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2 UNSTRUCTURED ABSTRACT: 

3 The objective of this study was to evaluate physical function and health-related quality of life 

4 (HRQOL) four months after cessation of a 4-month exercise intervention in 89 older adults 

5 after discharge from hospital. Linear mixed regression models were used to evaluate between 

6 group differences. Data were analyzed according to the intention-to treat principle. There was 

7 no statistically significant between group difference in the Short Physical Performance 

8 Battery (mean difference 0.5-point, 95% confidence interval (CI) -0.6 to 1.5, p = 0.378). 

9 There was a statistically significant difference in favor of the intervention group in functional 

10 capacity (the six-minute walk test) (mean difference 32.9 meters, 95% CI 1.5 to 64.3, p = 

11 0.040) and physical HRQOL (physical component summary of SF-36) (mean difference 5.9 

12 points, 95% CI 2.0 to 9.7, p = 0.003). Interventions aiming to maintain or increase physical 

13 function and HRQOL should be encouraged in this population.

14

15 Key words: hospitalization, exercise interventions, healthy ageing

16

17 ClinicalTrials.gov Identifier: NCT02905383
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2 INTRODUCTION

3 Healthy ageing has received increased attention in international public health policy and is 

4 described as a process aiming to develop and maintain the functional ability that enables well-

5 being in older age (WHO, 2015, 2017). Physical function is a broad, multidimensional 

6 concept that reflects motor function and control, physical fitness, and habitual physical 

7 activity defined as ‘the capacity of an individual to carry out the physical activities of daily 

8 living (Garber et al., 2011). Studies have shown that physical function is an independent 

9 predictor of functional independence, disability, morbidity, and mortality (Brown et al., 2020; 

10 Fried et al., 1999; Garber et al., 2010; Pavasini et al., 2016). Furthermore, health related 

11 quality of life (HRQOL) is considered a key indicator of older people’s health status (Machón 

12 et al., 2017). HRQOL can be defined as ‘a multidomain concept that represents the patient’s 

13 overall perception of the impact of an illness and its treatment. An HRQL measure captures, 

14 at a minimum, physical, psychological (including emotional and cognitive), and social 

15 functioning’ (Health et al., 2006). Thus, both physical function and HRQOL are important 

16 measures related to healthy ageing.

17 For people ≥ 65 years hospitalization is associated with decline in physical function 

18 and it might also affect HRQOL (Brown et al., 2016; Helvik et al., 2013). Those who present 

19 with mobility disabilities while being an inpatient are especially at risk of functional decline 

20 (Buurman et al., 2011). The focus on the deleterious consequences of low physical activity 

21 during and after a hospital stay has received increasing attention in the last decades (Brown et 

22 al., 2009; Gill et al., 2004). Different exercise interventions have been performed to 

23 counteract these consequences (Brovold et al., 2013; Bruun et al., 2018), but the evidence for 

24 effect of exercise programs in this population is not robust (Loyd et al., 2018; McKelvie et al., 

25 2018; Verweij et al., 2019). Furthermore, the longer-term effects on physical function and 

26 HRQOL of such exercise programs are not established.
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2 A recent umbrella review of systematic reviews recommends multicomponent exercise 

3 interventions to improve muscular strength, gait speed, balance and physical performance in 

4 pre-frail and frail older adults (Jadczak et al., 2018). Exercise and physical activity are also 

5 associated with significant improvements in overall psychological well-being in older adults 

6 (American College of Sports et al., 2009). However, many studies have shown that the 

7 physiological adaptions associated with an exercise intervention are quickly lost upon 

8 cessation of training (American College of Sports et al., 2009). This phenomenon known as 

9 detraining has also been reported to affect quality of life in older adults (Tomas-Carus et al., 

10 2007), although the evidence is conflicting (Esain et al., 2019). 

11 The immediate effects of a group-based multicomponent high intensity exercise 

12 program on physical function and HRQOL in older adults with or at risk of mobility disability 

13 after discharge from hospital have been recently explored (Sunde et al., 2020). The authors 

14 found a statistically significant and clinically relevant between group difference in functional 

15 capacity (the six-minute walk test) and physical HRQOL (physical component summary of 

16 the SF-36) in favor of the intervention group after four months of training. To evaluate how 

17 long the effects of an exercise intervention persist after the intervention has ended is 

18 important for multiple reasons, especially when allocating resources and planning of health 

19 care services. The aim of the current study was to evaluate physical function and HRQOL in a 

20 group of older adults with or at risk of mobility disability after discharge from hospital four 

21 months after the cessation of the intervention in a randomized controlled trial. 

22

23 METHODS

24 The present study reports on follow-up data four months after completion of the intervention 

25 in a parallel group randomized controlled trial. Reporting is according to the CONSORT 2010 
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2 statement (Schulz et al., 2010). The study was approved by the Regional Committee for 

3 Medical Research Ethics (Ref. 2015/2432). The study was registered in Clinical Trials 

4 (NCT02905383) on September 19, 2016, before the recruitment of the first participant.

5

6 Settings and participants

7 The study was conducted at a general hospital. Participants were recruited while inpatient, 

8 based on patient registration lists from four medical wards from September 2016 to May 

9 2019. The recruitment ended before the required sample size was reached because of slow 

10 recruitment rate and limited resources. The last follow-up occurred in January 2020. 

11 Eligibility criteria were: Age ≥ 65 years, community-dwelling pre-admission, be at risk of 

12 mobility disability defined as a Short Physical Performance Battery (SPPB) of < 10 while 

13 inpatient (Guralnik et al., 2000; Guralnik et al., 1994), able to walk independently with or 

14 without walking aid, no moderate or severe cognitive disorder (Score on Mini Mental State 

15 Examination ≥ 20) (Folstein et al., 1975), an expected lifespan of at least eight months and 

16 understand Norwegian language. People who exercised regularly more than twice a week at a 

17 fitness center or in a structured exercise program before admission were excluded. Further, 

18 participants who a doctor in the study group found ineligible to the intervention based on the 

19 standards from the American Heart Association were excluded (Fletcher et al., 2013). All 

20 participants provided written informed consent prior to baseline testing. 

21

22 Randomization

23 Allocation to an intervention group or a control group was done after baseline testing, based 

24 on a computer-generated permuted block randomization scheme. Each block contained 
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2 between four to ten subjects. Two of the authors with no information about the participants 

3 administered the scheme, and sealed envelopes were used.

4

5 Intervention and control group

6 The intervention was a group-based multicomponent high intensity exercise program 

7 instructed by a physical therapist one hour twice a week for four months. In short, each 

8 exercise session consisted of a warm-up period and three bouts of high intensity endurance 

9 training interspersed by two strength exercises for the lower limbs, six balance exercises and 

10 flexibility exercises. Both the intervention group and the control group were instructed in 

11 home balance and strength exercises after completing all the outcome measures at baseline, 

12 lasting approximately 15 minutes, and they were given a printout of the exercise program. All 

13 participants were encouraged to perform the exercises at least three times each week during 

14 the study period (8 months). The home balance and strength exercises were also included in 

15 the high intensity multicomponent exercise intervention. Therefore, during the course of the 

16 intervention the participants in the intervention group were encouraged to perform the 

17 exercises at least once a week at home if they had attended the intervention session twice that 

18 week. This home exercise program was developed by physical therapists from the Norwegian 

19 University of Science and Technology (NTNU) and Trondheim Municipality in 2016, 

20 founded by the Norwegian Directorate of Health (NDH, 2016). In addition, all participants 

21 were encouraged to follow the World Health Organization recommendations on physical 

22 activity for people 65+ over the entire eight months the study was ongoing (WHO, 2010). 

23 Apart from this, the participants in the control group received treatment as usual. Regardless 

24 of group allocation, there was no planned contact between the participants and the study team 

25 during the 4-months follow-up after the end of the intervention. 

26
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2 Outcome measures

3 Trained physical therapists, blinded to group allocation, assessed the outcome measures at 

4 baseline, after completion of the intervention (4 months) and at 8-month follow-up. 

5 Background information about age, sex, education, living alone or with someone, discharge 

6 diagnosis, number of comorbidities at the time of discharge, and length of hospital stay were 

7 collected from the participants hospital records or by asking the participants at baseline 

8 testing. 

9

10 Primary outcome

11 Primary outcome was physical function, measured by the SPPB, at 4 months (Guralnik et al., 

12 1994). The battery evaluates the person’s ability to stand in side by side, semi tandem and 

13 tandem position for ten seconds, preferred 4-meter walking speed and time to sit and stand 

14 five times. 

15

16 Secondary outcomes

17 Physical function at 8 months was measured by the SPPB (Guralnik et al., 1994). 

18 Performance-based balance was measured using the Berg Balance Scale (BBS) (Halsaa et al., 

19 2007). Muscle strength (grip strength) was measured by Jamar dynamometer (Bohannon, 

20 2017). Functional capacity was assessed using the six-minute walk test (Crapo et al., 2002). 

21 Body Mass Index (BMI) was measured by a Tanita BC-418 Body Composition 131 Analyzer 

22 or a regular body scale, using the formula (kg/m2). Finally, HRQOL was measured by the 

23 Medical Outcome Study 36 Item Short-Form Health Survey, version 2 (SF-36) (Ware & 

24 Sherbourne, 1992). The 36 items in SF-36 are grouped into eight health status scales, and a 

25 physical and a mental component score are calculated. If possible, the participant filled out 
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2 the questionnaires received by mail (SF-36) at home before testing. Help to complete the 

3 questionnaires (if needed) was provided by the physical therapist by interview. We also asked 

4 the participants to fill in activity diaries. However, after feedback from the first 20 

5 participants we decided to omit activity diaries as they found them burdensome.

6

7 Sample size

8 The sample size was estimated based on the primary outcome, physical function (SPPB) 

9 immediately after the end of the intervention in a randomized controlled trial, four months 

10 after baseline testing. A medium meaningful difference between the groups in change of 

11 SPPB from baseline to intervention end (at four-month follow-up) was defined to 0.75 points 

12 with an expected standard deviation (SD) of 1.48 points (Perera et al., 2006). To obtain 80% 

13 statistical power with a 5% significance level, 126 participants, 63 in each group, was needed. 

14 We aimed to include at least 150 participants, to compensate for potential dropouts.

15

16 Statistical methodology 

17 All analyses were conducted using SPSS 25.0 (SPSS Corporation, Chicago, IL, USA). The 

18 data were analyzed following the intention-to-treat principle (ITT). Between group 

19 differences at four-months follow-up after the intervention (8 months) were assessed using 

20 linear mixed models for repeated measurements with a subject-specific random intercept. 

21 Type of treatment (intervention or control), baseline values, time and the interaction between 

22 time and group being modelled as fixed effects. P-values < 0.05 were considered statistically 

23 significant and all tests were two sided.

24
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2 RESULTS

3 Participants

4 In total, 89 participants aged 65 to 89 years were recruited to the intervention study. The mean 

5 (SD) age of the participants was 78.3 (5.5) years, with a median of 78 years. One participant 

6 withdrew and asked for his data to be deleted, hence we report on 88 participants at baseline. 

7 Baseline testing was conducted a median of 49 (interquartile range (IQR 26–116)) days after 

8 discharge. Characteristics of the sample are presented in Table 1. Thirty-one participants were 

9 lost to follow-up at the second follow up. These 31 participants scored significantly lower on 

10 SPPB at baseline than those who attended testing at eight months follow up (mean difference 

11 (95% confidence interval (CI)) 1.7 (0.7-2.6)). Further detail on the flow of the participants is 

12 shown in Figure 1. Eight of the 31 participants (25.8%) in the intervention group that 

13 performed SPPB at eight-month follow-up achieved the highest possible score of 12 points. 

14 The corresponding numbers for the control group were 5 of 26 participants (19.2%). 

15 Immediately after the end of the intervention (at four-month follow-up) 10 out of 29 (22.7%) 

16 in the intervention group and 5 out of 30 (11.4%) in the control group reached the full score 

17 of SPPB.

18
19 Repeated measurements

20 Table 1 presents descriptive statistics of the intervention group and the control group at 

21 baseline, 4 months and 8 months. Table 2 shows the results at 8 months follow-up. There was 

22 no statistically significant between group difference in physical function (SPPB) (mean 

23 difference 0.5-point, 95% CI -0.6 to 1.5, p = 0.378). There was a statistically significant 

24 difference in favor of the intervention group in the six-minute walk test (mean difference 32.9 

25 meters, 95% CI 1.5 to 64.3, p = 0.040). Further, there were no statistically significant between 

26 group differences on other secondary outcomes of physical function or the mental component 
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2 summary of SF-36. However, there was a statistically significant difference in favor of the 

3 intervention group in the physical component summary of SF-36 (mean difference 5.9 points, 

4 95% CI 2.0 to 9.7, p = 0.003).

5

6 DISCUSSION

7 There was no between group difference evident in physical function (SPPB) at eight months 

8 follow-up. However, statistically significant differences in favor of the intervention group 

9 were found in six-minute walk test and the physical component summary of SF-36. These 

10 results suggest some positive lasting effects on fitness and physical HRQOL compared to 

11 immediate effects after a group-based multicomponent high intensity exercise program 

12 (Sunde et al., 2020).

13 The SPPB has been shown to be a robust measure of physical performance in 

14 community-dwelling older people (Westman et al., 2019). However, one possible explanation 

15 for the lack of a statistically significant difference between the groups in SPPB, while still 

16 finding a difference in the six-minute walk test, could be that the SPPB is less sensitive to 

17 change than the six-minute walk test in this study population. A second reason could be a 

18 ceiling effect in SPPB. A third reason could be the rather low sample size, as the mean 

19 between group difference of 0.5 points in SPPB could be considered a small meaningful 

20 change in community-dwelling older adults (Perera et al., 2006).

21 The mean between group difference in distance walked over 6 minutes at eight-month 

22 follow-up was 32.9 meters. This difference is statistically significant and clinically 

23 meaningful, as a change of 20 meters has been defined as a small meaningful change in older 

24 adults (Perera et al., 2006). Further, the mean between group difference in the physical 

25 component summary of SF-36 at eight months follow-up of 5.9 points can also be considered 
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2 clinically meaningful. Our results regarding HRQOL are in line with a meta-analysis studying 

3 the effects of exercise interventions on quality of life in clinical and healthy populations 

4 (Gillison et al., 2009). The meta-analysis suggested small but meaningful improvement in 

5 HRQOL, with greater improvements in physical quality of life associated with moderate 

6 intensity interventions compared to light intensity. Interestingly, the results for psychological 

7 quality of life showed larger improvements for interventions with light rather than moderate 

8 intensity (Gillison et al., 2009).  

9 The results show that the between group differences that were statistically significant 

10 after the intervention end remained significant at eight-month follow-up, despite the 

11 withdrawal of the intervention. This is a very interesting finding. Normally, the physiological 

12 response that are associated with an exercise intervention disappear or are markedly reduced a 

13 few months after cessation of training (American College of Sports et al., 2009). The results 

14 suggest that many of the participants in the intervention group succeeded in carrying on with 

15 home-based training after the intervention stopped. However, we have no information on this 

16 issue due to the feedback from the first 20 participants. We believe that the inclusion and 

17 encouragement of the home exercises in the multicomponent exercise program were essential 

18 to this success. During the intervention sessions the physical therapists repeatedly told the 

19 participants that the home exercises were very important and encouraged the participants to 

20 perform the exercises at least once a week. When the participants needed to skip one or 

21 several sessions, the physical therapists encouraged the participants to perform the home 

22 exercises at least three times each week. This practice could have made the participants used 

23 to doing the exercises on their own and better prepared to continue exercising after the 

24 cessation of the intervention. 

25
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2 Strengths and limitations

3 This research contributes new knowledge on the longer-term effects of a group-based high 

4 intensity multicomponent exercise program on physical function and HRQOL in older adults 

5 with or at risk of mobility disability after discharge from hospital, a segment of the population 

6 of older adults that is often excluded for intervention trials. 

7 Some limitations should be mentioned. We did not reach the estimated sample size. 

8 Hence, we cannot conclude definitively regarding the effect of the intervention. Further, the 

9 attrition rate was rather high, with 31 of 89 participants lost to follow-up at eight months 

10 (34.8%). However, mixed models are considered a robust method for dealing with missing 

11 data in studies investigating effects of an intervention (Xi et al., 2018). Furthermore, 

12 information on the exercise habits of the participants in the follow-up period between 

13 intervention end and 4 months follow-up would have added valuable information to the study. 

14 Finally, the follow-up time of the present study was quite short, hence the effects of the 

15 intervention beyond four months post-intervention cannot be evaluated. 

16

17 CONCLUSION: A group-based multicomponent exercise program can improve functional 

18 capacity and physical HRQOL in a group of older adults with or at risk of mobility disability 

19 after discharge from hospital four months post-intervention. Interventions aiming to maintain 

20 or increase physical function and HRQOL should be encouraged in this population.

21
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2 Tabell 1. Descriptive statistics of the sample at baseline, 4 months and 8 months

Baseline 4 months 8 months
I.group C.group I.group C.group I.group C.group

Characteristics n = 44 n = 44
Age in years, mean (SD)  78.6 

(5.7) 
77.9 
(5.2) 

Gender, female n (%)  17 
(38.6) 

26 
(59.1) 

Comorbidities, mean (SD) 4.2 
(2.5)

4.8 
(2.1)

Body mass index 26.1 
(5.4)

27.8 
(5.4)

Length of stay (days), median (IQR) 2 
(1-4.8)

3 
(1-4)

Living alone, n (%)  22 
(50.0) 

23 
(52.3) 

Education
Less than bachelor’s degree, n (%) 12 

(27.3) 
23 

(52.3) 
Bachelor’s degree, n (%)  20 

(45.5) 
12 

(27.3) 
More than bachelor’s degree, n (%)  12 

(27.3) 
9  

(20.5) 
Physical function, mean (SD)
Short Physical Performance Batterya 8.6 

(2.3)
n = 44

8.9 
(2.2)

n = 44

9.3 
(2.8)

n = 29

9.3
 (2.7)
n = 30

9.4 
(2.7)

n = 31

9.4
 (2.9)
n = 26

Grip strength (kg) 26.8 
(8.7)

n = 44

25.8 
(9.5)

n = 44

28.0 
(8.3)

n = 29

26.5 
(9.8)

n = 30

29.0 
(9.4)

n = 31

24.8 
(9.3)

n = 26
Berg Balance Scalea 48.8 

(6.6)
n = 44

48.9 
(7.1)

n = 44

50.0 
(7.0)

n = 29

50.5 
(7.7)

n = 30

49.8 
(6.2)

n = 31

50.4 
(7.3)

n = 26
Six-minute walk test (meters) 378.8 

(109.8)
n = 44

396.1 
(120.7)
n = 44

419.3 
(122.9)
n = 29

412.7 
(138.3)
n = 29

405.4 
(133.0)
n = 31

398.8 
(152.6)
n = 26

Health-related quality of life SF-36 
scoresb, mean (SD) 
Physical component summary 37.3 

(10.5)
n = 40

40.7 
(9.5)

n = 39

42.9 
(11.2)
n = 32

38.5 
(10.3)
n = 30

42.5 
(12.1)
n = 30

38.1 
(10.2)
n = 26

Mental component summary 48.0 
(8.7)

n = 40

47.4 
(7.5)

n = 39

48.4 
(8.1)

n = 32

49.8 
(7.8)

n = 30

47.9 
(8.6)

n = 30

50.0 
(8.2)

n = 26
3 I.group = Intervention Group, C.group = Control group, N = number of individuals, SD = 
4 Standard Deviation, SF-36 = the medical Outcome 36 –Item Short Form Survey, IQR = Inter 
5 Quartile Range. 
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2 aHigher score reflects better physical function. bHigher score reflects better HRQOL.  
3

4 Table 2. Differences between groups at 8 months follow-up, adjusted for baseline values. 
5 Mean difference refers to intervention minus control

Outcome measures Mean Difference 95 % CI P-value

Physical function

Short Physical Performance Batterya 0.5 -0.6 to 1.5 0.378

Berg Balance Scalea -0.2 -1.8 to 1.4 0.827

Grip strength (kg) 1.5 -0.3 to 3.2 0.092

Six-minute walk test (meters) 32.9 1.5 to 64.3 0.040

Health-related quality of life

Physical Component Summary of SF-36b 5.9 2.0 to 9.7 0.003

Mental Component Summary of SF-36b -0.8 -3.9 to 2.2 0.588

6 Body Mass Index calculated using the formula weight/m2. SF-36 = the medical Outcome 36 –
7 Item Short form Survey. Statistically significant p-values are in bold. The level of 
8 significance was set at 0.05. 

9 a Higher score reflects better physical function. b Higher score reflects better HRQOL.
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Figure 1. Flow of the participants throughout the study period (CONSORT 2010 Flow Diagram) 
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