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Abstract 

Background: Readmissions are a burden for patients and increase healthcare costs. In Europe, factors associated 
with readmissions have not yet been extensively investigated. This study aimed to discover factors associated with 
readmissions in both young and older adult internal medicine patients. Furthermore, we explored the role of health-
care-related adverse events (AEs) in readmissions.

Methods: All patients admitted through the emergency department to the internal medicine department in the 
last 2 weeks of each month (2011) were included. Information on index admissions and readmissions, defined as an 
unplanned admission within 30 days after discharge, was obtained from the electronic patient record system. Demo-
graphic, clinical, and organizational factors were evaluated for their association with readmissions.

Results: Of all patients (n = 940), 17.3 % were readmitted; 16.9 % of the younger (<65 years, n = 485), and 17.8 % of 
the older patients (≥65 years, n = 455). Dependency in activities of daily living (ADL) was the only factor associated 
with readmissions in both all ages (OR 2.43) and in older patients (OR 3.19), while age was associated with readmis-
sions in younger patients (OR 1.03 per year). AEs leading to 35.4 % of all index admissions were not associated with 
readmissions.

Conclusions: Readmissions are common in medical patients, and, thus, remain a reason for concern in terms of 
patient safety and quality of care. AEs, responsible for to the index admission, were not associated with readmissions. 
ADL dependency was the only factor associated with readmission in patients of all ages and older patients, indicating 
that determining which patients are at risk for readmissions is not easy.
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Background
Hospital readmissions (defined as an unplanned admis-
sion within 30  days after discharge) are not only highly 
prevalent (11.6–17.5  %) worldwide [1–5], but also a 
burden to patients, and they increase the already high 
healthcare costs. In addition, hospital readmissions are 
seen as a measure of quality of inpatient and post-dis-
charge care [6, 7].

A better understanding of the factors related to read-
missions is necessary to develop successful interventions. 
Some factors, such as race, the use of high-risk medica-
tions, comorbidities [Charlson comorbidity index (CCI)], 
and type of insurance, were found to be associated with 
readmissions [1, 3, 5, 8]. The studies that investigated these 
factors were mostly performed in the United States, with 
its specific healthcare structure and healthcare insurance, 
which make generalizability to settings in Europe difficult. 
One European study investigated the association between 
several factors and readmissions in a general medicine 
department and found that only the factor age (OR 1.01 
per year) was independently associated with readmissions 
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[9]. Therefore, in particular in Europe, information on fac-
tors related to readmissions is scarce.

Since the population is ageing, most hospitalized 
patients are, or soon will be, old. Older patients more 
often have comorbidities and disabilities, and they use 
more medications than younger patients. Multi-mor-
bidity, polypharmacy, and the factor age per se [9] could 
make older patients more susceptible to hospital read-
missions and AEs, which in their turn could lead to hos-
pitalization [10–12]. However, the information on the 
factors that are associated with readmissions in older 
patients is as scarce as in patients of all ages and it is 
unknown whether or not these factors differ between 
younger and older patients, which we expect.

Readmissions are regarded as healthcare-related 
adverse events (AEs). It is known that other AEs than 
readmissions, e.g., medication-related AEs, are a com-
mon reason for hospitalization [12–16]. It may be pos-
sible that patients who have been hospitalized because 
of an AE are particularly vulnerable and thus more sus-
ceptible to readmissions. As far as we know, the role of 
AEs (that have led to hospitalization) in readmissions has 
not been studied before. In addition, it is unclear whether 
or not specific factors are associated with readmission in 
patients who were initially hospitalized because of an AE.

To address the aforementioned gaps in knowledge on 
factors related to readmissions, we aimed to identify fac-
tors, including not formerly investigated factors, such 
as AEs, which are associated with readmissions within 
30  days after discharge in adult medical patients. Fur-
thermore, we investigated which factors were associ-
ated with readmissions in younger (<65 years) and older 
patients (≥65  years). In addition, we analysed patients 
with a first (index) admission because of an AE to reveal 
factors that are associated with readmissions in this spe-
cific subgroup of patients.

Methods
Setting and study population
This study was conducted in secondary and tertiary uni-
versity hospital (Maastricht University Medical Centre; 
MUMC+) in The Netherlands. Our hospital is a 700-bed 
teaching hospital, which is the only hospital of the city of 
Maastricht (≈120,000 inhabitants) and its surroundings, 
and which is the only university centre for the province 
of Limburg (≈1,119,000 inhabitants). The population 
of Maastricht is characterized by a high percentage of 
older patients: 18.1  % are 65  years or older. Annually, 
22,000 patients visit our emergency department (ED), 
which is open 24  h, 7  days a week. In our hospital, all 
general internal medicine, endocrinology, oncology, 
haematology, nephrology, gastro-intestinal, and rheu-
matology patients presenting to the ED are assessed by 

internists specialized in acute care. General practitioners 
(GPs) refer the majority of patients (GP service is avail-
able 24  h/7  days). Some patients (notably high urgency 
patients) arrive by ambulance and a minority of patients 
are self-presenters. Almost all acutely patients admitted 
are presented through the ED (for more details on the 
organization of acute care in The Netherlands, see [17]). 
Every inhabitant of the Netherlands is obliged to have a 
health insurance, which ensures accessible healthcare for 
everyone.

All patients admitted through the ED to the depart-
ment of internal medicine in the last 2 weeks of each 
month between January–December 2011 were included. 
Because of restricted availability of time, we had to 
limit our inclusion to half a year. By including the last 
2 weeks per month of 1 year, we were able to study sea-
sonal influences. Older patients were defined as patients 
aged 65  years or older, and younger adult patients as 
patients <65 years of age.

The first admission of a patient in our study period was 
considered the index admission. Exclusion criteria were: 
(1) (re-)admission to another department than internal 
medicine or transfer from another hospital, (2) elective or 
planned (re-)admissions, (3) already included in the study 
(every patient could only be included once), (4) death in-
hospital during the index admission, and (5) death within 
30  days after discharge unless the patient had already 
been readmitted prior to death.

Data collection and definitions
Our hospital has an electronic patient record system, 
which gave us the opportunity to gather information from 
both the entire medical and nursing records. Admission 
charts and discharge letters were used to obtain patients’ 
age, sex, comorbidity, number of medications, living situ-
ation and functional status [cognitive function, perfor-
mance in activities of daily living (ADL) and instrumental 
activities of daily living (IADL)], reason for admission, 
length of stay, and day/season of discharge. Comorbid-
ity was calculated using the Charlson comorbidity index 
(CCI) [18, 19]. Living situation was categorized as com-
munity dwelling or living in a nursing facility. The perfor-
mance in ADL and IADL was classified as independent 
or dependent based on information obtained by nurses 
during admission (Additional file 1: Table S1). Cognitive 
function was classified as normal or impaired. The fol-
lowing conditions were considered impaired cognition: 
dementia, mild cognitive impairment, intellectual disabil-
ity, and/or delirium at time of admission. Reasons for the 
index admission were categorized as: gastro-intestinal, 
infection, malignancy, inflammatory, (auto-) intoxication, 
renal and/or electrolyte problems, allergy/anaphylaxis, 
syncope, cardiac, and other. Day of discharge was divided 
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into weekday (Monday till Friday) or weekend day (Sat-
urday and Sunday). Season of discharge was classified as: 
summer (June, July, August), autumn (September, Octo-
ber, November), winter (December, January, February), 
and spring (March, April, May). Information about read-
missions was obtained by checking the electronic patient 
record system for admissions.

All index admissions were categorized as being caused 
by an AE or not. To define an AE, we used the follow-
ing definition of the Dutch Internal Medicine Associa-
tion: ‘Any event or state during or following treatment by 
a specialist or a general practitioner that influenced the 
health of the patient in such way that renewed treatment 
was necessary or that it led to damage’ [20]. Admissions 
because of problems we considered resulting from the 
progression of disease were not considered AEs. This def-
inition is comparable to the definition used in other stud-
ies investigating AEs [21, 22]. AEs were divided into the 
following categories: medication-related, chemotherapy-
related, diabetes mellitus-related, procedure-related, and 
other. To evaluate whether or not the admission was truly 
based on an AE, two independent researchers (FM and 
LS) evaluated the admission reason. In case of disagree-
ment, a third independent researcher (EP or PS) [1, 23] 
decided on the issue. The four researchers followed an 
E-learning course on the identification of AEs. The group 
of patients with an index admission because of an AE will 
further be referred to as AE group.

A readmission was defined as an unplanned admission 
through the ED to the department of internal medicine 
within 30 days after discharge. The reasons for readmis-
sion were categorized in the same way as the reasons for 
index admission. The no readmission group consisted 
of the patients who were not readmitted within 30 days 
after discharge and who were alive.

Statistical analysis
To investigate the factors that are associated with a read-
mission, we compared the readmission group with the 
no readmission group in the total study population (all 
ages), and in both younger and older patients. The same 
analyses were performed in the subgroup of patients with 
an index admission because of an AE. SPSS Statistics 
for Windows version 22.0 (SPSS Inc., Chicago, Illinois) 
was used to analyse all data. Data were shown as medi-
ans with ranges or numbers with percentages and odds 
ratios (ORs) with 95  % confidence intervals (95  % CI). 
Inter-group differences were compared using the Chi-
square test or Fisher’s exact test for categorical data and 
the Mann–Whitney U test for continuous data. Cohen’s 
kappa was used to calculate the inter-rater agreement 
concerning AEs as reason for admission.

To evaluate which factors were related to readmission, 
we performed univariate and multivariate logistic regres-
sion analyses. Due to insufficient cases per admission 
reason category, this factor could not be included in the 
multivariate analyses. In addition, IADL was omitted out 
of the equation due to collinearity with ADL. In the mul-
tivariate analyses in the AE group of younger patients, 
cognition and living situation could not be included in 
the analyses due to insufficient cases. Age was included 
as a dichotomous variable (≤65  years (reference) 
vs.  >65  years) in the analyses of the total study popula-
tion. In the multivariate analyses in younger and older 
patients, age was included as a linear variable. CCI was 
included as a dichotomous variable: score of 0–2 (refer-
ence) vs. >2. The number of medications was categorized 
as follows: 0–5 (reference), 5–10, 10–15, and >15 medi-
cations. For season of discharge, we used summer as ref-
erence, for day of discharge, weekday was reference, and 
for sex, female was reference. p values below 0.05 were 
considered statistically significant.

The MUMC  +  Medical Ethics Committee approved 
this study.

Results
Total study population
In the study period, there were 940 index admissions (940 
patients, Fig. 1). The readmission rate was 17.3 % and 72 
patients (44.2 %) were readmitted for the same reason as 
their index admission. The median number of days until 
readmission was 10 (range 0–30, Table 1).

In the readmission group, CCI was significantly 
higher (due to a skewed distribution, p  =  0.04) and 
patients more often had an index admission because of 
a malignancy (33.1 vs. 14.5  %, p  <  0.001) and were less 
often admitted because of an (auto-)intoxication (0.6 
vs. 8.5  %, p  <  0.001). Furthermore, patients discharged 
during autumn were significantly less often readmitted 
(p  =  0.02) than when discharged during another sea-
son (Table  1). Index admissions because of an AE were 
equally prevalent in the readmission and the no readmis-
sion group.

Multivariate analyses in our total study population 
revealed that only ADL dependency was associated with 
readmissions (OR 2.43, p = 0.03) (Table 2).

Younger and older patients
Of the younger patients, 16.9 % (n = 82) were readmit-
ted after median 9 days. Age (56 vs. 50 years, p = 0.001) 
and CCI (2 vs. 1, p = 0.005) were significantly higher in 
the readmission group than in the no readmission group 
(Table 1). In the readmission group, patients more often 
had a malignancy (34.1 vs. 14.6  %, p  <  0.001), but less 
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often an (auto)-intoxication (1.2 vs. 15.9 %, p < 0.001) as 
reason for the index admission.

Multivariate analyses showed that age was associated 
with the early readmissions (OR 1.03 per year) (Table 2).

Of the older patients, 17.8 % (n = 81) were readmitted 
after median 11 days. In the readmission group, patients 
used fewer medications (median 5 vs. 7, p = 0.006), more 
often had a malignancy as reason for the index admission 
(32.1 vs. 14.4 %, p < 0.001), and were less often discharged 
during autumn (11.1 vs. 26.5 %, p = 0.002).

Multivariate analyses in older patients showed that 
ADL dependency was associated with readmissions (OR 
3.19) (Table  2). Patients using 10–15 medications (OR 
0.40), and being discharged during autumn (OR 0.33) 
were significantly less often readmitted.

Patients with an index admission because of an AE
In the AE group (of all patients, 35.4 % of the study popu-
lation), 65 patients (19.5  %) were readmitted compared 
with 98 patients (16.1  %, p =  0.19, data not shown) in 
the non-AE group. In the AE group, 29 patients (44.6 %) 
were readmitted because of the same reason as the index 
admission.

Patients in the readmission group less often had a 
medication-related AE, and more often a chemotherapy-
related or a procedure-related AE than those in the no 
readmission group (Table  3). The inter-rater agreement 
for the judgment whether or not the admission was due 
to a healthcare-related AE was high (Cohen’s kappa: 
0.82).

Multivariate analyses of the AE group revealed that 
being ADL dependent was associated with readmissions 
(OR 7.05, Table 2).

Of the younger patients with an index admission 
because of an AE (n =  157), 33 (21.0  %) patients were 
readmitted. Of these, 17 (51.5 %) were readmitted for the 
same reason. Patients in the readmission group less often 
had a medication-related AE, and more often a chem-
otherapy-related AE than those in the no readmission 
group (Table 3).

In the multivariate analyses of the AE group of younger 
patients, no factors were found to be associated with 
readmissions (Table 2).

Of the older patients with an index admission because 
of an AE (n =  176), 32 patients (18.2  %) were readmit-
ted, of whom 12 (37.5 %) were readmitted for the same 
reason. No statistically significant differences in the prev-
alence of the categories of AEs were found between the 
readmission and the no readmission group (Table 3).

Multivariate analyses in this AE group showed that 
ADL dependency was associated with readmissions (OR 
10.0) (Table 2).

Discussion
We found that 17.3 % (n = 163) of the medical patients 
admitted through the ED were readmitted within 30 days. 
ADL dependency was associated with readmissions in 
patients of all ages and in older patients (OR 2.43 and 
OR 3.19, respectively). Insightful inter-group differences 
were also found. In the readmission group of all ages and 
younger patients, CCI scores were higher than in the no 
readmission group. In both groups, more patients were 
readmitted when their index admission was due to a 
malignancy. Interestingly, being admitted because of an 
(auto-)intoxication was associated with fewer readmis-
sions in all ages and in younger patients. No association 

1235 hospital admissions
through the ED to the

department of internal medicine

Exclusion: 295 admissions
- 72: admission to another department or transport 
from another hospital (criterion 1)
- No patients were electively/plannend admitted through  
the ED (criterion 2)
- 122: admission ≠ index admission (criterion 3)
- 69: died in-hospital during index admission (criterion 4)
- 32: patients died within 30 days after discharge and 
were not readmitted before death (criterion 5)

485 younger patients (<65) included 940 patients included                             455 older patients (≥65) included
(index admissions) (index admissions) (index admissions)

82 (16.9%) 403 (83.1%) 163 (17.3%) 777 (82.7%) 81 (17.8%) 374 (82.2%)   
readmissions no readmission readmissions             no readmission readmissions             no readmission

Fig. 1 Flow chart. ED emergency department
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was found between index admissions because of an AE 
and readmissions.

Total study population
The 30-day readmission rate we found (17.3  %) is com-
parable with that of two other European studies [9, 24] 
and, despite of the differences in healthcare organization 
and insurance, to Asian [4, 25] and American studies [1, 
3, 5, 8, 26]. This could indicate that the reasons for read-
mission lie in underlying diseases and/or patient charac-
teristics rather than in the organization of the healthcare 
system. This hypothesis is supported by our and others’ 
findings that patients who were admitted because of a 
malignancy were more likely to be readmitted [4, 25].

ADL dependency was independently associated with 
readmissions, which was also shown in one other study 
[26], but not in another [3]. Furthermore, in the inter-
group analysis, we, like others [3, 4], found CCI scores to 
be higher in the readmission than in the no readmission 
group. However, as CCI was not associated with readmis-
sions in our multivariate analyses and as the association 
with ADL dependency was not a consistent finding in the 
literature, other factors could be associated with read-
missions and should be investigated. Further, we could 
not confirm the finding in other studies that a longer 
length of stay [1, 3, 4, 8, 26] is associated with more read-
missions. Furthermore, we like others [4, 5, 8] found no 
association between age and readmission, unlike oth-
ers [1, 15, 26]. Finally, our hypothesis that patients with 
AEs are more vulnerable, and thus at higher risk of a 
hospital readmission could not be confirmed as admis-
sions because of AEs were not associated with more 
readmissions.

Younger and older patients
Readmissions occurred equally often in younger and 
older patients (16.9 and 17.8  %, respectively). As we 
expected, different factors were associated with readmis-
sions in the two age groups. In younger patients, age (OR 
1.03 per year) was associated with readmissions, but we 
did not find age to be important in older patients. We 
hypothesize that after reaching a certain age, age per se 
is less important. In older patients, ADL dependency was 
associated with readmissions (OR 3.19), which is in line 
with the findings of another study [2]. Two factors were 
found to be associated with fewer readmissions: using 
more medications (10–15 vs. 0–5, OR 0.40) and being 
discharged during autumn (OR 0.33). However, we only 
investigated 1 year and our finding could also be a ‘find-
ing by chance’ and should thus be interpreted cautiously.

Until now, no factors are found to be consistently 
associated with readmissions, and therefore, it remains 
difficult to predict which patients are at risk for a 

readmission. However, our study suggests that interven-
tions that aim to reduce readmissions should focus on 
older patients who are ADL dependent. In addition, as 
our study shows that readmissions occur just as often in 
younger, and in older patients, interventions should also 
focus on these younger patients, especially the ‘oldest’ 
younger patients.

Subgroup of patients with an index admission because of 
an AE
In the AE group, patients were equally often readmit-
ted as in the non-AE group. ADL dependency, again, 
was associated with readmissions (OR 7.05). Interest-
ingly, patients less often had a medication-related AE in 
the readmission than in the no readmission group. An 
explanation could be that for medication-related AEs, 
a solution is available, for example, discontinuation of 
the drug or adjustment of dosage. This could make these 
patients less vulnerable for a readmission. On the other 
hand, patients more often had a chemotherapy-related 
AE in the readmission group than the no readmission 
group. Patients receiving chemotherapy often need 
prolonged and high-risk treatments, and are, there-
fore, more susceptible to readmissions. Finally, patients 
with procedure-related AEs leading to the index admis-
sion were more likely to be readmitted. We hypothesize 
that these patients are treated earlier, since specialists 
may be more cautious and readmit these patients more 
easily.

Limitations
This study has some limitations. First, due to the retro-
spective nature of this study, data collection depended 
on documentation in the electronic record. How-
ever, this record includes not only medical, but nurs-
ing information as well, so little information is lost. 
Second, acute readmissions arranged through other 
ways than the ED were missed. However, in our hospi-
tal, almost all acute admissions take place through the 
ED. Furthermore, patients admitted to other hospitals 
are missed as well. However, the method used in this 
study is comparable with that of other studies [1, 4, 5], 
all patients are instructed to return to our hospital when 
(new) complaints evolve and, from our experience, only 
a few patients will go to another hospital. Furthermore, 
patients readmitted to other departments than internal 
medicine were not discussed. However, we only found 
3 patients who were readmitted to other departments. 
Therefore, it is unlikely that our results were influenced 
by these readmissions. Third, our sample size is rela-
tively small. Therefore, this study has less power to detect 
certain associations, and thus, associations could have 
been missed. Fourth, we focused on acute admissions 
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through the ED to the department of internal medicine. 
Future research should also focus on readmissions after 
planned admissions and/or investigate factors associated 
with readmissions to other departments than internal 
medicine.

Conclusions
Since readmissions are a serious burden to patients and 
considered an indicator of quality of care, it is impor-
tant for hospitals to reduce readmissions. Moreover, as 
readmissions are common in medical patients, in both 
younger and older adult patients, they remain a great 
concern in terms of patient safety. We found that patients 
with a higher CCI or an index admission because of a 
malignancy, a chemotherapy-related AE or a procedure-
related AE were more likely to be readmitted. However, 
index admissions because of AEs were not more fre-
quently followed by readmissions than index admissions 
for other reasons. Furthermore, being ADL dependent 
was found to be a factor related to readmissions in both 
all ages and older patients. Thus, care (including post-dis-
charge care) should be tailored to specific patient’s needs, 
with special attention to ADL dependency.
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