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A B S T R A C T   

Purpose Previous studies reported reduced risk of readmission, mortality and shorter length of hospital stay 
(LOS) among geriatric patients receiving an early (<24h), hospital-based geriatric team intervention after 
discharge. The objective of this study was to compare a novel, early municipality-based, nurse-led and general 
practitioner (GP)-supported transitional care intervention (TCI) to an established hospital-based TCI among frail, 
older, geriatric patients. 

Material and methods A randomised controlled trial was conducted within a single geriatric department and 
the adjacent municipality. Inclusion criteria: acutely admitted, frail patients 75+ years old. Eligible patients were 
randomly allocated (1:1) to the two TCIs. Primary outcome was 30-day unplanned readmission. Secondary 
outcomes were 90-day all-cause mortality and LOS. Stratified analysis according to type of dwelling was made. 
Odds ratios (OR) with 95% confidence intervals (CI), and number needed to treat (NNT) were reported. 

Results 3,103 patients (median age (IQR): 85 (80-90); 57% female) were included. Readmission rates were 
22% in the municipality-based intervention (n=332/1,545), and 18% in the hospital-based intervention 
(n=276/1,558); OR was 1.27, 95% CI (1.06-1.52), p=0.008 and NNT=27. OR for cohabiting patients was 1.47, 
95% CI (1.02-2.08); p=0.035. No significant difference was observed in mortality (22% vs. 21%; OR=1.05, 95% 
CI (0.89-1.25), p=0.577) or LOS (median (IQR): 6 (2-8) vs. 6 (2-8) days, p=0.1787). 

Conclusions The new municipality-based, nurse-led and GP-supported intervention was inferior to the 
hospital-based geriatric team intervention in preventing 30-day readmission among frail, geriatric patients. 
There was no significant difference between the two interventions in regard to 90-day mortality or LOS.   

1. Introduction 

Unplanned hospital readmission poses a major threat and burden to 
older (75+), geriatric patients (Benbassat and Taragin, 2000, Forster 
et al., 2003, Pedersen et al., 2017). Previously, we have demonstrated 
positive effects on readmission rates, mortality and length of stay (LOS) 
among geriatric patients admitted with high readmission risk diagnoses 
using an early, hospital-based geriatric team transitional care inter-
vention (TCI) (Pedersen et al., 2017, Pedersen et al., 2016). Based on 
these results, a novel, early (<24 h), municipality-based, nurse-led and 

general practitioner (GP)-supported TCI was offered. Our aim is to 
compare this new municipality-based model to the well-established 
hospital-based intervention. 

Numerous models of TCIs are put into practice (Toles et al., 2016, 
Mora et al., 2017, Conroy et al., 2020, Rasmussen et al., 2021, Morkisch 
et al., 2020). However, most problems leading to readmission emerge 
after discharge (Altfeld et al., 2013). Randomised controlled trials 
(RCTs) investigating post-discharge TCI’s impact on readmission have 
shown ambiguous results (Pedersen et al., 2016, Naylor et al., 1999, 
Finlayson et al., 2018, Caplan et al., 2004, Cordato et al., 2018, Rytter 
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et al., 2010, Rosted et al., 2013, Lembeck et al., 2019, Arendts et al., 
2018, Thygesen et al., 2015). 

Both nurse-based (Naylor et al., 1999, Finlayson et al., 2018) and 
hospital team-based (Pedersen et al., 2016, Caplan et al., 2004, Cordato 
et al., 2018) interventions, as well as home visits from GPs with district 
nurses (Rytter et al., 2010) have reduced readmissions among older 
medical patients. However, not all interventions were found successful 
(Rosted et al., 2013, Lembeck et al., 2019, Arendts et al., 2018, Thy-
gesen et al., 2015). Hence, it remains unclear which post-discharge 
intervention is the most effective in preventing unplanned read-
missions among geriatric patients. 

Systematic reviews conclude that the most significant impact on 
readmission may be seen in multidisciplinary, high-intensity, long- 
lasting and targeted interventions (Rasmussen et al., 2021, Morkisch 
et al., 2020). Another important factor for a successful intervention may 
be the timing, as the highest readmission rate is seen within the first 72 
hours after discharge (Pedersen et al., 2016). 

In our previous study we compared usual care to an early, targeted, 
hospital-based, multidisciplinary intervention, resulting in a 48% 
reduction of unplanned readmission (Pedersen et al., 2016). Despite the 
significant result, it may be argued that less resource demanding alter-
natives, for example, a municipality-based, nurse-led and GP-supported 
follow-up intervention applied shortly after discharge, could be equally 
as effective or even better (Rytter et al., 2010, Deniger et al., 2015, 
Naylor et al., 2016). To our knowledge, only one RCT has made direct 
comparisons between different post-discharge interventions (Finlayson 
et al., 2018). 

Despite the diversity of geriatric patients, few studies have focused 
on older patients regardless of their diagnosis (Caplan et al., 2004) and 
type of dwelling (Pedersen et al., 2016). A common characteristic among 
older medical patients is frailty (Hansen et al., 2021). Frailty is associ-
ated to high risk of unplanned readmission (Stillman et al., 2019, Clegg 
et al., 2013, Kerminen et al., 2021). Frailty can be defined as a state of 
increased vulnerability to stressor events (Clegg et al., 2013). Hence, 
identifying frail older patients seems to provide a rational way to 
identify high-risk patients without constrain. 

The objective in this study was to compare the effects of an early, 
municipality-based intervention to an early hospital-based intervention, 
both consisting of post-discharge transitional care visits in the patient’s 
place of residence, in a population of frail geriatric patients. We 
hypothesised equal effects of the two TCIs on 30-day readmission, 90- 
day mortality and LOS. 

2. Material and methods 

2.1. Design 

The study was a RCT. Included patients were allocated 1:1 to receive 
either a municipality-based, nurse-led and GP-supported TCI or a 
hospital-based, multidisciplinary geriatric team TCI after hospital 
discharge. 

2.2. Population and setting 

The study was conducted in the geriatric department of a Danish 
university hospital and the adjacent municipality (349,000 inhabitants; 
6,2% aged ≥75 years). The Danish health care system is publicly 
available and primarily tax financed. The Danish municipalities are part 
of the primary health care system, delivering homecare, home nursing 
care, rehabilitation- and nursing home care in collaboration with the 
individual patient’s GP (Schmidt et al., 2019). 

2.2.1. Standard geriatric care in the hospital 
Geriatric patients are referred to the ED by GPs via the hospital’s 

referral centre. After an initial diagnostic examination and acute treat-
ment, the geriatric patient is assessed by the ED’s geriatric team. The 
Comprehensive Geriatric Assessment (CGA) (Ellis et al., 2017, Parker 
et al., 2018, Rubenstein et al., 1989) is considered the gold standard of 
multidisciplinary assessment and care planning for older patients 
(Parker et al., 2018). Depending on the initial assessment made by the 
geriatric team, the patient is allocated to other specialties or CGA. After 
the CGA, the patient is either discharged directly from the ED or 
transferred to the geriatric ward (32 beds, similar to Acute Care for El-
ders (ACE) unit (Palmer, 2018)) for further treatment. The geriatric 
wards also receive patients transferred from other hospital wards. Before 
discharge, all geriatric patients receive individualised early discharge 
planning (Fox et al., 2013) in collaboration with primary care. A 
comprehensive, electronic discharge letter written in lay terms is sent to 
the GP and the municipality health service. The discharge letter sum-
marises test results, diagnoses, observations, medication changes and an 
updated prescription list, rehabilitation plans, guidance on fluid- and 
nutritional status, and other topics requiring special attention after 
discharge. A full copy is handed out to the patient. If the patient gives 
consent a copy is handed out to the relatives too. The GP can decide to 
carry out a home visit after discharge. 

Admission avoidance hospital at home (HAH) "provides active 
treatment by healthcare professionals in the patient’s home for a con-
dition that otherwise would require acute hospital inpatient care" 
(Shepperd et al., 2016). The geriatric department’s outgoing team de-
livers CGA-based admission avoidance HAH to patients when referred 
from primary care through the hospital’s referral centre. 

2.2.2. Frailty assessment 
During admission, patients were bedside frailty assessed using the 

Multidimensional Prognostic Index (MPI) (Pilotto et al., 2008) if they 
required daily personal assistance and/or had a Charlson Comorbidity 
Index (CCI) ≥1 (Charlson et al., 1987) at admission. The MPI is a sys-
tematic, CGA-based aggregate risk score based on habitation status, 
number of daily prescription drugs used, activities of daily living, 
instrumental activities of daily living, cognitive status, pressure sore 
risk, morbidity and nutritional risk. The MPI provides a tripartite score, 
categorising patients in groups of non-frail (MPI score 0.0-0.33; MPI=1), 
moderately frail (MPI score 0.34-0.66; MPI=2) and severely frail (MPI 
score 0.67-1.0; MPI=3) (Pilotto et al., 2008). 

2.2.3. Inclusion and exclusion criteria 
All acutely admitted, 75+ year-old, geriatric patients residing in 

Aarhus Municipality were eligible if they fulfilled all five criteria (a-e): 
a) were categorized as moderately or severely frail; b) accepted to 
receive home visits after discharge; c) were not declared terminally ill; 
d) were not admitted with stroke or hip fracture (as these patients all 
receive the geriatric team TCI as a part of usual care), and e) were not 
already referred to the geriatric team before admission. Previously 
included patients re-entered the study and were re-assessed and rand-
omised again if their previous study participation was more than 90 days 
ago. Exclusion criteria: Patients transferred to other departments, in- 
hospital deaths and patients discharged to a highly specialised rehabil-
itation unit (Vikærgaarden) with geriatrician-supported ward rounds. 

2.3. Data collection 

Inclusion began on January 1, 2018 and continued until the pre-
defined sample size was reached on August 16, 2020. The MPI ratings 
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were conducted by multidisciplinary teams consisting of nurses, geria-
tricians, physiotherapists and occupational therapists (Gregersen et al., 
2020). The ratings were continuously recorded in a secured, web-based 
data storage system (Harris et al., 2019, Harris et al., 2009) as the ratings 
proceeded, and were then completed and updated shortly before the 
patient was discharged. 

Information on outcomes was reported through the national personal 
identification number-based Civil Registration Register (CRR) and the 
electronic health record (EHR) covering all public hospitals in the 
Central Denmark Region. Outcome data were collected independently 
by four research assistants, and to assure consistency re-examined before 
the analysis by a registrar in geriatric medicine (TKH). 

2.4. Randomisation and blinding 

Randomisation was made upon enrolment by the MPI-assessors 

using a computer-generated randomisation (REDCap) (Harris et al., 
2019, Harris et al., 2009). Patients who were discharged directly from 
the ED were randomised immediately after the initial CGA, whereas 
patients discharged from the two geriatric wards were randomised 
shortly after transferral to the wards. Information about allocation was 
communicated to the municipality service and the geriatric team 
through the EHR system at the latest one day before discharge. To allow 
for individual discharge planning, it was not possible to blind patients 
and clinicians to the randomisation during admission. The staff 
responsible for collecting outcome data was not blinded, as the alloca-
tion and outcomes were registered using the same system. 

2.5. Interventions 

All randomised patients regardless of allocation received standard 
geriatric care during hospital admission. The contents of the two TCIs 

Table 1. 
Transitional care interventions. 
All randomised patients received standard geriatric care during hospital admission. The two transitional care interventions shared several common features (left 
column); however, the specific TCI characteristics differed as listed (central and right columns).  

Common TCI features Municipality-based, nurse-led and GP-supported intervention: Hospital-based multidisciplinary geriatric team intervention: 

Early home visit All days: visit <24h Weekdays: visit <24h 
Relatives Sometimes involveda Routinely and repeatedly involved if patient gives consent 
Assessment model Assessment according to Henderson’s 14 nursing componentsb 

Prescription list review 
CGA, including medication review 

Involved health care 
professionals 

Home-care nurse Multidisciplinary geriatric team: geriatric doctor and geriatric nurse/ 
physiotherapist or occupational therapist 
Home-care nurse/health care assistant urged to partake in visit 

Responsibility of post-discharge 
treatment 

GPa Geriatric team 

Care model Three standardised follow-up coursesa,c: 
Short term rehabilitation (if functional capacity moderately 
reduced) 
Complex rehabilitation (if functional capacity substantially 
reduced) 
Permanent course (if functional capacity permanently reduced)  

Individualised, CGA-based tailored treatment and care plan 

Treatment options Consult GPa 

Referral to dietician 
Referral to physiotherapy 
Referral to occupational therapy 
End of life care (with GP)a 

Home-care adjustment if neededa 

Further scheduled and/or acute follow-up visits/phone-calls if needed 
Referral to further diagnostics 
Referral to other specialties’ outpatient clinics 
Admission avoidance Hospital at Home 
End of life care 
Consult referral coordinator regarding home-care adjustments 

GP GP supporta GP on hold 
Continuous discharge letters to municipal home-care and GP 

Contact persons GPa 

Home-care call-centrea 

Follow-up course coordinator 

Individual care-team (doctor and nurse/therapist) 
Geriatric team single number reach hotline 

Opening hours/out of hours 
support 

24-hour home-care service centre (all days)a 

GP support (weekdays from 8 a.m. to 4 p.m.)a 

On-call doctor (weekdays 4 p.m.-8 a.m. and weekends)a 

24-hour geriatric service (all days): 
Geriatric team support (weekdays 8 a.m. to 8 p.m./weekends 8 a.m. – 3 p.m.) 
Geriatric nurse and on duty geriatrician (weekdays 8 p.m.-8 a.m./weekends 3 
p.m.-8 a.m.) 

Duration Continuous re-evaluation cycles for the three standardised 
follow-up coursesa: 
Short-term rehabilitation: <8 weeks 
Complex rehabilitation: <12 weeks 
Permanent course: <26 weeks (<56 weeks if only moderately 
reduced functional capacity) 

<7 days; extended if further specialised geriatric treatment indicated 

Transition to usual care Gradual transition Discharge letter to GP and municipality health service 
Updated prescription list and rehabilitation plan 
Phone calls (optional) to GP, relatives and/or home-care nurse 

Abbreviations: TCI: transitional care intervention; GP: general practitioner; CGA: comprehensive geriatric assessment. 
Legend: 

a Similar to usual care. 
b Henderson’s 14 nursing components (Henderson) are: 1) Breathe normally; 2) Eat and drink adequately; 3) Eliminate body wastes; 4) Move and maintain desirable 

postures; 5) Sleep and rest; 6) Select suitable clothes, dress and undress; 7) Maintain body temperature; 8) Keep the body clean end well-groomed; 9) Avoid dangers and 
avoid injuring others; 10) Communicate with others in expressing emotions, needs, fears, or opinions; 11) Learn, discover, or satisfy the curiosity that leads to normal 
development and health and use the available health facilities; 12) Worship according to one’s faith; 13) Work in such a way that there is a sense of accomplishment; 
14) Play or participate in various forms of recreation. 

c Depending on functional capacity defined using the International Classification of Functioning, Disability and Health (Danish version) (ICF International klassi-
fikation af funktionsevne 2003). 
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are further elaborated in Table 1: Transitional care interventions. 

2.6. Outcomes 

The primary outcome measure was 30-day readmission. Read-
mission was defined as any unplanned, acute rehospitalisation (elective 
or planned admissions and outpatient procedures excluded) at any 
hospital within the Central Denmark Region, including acute referral to 
admission avoidance HAH, occurring within four hours and up to 30 
days after hospital discharge (Heggestad and Lilleeng, 2003, Sund-
hedsstyrelsen, 2009). Secondary outcome measures were all-cause 
90-day post-admission mortality and LOS measured in days. 

2.7. Statistical analysis 

Power analysis was based on readmission rates of 20.6% and 15.6% 
(unpublished pilot data, autumn 2017). To achieve a 5% significance 
level and a power of 80%, a sample size of 1,019 patients per group was 
necessary, given an anticipated drop-out rate of 5%. 

All analyses were made using Stata version 16 (StataCorp 2019). 
Baseline characteristics and LOS were compared using the chi-square 
test and the non-parametric Wilcoxon rank-sum test as appropriate. 
Because of early discharge planning and early randomisation, 
non-eligible patients were occasionally randomised, or randomisation 
happened before eligibility for inclusion could be confirmed (Fergusson 
et al., 2002). Hence, the analysis was divided into three parts: 1) 

intention-to-treat (ITT) analysis according to random allocation; 2) a 
modified ITT (mITT) analysis including only randomised patients ful-
filling inclusion- and exclusion criteria at discharge; and 3) an as-treated 
analysis, taking cross-overs into account. Odds ratios (ORs) for 30-day 
readmission and 90-day mortality were calculated in a binary regres-
sion model. Mortality was a competing risk to readmission; hence, the 
mortality-adjusted cumulative incidence of readmission was displayed 
using the Aalen-Johansen estimator. 90-day mortality was also 
compared in a Cox proportional hazards model and displayed using the 
Kaplan-Meier (KM) survival estimator. The proportionality of hazards 
assumption was checked using log-log plot of survival and by plotting 
predicted survival against the observed. The KM-assumptions were ful-
filled. Pre-specified subgroup analyses based on type of dwelling at 
discharge were performed. In the subsequent as-treated analysis, esti-
mates were adjusted for unequally distributed baseline characteristics. 
All OR-estimates were corrected for cluster correlation using the 
Huber/White sandwich estimator, assuming independence between the 
clusters. 

3. Results 

2,570 individuals with a total of 3,103 index admissions were 
included in the analysis (Figure 1: Flow diagram). 

The distribution of baseline characteristics in the two intervention 
groups is displayed in Table 2. No significant difference was seen in LOS 
(p=0.1787). There was an insignificant tendency towards more 

Fig. 1. Flow diagram. 
Legend: A total of 3,103 randomised records, originating from 2,570 individuals, were included in the intention-to-treat (ITT) analysis. Inclusion and exclusion 
criteria were not fulfilled in a total of 925 records. These records were excluded from the modified intention-to-treat (mITT) analysis. 
As-treated analysis: 33 of the patients allocated to the municipality-based intervention instead received the geriatric team intervention after discharge. Reversely, 25 
of the patients allocated to the geriatric team intervention did not receive the allocated intervention; instead they received the municipality-based intervention or 
usual care. 
Abbreviations: MPI: Multidimensional Prognostic Index; TCI: transitional care intervention; ITT: intention-to-treat; mITT: modified ITT. 
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discharges occurring directly from the ED among patients allocated to 
the geriatric team intervention (p=0.081). 

Results for readmission- and mortality rates with OR estimates are 
reported in Table 3. The overall 30-day readmission rate was 21.5% in 
the municipality-based intervention arm, versus 17.7% in the hospital- 
based intervention arm, resulting in a crude OR=1.27 (1.06-1.52, 
p=0.008) in favour of the hospital-based geriatric team intervention. 
The number needed to treat (NNT) using the hospital-based intervention 
to prevent one readmission was 27. Readmissions to HAH accounted for 
14% (n=42) of readmissions in the municipality-based intervention, and 
6% (n=15) of readmissions in the hospital-based intervention. No data 
were available regarding the timing of follow-up in the municipality- 
based TCI; however, it was reported that most patients received the 
intervention within 24 hours after discharge, and all within 48 hours. 
Among the patients included in the mITT-analysis, 72% of patients 
allocated to the hospital based TCI received the intervention within 24 
hours after discharge, and 96% within 72 hours. The median duration of 
the geriatric team follow-up was 10 days (interquartile range (IQR): 6- 
17 days; range 1-132 days). There was no significant difference in 
time to readmission (median (IQR): 11 days (5-19 days), p=0.7821). 

The mortality-adjusted cumulative incidence of readmission in the 
two intervention arms is displayed in Figure 2. 

Comparing 90-day mortality, there was no significant risk difference 
between the two TCIs in any of the analyses. Looking further into the 
modified ITT analysis, the 90-day mortality hazard in the two inter-
vention arms never differed significantly during follow-up as displayed 
in the Kaplan-Meier survival curve (Appendix). Age increased the rela-
tive risk (RR) of 90-day mortality by 2% (0.7-3.6%, p=0.003) per life 
year, and being male increased the RR by 28% (8-51%, p=0.004). 

3.1. Subgroup analysis of dwelling 

When stratified according to type of dwelling at discharge, the 
observed reduction of readmission risk in the geriatric team intervention 
remained significant among cohabiting patients in both the ITT and 
mITT analysis: (ITT: n=691; 25% vs. 19%; OR=1.47 (1.02-2.08; 
p=0.035 and mITT: n=472; 25% vs. 17%; OR=1.65 (1.06-2.58); 
p=0.027). In both analyses the OR estimates were insignificant for the 
patients living alone (ITT: n=1,386; 24% vs. 20%; OR=1.20 (0.93-1.56); 
p=0.160 and mITT: n=1,086; 23% vs. 20%; OR=1.21 (0.90-1.62); 
p=0.218) and those living in a nursing home after discharge (ITT: 
n=886; 19% vs. 16%; OR=1.27 (0.89-1.80); p=0.178 and mITT: n=621; 
18% vs. 16%; OR=1.16 (0.75-1.77); p=0.508). A similar pattern was 
seen in the as-treated analysis. 

There were no significant differences in 90-day mortality or LOS in 
any of the dwelling subgroups. 

3.2. Adverse events 

All health care professionals have an obligation to report adverse 
events and suspected adverse events through the incident reporting 
system hosted by the Danish Health Authorities. Likewise, patients and 
other lay persons can report through this system. No such events were 
reported. No specific events were monitored in connection with this 
study. 

4. Discussion 

In this large RCT, we found a 18% lower 30-day readmission risk 
among frail (MPI≥2) patients allocated to an early hospital-based geri-
atric team TCI compared to an early, municipality-based, nurse-led and 
GP-supported intervention. Correspondingly, the number needed to 
treat using the geriatric team TCI to prevent one readmission was 27. We 
found no difference in 90-day mortality or LOS. 

We found a readmission rate of 18% in the hospital-based inter-
vention group in our present study. In our previous study, the same 

Table 2. 
Baseline characteristics.   

Municipality-based 
TCI 

Hospital-based 
TCI 

Total: n (%) 1,545 (50) 1,558 (50) 
Female: n (%) 881 (57) 891 (57) 
Age: median (IQR) 85 (80-90) 85 (80-90) 
Dwelling at admission: 

Alone: n (%) 
With relative: n (%) 
Nursing home or senior home: n (%)  

825 (53) 
393 (25) 
327 (21)  

826 (53) 
399 (26) 
333 (21) 

Discharge from: 
Emergency department: n (%) 
Geriatric wards: n (%) 
Cardiology 
Infectious diseases 
Other departments  

379 (25) 
1,030 (67) 
90 (6) 
22 (1) 
24 (2)  

425 (27) 
1,028 (66) 
80 (5) 
17 (1) 
8 (1) 

FRS-ADL (range: 0-77): median (IQR) 
Missing or unfinished: n (%) 

37 (23-56) 
71 (5) 

36 (23-55) 
58 (4) 

FRS-IADL (range: 0-23): median (IQR) 
Missing or unfinished: n (%) 

2 (0-8) 
71 (5) 

2 (0-8) 
57 (4) 

SPMSQ (range: 0-10): median (IQR) 
Missing or unfinished: n (%) 

4 (1-6) 
77 (5) 

4 (1-7) 
58 (4) 

ESS (range: 5-20): median (IQR) 
Missing or unfinished: n (%) 

13 (11-14) 
73 (5) 

13 (10-14) 
58 (4) 

MNA-SF (range: 0-14): median (IQR) 8 (6-10) 8 (6-10) 
Daily use of prescription drugs: 

0-3 
4-7 
8 or more  

87 (6) 
435 (28) 
1,023 (66)  

84 (5) 
442 (28) 
1,032 (66) 

CIRS-G: 
1: n (%) 
2: n (%) 
3: n (%) 
Missing or unfinished: n (%)  

91 (6) 
564 (36) 
819 (53) 
71 (5)  

89 (6) 
575 (37) 
840 (54) 
54 (4) 

MPIa: 
Score (range 0.34-1.0): median (IQR) 
MPI=1 (score 0.0-0.33): n (%) 
MPI=2 (score 0.34-0.66): n (%) 
MPI=3 (score 0.67-1.0): n (%) 
Unfinished: n (%)  

0.625 (0.50-0.75) 
59 (4) 
704 (46) 
707 (46) 
75 (5)  

0.625 (0.50- 
0.75) 
72 (5) 
700 (45) 
727 (47) 
59 (4) 

LOS: median (IQR); range 6 (2-8); 0-107 6 (2-8); 0-47 
Leading cause of admission (index 

diagnose): n (%) 
Pneumonia and COPD 
Cardio-vascular disease 
Other infections 
Unsettled diagnose 
Urinary tract infections 
Kidney- and electrolyte disturbance 
Traumatic lesions and intoxication 
Skin- bone and connective tissue 
Anaemia 
Gastrointestinal and constipation 
Dementia and delirium 
Endocrine/malnutrition 
Neurological 
Cancer 
Hip fracture 
Vision and hearing  

365 (24) 
212 (14) 
176 (11) 
167 (11) 
145 (9) 
100 (7) 
78 (5) 
64 (4) 
54 (4) 
55 (4) 
57 (4) 
24 (2) 
21 (1) 
15 (1) 
8 (1) 
4 (<1)  

371 (24) 
201 (13) 
155 (10) 
154 (10) 
171 (11) 
106 (7) 
94 (6) 
60 (4) 
63 (4) 
61 (4) 
49 (3) 
24 (2) 
20 (1) 
13 (1) 
8 (1) 
8 (1) 

Abbreviations: TCI: transitional care intervention; IQR: interquartile range; FRS- 
ADL: Functional Recovery Score Activities of Daily Living; FRS-IADL: Functional 
Recovery Score Instrumentalized Activities of Daily Living; SPMSQ: Short 
Portable Mental Status Questionnaire; ESS: Exton-Smith Scale; MNA-SF: Mini 
Nutritional Assessment Short Form; CIRS-G: Cumulative Illness Rating Scale 
Geriatrics; MPI: Multidimensional Prognostic Index; LOS: length of hospital stay; 
COPD: Chronic Obstructive Pulmonary Disease. 
Legend: 

a The MPI rating was an aggregate score based on dwelling at admission, FRS- 
ADL, FRS-IADL, SPMSQ, ESS, MNA-SF, daily use of prescription drugs and CIRS- 
G. In some occasions the MPI rating remained unfinished because the patient 
turned out to be non-eligible (for example, patients who died during admission), 
resulting in missing values. These records were excluded from the mITT- 
analysis. 
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intervention resulted in a readmission rate of 12%, and a 48% risk 
reduction compared to the usual care control group (Pedersen et al., 
2016). The intervention was the same but the populations differed: more 
patients in the previous study were admitted with dehydration, urinary 
infections and other non-pulmonary infections; LOS was three days 
shorter; more were discharged directly from the ED; and not all patients 
were frail. Our present data confirm that the hospital-based geriatric 
team TCI is highly effective in preventing readmission among moder-
ately and severely frail geriatric patients. It is interesting to notice that 
both TCI models offered early follow-up visits, whereas only the geri-
atric team intervention included CGA and emphasis on tailored care 
planning. The main differences between the two intervention models 
lies in the individualised, geriatrician-led assessment offered by the 
multidisciplinary team, in contrast to the generic, primary care-led 
intervention delivered by the municipality. The geriatric team TCI 
offered HAH when appropriate, thereby preventing many 
re-hospitalisations. Also, based in the geriatric department, the team 
members had a thorough knowledge regarding the patient’s recent 
admission and case history, along with a specific geriatric expertise. 
Remarkably, the difference in readmission risk in the two interventions 

was mainly seen among the cohabiting patients. This finding was un-
expected and cannot be explained by sample size alone. Patients living 
together with a relative may be more susceptible to what could be 
characterised as unnecessary or avoidable readmissions. If this is the 
case, it underlines the value of the geriatric team’s close and continuous 
collaboration with not only the patients but also their relatives, offering 
individual care-teams, a 24-hour, single number reach hotline, advance 
care planning, and hospital-like treatment at home. In a previous study 
(Pedersen et al., 2018), only 13% of nursing home residents receiving 
the geriatric TCI were readmitted, compared to 19% in the control 
group. In the present study, 16% of the nursing home residents receiving 
the geriatric team TCI were readmitted, vs. 19% among the 
municipality-based TCI. Similar circumstances may apply to those living 
alone. Moreover, the duration of the geriatric intervention had 
decreased by four days since our first study of the geriatric team TCI’s 
effect on readmission (Pedersen et al., 2016) (median (IQR): 10 (6-17) 
vs. 14 (8-24) days), and the workload on the geriatric team had 
increased. This implies that the present geriatric TCI may not be as 
efficient as it used to be, and calls for further analysis of the contents and 
duration of the geriatric TCI for specific subgroups of frail patients; an 
important issue for future research. 

A few other RCTs have been conducted within the Danish health care 
system in recent years: Rytter et al. reduced readmission rates among 
selected older patients receiving home-visits from their GP and a home- 
care nurse after discharge (Rytter et al., 2010); however the intervention 
was difficult to implement (Thygesen et al., 2015). Rosted et al. exam-
ined a nurse-performed, problem-based intervention in high risk ED 
patients (Rosted et al., 2013). The intervention group received follow-up 
home-visits immediately after discharge and at 30 and 180 days. 
Correspondingly, in the study by Lembech et al., nurses escorted 
selected high-risk patients to their home, where they met with the mu-
nicipality nurse (Lembeck et al., 2019). Contrasting to our results, these 
two studies reported no difference in readmission risk between inter-
vention- and control groups. Reasonable explanations are that both in-
terventions applied in our study included early, 24-hour, high-intensity 
and multidisciplinary support. 

Other RCTs have reported comparable findings supporting our re-
sults: Naylor et al. used the nurse-based Transitional Care Model, 
effectively reducing readmissions by 17% (Naylor et al., 1999); Caplan 
et al. were able to reduce 30-day readmission rates from 22.2% to 
16.5%, using a nurse-led, GP- and hospital-team supported intervention 
(Caplan et al., 2004); and Finlayson et al. reported a significant reduc-
tion of readmission among patients receiving post discharge exercise- 

Table 3. 
Results of intention-to-treat, modified intention-to-treat and as-treated analysis of 30-day readmission and 90-day mortality. The geriatric team intervention is 
reference.  

Intention-to-treat 
(n=3,103) 

Municipality-based TCI 
(n=1,545) 

Hospital-based TCI 
(n=1,558)    

Rate: n (%) Rate: n (%) Crude ORa (95% CI) p-value Adjustedab OR (95% CI) p-value NNT 

30-day readmission 332 (22) 276 (18) 1.27 (1.06-1.52) 0.008 N/A N/A 27 
90-day mortality 340 (22) 330 (21) 1.05 (0.89-1.25) 0.577 N/A N/A N/A 
Modified intention-to-treat (n=2,180)  

(n=1,085) (n=1,095)      
30-day readmission 236 (22) 196 (18) 1.28 (1.03-1.58) 0.025 N/A N/A 26 
90-day mortality 231 (21) 211 (19) 1.13 (0.92-1.40) 0.242 N/A N/A N/A 
As-treated (n=2,180)  

(n=1,077) (n=1,103)      
30-day readmission 241 (22) 191(17) 1.38 (1.11-1.70) 0.003 1.38 (1.12-1.71)b 0.003 20 
90-day mortality 223 (21) 219 (20) 1.05 (0.86-1.30) 0.621 1.05 (0.85-1.29)b 0.683 N/A  

a All estimates were corrected for cluster correlation. 
b The as-treated estimates were adjusted for discharging department. Abbreviations: TCI: transitional care intervention; OR: odds ratio; 95% CI: 95% confidence 

intervals; NNT: number needed to treat. 

Fig. 2. Aalen-Johansen plot showing the cumulative incidence of mortality- 
adjusted 30-day readmission, based on data from the modified intention-to- 
treat analysis (n=2,180). 
Legend: Dashed line: readmission among patients allocated to the municipality- 
based intervention. Solid line: readmission among patients allocated to the 
hospital-based intervention. 
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and nurse-based interventions (Finlayson et al., 2018). However, in 
these three studies, the patients were younger and less dependent than 
the patients included in our study. Also, health care systems are very 
diverse, making direct comparisons difficult. Cordato et al. successfully 
reduced readmission among nursing home residents offered a conjoint 
monthly geriatrician and nurse-practitioner follow-up visit after 
discharge (Cordato et al., 2018). In contrast, a nurse-performed tele-
phone and home-visit intervention showed insignificant reduction of 
readmission risk, probably because of a low number of participants 
(Arendts et al., 2018). 

Looking at the secondary outcomes, we found no difference in 90- 
day mortality. Also, the observed mortality risk was comparable to the 
risks reported in previous studies (Pedersen et al., 2017, Hansen et al., 
2021). It is reassuring that none of the interventions increased mortality, 
preventing readmission and managing complex treatment and care 
outside hospital. This is in accordance with a recent study, investigating 
admission avoidance HAH (Shepperd et al., 2021). Although a much 
larger sample size is required to detect differences in mortality, it is not 
surprising that none of the interventions were able to reduce mortality 
among our frail, convalescent patients. Looking at LOS, no significant 
difference was seen between the two interventions. This may be 
explained by the patients’ frail condition, combined with a high 
pre-admission use of home-care. It may be argued, that a further 
reduction in the number of days in the hospital for these patients is not 
possible in the present setup. 

4.1. Strengths and limitations 

Although this RCT was large and successfully randomised, there are 
some limitations that should be noted: First, the need for early discharge 
planning and thus early randomisation led to inclusion of patients who 
did not meet inclusion criteria, and randomisation before eligibility 
could be confirmed. However, excluding these patients from the mITT 
analysis did not have a major impact on the results and could be done 
without introducing bias (Fergusson et al., 2002). Second, the popula-
tion was restricted to geriatric patients receiving CGA before discharge, 
all living within the uptake area of a single hospital unit. Nonetheless, 
the population is representative for a broad range of frail, older medical 
patients, including nursing home residents, regardless of specified risk 
factors, and excluding only those with stroke and hip fracture. The re-
sults might mainly apply to health care systems with free, universal 
access to health care; nonetheless, the interventions are likely to be 
effective also in other advanced health care systems. The hospital-based 
intervention may not be feasible in rural areas distant from the hospital. 
Developing early, municipality-based interventions for these areas 
seems highly relevant. Third, many patients were already receiving 
municipality-based services before admission, which may have reduced 
the impact of the municipality-based intervention. Still it seems that 
both interventions were highly feasible and well tolerated. Most patients 
received the early visits as planned. In a previous study, more patients in 
the geriatric team TCI were satisfied with treatment and care continuity 
than those receiving usual care (Gregersen et al., 2016). For the use of 
future studies, a set of patient-reported outcome measures was recently 
developed (Hansen et al., 2021). Fourth, the randomisation and 
assessment of outcomes was not blinded; nonetheless, there was no 
difference in the distribution of baseline characteristics in the ITT or the 
mITT analyses, the computer-based randomisation was only violated in 
very few cases as accounted for in the as-treated analysis, and the out-
comes were largely binary. Older patients are rarely admitted to hos-
pitals outside the region of residence, and all deaths are registered in the 
CRR within a few days, making incorrect reporting of readmission and 

mortality most unlikely. In the intention-to-treat analysis, violating the 
random allocation may have negatively influenced the effect of the 
geriatric team intervention, overestimating the effect of the 
municipality-based TCI. Fifth, we did not have access to much data on 
the municipality-based intervention. Despite this, no patients were lost 
to follow-up. Data on types of readmission (avoidable/unavoidable; 
recurrence, new medical event or failure to manage at home), functional 
outcomes such as domicile, traumatic falls or delirium were not able to 
be collected and so adverse events may be under-reported. However, we 
believe any clinically significant safety event was captured as an un-
planned readmission (or HAH) in our setup. In a previous study, the 
most frequent cause of readmission was infection (relapse or new event), 
and more than half of these were assessed to be avoidable (Pedersen 
et al., 2018). Preliminary data on patient functioning showed better 
recovery among patients in the geriatric team TCI, measured by the 
Functional Recovery Score at 30-day follow-up (Unpublished data). 
Finally, some data were collected during the first six months of the 
Covid-19 pandemic. Many patients felt more secure at home without a 
visit. However, our hospital did not reach critical admission levels at any 
time. Most follow-up visits were conducted as planned, although 
depending on an individual telephone-based assessment. We believe the 
lockdown did not affect the results markedly in any of the interventions. 

A considerable number of readmissions were categorised as admis-
sion avoidance HAH. Most of these readmissions occurred among the 
patients receiving the municipality-based intervention. Evidently, most 
of the patients that did not receive the allocated municipality-based 
intervention in favour of the hospital-based geriatric team interven-
tion would have been readmitted shortly after discharge. Further work 
needs to be done to identify patients suitable for HAH at discharge, and 
to establish the potential impact of targeting TCIs at this group of frail 
patients. 

5. Conclusion 

The municipality-based, nurse-led and GP-supported intervention 
was inferior to the hospital-based geriatric team intervention in pre-
venting 30-day readmission among frail, geriatric patients. There was no 
significant difference in the interventions’ effects on 90-day mortality or 
LOS. 

6. Other information 

The study protocol is available at www.clinicaltrials.gov 
(NCT03796923). The study was a quality development study, 
approved by the Regional research ethics committee (197/2017) and the 
Danish data protection agency (2012-58-006). 
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Appendix. Kaplan-Meier survival estimates of 90-day mortality with 95% confidence intervals

Appendix: Kaplan-Meier survival estimates of 90-day mortality with 95% confidence intervals, based on data from the modified intention-to-treat 
analysis (n=2,180). 

Legend: Solid line: survival among patients allocated to the hospital-based intervention. Dashed line: survival among patients allocated to the 
municipality-based intervention. Opaque areas: 95% confidence intervals (overlapping). 
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