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Key summary points
Aim  To evaluate to the effects of a multifactorial, multidisciplinary in-patient municipality intervention on functioning, 
need-of-care, and quality of life in functionally declining older adults.
Findings  Following the intervention, patients had increased quality of life, which remained at the post-intervention level 
even after 6 months. Further, participants had lower need-of-care and increased performance in physical function tests.
Message  A well-structured multifactorial and multidisciplinary in-patient intervention may lead to long-term clinically 
relevant improvements in functionally declining older adults.

Abstract
Purpose  To evaluate short and long-term effects of a multifactorial and multidisciplinary in-patient municipality intervention 
including training of activities of daily living, cardiovascular exercise, resistance training and social activities on quality-of-
life, need-of-care, and physical function in older adults at risk of further functional decline.
Method  A cohort study including data collected rigorously during 3.5 years at an in-patient municipality rehabilitation center 
in Aalborg, Denmark. Patients received a multifactorial and multidisciplinary intervention. Outcomes were quality-of-life 
(EQ5D), weekly need-of-care hours, and test of physical functioning (sit-to-stand, 6-min walking test, tandem balance).
Results  Data was collected from 532 patients (63.3% women). The median [5; 95 percentiles] age was 79 [55; 92] years 
with a length-of-stay of 21 [8; 55] days. The mean (95% CI) EQ5D index score showed a clinically relevant improvement 
from admission 0.46 (0.44; 0.48) to discharge 0.69 (0.67; 0.71) and there was no decline 6-month postdischarge 0.67 (0.64; 
0.70). The weekly need-of-care decreased significantly by 7.2 (6.6, 7.9) h from a mean of 9.8 h before admission to 2.6 h 
6-month postdischarge. Sit-to-stand improved from 6.3 (6.0; 6.7) to 9.3 (8.9; 9.6) repetitions, 6-min walking test from 147 
(138; 156) to 217 (207; 227) m, and tandem balance from 20.7 (19.8; 21.6) to 25.2 (24.8; 26.2) s.
Conclusion  Our results were remarkable and highlight that a well-structured multifactorial and interdisciplinary intervention 
with a clear aim and inclusion criteria related to functional decline may lead to long-term clinically relevant improvements in 
functionally declining older adults. Future studies should, however, explore similar interventions in comparable populations 
preferably in randomized controlled designs.
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Introduction

Loss of physical function among older adults is common and 
affects more than 25% of older adults after  discharge from 
hospital care [1–3]. This functional decline may lead to ina-
bility of living an independent life and ultimately increased 
mortality [1, 2, 4]. This is a concer as loss of independence 
is rated the number-one concern for the majority of older 
adults (76%), while death is rated second (11%) [5].

Hence, it is essential to develop feasible, efficient, and 
cost-effective interventions to avoid slow down, or reversed 
functional decline in older adults. This has led to a number 
of primary health care interventions targeting older adults 
at risk of functional decline over the latest decades. Many 
of these interventions have focused on out-patient rather 
than in-patient interventions in community settings and 
they have often lacked either multidisciplinary, multifac-
torial, or exercise components [6–9]. This is unfortunate, 
as a growing body of evidence demonstrates the effect of 
exercise interventions as a key element in rehabilitation of 
functional decline and prevention of disability, although 
long-term effects are poorly reported [10, 11]. Besides, 
integrated care interventions vary considerably in intensity, 
duration, disciplines involved, and setting. Additionally, 
the effects reported on clinical outcomes have been absent, 
merely modest, or inconsistent [12–15]. A recent narrative 
review [16] on integrated primary care stresses the need 
for explorative and multicomponent studies combining key 
components in integrated primary care interventions. This 
led us to evaluate both short-term (at discharge) and long-
term (3- and 6-month post-discharge) effects of a multidis-
ciplinary in-patient intervention on health related quality-
of-life (EQ5D), need-of-care (hours per week), and physical 
functioning (6-min walking test, sit-to-stand and balance) 
among community-dwelling older adults at further risk of 
functional decline.

Materials and methods

Study design and setting

This cohort study included data collected routinely and 
consecutively over a 3.5-year period from January 2014 to 
October 2017 from patients at a municipal in-patient reha-
bilitation center in Aalborg, Denmark. Data collection on 
health-related quality of life was initiated later at the reha-
bilitation center and, therefore, collected from January 2015 

to October 2017, need-of-care was measured in a period 
from January 2014 to December 2015, and data on  physical 
function tests were collected over the entire period. A stay at 
Aalborg Rehabilitation Center (from here on referred to as 
the “center”) is free of charge for the patient. Furthermore, 
the center assesses and addresses the functional decline of 
the individual patient rather than having a disease-specific 
and specialized approach. The program at the center has a 
comprehensive approach to rehabilitation and uses a part-
nership between the course patient and the staff as a tool to 
support the course patient’s contribution to rehabilitation. 
This extends to linguistic aspects with patients referred to 
as “course participants” and staff not wearing uniforms to 
support  an informal and equal relationship with the patients. 
The staff comprises a multidisciplinary team of physiothera-
pists, occupational therapists, social care assistants, support 
worker, and nurses. The center is in close contact with the 
patients´ individual physicians during their stay; this may 
be by telephone, by email, or  by visiting the doctor, or the 
physician’s visit to the rehabilitation center.

The focus and intention are to create an environment that 
mirrors the patient’s daily life and to create a sense of com-
munity, for example by morning gatherings, healthy break-
fast, and other social activities. Patients have their own pri-
vate apartment during the stay. In addition, each day takes 
its course  with a healthy breakfast together with the rest of 
the course participants to facilitate social interaction.

Intervention

The needs and goals of the individual patient were the core 
determinants of the activities, and the occupational therapy 
and physiotherapy interventions were tailored to these. The 
daily interventions included training of routines necessary 
for daily living (ADL) and for instrumental activities of 
daily living (iADL). Physiotherapy training consisted of 
cardiovascular training aiming at 70% of maximal aerobe 
capacity and 70–80% of 1 repetition maximum in strength 
training [17–19]. Furthermore, patients were encouraged 
to participate in additional activities. These included lunch 
preparing teams, indoor car-entering and -exiting training, 
beauty-salon, and activity rooms. Outdoor activities such 
as fishing tours, walking, and shopping trips were planned 
at regular intervals. The length of stay at the center was 
typically between 2 and 12 weeks, with longer stay length 
offered to patients with greater needs of rehabilitation. If 
needed, a team would follow the patient home and help to 
reestablish daily routines. Participants were contacted regu-
larly after the stay if they had provided consent.
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Preadmission assessment and participants

Potential patients were referred from hospitals or the munici-
pality by physicians, social care workers, the patient them-
selves, or relatives. Approximately 49% were referred from 
a hospital and 51% from the municipality. Formal inclusion 
criteria were: minimum 18 years of age, requiring at least 
5 h of weekly need-of-care before the stay, or being at high 
risk of requiring care needs in the future (criteria assessed 
by the visitation authority at the municipality office). All 
patients were classified as being at risk of further functional 
decline and/or at increased risk of care. In addition, patients 
themselves should express interest in a stay at the center to 
be offered a stay. Furthermore, the patients should have a 
rehabilitation potential to benefit from the stay and it should 
be considered realistic that the required need-of-care hours 
per week would be reduced after the stay. Patients with neu-
rological disorders, alcohol or drug abuse, severe pain con-
ditions or patients with cognitive limitations were excluded 
as their conditions would require a more specialized reha-
bilitation. A trained occupational therapist performed all 
assessments.

Data sources and outcome measures

Data were obtained from self-reported measures, physi-
cal function measures and from the municipality registers, 
where all activities for each citizen in the municipality is 
registered. The flow of patients and outcomes is illustrated 
in Fig. 1. The center consecutively obtained outcome meas-
ures on all eligible patients regarding health related quality 
of life, need-of-care measured by hours per week, and basic 
functional capability at inclusion and post-rehabilitation, 

but only health related quality of life and need of care were 
recorded after 3- and 6-month post-rehabilitation. The 
patient-reported health related quality-of-life was assessed 
by EQ5D-5L. EQ5D-5L is a generic instrument with well-
established psychometric properties [20] that consists of 
five dimensions: mobility, self-care, usual activities, pain 
or discomfort, and anxiety or depression, which can be 
reported with a cumulative index score. The index score 
varies from 1 (full health) to 0 (death) and − 0.59 (condi-
tions regarded worse than death). A Danish reference popu-
lation is available [21]. At 3 and 6 months the questionnaire 
was mailed to the participants with an included response 
envelope with a stamp. One telephone reminder call was 
made to non-responding patients. Weekly hours of need-
of-care were obtained from municipality registrations for 
all patients before the stay at the center, at discharge, and 
3 and 6 months after the stay. The covariates gender, age, 
and marital status were registered at inclusion. The physical 
function was examined by three tests (sit-to-stand, 6-min 
walking test, tandem balance) at inclusion and at discharge 
from the center. All physical test have been tested for repro-
ducibility and validity in older populations [22–25]. The 
primary outcome was the change in health-related quality 
of life (EQ5D-5L) measured by the EQ5D-index from dis-
charge to 6 months. Secondary outcomes were changes in 
need-of-care from baseline to 6 months, the 6-min walk test, 
the sit-to-stand test and the tandem balance test from admis-
sion to discharge from the center.

Statistical methods

Summary statistics for the relevant variables are: number 
and percentage within categories for categorical variables 

Fig. 1   Flowcharts showing the 
number of observations avail-
able for the different outcomes
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and mean and standard deviation for continuous variables—
unless visual inspection of histograms revealed a highly 
skewed variable, in which case the median and 5th and 95th 
percentiles are reported. Summary statistics are presented 
for the group as a whole as well as for males and females 
separately. The changes in EQD5 index with time are ana-
lyzed using a mixed effects model with time as fixed effect 
and course participant as random effect. A second model 
adjusted for sex and the interaction between time and sex 
as a fixed effect is used to produce a figure. For compari-
son purposes, we used the age- and sex-dependent EQ5D 
means reported [26] to compute a weighted EQ5D average 
for males and a weighted average for females. The weights 
are the percentage of our patients that fall in each of the age 
categories defined in [27] (20–29; 30–39; 40–49; 50–59; 
60–69; and 70–79 years of age). The change in need-of-care 
was analyzed in a mixed-effects model with need-of-care as 
dependent variable, time as the fixed effect and patient as 
the random effect. Separate mixed-effects models were used 
to analyze the function scores with each function score as 
dependent variable, time as a fixed effect, and patient as ran-
dom effect. All models were adjusted for possible confound-
ers in two versions: (1) sex, age category (as defined above), 
and length of stay, or (2) sex, age category (as defined 
above), length of stay, and value at admission of the cor-
responding dependent variable. There was no imputation of 
data. The analyses were done in Stata SE 14.2. Results with 
p values below 0.05 are considered statistically significant.

Results

From January 2014 to October 2017 data was obtained 
from 532 consecutive  patients, course participants. Within 
6 months from the admission date, 7.5% (N = 40) had died, 
4 during admission and 26 within the first 3 months after 
discharge from the center. Among the admitted patients, 
2/3 were women and they were markedly older than the 
men. Table 1 presents baseline characteristics at admission 
of the study-population by gender and in total. The mean 
health-related quality-of-life measured by EQ5D index 
improved markedly during the stay at the center. Indeed, 
from a mean EQ5D index at admission of 0.46 [95% CI 
(0.44; 0.49)] to 0.69 [95% CI (0.67; 0.71)] at discharge, and 
the index score was upheld when measured at three 0.66 
[95% CI (0.63; 0.68)] and 6 months 0.67 [95% CI (0.65; 
0.70)] after discharge (Fig. 2). Although there was no sta-
tistically significant difference between males and females 
regarding the improvement in EQ5D index, we have chosen 
to present the two genders separately to illustrate a slightly 
different pattern and to compare with a Danish reference 
population [21]. The mean weekly hours of need-of-care 
decreased from 9.8 h [95% CI (9.2; 10.4)] to 2.6 h [95% CI 

(1.9; 3.3)] 6 months after discharge (Fig. 3). From admis-
sion to discharge, sit-to-stand improved from 6.3 (6.0; 6.7) 
to 9.3 (8.9; 9.6) repetitions, 6-min walking test from 147.1 
(137.9; 156.4) to 216.5 (206.5; 226.5) meters, and tandem 
balance from 20.7 (19.8; 21.6) to 25.2 (24.8; 26.2) seconds 
(Table 2). The estimates from the adjusted analyses did not 
differ by more than 3 decimal points from those reported, 
one centesimal point for EQ5D (data not shown). Besides, 
sensitivity analyses performed excluding patients who died 
in admission or within 3 months after discharge, or exclud-
ing those lost to follow-up but still alive showed no relevant 
differences with respect to the reported estimates. Further-
more, sensitivity analysis excluding patient under the age of 
60 showed no relevant differences from the primary analysis 
(Table 3). No serious adverse effects were reported during 
the study period.    

Discussion

This cohort study on a multidisciplinary in-patient munic-
ipality-based intervention aimed at older adults at risk of 
further functional decline showed that health related qual-
ity-of-life (EQ5D) and need-of-care improved significantly 
by 48% and 73% at discharge, respectively, and that these 
effects were maintained at 6-month postdischarge. Likewise, 
for the functional tests, statistically and clinically significant 
improvements were observed. Specifically, the improve-
ments from admission to discharge in both the 6-min walk 
test and sit-to-stand test were 47%, and that of the tandem 
balance test was 22%.

EQ5D

The improvements in EQ5D were clearly clinically relevant 
even though our patients did not reached the level of the 
Danish background population [21]. In fact, the magnitude 
of the change from admission to discharge in the EQ5D 
index was 3 times that of the minimal important difference 
(0.074) reported by Walters and Brazier in 2005 [28]. Rel-
evant and sustained increases in the EQ5D index, such as the 
ones seen in the current study, have not been seen in reviews 
[10, 27, 29–33], due to short term follow-up and because 
only few of the included studies used health related quality-
of-life as an outcome. The marked improvements in EQ5D 
seen in the current study might be explained by three factors: 
(1) the comprehensive and rigorous multifactorial interven-
tion, (2) the selected study population and (3) the patients 
lost to follow-up. First, the intervention was unique in the 
sense that it was an in-patient stay, where patients lived in 
their own private apartment during the stay. Second, this was 
a selected group of patients as they had to be self-motivated 
with rehabilitation potential to be admitted. These factors 
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may be key for the successful long-term rehabilitation effects 
suggested by our data. By excluding the patients who were 
not motivated, our results might be pushed towards an opti-
mistic view. Third, EQ5D data was missing for 125 par-
ticipants 6-month postdischarge (40 of which died). These 
patients lost to follow-up might have been the patients with 
the worst outcomes and frailty status. In such case, we would 

probably have seen a reduction of the sustained effect on 
EQ5D at 3- and 6-month postdischarge.

Need‑of‑care

The need-of-care was reduced significantly at discharge, 
and 3- and 6-month postdischarge compared to admission. 

Table 1   Clinical and 
demographic characteristics of 
patients at admission

a Count and percentage males/females of the total
b Median [Q05; Q95]
c Mean (SD)
d Data not available for all participants. Percentages computed based on available information

All Males Females

Total period
 Participantsa 532 195 (36.75%) 337 (63.35%)
 Age (years)b 79 [55; 92] 75 [52; 91] 81 [59; 92]
 Living alonea,d 301 (76.4%) 87 (63.5%) 214 (83.3%)

EQ5D-5L
 Participantsa 400 138 (34.5%) 262 (65.5%)
 Scoreb 0.55 [− 0.01; 0.76] 0.55 [− 0.01; 0.77] 0.55 [− 0.06; 0.76]

Need of care
 Participantsa 233 84 (36.05%) 149 (63.95%)
 Hoursb 9.3 [3.2; 18.1] 10.2 [3.2; 19.7] 8.7 [3.2; 18.1]

Six-min walking
 Participantsa 436 156 (35.8%) 280 (64.2%)
 Metersc 140.7 (90.0) 141.1 (92.8) 140.5 (88.5)

Sit-to-stand
 Participantsa 426 148 (34.7%) 278 (65.3%)
 Repetitionsc 6.25 (3.1) 6.3 (3.2) 6.2 (3.0)

Tandem balance
 Participantsa 422 147 (34.8%) 275 (65.2%)
 Secondsc 20.6 (8.9) 21.0 (9.2) 20.3 (8.8)
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The administration at Aalborg Municipality did an internal 
calculation showing a net saving per year of 9.20 million 
Danish kr. (€ 1.2 million on November 2018) in 2014 and 
10.50 million Danish kr. (€ 1.4 million) in 2015, after the 
expenditures from the center were subtracted. The review 
by Apostolo (2018) included cost benefit calculations as a 
secondary outcome, and the two original studies included 
showed that group-based interventions provided better value 
for money compared to usual care [27]. Brusco et al. pub-
lished a review in 2014 with an economic evaluation of adult 
rehabilitation in a variety of settings. Their findings were 
inconclusive due to lack of consistency in the results across 
different populations and no “in-patient” municipality-based 
rehabilitation center was evaluated [34].

Physical function tests

Data from the 6-min walking test showed an increase in 
mean walking distance of 69.4 m from baseline to dis-
charge, which is well above the minimal important dif-
ferences of 54 m previously defined [35]. In addition, a 
recent review [36] defined an improvement of 14–30.5 m 
as being the minimally clinically important difference for 
the 6-min walk test in adults with pathologies. The review 
by Verweij [10] included seven randomized controlled tri-
als and showed that, compared to usual care, a multidis-
ciplinary intervention consisting of advice on lifestyle, 
exercise, and follow-up visits in older people improved 
their 6-min walking test by 23 m (95% CI − 1.3; 48.3) at 

a 3-month follow-up. Compared to this, our finding were 
impressive considering that half of the included patients 
were referred to the center directly following hospitaliza-
tion. Furthermore, the patients improved their sit-to-stand 
significantly and the mean of 9.3 repetitions from a start-
ing point of 6.3 at inclusion for the patient is an impor-
tant and clinically relevant improvement, as the threshold 
value in relation to loss of functional mobility within a 
year was set at 8 repetitions [23]. The balance test also 
improved significantly in the patients. However, based on 
practical considerations the center chose to perform only 
the static standing balance test part of the Short Physical 
Performance Battery, which originally consisted of three 
physical tests. Therefore, no clinically relevant difference 
can be defined for this part.

Strengths and limitations

The main strengths of the current study were the large size 
of the study population and the long-term follow-up for 
up to 6-months postdischarge. This observational cohort-
study evaluated the implementation of an innovative prac-
tice inspired by the Danish Folk Highschools and used 
data obtained from registers, self-reported questionnaires, 
and standardized procedures for several functional tests.

A main limitation was that the current study was not 
a randomized controlled trial. Furthermore, we did not 
have a control group serving as a standard care group in 
our cohort study. This meant that confounders potentially 

Table 2   Change in scores for the different outcomes

Difference from baseline (mean and 95% CI) using mixed effects linear models (unadjusted)

Initial value 
(mean)

Change at discharge Change at 3 months Change at 6 months

EQ5D-5L 0.46 0.22 [0.20, 0.25] 0.19 [0.16, 0.22] 0.20 [0.17, 0.24]
Need of care (h) 9.8 − 6.99 [− 7.63, − 6.36] − 7.20 [− 7.92, − 6.48] − 7.24 [− 8.01, − 6.46]
Six-min walking (meters) 141.0 71.48 [64.03, 78.93]
Sit-to-stand (repetitions) 6.45 2.93 [2.65, 3.22]
Tandem balance (score) 20.6 4.77 [4.03, 5.50]

Table 3   Sensitivity analysis of change in scores for the different outcomes in patients 60 years or older

Difference from baseline (mean and 95% CI) using mixed effects linear models (unadjusted)

Initial value 
(mean)

Change at discharge Change at 3 months Change at 6 months

EQ5D-5L 0.46 0.22 [0.19, 0.25] 0.19 [0.16, 0.22] 0.21 [0.18, 0.24]
Need of care (h) 9.8 − 6.95 [− 7.60, − 6.30] − 7.11 [− 7.87, − 6.34] − 7.14 [− 8.00, − 6.28]
Six-min walking (meters) 138.0 67.69 [60.73, 74.65]
Sit-to-stand (repetitions) 6.45 3.55 [2.49, 4.62]
Tandem balance (score) 20.6 5.08 [4.27, 5.89]
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could influence our results. To accommodate these poten-
tial confounders, we adjusted for gender, age, admission 
values and length of stay in the mixed-effect model. This 
added no change in the effect sizes indicating that gender 
and age only played a minor role as confounders. Sec-
ondly, application of our results to other populations or 
settings should be performed with caution, as the center 
used specific inclusion criteria for the current patients.

Another limitation of our study was that included 
patients were motivated to have a stay and participate in 
activities at the rehabilitation center. Thus, the effective-
ness of the intervention may be overestimated when com-
pared to the general population. However, as this is an 
extensive intervention, it is reasonable to offer it only to 
motivated patients, for whom our results are applicable.

Finally, we did not have access to physical test at 3- 
and 6-month follow-up. Therefore, we could only report 
results for EQ5D and need of care, which are general and 
subjective measures.

Conclusion

The results of this cohort study were remarkable in that a 
well-structured multifactorial and interdisciplinary inter-
vention with a clear mission and clear inclusion criteria 
can lead to long-term and clinically important sustained  
improvements. It is suggested that future studies should 
explore similar interventions in a randomized setup. 
Importantly, the approach of a comprehensive in-patient 
community-based rehabilitation center may be a path to 
addressing the challenges that a rapidly growing aging 
population presents to the community and to healthcare 
systems.

Data availability  Upon reasonable request data from the current study 
can be made available.
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