death

RR 95% CI HR 95% CI

FOLLOW-UP
Number of previous hospital stays

0 Reference - Reference -

1 1.31 (1.08, 1.60) 1.61 (1.48, 1.76)
2 1.51 (1.10, 2.11) 1.64 (1.46, 1.84)
3 1.99 (1.34, 3.06) 1.78 (1.51, 2.15)
4 2.01 (1.21, 3.48) 1.76 (1.34, 2.26)
5 2.66 (1.44, 5.14) 2.01 (1.23, 3.32)

Variance of the frailty variable 0.13 (p <0.00001)

Note: Significant results are in bold. 
Abbreviations: ADL, activities of daily living; RR, relative risk; HR, hazard ratio; CI, confidence interval.

Figure 2 Importance of the variables of the model in the prediction of the risks of hospital readmission and death. Wald’s test was performed. Each variable in the model 
was tested against the empty model, in order to determine which best predicted the risks of hospital readmission and death. The variable “Number of previous 
hospitalizations” was the most predictive for the two outcomes, as shown below. The proportion of the overall chi-square for each variable was calculated as 
a proportion of the sum of chi-squared statistics, obtained from Wald tests for each variable separately.
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considered that the duration of each hospital readmission 
was negligible relative to the risk of subsequent hospital 
readmission. This might have been be an overly simple 
assumption because the length of stay has been linked to 
the risk of readmission.2 However, we included the length 
of the index hospital stay in the model and divided it into 
time with a medical obstacle to discharge and late dis-
charge. Thirdly, we were unable to account for all comor-
bidities in detail or for all acute or new diagnosis at the 
time of the index hospitalization. Such a level of detail 
might have allowed us to identify pathological situations at 
higher risk of death or hospital readmission. However, we 
used a comorbidity score that has been validated in 
geriatrics17,32 and that can be used in routine practice. 
Furthermore, there is no validated classification or scoring 
method for acute pathologies in geriatrics. We therefore 
proposed a simple 5-stage classification (delayed dis-
charge, medical obstacle to discharge, community- 
acquired infection, hospital-acquired infection, palliative 
care) that was associated with hospital readmission and 
death. Such a classification would deserve to be tested and 
validated in other studies. Lastly, the presence of poten-
tially inappropriate medications or potential medication 
omissions on admission to the hospital were recently asso-
ciated with HR and death33 but were not collected in our 
cohort. Polypharmacy has been strongly associated with 
PIMs and PPOs but polypharmacy was significantly asso-
ciated with hospital readmission only in our study.

Conclusions
Hospital readmission is the primary risk factor for further 
hospital readmission and for death in older adults dis-
charged from an AGU. Taken as a whole, our present 
results suggest that studies of hospital readmission or 
death among older patients should include (i) all hospital 
readmissions, (ii) a sufficiently long follow-up period, and 
(iii) a simultaneous analyses of the two outcomes.

Abbreviations
ADL, activities of daily living; AGU, acute geriatric unit; 
CI, confidence interval; HR, hazard ratio; RR, relative 
risk; SD, standard deviation.
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