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Mortality of older acutely admitted medical
patients after early discharge from
emergency departments: a nationwide
cohort study
Martin Aasbrenn1,2*, Christian Fynbo Christiansen3, Buket Öztürk Esen3, Charlotte Suetta1,2,4 and
Finn Erland Nielsen5,6,7

Abstract

Background: The mortality of older patients after early discharge from hospitals is sparsely described. Information
on factors associated with mortality can help identify high-risk patients who may benefit from preventive
interventions. The aim of this study was to examine whether demographic factors, comorbidity and admission
diagnoses are predictors of 30-day mortality among acutely admitted older patients discharged within 24 h after
admission.

Methods: All medical patients aged ≥65 years admitted acutely to Danish hospitals between 1 January 2013 and
30 June 2014 surviving a hospital stay of ≤24 h were included. Demographic factors, comorbidity, discharge
diagnoses and mortality within 30 days were described using data from the Danish National Patient Registry and
the Civil Registration System. Cox regression was used to estimate adjusted hazard ratios (aHR) with 95%
confidence intervals (CI) for all-cause mortality.

Results: A total of 93,295 patients (49.4% men) with a median age of 75 years (interquartile range: 69–82 years),
were included. Out of these, 2775 patients (3.0%; 95% CI 2.9–3.1%) died within 30 days after discharge. The 30-day
mortality was increased in patients with age 76–85 years (aHR 1.59; 1.45–1.75) and 86+ years (aHR 3.35; 3.04–3.70),
male gender (aHR 1.22; 1.11–1.33), a Charlson Comorbidity Index of 1–2 (aHR 2.15; 1.92–2.40) and 3+ (aHR 4.07;
3.65–4.54), and unmarried status (aHR 1.17; 1.08–1.27). Discharge diagnoses associated with 30-day mortality were
heart failure (aHR 1.52; 1.17–1.95), respiratory failure (aHR 3.18; 2.46–4.11), dehydration (aHR 2.87; 2.51–3.29),
constipation (aHR 1.31; 1.02–1.67), anemia (aHR 1.45; 1.27–1.66), pneumonia (aHR 2.24; 1.94–2.59), urinary tract
infection (aHR 1.33; 1.14–1.55), dyspnea (aHR 1.57; 1.32–1.87) and suspicion of malignancy (aHR 2.06; 1.64–2.59).
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Conclusions: Three percent had died within 30 days. High age, male gender, the comorbidity burden, unmarried
status and several primary discharge diagnoses were identified as independent prognostic factors of 30-day all-
cause mortality.

Keywords: Acute medicine, Anemia, Comorbidity, Constipation, Dehydration, Early discharge, Geriatrics, Heart
failure, Length of stay, Respiratory failure

Background
The number of adults aged above 65 years is increasing,
and a substantial proportion will need care and treat-
ment for acute medical diseases each year [1]. Moreover,
hospitalizations are associated with high risks of adverse
events and readmissions [2]. Thus, concerns that the
burden on health care systems might reach unmanage-
able proportions are regularly raised [3]. Acute medical
disorders that need specialized evaluation can either be
handled as outpatient contacts, or as longer hospital ad-
missions. A third option is to hospitalize the patients to
secure the diagnosis and the treatment plan in short
term units, and then discharge them early to their own
homes or to rehabilitation units [4].

Short hospital stays may increase the bed turnover and
release capacity in the departments. Additionally, in-
creased length of stay (LOS) has been shown to be
associated with increased risk of hospital-acquired com-
plications such as infections [5, 6]. Therefore, LOS is
often used to assess the efficiency of hospital treatments.
Old people are vulnerable having a burden of comorbidi-
ties and multiple medications, and do often need help
doing everyday activities because of a reduced functional
capacity [1, 7]. We have previously published a 30-day
mortality rate of 3 % among elderly acutely admitted
medical patients who were discharged within 24 h [8].
However, more research on the safety of early discharge
and predictors of adverse events after discharge of older
patients is needed [9]. Clinicians should pay attention to
patients with characteristics associated with increased
risk of mortality during the planning of early discharge
of acutely admitted old patients. Further on, if modifi-
able, these risk factors should also be considered and in-
cluded in studies of the effect of specific interventions
on the risk factors aiming to reduce mortality after early
discharge. The aim of our study was therefore to exam-
ine if demographic factors, comorbidities and admission
diagnoses are associated with 30-day mortality among
acutely admitted older patients discharged within 24 h
after admission.

Methods
Design and setting
The methods used to identify patients and to collect data
have previously been described in a study of readmission
of older patients after early discharge [8].

The Danish health care system provides tax-funded
health care to all Danish residents [10]. The national
emergency health care service is carried out by 21 acute
care hospitals staffed with specialists on a 24-h basis
[10], whereas privately funded hospitals in Denmark do
not have acute patient intake [10]. General practitioners
refer most of the acutely admitted patients.

Data sources
This cohort study was conducted using the Danish Na-
tional Patient Registry (DNPR) [11], covering all Danish
hospitals since 1977, and the Danish Civil Registration
System (CRS) [12], covering individual-level information
on all Danish residents since 1968. The different na-
tional administrative registers can be linked using the
unique personal identification number assigned to all
Danish residents. The DNPR provides nationwide regis-
tration of detailed administrative and clinical data [11].
The registry contains information on all hospital con-
tacts in Denmark, surgical procedures, major treatments
performed, one primary discharge diagnosis, and sec-
ondary inpatient and outpatient discharge diagnoses.
The diagnoses in the registry are coded by use of the
Danish language version of the International Classifica-
tion of Diseases 10th edition (ICD-10). The CRS con-
tains up-to-date information on vital status, marital
status and emigration [12].

Study population
We used the DNPR to identify all adult medical patients
(≥ 18 years) admitted acutely to Danish hospitals be-
tween 1 January 2013 and 30 June 2014 and discharged
within 24 h after admission.
Patients were excluded from the study if they had

acute contacts to an emergency room without admission
to an emergency department or medical ward, if they
died within the first 24 h during their stay, or were trans-
ferred to other hospitals.

Covariates
Using the DNPR, we have characterized all patients by
age and gender. For the index admission we obtained
data from the DNPR on the admission and discharge
time, Charlson Comorbidity Index (CCI) [13], primary
discharge diagnoses reflecting the main reason for
hospitalization, secondary diagnoses, malignancy, R-
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diagnoses (used if symptoms, signs and abnormal find-
ings are not classified elsewhere) and Z-diagnoses (used
when a diagnosis has not yet been confirmed). Informa-
tion on civil status at the index admission time and vital
status during the study period were obtained from the
CRS.
The comorbidity burden was assessed by use of CCI,

which was computed based on all primary and second-
ary discharge diagnoses that had been registered in the
DNRP since 1977 [14]. The CCI score was divided into
three levels: low (score 0), moderate (score 1–2), and
high (score 3+).

Statistical analysis
The outcome was all-cause mortality (time to death)
within the first 30 days of discharge after the index
admission.
Initially the population was described (age, gender,

CCI, marital status, discharge diagnoses) according to
survival status, and time to death was analyzed accord-
ing to the different baseline characteristics. Next, univar-
iate and multivariate analyzes of the rate of death were
performed.
Categorical variables are reported as counts and per-

centages. Continuous data are presented as medians
with interquartile ranges (IQR). Differences between
proportions or medians are described using exact differ-
ences between proportions with 95% confidence inter-
vals (CI) and 95% confidence intervals of the median
differences, respectively.
We followed patients from the date of discharge from

the index admission, until the end of the follow-up
period, emigration or death, whichever came first. We
used Cox regression to estimate adjusted hazard ratios
(aHRs) with 95% confidence intervals (CI) for covariates
in multivariable models. Initially, HRs for mortality were
estimated in a regression model including age, gender,
marital status, and CCI. Subsequently, we computed the
HRs for mortality including main reason for
hospitalization (primary diagnosis) as covariate in the
model with further adjustment for age, gender, marital
status and CCI. The assumption of proportional hazards
for all Cox regression models was assessed graphically
using log (−log (survival probability))-plots and found
appropriate.
Analyses were performed using the statistical software

package Stata, version 15.1 (StataCorp, College Station,
TX, USA).

Results
Population
A total of 1,096,637 patients were acutely admitted dur-
ing the study period. A total of 551,185 (50.3%) were

medical patients, and 243,439 (44.2%) were discharged
within 24 h after admission.
This study included all medical patients aged ≥65 years

(n = 93,295) discharged within 24 h. The median age was
75 years (IQR 69–82), 49.4% were male and 50.3% were
married. A total of 22,206 (23.8%) of the patients had a
high comorbidity burden (CCI 3+) (Table 1). A total of
18,213 (19.5%; 95% CI 19.2–19.7%) had a history of can-
cer before the index admission.

Mortality
Among all acutely admitted patients discharged within
24 h, 2775 (3.0%; 95% CI 2.9–3.1%) died within the first
30 days after the admission. The median time to death
was 14 days (IQR 7–22).

Baseline characteristics according to survival status
The baseline characteristics according to 30-day survival
are given in Tables 1 and 2. The patients who died were
older (81 years vs. 75 years; 95% CI for the difference in
medians: 4–5 years). The mortality was higher in males
compared to females (3.2% vs. 2.8%; 95% CI for the dif-
ference: 0.2–0.6%), in unmarried compared to married
(3.5% vs. 2.4%; 95% CI for the difference: 0.9–1.3%) and
in patients with moderate to high comorbidity burden
(CCI > 0) compared to patients with CCI 0 (4.0% vs. 1.3,
95% CI for the difference: 2.5–2.9%). The median time
to death was shorter among patients aged 86+ (12.5
days) compared to patients aged 65–85 years (14 days)
(median difference 1 day, 95% CI 1–2) (Table 1). Median
time to death did not differ significantly between females
and males (15 vs. 13 days, 95% CI for the difference in
medians: 0–2 days), between patients with low (12 days)
and moderate to high comorbidity burden (14 days) (me-
dian difference 1 day, 95% CI 0–2) and between married
(15 days) and unmarried patients (13 days) (median dif-
ference 1 day; 95% CI 0–2).

Discharge diagnoses according to survival status
Mortality rates according to discharge diagnoses are pre-
sented in Table 2. The mortality was relatively high
among patients with heart failure (6.1%), respiratory fail-
ure (10.6%), dehydration (10.7%), constipation (4.4%),
anemia (5.8%), pneumonia (7.3%), urinary tract infection
(5.0%) dyspnea (5.4%) and suspicion of malignancy
(4.9%) (Table 2). Compared to all other patient groups
we found that the median time to death was shorter in
patients with respiratory failure (median difference 5
days, 95% CI 3–7 days), pneumonia (median difference
2 days; 95% CI 1–4 days), and the Z-diagnosis rehabilita-
tion (median difference 2 days; 95% CI 1–3 days). Me-
dian time to death was longer in patients with anemia
(median difference 4 days; 95% CI 2–5 days) and with
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suspicion of malignancy (median difference 4 days; 95%
CI 2–6 days) (Table 2).

Prognostic factors for mortality
In a regression model only including age, gender, CCI
and marital status as covariates, we found that the age
groups 76–85 years (aHR 1.59; 95% CI 1.45–1.75) and
86+ years (aHR 3.35; 95% CI 3.04–3.70) (65–75 years as
reference), male gender (aHR 1.22, 95% CI 1.13–1.33),
unmarried status (aHR 1.17 (95% CI 1.08–1.27), CCI 1–
2 (aHR 2.15; 95% CI 1.92–2.40) and CCI 3+ (aHR 4.07;
95% CI 3.65–4.54) (CCI 0 as reference) were independ-
ent prognostic factors for mortality (Table 3).
In a second regression model with discharge diagnoses

as covariates and after adjustment for age, gender, CCI
and marital status, we found that heart failure (aHR 1.52;
95% CI 1.17–1.95), respiratory failure (aHR 3.18; 95% CI
2.46–4.11), dehydration (aHR 2.87; 95% CI 2.51–3.29),
constipation (aHR 1.31; 95% CI 1.02–1.67), anemia (aHR
1.45; 95% CI 1.27–1.66), pneumonia (aHR 2.24; 95% CI
1.94–2.59), urinary tract infection (aHR 1.33; 95% CI
1.14–1.55), dyspnea (aHR 1.57; 95% CI 1.32–1.87) and
suspicion of malignancy (aHR 2.06; 95% CI 1.64–2.59)
were independent prognostic factors for 30-day mortality.
Covariates associated with a reduced risk of 30-day mor-
tality were the R-diagnoses chest pain (aHR 0.31; 95% CI
0.22–0.42), headache (aHR 0.20; 95% CI 0.07–0.64) and
vertigo (aHR 0.32; 95% CI 0.20–0.51) (Table 4).

Discussion
In this nationwide cohort including 93,295 acutely ad-
mitted, older medical patients discharged within 24 h,

only 3% of the patients died within the 30 days following
discharge. The 30-day mortality rate after discharge from
hospital with a medical diagnosis and variable LOS has
in other studies been around 5% [15, 16]. Very short
hospital stays have previously been problematized as a
risky approach [17, 18]. Our data with a relatively low
all-cause mortality rate indicate that the practice and se-
lection of older patients for early discharge in Denmark
in 2013 and 2014 was reasonably safe.
Male gender had in our study a 22% increased risk of

death compared to females. Male gender has been asso-
ciated with many negative health outcomes in older age,
including earlier onset of chronic diseases, more read-
missions and shorter survival at nursing homes [1, 8, 19,
20]. Worldwide, men do have shorter lifespan and higher
rates of lethal conditions as heart disease and stroke
than women, partly due to behavioral differences [21].
However, the mortality gap between men and women
has been reduced in the recent decades [22]. To what
extent the difference in mortality between older men
and women after early discharge is due to differences
that could be changed, such as health seeking behavior,
social factors or psychiatric conditions, needs further
research.
As presumed from the existing literature [20] and in

accordance with older people having higher rates of cor-
onary heart disease, diabetes, stroke, cancer and respira-
tory diseases [1], our study showed significant mortality
differences across the three age groups with highest
mortality rate among the oldest patients. The mortality
was also higher among unmarried individuals. Associa-
tions between unmarried or single-living status and

Table 1 30-day mortality and time to death according to baseline characteristics

Mortality N (%, 95 CI) Time to death Median days (IQR)

Median age, years (IQR) 81 (73–87)

Age groups

65–75 years (n = 44,466) 780 (1.8; 1.6–1.9) 15 (7–22)

76–85 years (n = 32,760) 997 (3.0; 2.9–3.2) 14 (8–22)

86+ years (n = 16,069) 998 (6.2, 5.8–6.6) 12.5 (6–21)

Gender

Male (n = 46,188) 1467 (3.2; 3.0–3.3) 13 (6–22)

Female (n = 47,107) 1308 (2.8; 2.6–2.9) 15 (7–22)

CCI

0 (n = 34,670) 445 (1.3; 1.2–1.4) 12 (6–21)

1–2 (n = 36,419) 1088 (3.0; 2.8–3.2) 13 (6–21)

3+ (n = 22,206) 1.242 (5.6; 5.3–5.9) 15 (7–23)

Marital Status

Married (n = 46,965) 1139 (2.4; 2.3–2.6) 15 (7–22)

Not Married (n = 46,330) 1636 (3.5; 3.4–3.7) 13 (6–22)

CCI Charlson Comorbidity Index, CI confidence interval, IQR interquartile range
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Table 2 30-day mortality and time to death according to primary discharge diagnoses

Discharge diagnoses Mortality
N (%; 95% CI)

Time to death, median days (IQR)

Diseases of the cardiovascular system

Angina pectoris (n = 1901) 11 (0.6; 0.3–1.0) 16 (11–22)

Atrial fibrillation (n = 7187) 59 (0.8; 0.6–1.1) 15 (8–22)

Deep vein thrombosis (n = 1324) 18 (1.4; 0.8–2.1) 14.5 (9–26)

Hypertension (n = 1622) 7 (0.4; 0.2–0.9) 9 (7–22)

Heart failure (1004) 61 (6.1; 4.7–7.7) 10 (6–18)

Diseases of the respiratory system

COPD (n = 3088) 111 (3.6; 3.0–4.3) 14 (6–21)

Respiratory failure (n = 564) 60 (10.6; 8.2–13.5) 7 (1–14)

Diseases of the nervous system

TIA (n = 1441) 13 (0.9; 0.5–1.5) 21 (17–25)

Epilepsy (n = 650) 5 (0.8; 0.3–1.8) 13 (12–16)

Endocrine and nutritional diseases

Diabetes (n = 598) 23 (3.9; 2.5–5.7) 18 (8–25)

Dehydration (n = 2167) 231 (10.7; 9.4–12.0) 12 (6–19)

Diseases of the digestive system

Dyspepsia (n = 358) NA NA

Esophagitis (n = 53) NA NA

Constipation (1502) 66 (4.4; 3.4–5.6) 18 (9–24)

Ulcer without bleeding (n = 49) NA NA

Hematological diseases

Anemia (n = 4168) 240 (5.8; 5.1–6.5) 18 (11–25)

Infectious disease

Erysipelas (n = 769) 14 (1.8; 1.0–3.0) 14.5 (3–25)

Gastroenteritis (n = 652) 10 (1.5; 0.7–2.8) 7 (6–9)

Pneumonia (n = 2711) 197 (7.3; 6.3–8.3) 11 (5–19)

Urinary Tract Infection (n = 3468) 174 (5.0; 4.3–5.8) 14 (7–22)

Spinal disease/arthritis

Back Pain (n = 1028) 19 (1.8; 1.1–2.9) 14 (6–25)

Arthritis (n = 166) NA NA

Mental and behavioral disorders

Misuse of drugs or alcohol (n = 1078) 26 (2.4; 1.6–3.5) 14.5 (7–22)

R-diagnosesa

Chest pain (n = 4157) 36 (0.9; 0.6–1.2) 14.5 (822.5)

Dyspnea (n = 2450) 133 (5.4; 4.6–6.4) 13 (7–21)

Fever (n = 688) 20 (2.9; 1.8–4.5) 10.5 (4–19.5)

Headache (n = 569) 3 (0.5; 0.1–1.5) 15 (11–17)

Pains in neuromuscular system (n = 1035) 25 (2.4; 1.6–3.6) 14 (5–26)

Abdominal pain (n = 4916) 116 (2.4; 2.0–2.8) 16 (9–23)

Other pain (n = 1246) 48 (3.9; 2.9–5.1) 12.5 (5.5–21.5)

Vertigo (n = 1984) 18 (0.9; 0.5–1.4) 15.5 (8–23)

Other R-diagnoses (n = 10,822) 440 (4.1; 3.7–4.5) 15 (7–23)
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adverse outcomes after hospital admissions have also
been shown in other studies [23, 24]. Unfortunately, it is
not possible from the present data to investigate the pro-
portion of unmarried older patients who lived alone,
which previously has been associated with increased
mortality and morbidity not least among older people
[25]. Complex causal mechanisms behind the association
between single living and mortality have been suggested
[26]. Clarification of whether patients live alone and
identification of social factors that can be improved
could be included in the discharge planning process of
elderly unmarried patients.
The number of comorbid conditions was a prognostic

factor in our study, as in earlier research with a positive
gradient among the number of diseases and mortality
[27]: We found a mortality rate of 1.3% in patients with
CCI 0, increasing to over 5% in patients with CCI 3+.
Previously, we have found an association between CCI

and readmission [8]. These findings indicate a need to
take chronic disorders into consideration during dis-
charge planning, both concerning medical treatment,
follow-up and care. Community nursing has been associ-
ated with lower mortality after discharge. Unfortunately,
we did not have data about community nursing in our
study [9].
The mortality rates for patients with heart failure and

respiratory failure were 6.1 and 10.6%, respectively, and
both conditions were independent prognostic factors for
mortality. High 30-day mortality rates among patients
with heart failure (around 10%) and patients with re-
spiratory failure (around 20%) were also observed in a
nationwide Danish study of all medical admissions (both
with short and long LOS) [16]. Direct comparison of
these mortality rates is problematic because patients dis-
charged within 24 h after discharge is a selected group
and not comparable to a group with longer LOS.

Table 2 30-day mortality and time to death according to primary discharge diagnoses (Continued)

Discharge diagnoses Mortality
N (%; 95% CI)

Time to death, median days (IQR)

Z-diagnosesb

Malignancy (n = 1526) 75 (4.9; 3.9–6.1) 21 (10–26)

Central-nervous diseases (n = 1841) 44 (2.4; 1.7–3.2) 14 (6–22)

Heart diseases (n = 3297) 30 (0.9; 0.6–1.3) 19.5 (10–25)

Myocardial infarction (n = 5705) 43 (0.8; 0.6–1.0) 17 (8–23)

Rehabilitation (8035) 227 (2.8; 2.5–3.2) 11 (1–29)

Other Z-diagnoses (n = 3986) 123 (3.1; 2.6–3.7) 11 (6–20)

CI confidence interval, COPD chronic obstructive pulmonary disease, IQR interquartile range, NA not available (data not presented when there are less than 5
events in the group due to privacy concerns), TIA transient ischemic attack
aUsed if symptoms, signs and abnormal clinical and laboratory findings are not elsewhere classified. bUsed when a diagnosis has not yet been confirmed

Table 3 Hazard ratios for 30-day mortality according to age, gender, comorbidity and marital status, unadjusted and adjusted for
the three other variables in the model

Baseline characteristics Unadjusted HR (95% CI) Adjusted HR (95% CI)a

Age (years)

65–75 Reference Reference

76–85 1.75 (1.59–1.92) 1.59 (1.45–1.75)

86+ 3.62 (3.30–3.98) 3.35 (3.04–3.70)

Gender

Female Reference Reference

Male 1.15 (1.06–1.23) 1.22 (1.13–1.33)

Charlson Comorbidity Index

0 Reference Reference

1–2 2.35 (2.10–2.62) 2.15 (1.92–2.40)

3+ 4.44 (4.00–4.95) 4.07 (3.65–4.54)

Marital Status

Married Reference Reference

Not Married 1.47 (1.36–1.58) 1.17 (1.08–1.27)

HR hazard ratio, CI confidence interval.aAdjusted for other three variables in the model.
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Table 4 Hazard ratios for 30-day mortality with the discharge diagnosis as covariate, unadjusted and adjusted for age, gender,
comorbidity and marital status

Discharge diagnosesa Unadjusted HR
(95% CI)

Adjusted HRb

(95% CI)

Diseases of the cardiovascular system

Angina pectoris 0.19 (0.11–0.34) 0.20 (0.11–0.37)

Atrial fibrillation 0.26 (0.20–0.33) 0.38 (0.29–0.50)

Deep vein thrombosis 0.45 (0.29–0.72) 0.53 (0.34–0.85)

Hypertension 0.14 (0.07–0.30) 0.18 (0.09–0.38)

Heart failure 2.11 (1.64–2.72) 1.52 (1.17–1.95)

Diseases of the respiratory system

COPD 1.22 (1.01–1.48) 1.08 (0.89–1.30)

Respiratory failure 3.85 (2.98–4.97) 3.18 (2.46–4.11)

Diseases of the nervous system

TIA 0.30 (0.17–0.51) 0.35 (0.20–0.60)

Epilepsy 0.26 (0.11–0.61) 0.29 (0.12–0.70)

Endocrine and nutritional diseases

Diabetes 1.30 (0.86–1.95) 1.07 (0.71–1.61)

Dehydration 4.00 (3.50–4.57) 2.87 (2.51–3.29)

Diseases of the digestive system

Dyspepsia 0.28 (0.09–0.86) 0.33 (0.11–1.01)

Esophagitis –

Constipation 1.50 (1.17–1.90) 1.31 (1.02–1.67)

Ulcer without bleeding –

Hematological diseases

Anemia 2.04 (1.80–2.33) 1.45 (1.27–1.66)

Infectious disease

Erysipelas 0.61 (0.36–1.03) 0.62 (0.36–1.04)

Gastroenteritis 0.51 (0.28–0.95) 0.55 (0.29–1.01)

Pneumonia 2.62 (2.27–3.03) 2.24 (1.94–2.59)

Urinary Tract Infection 1.75 (1.50–2.04) 1.33 (1.14–1.55)

Spinal disease/arthritis

Back Pain 0.62 (0.39–0.97) 0.71 (0.45–1.11)

Arthritis 0.40 (0.10–1.60) 0.51 (0.13–2.05)

Mental and behavioral disorders

Misuse of drugs or alcohol 0.81 (0.55–1.19) 1.01 (0.68–1.48)

R-diagnosesc

Chest pain 0.28 (0.20–0.39) 0.31 (0.22–0.42)

Dyspnea 1.89 (1.59–2.25) 1.57 (1.32–1.87)

Fever 0.98 (0.63–1.52) 1.03 (0.66–1.60)

Headache 0.17 (0.06–0.54) 0.20 (0.07–0.64)

Pains in neuromuscular system 0.81 (0.55–1.20) 0.72 (0.49–1.08)

Abdominal pain 0.78 (0.65–0.94) 0.86 (0.72–1.04)

Other pain 1.30 (0.98–1.74) 1.26 (0.95–1.67)

Vertigo 0.30 (0.19–0.47) 0.32 (0.20–0.51)

Other R-diagnoses 1.44 (1.30–1.60) 1.32 (1.19–1.46)
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Regardless of the LOS, early discharged patients with
heart failure or respiratory failure have substantial high
30-day mortality rates. It is beyond the scope of this
paper to describe treatment of heart failure patients.
However, to ensure optimal treatment with documented
effect on survival and readmission, professionals are rec-
ommended to follow the specific recommendations in
the guidelines regarding treatment, monitoring and
follow-up of the older patient with heart failure [28].
Patients with pneumonia and urinary tract infection had

mortality rates of 7.3 and 5.0%, and were independent
prognostic factors of death. In the light of the early dis-
charge we assume that the infectious diseases were un-
complicated without signs of sepsis, which is supported by
the relatively low mortality rates compared to patients
with complicated infections such as sepsis [29]. However,
the mortality rates are not negligible, and it is noticeable
that patients with pneumonia had a shorter time to death.
In a previous study [8] from our group it was shown that
older patients with pneumonia and urinary tract infections
had an increased risk of readmission in the 30-day period
after discharge. We do not have data on the causes of re-
admission and death, however, the present results indicate
a need for increased focus on patients with these infec-
tious diseases during discharge planning, to optimize
treatment and out of hospital care to reduce the risk of
complications after discharge.
Non-specific diagnoses or R-diagnoses (symptoms and

abnormal findings, not elsewhere classified) are fre-
quently used as discharge diagnosis in patients acutely
admitted to medical departments in Denmark [30]. Pa-
tients discharged with the R-diagnosis dyspnea in our
study had a mortality rate of 5.4%, and dyspnea was in-
dependently associated with death. Dyspnea was also as-
sociated with increased risk of readmission [8]. We are
unable to conclude on the causes of dyspnea based on
our data. However, the increased risk of death and re-
admission among patients discharged with the non-

specific dyspnea diagnosis may indicate underlying
unrecognized diseases and need of more extensive som-
atic diagnostic work-up prior to discharge.
Dehydration and constipation are common health

problems among older adults [31, 32] and were identi-
fied as independent prognostic factors of death in our
study. High mortality rates after hospitalizations for de-
hydration has also been observed in other Danish co-
horts [16]. Dehydration and constipation can usually be
treated without hospitalization by use of simple home
remedies and attention to nutrition, lifestyle and medica-
tions [32, 33]. In addition to underlying disease, dehy-
dration and constipation may also indicate suboptimal
care outside the hospital with increased risk of a new de-
terioration at home after discharge. These discharge
diagnoses and their causes should therefore be taken
into account during the discharge planning.
More than 5 % of the patients discharged with the

diagnosis anemia died within 30 days after discharge,
and anemia was an independent prognostic factor of
death. Anemia is very common in geriatric patients and
may be a proxy for serious chronic disease such as can-
cer or a specific treatable condition [34]. In our study,
anemia remained important prognostic information after
adjustment for CCI (Table 4). We cannot investigate
causes of anemia and whether the disorder was due to
chronic or acute illness in the current data set. Further
exploration of the associations between different types
anemia and mortality is warranted to identify potentially
modifiable factors associated with death.
The organization of palliative care is very different be-

tween countries. In Denmark, there are two types of spe-
cialized palliative care units; hospital-based palliative care
and hospices, both of which are free of charge [35]. There
are 48 palliative beds per million inhabitants, which is
lower than the recommendations from the European As-
sociation for Palliative Care [35]. It is likely that some of
the deaths registered in our study occurred in patients

Table 4 Hazard ratios for 30-day mortality with the discharge diagnosis as covariate, unadjusted and adjusted for age, gender,
comorbidity and marital status (Continued)

Discharge diagnosesa Unadjusted HR
(95% CI)

Adjusted HRb

(95% CI)

Z-diagnosesd

Malignancy 1.67 (1.33–2.11) 2.06 (1.64–2.59)

Central-nervous diseases 0.80 (0.59–1.08) 0.84 (0.62–1.13)

Heart diseases 0.30 (0.21–0.42) 0.36 (0.25–0.51)

Myocardial infarction 0.24 (0.18–0.32) 0.26 (0.20–0.36)

Rehabilitation 0.95 (0.83–1.08) 0.96 (0.84–1.10)

Other Z-diagnoses 1.04 (0.87–1.25) 1.03 (0.86–1.24)

COPD chronic obstructive pulmonary disease, CI confidence interval, HR hazard ratio, TIA transient ischemic attack
aThe reference is other (coded zero) in the individual diagnosis group (coded 1)
bHazard ratio for the discharge diagnosis adjusted for age, gender, Charlson Comorbidity Index and marital status
cUsed if symptoms, signs and abnormal clinical and laboratory findings are not elsewhere classified. dUsed when a diagnosis has not yet been confirmed
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who received palliative care. We have not taken terminal
phase of diseases into account in our study.
The R-diagnoses chest pain, headache and vertigo

were associated with a low risk of 30-day mortality.
When patients present in primary care with chest pain
or vertigo, it will frequently lead to a hospital referral to
evaluate whether the symptom is due to an acute cardio-
vascular event. Such a vascular event can often be ex-
cluded within 24 h and with finding of more benign
causes as explanation for the symptoms. This may ex-
plain why these R-diagnoses had significantly lower 30-
day mortality rates than many of the other diagnoses.

Strengths and limitations
The number of included patients was high, which implies a
low risk of random errors. The study was based on a
population-based database that contained all the acute med-
ical hospital admissions in the country in a specific time
period. This registration is complete as private hospitals in
Denmark do not have acute patient intake. All individuals
with permanent residence in Denmark are assigned a
unique personal identification number which makes
complete follow up in the CRS registry with vital status pos-
sible. However, we cannot exclude that insufficient capacity
of home care outside the hospital, and inconvenient time
(nights) of discharge, might have a negative impact on the
discharge process in general and may have caused a delay of
the time of discharge among some patients (e.g. frail older
people) resulting in discharge times more than 24 h after ad-
mission for these patients. Consequently, selection bias may
have been introduced into our study.
There are other limitations to be mentioned. First, we

did not have data available about many important fac-
tors such as frailty and functional impairment [7, 23],
socio-economical status [36], palliative care, cognitive
impairment [37], use of medications or whether patients
were admitted from or discharged to nursing homes, re-
habilitation facilities or their own homes. The possibility
for interpretation in a causal framework [38] is therefore
limited, and the focus of the current study is limited to
identification of predictors. Second, the physician who
cared for the patient during the admission did register
the discharge diagnosis. The discharge diagnoses in the
official charts might not necessarily be the prioritized
task in a busy environment, and there might be misclas-
sifications, however earlier studies have shown that the
validity of diagnoses in Danish medical departments is
reasonable [39]. The selection of patients for admission
and discharge is guided by the physician’s evaluation of
need of acute hospital care, in-hospital capacity and
expectations regarding the prognosis if discharged early.
The findings in our study may not be generalizable to
other countries where health care is organized
differently.

Implications
We have identified factors associated with mortality in
the 30 days after early discharge from hospitals. These
factors do partly overlap with the factors associated with
readmission identified in an earlier study of the same co-
hort [8], and with factors associated with mortality after
hospitalizations of all lengths identified in earlier nation-
wide studies [16]. However, we have not presented a
predictive performance model with estimations of how
accurately these factors are able to predict mortality. It
may therefore be difficult to apply our results clinically
[40]. The variables associated with mortality in our study
should therefore be evaluated in future prediction
models with estimations of absolute risk for individual
patients and with validations of the model [40].
Such data, possibly combined with biomarkers [41]

and other screening systems [37] could be used to select
groups of patients where targeted interventions could be
evaluated [41]. High risk patient groups could be offered
timely follow up face to face at home or in an outpatient
clinic [42], a longer hospital admission, or discharge to
rehabilitation facilities with frequent follow-up. Telemo-
nitoring with electronic communication between the pa-
tient and the team is also an opportunity that has been
and will be evaluated. Several telemonitoring programs
have been evaluated in diagnoses as heart failure, how-
ever the results in randomized controlled trials have
been conflicting [43].

Conclusions
Three percent of older acutely admitted medical patients
discharged within 24 h from hospital had died within 30
days after discharge. A high comorbidity burden, male
gender, unmarried status and several primary diagnoses
were associated with death after early discharge. We
suggest that professionals should pay attention to some
of the factors that we have identified as prognostic fac-
tors of death after early discharge during the discharge
risk assessments.

Abbreviations
aHR: Adjusted hazard ratios; CCI: Charlson comorbidity index; CI: Confidence
interval; CRS: Civil registration system; DNPR: Danish national patient registry;
ICD-10: International classification of diseases 10th Edition; IQR: Interquartile
range; LOS: Length of stay; NA: Not available; TIA: Transient ischemic attack

Acknowledgements
Not applicable.

Authors’ contributions
MA: Design of study, interpretation of data, manuscript preparation. CFC:
Design of study, interpretation of data, manuscript preparation. BÖ: Design
of study, data management, interpretation of data, manuscript preparation.
CS: Design of study, interpretation of data, manuscript preparation. FEN:
Conceived the idea and designed the study, analysis of data, interpretation
of data, manuscript preparation. All authors approved the final version of the
manuscript.

Aasbrenn et al. BMC Geriatrics          (2021) 21:410 Page 9 of 11



Funding
This project received financial support from Region Zealand Health Research
Foundation, Naestved, Slagelse and Ringsted Hospitals Research Fund,
Bispebjerg and Frederiksberg Hospital Research Fund.

Availability of data and materials
Data are stored by Aarhus University Hospital, Denmark, on servers with
security according to the rules given by Danish law. Access to the data to
another project will require a new permission from The Danish Health Data
Authority. The corresponding author can be contacted for further
information.

Declarations

Ethics approval and consent to participate
All methods were performed in accordance with the relevant guidelines and
regulations. The study is a database research project, and does not involve
any interventions or contact with patients. Individual patients were not
identifiable. Therefore, according to Danish law and current Ethical
guidelines it was not necessary to obtain approval from the 93.295
individuals. The study was approved by the Regional Data Protection Agency
in Region Zealand (REG-060-2014). Administrative permission to access the
data was acquired from the Head of Department of Emergency Medicine
and the Hospital Administration, Slagelse Hospital, Region Zealand, Denmark.
The study was not covered by the Committee Act and was without the
obligation to report to the ethics committee system.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1CopenAge – Copenhagen Center for Clinical Age Research, University of
Copenhagen, Copenhagen, Denmark. 2Geriatric Research Unit, Department
of Geriatric and Palliative Medicine, Copenhagen University Hospital,
Bispebjerg and Frederiksberg, Copenhagen, Denmark. 3Department of
Clinical Epidemiology, Aarhus University Hospital, Aarhus, Denmark. 4Geriatric
Research Unit, Department of Medicine, Herlev-Gentofte Hospitals, Herlev,
Denmark. 5Department of Emergency Medicine, Copenhagen University
Hospital, Bispebjerg and Frederiksberg, Copenhagen, Denmark. 6Department
of Emergency Medicine, Slagelse Hospital, Slagelse, Denmark. 7Copenhagen
Center for Translational Research, Copenhagen University Hospital, Bispebjerg
and Frederiksberg, Copenhagen, Denmark.

Received: 24 March 2021 Accepted: 16 June 2021

References
1. Christensen K, Doblhammer G, Rau R, Vaupel JW. Ageing populations: the

challenges ahead. Lancet. 2009;374(9696):1196–208. https://doi.org/10.1016/
S0140-6736(09)61460-4.

2. Krumholz HM. Post-hospital syndrome - an acquired, transient condition of
generalized risk. N Engl J Med. 2013;368(2):100–2. https://doi.org/10.1056/
NEJMp1212324.

3. Suzman R, Beard JR, Boerma T, Chatterji S. Health in an ageing world--what
do we know? Lancet. 2015;385(9967):484–6. https://doi.org/10.1016/S0140-
6736(14)61597-X.

4. Sabbatini AK, Wright B. Excluding observation stays from readmission rates -
what quality measures are missing. N Engl J Med. 2018;378(22):2062–5.
https://doi.org/10.1056/NEJMp1800732.

5. Bail K, Draper B, Berry H, Karmel R, Goss J. Predicting excess cost for older
inpatients with clinical complexity: a retrospective cohort study examining
cognition, comorbidities and complications. PLoS One. 2018;13(2):e0193319.
https://doi.org/10.1371/journal.pone.0193319.

6. Bail K, Goss J, Draper B, Berry H, Karmel R, Gibson D. The cost of hospital-
acquired complications for older people with and without dementia; a
retrospective cohort study. BMC Health Serv Res. 2015;15(1):91. https://doi.
org/10.1186/s12913-015-0743-1.

7. Tanderup A, Lassen AT, Rosholm JU, Ryg J. Disability and morbidity among
older patients in the emergency department: a Danish population-based
cohort study. BMJ Open. 2018;8(12):e023803. https://doi.org/10.1136/
bmjopen-2018-023803.

8. Klinge M, Aasbrenn M, Ozturk B, Christiansen CF, Suetta C, Pressel E, et al.
Readmission of older acutely admitted medical patients after short-term
admissions in Denmark: a nationwide cohort study. BMC Geriatr. 2020;20(1):
203. https://doi.org/10.1186/s12877-020-01599-4.

9. de Man Y, Atsma F, Jonkers W, de Rooij S, Westert GP, Jeurissen PPT, et al.
Care trajectories of chronically ill older adult patients discharged from
hospital: a quantitative cross-sectional study using health insurance claims
data. BMC Geriatr. 2019;19(1):266. https://doi.org/10.1186/s12877-019-1302-0.

10. Schmidt M, Schmidt SAJ, Adelborg K, Sundboll J, Laugesen K, Ehrenstein V,
et al. The Danish health care system and epidemiological research: from
health care contacts to database records. Clin Epidemiol. 2019;11:563–91.
https://doi.org/10.2147/CLEP.S179083.

11. Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen L, Sorensen
HT. The Danish National Patient Registry: a review of content, data quality,
and research potential. Clin Epidemiol. 2015;7:449–90. https://doi.org/10.214
7/CLEP.S91125.

12. Schmidt M, Pedersen L, Sorensen HT. The Danish civil registration system as
a tool in epidemiology. Eur J Epidemiol. 2014;29(8):541–9. https://doi.org/1
0.1007/s10654-014-9930-3.

13. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J
Chronic Dis. 1987;40(5):373–83. https://doi.org/10.1016/0021-9681(87)90171-8.

14. Thygesen SK, Christiansen CF, Christensen S, Lash TL, Sorensen HT. The
predictive value of ICD-10 diagnostic coding used to assess Charlson
comorbidity index conditions in the population-based Danish National
Registry of patients. BMC Med Res Methodol. 2011;11(1):83. https://doi.org/1
0.1186/1471-2288-11-83.

15. Kaboli PJ, Go JT, Hockenberry J, Glasgow JM, Johnson SR, Rosenthal GE.
Associations between reduced hospital length of stay and 30-day
readmission rate and mortality: 14-year experience in 129 veterans affairs
hospitals. Ann Intern Med. 2012;157(12):837–45. https://doi.org/10.7326/
0003-4819-157-12-201212180-00003.

16. Vest-Hansen B, Riis AH, Sorensen HT, Christiansen CF. Out-of-hours and
weekend admissions to Danish medical departments: admission rates and
30-day mortality for 20 common medical conditions. BMJ Open. 2015;5(3):
e006731. https://doi.org/10.1136/bmjopen-2014-006731.

17. Horney C, Capp R, Boxer R, Burke RE. Factors associated with early
readmission among patients discharged to post-acute care facilities. J Am
Geriatr Soc. 2017;65(6):1199–05. https://doi.org/10.1111/jgs.14758.

18. Nilsen SM, Bjorngaard JH, Carlsen F, Anthun KS, Johnsen LG, Vatten LJ, et al.
Hospitals discharge tendency and risk of death - an analysis of 60,000
Norwegian hip fracture patients. Clin Epidemiol. 2020;12:173–82. https://doi.
org/10.2147/CLEP.S237060.

19. Hughes LD, Witham MD. Causes and correlates of 30 day and 180 day
readmission following discharge from a medicine for the elderly
rehabilitation unit. BMC Geriatr. 2018;18(1):197. https://doi.org/10.1186/s12
877-018-0883-3.

20. Reilev M, Lundby C, Jensen J, Larsen SP, Hoffmann H, Pottegard A.
Morbidity and mortality among older people admitted to nursing home.
Age Ageing. 2019;49(1):67–73. https://doi.org/10.1093/ageing/afz136.

21. Crimmins EM, Shim H, Zhang YS, Kim JK. Differences between men and
women in mortality and the health dimensions of the morbidity
process. Clin Chem. 2019;65(1):135–45. https://doi.org/10.1373/clinchem.2
018.288332.

22. Rosella LC, Calzavara A, Frank JW, Fitzpatrick T, Donnelly PD, Henry D.
Narrowing mortality gap between men and women over two decades: a
registry-based study in Ontario, Canada. BMJ Open. 2016;6(11):e012564.
https://doi.org/10.1136/bmjopen-2016-012564.

23. Costa AP, Hirdes JP, Heckman GA, Dey AB, Jonsson PV, Lakhan P, et al.
Geriatric syndromes predict postdischarge outcomes among older
emergency department patients: findings from the interRAI multinational
emergency department study. Acad Emerg Med. 2014;21(4):422–33. https://
doi.org/10.1111/acem.12353.

24. Lu MLR, Davila CD, Shah M, Wheeler DS, Ziccardi MR, Banerji S, et al. Marital
status and living condition as predictors of mortality and readmissions
among African Americans with heart failure. Int J Cardiol. 2016;222:313–8.
https://doi.org/10.1016/j.ijcard.2016.07.185.

Aasbrenn et al. BMC Geriatrics          (2021) 21:410 Page 10 of 11

https://doi.org/10.1016/S0140-6736(09)61460-4
https://doi.org/10.1016/S0140-6736(09)61460-4
https://doi.org/10.1056/NEJMp1212324
https://doi.org/10.1056/NEJMp1212324
https://doi.org/10.1016/S0140-6736(14)61597-X
https://doi.org/10.1016/S0140-6736(14)61597-X
https://doi.org/10.1056/NEJMp1800732
https://doi.org/10.1371/journal.pone.0193319
https://doi.org/10.1186/s12913-015-0743-1
https://doi.org/10.1186/s12913-015-0743-1
https://doi.org/10.1136/bmjopen-2018-023803
https://doi.org/10.1136/bmjopen-2018-023803
https://doi.org/10.1186/s12877-020-01599-4
https://doi.org/10.1186/s12877-019-1302-0
https://doi.org/10.2147/CLEP.S179083
https://doi.org/10.2147/CLEP.S91125
https://doi.org/10.2147/CLEP.S91125
https://doi.org/10.1007/s10654-014-9930-3
https://doi.org/10.1007/s10654-014-9930-3
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1186/1471-2288-11-83
https://doi.org/10.1186/1471-2288-11-83
https://doi.org/10.7326/0003-4819-157-12-201212180-00003
https://doi.org/10.7326/0003-4819-157-12-201212180-00003
https://doi.org/10.1136/bmjopen-2014-006731
https://doi.org/10.1111/jgs.14758
https://doi.org/10.2147/CLEP.S237060
https://doi.org/10.2147/CLEP.S237060
https://doi.org/10.1186/s12877-018-0883-3
https://doi.org/10.1186/s12877-018-0883-3
https://doi.org/10.1093/ageing/afz136
https://doi.org/10.1373/clinchem.2018.288332
https://doi.org/10.1373/clinchem.2018.288332
https://doi.org/10.1136/bmjopen-2016-012564
https://doi.org/10.1111/acem.12353
https://doi.org/10.1111/acem.12353
https://doi.org/10.1016/j.ijcard.2016.07.185


25. Koskinen S, Joutsenniemi K, Martelin T, Martikainen P. Mortality differences
according to living arrangements. Int J Epidemiol. 2007;36(6):1255–64.
https://doi.org/10.1093/ije/dym212.

26. Ng N, Santosa A, Weinehall L, Malmberg G. Living alone and mortality
among older people in Vasterbotten County in Sweden: a survey and
register-based longitudinal study. BMC Geriatr. 2020;20(1):7. https://doi.org/1
0.1186/s12877-019-1330-9.

27. Nunes BP, Flores TR, Mielke GI, Thume E, Facchini LA. Multimorbidity and
mortality in older adults: a systematic review and meta-analysis. Arch Gerontol
Geriatr. 2016;67:130–8. https://doi.org/10.1016/j.archger.2016.07.008.

28. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS. 2016
ESC guidelines for the diagnosis and treatment of acute and chronic heart
failure. Eur Heart J. 2016;69:1167.

29. Abdullah S, Sorensen RH, Dessau RBC, Sattar S, Wiese L, Nielsen FE.
Prognostic accuracy of qSOFA in predicting 28-day mortality among
infected patients in an emergency department: a prospective validation
study. Emerg Med J. 2019;36(12):722–8. https://doi.org/10.1136/emermed-2
019-208456.

30. Vest-Hansen B, Riis AH, Sorensen HT, Christiansen CF. Acute admissions to
medical departments in Denmark: diagnoses and patient characteristics.
European J Intern Med. 2014;25(7):639–45. https://doi.org/10.1016/j.ejim.2
014.06.017.

31. Paulis SJC, Everink IHJ, Halfens RJG, Lohrmann C, Schols J. Prevalence and
risk factors of dehydration among nursing home residents: a systematic
review. J Am Med Dir Assoc. 2018;19(8):646–57. https://doi.org/10.1016/j.ja
mda.2018.05.009.

32. Emmanuel A, Mattace-Raso F, Neri MC, Petersen KU, Rey E, Rogers J.
Constipation in older people: a consensus statement. Int J Clin Pract. 2017;
71(1). https://doi.org/10.1111/ijcp.12920.

33. Bunn D, Jimoh F, Wilsher SH, Hooper L. Increasing fluid intake and reducing
dehydration risk in older people living in long-term care: a systematic
review. J Am Med Dir Assoc. 2015;16(2):101–13. https://doi.org/10.1016/j.ja
mda.2014.10.016.

34. Roubinian NH, Murphy EL, Mark DG, Triulzi DJ, Carson JL, Lee C, et al. Long-
term outcomes among patients discharged from the hospital with
moderate Anemia: a retrospective cohort study. Ann Intern Med. 2019;
170(2):81–9. https://doi.org/10.7326/M17-3253.

35. Adsersen M, Thygesen LC, Neergaard MA, Jensen AB, Sjøgren P, Damkier A,
et al. Admittance to specialized palliative care (SPC) of patients with an
assessed need: a study from the Danish palliative care database (DPD). Acta
Oncologica. 2017;56(9):1210–7.

36. Shebehe J, Hansson A. High hospital readmission rates for patients aged
>/=65 years associated with low socioeconomic status in a Swedish region:
a cross-sectional study in primary care. Scandinavian J Prim Health Care.
2018;36(3):300–7. https://doi.org/10.1080/02813432.2018.1499584.

37. Schonstein A, Wahl HW, Katus HA, Bahrmann A. SPMSQ for risk stratification
of older patients in the emergency department : an exploratory prospective
cohort study. Z Gerontol Geriatr. 2019;52(S4):222–8. https://doi.org/10.1007/
s00391-019-01626-z.

38. Hernan MA, Alonso A, Logan R, Grodstein F, Michels KB, Willett WC.
Observational studies analyzed like randomized experiments: an application to
postmenopausal hormone therapy and coronary heart disease. Epidemiology.
2008;19(6):766–79. https://doi.org/10.1097/EDE.0b013e3181875e61.

39. Vest-Hansen B, Riis AH, Christiansen CF. Registration of acute medical
hospital admissions in the Danish National Patient Registry: a validation
study. Clinical Epidemol. 2013;5:129–33.

40. van Diepen M, Ramspek CL, Jager KJ, Zoccali C, Dekker FW. Prediction
versus aetiology: common pitfalls and how to avoid them. Nephrol Dial
Transplant. 2017;32(suppl_2):ii1–5.

41. Rasmussen LJH, Ladelund S, Haupt TH, Ellekilde GE, Eugen-Olsen J,
Andersen O. Combining National Early Warning Score with Soluble
Urokinase Plasminogen Activator Receptor (suPAR) improves risk prediction
in acute medical patients: a registry-based cohort study. Crit Care Med.
2018;46(12):1961–8. https://doi.org/10.1097/CCM.0000000000003441.

42. Jackson CT, Trygstad TK, DeWalt DA, DuBard CA. Transitional care cut
hospital readmissions for North Carolina Medicaid patients with complex
chronic conditions. Health Aff (Millwood). 2013;32(8):1407–15. https://doi.
org/10.1377/hlthaff.2013.0047.

43. Goldgrab D, Balakumaran K, Kim MJ, Tabtabai SR. Updates in heart failure
30-day readmission prevention. Heart Fail Rev. 2019;24(2):177–87. https://
doi.org/10.1007/s10741-018-9754-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Aasbrenn et al. BMC Geriatrics          (2021) 21:410 Page 11 of 11

https://doi.org/10.1093/ije/dym212
https://doi.org/10.1186/s12877-019-1330-9
https://doi.org/10.1186/s12877-019-1330-9
https://doi.org/10.1016/j.archger.2016.07.008
https://doi.org/10.1136/emermed-2019-208456
https://doi.org/10.1136/emermed-2019-208456
https://doi.org/10.1016/j.ejim.2014.06.017
https://doi.org/10.1016/j.ejim.2014.06.017
https://doi.org/10.1016/j.jamda.2018.05.009
https://doi.org/10.1016/j.jamda.2018.05.009
https://doi.org/10.1111/ijcp.12920
https://doi.org/10.1016/j.jamda.2014.10.016
https://doi.org/10.1016/j.jamda.2014.10.016
https://doi.org/10.7326/M17-3253
https://doi.org/10.1080/02813432.2018.1499584
https://doi.org/10.1007/s00391-019-01626-z
https://doi.org/10.1007/s00391-019-01626-z
https://doi.org/10.1097/EDE.0b013e3181875e61
https://doi.org/10.1097/CCM.0000000000003441
https://doi.org/10.1377/hlthaff.2013.0047
https://doi.org/10.1377/hlthaff.2013.0047
https://doi.org/10.1007/s10741-018-9754-4
https://doi.org/10.1007/s10741-018-9754-4

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Design and setting
	Data sources
	Study population
	Covariates
	Statistical analysis

	Results
	Population
	Mortality
	Baseline characteristics according to survival status
	Discharge diagnoses according to survival status
	Prognostic factors for mortality

	Discussion
	Strengths and limitations
	Implications

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

