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Title: Community-based exercise enhanced by a self-management programme to promote 

independent living in older adults: a pragmatic randomized controlled trial 

Abstract 

Background: Older adults face several modifiable barriers for engaging in physical activity (PA) 

programmes such as incontinence, loneliness, and fear of falling. Enhancing PA programmes with 

behavioural components to support self-management of such barriers may increase the 

effectiveness to preserve functional capacity and independent living.  

Objective: This study aimed at assessing the effects of a complex active lifestyle intervention 

(CALSTI) on objective and self-report measures of functional capacity and disability in community-

dwelling older adults. 

Subjects and methods: 215 older adults (79.9 ± 0.4 years) at increased risk of functional decline 

were randomly allocated to i) CALSTI consisting of 12-weeks progressive explosive resistance 

training (24 sessions) enhanced by a 24-week multi-factorial self-management programme (8 

sessions), or ii) an extended version of the self-management intervention (SEMAI; 12 sessions) to 

reflect a reinforcement of usual care. The interventions were embedded in a nationally-regulated 

preventive care pathway. Blinded assessors collected primary (the Short Physical Performance 

Battery; SPPB) and secondary outcome data (self-reported difficulty in activities of daily living, the 

short version of the Late-Life Function and Disability Index, and the EQ-health VAS scale) at 

baseline and after 12- and 24 weeks. Results: after 24 weeks, CALSTI led to a clinically superior 

increase in SPPB compared to SEMAI (+0.77 points, p<0.01), and the CALSTI group also 

demonstrated improvements in selected self-reported outcomes. 



 

Conclusions: A novel complex exercise and multi-factorial self-management intervention 

embedded in preventive care practice had large and clinically meaningful effects on a key measure 

of functional capacity and predictor of disability.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Background 

Older adults currently constitute the most inactive population group in Europe(1), and considering 

the overwhelming benefits of physical activity (PA) for health, well-being, function, and prevention 

of disability(2-4), it has become a key primary prevention target to increase the PA-level of the 

older population(5, 6). Behaviour-change strategies used in combination with exercise may 

successfully contribute to this (7-9). Especially, self-regulation strategies including personal goal-

setting and self-monitoring, capability enhancing strategies such as visits to resources where 

exercise can take place after exercise intervention(8), and strategies to increase self-efficacy and 

positive expectancies to the outcome of PA(10, 11), have been previously linked to increasing PA 

in older adults. 

However, maintenance of PA-level and the desired health benefits after removing the intervention 

period remains a challenge(7), and it has been suggested that combined exercise and behaviour-

change interventions should take whole-system approaches(7). This implies that when designing 

an intervention this should be person-centred (i.e., tailored to participant’s goals, preferences, and 

needs), and be linked to the available resources in the community and health care sector. Also, 

interventions should incorporate earlier identified promoters of long-term engagement with PA-

programmes including nearby facilities, low fees, enjoyment of exercise, and use formats that spur 

social support and commitment(12-14). Finally, long-term effects may increase by adding 

behaviour-change strategies aiming to simultaneously tackle multiple risk-factors for functional 

decline and disability (15, 16), and well-known barriers for PA such as inadequate health 

literacy(17), incontinence(18), loneliness(19), chronic pain(20), fear of falling(21), and lack of 

company, interest or motivation for exercising(13, 22).  

 



 

This article presents an innovative whole-system oriented intervention combining 12 weeks 

group-based progressive exercise in parallel with a 24-week multi-factorial self-management 

programme to tackle several potential barriers for PA.  

 

The aim of the present study is to assess the effects of this intervention in a routine preventive 

care framework for community-dwelling older adults on objective and self-report measures of 

functional capacity, and self-report disability.  

 
 

Methods 
This article reports primary and secondary outcomes from a pragmatic trial of the Welfare 

Innovation in Primary Prevention (WIPP) project funded by the European INTERREG 5a program to 

support development and innovations in the German-Danish boarder regions(23). The trial 

followed a parallel, two-armed randomized controlled design. Prospective participants received 

verbal and written information about the random allocation, intervention, and testing procedures 

prior to agreeing to participate, and they signed written consent to share their anonymized data 

for scientific purposes. The reporting followed the extended CONSORT statements for pragmatic 

studies(24, 25) and the TIDIER checklist(26).  

Pragmatic study model and recruitment pathway 

To ensure high ecological validity(27), we developed a pragmatic study model that enabled 

effectiveness of the interventions to be evaluated in a naturalistic preventive practice framework.  

A detailed description of the model is available in supplemental material S1. In summary, the 

study intervention was co-created with key stakeholders, including representatives from 

academia, primary care providers, community partners, and older adult’s organizations.  



 

To broaden the reach and obtain a more specific recruitment of the intended at-risk target group, 

participants were recruited through a well-established nationally regulated preventive pathway 

since 1996: the Preventive Home-Visits (PVH)(28, 29). This pathway dictates that each individual 

aged 75 years or older (65 for vulnerable subgroups) who does not receive personal care services  

on a regular basis is entitled to receive a PHV by health care personnel employed in the 

municipality(28). The aim of the PHV is to uncover potential problems that may threaten well-

being and independency and provide information about relevant resources in the community, 

public health care sector, and by third-party actors(29).  

Invitation-letters for the PHV are automatically sent through a secure email system and through 

phone calls and post for citizens who do not have such digital systems. Occasionally, secondary 

pathways (e.g., local media, info-meetings) are used to recruit individuals at high-risk who do not 

respond to the letters.   

All study phases (i.e., recruitment, data collection, intervention) were fully run by the 

municipalities (i.e., primary care providers), who recruited trainers and assessors among their 

existing health care personnel, predominantly nurses and occupational therapists. 

 

Participants 

Over a two-year period, all citizens who were eligible to the PHV and living in three danish 

municipalities received an invitation to WIPP-screening within their routine invitation-letter for 

the PHV. The WIPP-Screening was developed to: i) early identify citizens at greater risk of 

functional loss, and ii) enable timely and tailored action-plans to modify such risk. It covers 

physical, mental, and social risk factors adopting the International Classification of Health, 

Functioning and Disability framework(30). Inclusion criteria included ≥1 of the following risk 



 

factors: (1) low PA (moderate to vigorous PA ≤1day/week while daily sitting time ≥8 hours); (2) 

high fatigability (Pittsburgh Fatigability Score ≥15(31)); (3) recurrent falls (≥2 falls over the past 

year); (4) pain interference with daily activities (Brief Pain Inventory interference score ≥20(32)); 

or (5) low functional capacity (short physical performance battery; SPPB-score ≤9(33, 34)). 

Participants with SPPB-score >10 or physically active ≥3 days/week while daily sitting time <5 

hours were excluded irrespective of whether they met one of the other eligibility criteria. 

Occasionally, ineligible relatives were allowed to participate in interventions if their eligible 

partner needed support (e.g., transport), however, they were excluded from the analysis. 

Data collection, randomization, and blinding procedures 

Eligible participants were invited to a baseline assessment, followed by sealed random allocation 

(supplemental material S2) to: (i) the Complex Lifestyle Intervention (CALSTI) and (ii) usual care 

enhanced with the self-management intervention (SEMAI). Participants were also handed out a 

battery of self-report questionnaires to complete at home and be returned to trainers at the 

following group-session, or by post using pre-paid envelopes. Collection of intervention data was 

repeated after 12 and 24 weeks. Follow-up assessors were blinded to group-allocation, and 

participants were instructed not to reveal any information that may unmask their allocation. 

Interventions 
 



 

Figure 1 Schedule of interventions and data collection 

 
SMS self-management strategy programme; Ex Exercise Programme; h hours 

 

CALSTI was designed with two group-based components starting off in parallel: (a) 12-week (24 

sessions) progressive exercise component; and (b) 24-week multi-factorial self-management 

programme (8 sessions) (figure 1). Interventions took place in diverse community-settings 

including activity centres, housing organizations, and sports clubs. Detailed description of 

intervention protocols is available in supplemental material S3. Briefly, the exercise component 

aimed to enhance functional capacity primarily through progressive high-intensity explosive-type 

resistance training following a protocol from a previous study(35) that was modified to fit the 



 

heterogenic availability of exercise equipment. Sessions included also progressive balance and 

high-intensity aerobic exercise.  

The self-management programme aimed at empowering participants to tackle key modifiable risk 

factors for functional loss and barriers for engaging in PA. This was operationalized by (i) 

supporting self-management skills (i.e. problem solving, decision making, resource utilization, and 

taking action(36)); (ii) mobilizing use of activities (e.g. senior sports clubs, social eating); and (iii) 

identifying supportive resources in the personal network and local community. Formal and 

informal (i.e., peer-based) educational strategies (presentations by the instructor, brains-storming 

techniques) were used to raise awareness about personal risks factors and opportunities to act on 

them. This facilitated participants to focus on the risk factors they each perceived most relevant, 

enabling a more individualised programme. The programme was manualized, and drew from 

theoretical frameworks and approaches based on Social Cognitive Theory(37), focusing on self-

efficacy(38) as the major determinant of successful behaviour-change process. The inclusion and 

temporal progress of components (e.g. health education, barrier management) was guided by the 

Health Action Process Approach (HAPA)(33, 34) (illustrated in figure 2). Trainers led the sessions 

adopting a goal-oriented and participant-centred counselling and communication style based on 

motivational interviewing principles(39).  

The SEMAI intervention included the self-management programme as in CALSTI with four 

additional sessions dedicated to gain mastery experiences with exercising by i) visiting local 

exercise facilities that offer activities for older adults, ii) practising home-exercises at the sessions, 

iii) exploring local walking routes and outdoor exercise facilities (two sessions).  



 

Figure 2 Scheme of components in the self-management programme and how they map to the Health Action Process Approach (HAPA) 

 
 
Legend figure 2. Centrally: The Health Action Process Approach (HAPA) model with two temporal phases: the Motivation phase that closes with forming a long-term goal, and the 
Action phase which includes planning, action, and maintenance. Ovals illustrate HAPA-determinants of successful Motivation and Action phases, with self-efficacy being the major 
predictor in both phases (Schwarzer, R., Applied Psychology, 2008(40, 41)).  
The toned text boxes list behavioural components in the self-management programme (e.g., health education) and examples of activities representing each component (e.g. 
information booklets) 
Stippled arrows illustrate how the active components in the self-management programme map to the elements in the HAPA model (e.g., task self-efficacy). 
dSMART: Specific, Measurable, Achievable, Realistic, Timely. 
The scheme was used and modified with permission by R. Schwarzer. This scheme is not covered by the terms of the Creative Commons licence of this publication. For permission to 
reuse, please contact the rights holder. 

Formal health education: 
i) Trainers giving oral presentations and 
information booklets on PA and the distinct 
associations of sedentary behaviours and 
structured exercise with functioning and health.

ii) Inviting health professionals with expertise in a 
specific risk area (e.g., incontinence nurse), and 
third-party actors representing relevant activities 
(e.g., social dining ambassadors). Trainers selected 
guest-speakers according to the group’s needs.

Informal health education (peer-learning): 
Exchanging knowledge and experiences with 
healthy and risk behaviours, and with changing 
them

Continuously self-defining relevant, short-term action plans to attain self-determined 
proximal sub-goals to reach the long-term goal. Action plans should be in accordance 
with personal prerequisites, needs, and values.
The short term actions plans may concern (a) given behaviours (physical activity, 
dietary, social etc), or (b) testing coping plans and set-back strategies.

The formation of a SMARTd long-term goal that is 
considered meaningful by the participant (e.g., 
have energy to go out visit relatives at least once a 
week). MI

MI

MI

HAPA Model

• Through brain-storming, and peer-based activities exploring: (a) the 
ambivalence of changing, (b) resources, (c) barriers, and  (d) signs of set-back

• Developing individual barrier management- and recovery plans

Promoting sources of self-efficacy (31) in the self-management programme 
Mastery experiencesa Performing home-exercises in sessions; participants reaching proximate goals by defining realistic short-term action plans
Vicarious learning/social modellingb Seeing peers overcome obstacles and reaching their proximate and long term goals; Sharing information and experiences among peers for example by using 
instructor-led brain-storming techniques
Verbal persuasionc Instructors encouraging, supporting and expressing their beliefs in the capabilities of the participants, and facilitates peers to do the same 
Physiological and affective statesd Instructors preparing participants for training-induced soreness to correct misinterpretation of this physical response; Peers sharing personal experiences with 
bodily and emotional stressors in relation to changing behaviour, and how to manage these responses

Motivational Interviewing   (MI)

Guiding the group through the 
planned activities adopting a goal-
oriented and participant-centred 
counselling and communication 
style based on motivational 
interviewing principles

Using motivational interviewing 
principles to developing group 
norms with the aim of eliciting a 
safe, respectful, and open-minded 
environment



 

Outcomes 

Primary outcome 

The primary outcome of this study was functional capacity assessed by the SPPB(42) which was 

earlier shown to predict home care service utilization(34, 43), nursing home admission(42), 

disability(44) and mortality(42, 45). The SPPB consists of 3 tests (gait, chair-rise, and balance) each 

scored from 0 to 4 and summed into a total score of maximum 12 points (best performance). 

Previous data from Perera and colleagues (2006)(46) indicate that to detect a small (0.5±1.48 

point) and substantial (1±1.48 point) meaningful change in SPPB-score, minimum numbers of 138 

and 35 participants per group respectively are needed for 80% power in a between group 

comparison. 

Secondary outcomes 

Secondary outcomes included self-reported function and disability assessed by the sum of 

difficulty in 5 ADL/IADL items(47), and the short form of the Late-Life Function and Disability 

Instrument (SF-LLFDI)(48). LLFDI consists of two disability-subscales measuring frequency of (SF-

LLFDI-DF) and limitation in (SF-LLFDI-DL) participation in major life tasks and social roles, and one 

function sub scale (SF-LLFDI-FU) assessing inability to perform discrete physical tasks)(48). Self-

reported health state was assessed the EQ-health VAS score(49). Secondary outcomes are 

described in detail in supplemental material S4.  

 

Statistics 

Key socio-demographic variables were described using mean and standard deviations (SD) or 

counts (n) and proportions (%) for continuous and categorical variables, respectively. An intention-

to-treat approach in participants with baseline data for the outcome of interest was used to test 



 

the hypothesis in this study. A detailed description of the statistical methods is available in the 

supplemental material S5. Briefly, the core principles in the statistical analysis were linear mixed 

models, and multiple imputation using chained equations. Missing mechanisms were tested, and 

we found that baseline data were missing at random (supplemental s-tables 2 and 3).  

To investigate the validity of the multiple imputation model, the distribution and ranges of the 

imputed values were checked against the observed data, and sensitivity analysis on observed data 

were conducted (s-table 8). All models were adjusted for age, sex, and baseline value of the 

outcome being tested. We used Stata/IC 16.1 for Mac (StataCorp LCC, 2019) and did statistical 

testing at a 2-tailed alpha level of 0.05. 

Figure 3 Participant flow  

PLEASE INSERT FIRST FIGURE IN APPENDIX  - ATTACHED AS A SEPARATE PDF DOCUMENT: “figure 3 Participant flow” 

 

Results 

Participants 

Out of 1406 screened participants, 607 were eligible for this analysis and 215 (35%) of them 

agreed to be randomly assigned to either CALSTI (n=113) or SEMAI (n=102) interventions (figure 2 

and supplemental material S6, stable 6 and 7). Most loss-to-follow up happened before week 12. 

Loss-to-follow-up was associated with lower baseline SPPB-score in the CALSTI group (6.5±0.5 vs 

8.3±2.2, p<.001), but not with any descriptive variable (age, sex, education or living status, 

p>0.05). Participants mean age was 80 years (range 65-93), 54% lived alone, and the majority were 

women and had completed at least basic education. A larger share of SEMAI participants reported 

interference of pain in daily activities and SEMAI had lower baseline SF-LLFDI function (table 1).  



 

Table 1 Baseline characteristics by intervention group 

 

Overall 
(n=215) 

SEMAI 
(n=102) 

CALSTI 
(n=113) 

Missing data n (%) 

SEMAI CALSTI 

Descriptive variables      

Age, years  79.9 ± 0.4 80.7 ± 0.6 79.2 ± 0.5 0 (0) 0 (0) 

Female sex 140 (68) 62 (61) 78 (69) 0 (0) 0 (0) 

Living alone 116 (54) 47 (46) 69 (61) 29 (28) 12 (11) 

Mandatory school as highest level of completed 
education 

74 (34) 29 (28) 45 (40) 31 (30) 14 (12) 

Body Mass Index, kg/cm2 a  28.9 ± 5.5 28.4 ± 5.4 29.3 ± 5.6 1 (1) 1 (1) 

Chronic conditions ≥2b  61 (28) 31 (30) 30 (27) 3 (3) 2 (2) 

Study outcomes       

Short Physical Performance Battery, score 0 – 12 7.7 ± 2.3 7.5 ± 2.3 7.9 ± 2.3 0 (0) 0 (0) 

SF-LLFDI disability frequency, score 8 – 40  28.5 ± 4.4 27.3 ± 4.2 29.3 ± 4.4 39 (38)§ 15 (13) 

SF-LLFDI disability limitation, score 8 – 40   31.5 ± 6.1 30.7 ± 6.3 32.1 ± 5.9 40 (39)§ 27 (24) 

SF-LLFDI function, score 15 - 75 49.0 ± 10.7 47.1 ± 10.6 50.2 ± 10.6* 41 (40)§ 14 (12) 

Difficulty in IADL/ADL, summed score 0 – 20c 3.5 ± 3.5 3.7 ± 3.6 3.4 ± 3.5 32 (31)§ 11 (10) 

EQ health VAS, score 0-100 (mean ± SD) 60.0 ± 17.0 58.5 ± 18.0 60.9 ± 16.4 33 (29)§ 54 (53) 

Between group differences are investigated using parametric and non-parametric methods as appropriate  
Data is presented as number and proportion of total or group (n (%)) for categorical outcomes, and mean (SD) for 
continuous outcomes 
*Significant group differences p<0.05 
SPPB = Short Physical Performance Battery; SF-LLFDI = Short Form of the Late Life Function and Disability Index. (I)ADL 
= (Instrumental) Activities of Daily Living; EQ-health VAS = the EQ-5D Visual Analogue Scale for self-reporting health 
status 
§ Proportion of missingness is significantly different between groups 
a) Calculated from body mass and height assessed at baseline using calibrated equipment 
b) Data collected a screening as part of the preventive home visit 
c) lower scores represent less ADL difficulty   
 

Primary outcome 

Significant group x time interactions revealed that SPPB-score increased 1.16 points more in the 

CALSTI compared to the SEMAI group during week 1-12 (p<0.001), and 0.77 points more over the 

total duration of the 24-week intervention (p=0.04) (table 2). Within-group analysis indicated that 

participants in CALSTI increased their SPPB-score by 1.52 point (19.7% p<0.001;) after 12 weeks, 

and this level remained unchanged after 24 weeks (p=0.63). The SEMAI group also improved 

during intervention although this did not reach significance until after 24 weeks (0.82 points, 

11.4%; p>0.001)) with the largest increase taking place from week 12 to 24 (0.46 points, 95% CI: 



 

0.06–0.86; p=0.025, not displayed). Changes were similar across intervention sites as 

demonstrated by a minimal intra cluster correlation (ICC <0.1). Sensitivity analysis on observed 

data only largely replicated group x time estimates from intention-to-treat analysis (s-table 7) 

 

Table 2 Adjusted balanced means and changes from linear mixed model analyses comparing outcome scores over time by an 
interaction between intervention group and time 

   Change from baseline 

 SEMAI 
Mean 

(95% CI) 

CALSTI 
Mean 

(95% CI) 

 SEMAI 
Mean 
(SE) 

 CALSTI 
Mean 
(SE) 

 CALSTI −  SEMAI 
Mean 

(95% CI) 

SPPB-score, 0-12 (SEMAI n=102, CALSTI n=113) 
Baseline 7.70 

(7.44 – 7.96) 
7.72 

(7.47 – 7.97) 
   

12 weeks 8.06 
(7.68 – 8.44) 

9.24 
(8.95 – 9.52) 

0.34€ 
(-0.06 – 0.78) 

1.52# 
(1.19 – 1.84) 

1.16# 
(0.64 - 1.68) 

24 weeks 8.52 
(8.06 – 8.99) 

9.31 
(9.02 – 9.60) 

0.82#a 
(0.33 – 1.31) 

1.59# 
(1.26 – 1.92) 

0.77# 
(0.20 – 1.34) 

SF-LLFDI disability frequency (DF), score 8-40 (SEMAI n=63, CALSTI n=98) 
Baseline 28.24 

(27.55 - 28.93) 
28.69 

(28.14 - 29.24) 
   

12 weeks 28.81 
(27.94 - 29.67) 

29.15 
(28.57 - 29.72) 

0.57 
(-0.41 - 1.55) 

0.45 
(-0.23 - 1.14) 

-0.11 
(-1.31 – 1.08) 

24 weeks 28.14 
(27.21 - 29.08) 

28.34 
(27.71 - 28.96) 

-0.09 
(-1.14 - 0.96) 

-0.36a 
(-1.08 - 0.37) 

-0.27 
(-1.51 – 0.98) 

SF-LLFDI disability limitation (DL), score 8-40 (SEMAI n=62, CALSTI n=86) 
Baseline 31.38 

(30.50 - 32.26 
31.67 

(30.93 - 32.42) 

   

12 weeks 31.97 
(30.85 - 33.09) 

33.48 
(32.68 - 34.28) 

0.59 
(-0.72 – 1.91) 

1.81# 
(0.82 – 2.79) 

1.22 
(-0.42 – 2.85) 

24 weeks 31.73 
(30.63 - 32.83) 

32.06 
(31.10 - 33.02) 

0.35 
(-0.94 – 1.65) 

0.39a 
(-0.73 – 1.51) 

0.04 
(-1.75 – 1.82) 

SF-LLFDI function (FU), score 15-75 (SEMAI n=61, CALSTI n=99) 
Baseline 48.78 

(47.38 – 50.18) 
49.14 

(48.05 – 50.24) 
   

12 weeks 50.23 
(48.61 – 51.85) 

53.68 
(52.47 – 54.89) 

1.45 
(-0.46 – 3.36) 

4.53# 
(3.10 – 5.96) 

3.08* 
(0.71 – 5.46) 

24 weeks 49.31 
(47.66 – 50.96) 

52.50 
(51.29 – 53.70) 

0.53 
(-1.40 – 2.47) 

3.35# 
(1.92 – 4.78) 

2.82* 
(0.45 – 5.19) 



 

Difficulty in IADL/ADL, score 0-20b (SEMAI n=70, CALSTI n=102) 
Baseline 3.53 

(3.03 - 4.03) 
3.50 

(3.08 - 3.92) 
   

12 weeks 3.13 
(2.57 - 3.69) 

2.59 
(2.15 - 3.03) 

-0.40€ 
(-1.11 – 0.32) 

-0.91# 
(-1.48 - -0.34) 

-0.51 
(-1.41 – 0.39) 

24 weeks 3.79 
(3.23 - 4.35) 

2.85 
(2.40 - 3.31) 

0.26 
(-0.45 – 0.98) 

-0.65# 
(-1.23 - -0.06) 

-0.91€ 
(-1.82 – 0.00) 

Self-reported health state, EQ-health VAS 0 to 100 (CALSTI n=80, SEMAI n=48) 
Baseline 59.42 

(56.30 - 62.53) 
60.33 

(57.93 - 62.73) 
   

12 weeks 62.29 
(58.77- 65.80) 

64.66 
(62.15 - 67.16 

2.87 
(-1.30 – 7.04) 

4.33# 
(1.30 – 7.36) 

1.46 
(-3.75 – 6.67) 

24 weeks 60.99 
(57.42 - 64.57) 

62.33 
(59.62 - 65.04) 

1.58 
(-2.62 – 5.78) 

2.01 
(-1.19 – 5.20) 

0.43 
(-5.03 – 5.89) 

SPPB = Short Physical Performance Battery; SF-LLFDI = Short Form of the Late Life Function and Disability Index. (I)ADL 
= (Instrumental) Activities of Daily Living; EQ-health VAS = the EQ-5D Visual Analogue Scale for self-reporting health 
status 

*Significant at p<0.05 
#Significant at p<0.01 
€ Tendency at p<0.1 
a Significant change from 12 to 24 weeks 
b lower score = less disability 

 

Secondary outcomes 

The CALSTI group significantly improved disability limitation- and function domains of the SF-LLFDI 

(6% and 9%), ADL/IADL (29%) and EQ-VAS (7%) at week 12. After week 24, the SF-LLFDI-FU, and 

ADL/IADL levels remained higher than baseline, while SF-LLFDI-DL declined from week 12 to 24 

(p<0.01, not displayed). No changes were found in the SEMAI group at any timepoint, and 

interaction effects between group and time were demonstrated only for the SF-LLFDI-FU at week 

12. Table 2 displays an overview of all secondary results. 

 

Discussion 
 
The main finding of this pragmatic randomized study was that the 24-week intervention 

combining exercise with a multi-factorial self-management programme (CALSTI) led to a faster and 



 

statistically and clinically superior increase in functional capacity compared to the self-

management programme alone (SEMAI). The increase in CALSTI exceeded the 1-point threshold 

for substantially clinical meaningful changes in SPPB(46) after 12 and 24 weeks, whereas SEMAI 

exceeded the 0.5-point threshold for moderate meaningful changes only after 24 weeks. The 

improvement in the CALSTI group led to a follow-up SPPB-score >9 which is relevant because this 

cut point has previously shown predictive of home care service utilization in a similar Danish 

population(38). In addition, the CALSTI group improved self-report measures of ADL and IADL 

disability, and self-reported functional capacity after 12 weeks combined intervention, and despite 

some tendency of declines, most these self-reported improvements remained at week 24.  

The EQ-health VAS baseline level of 60.0 corresponded a 16–17-point deficit compared to the 

national +75-year population-norms for men and women respectively. Approximately 25% of this 

gap was catched up at week 12 in CALSTI, however, at 24-week follow-up the improvement was 

no longer significant.  

 

The main exercise component in CALSTI was a progressive power-type resistance training protocol 

that has proven highly effective for enhancing neuromuscular function, including gait speed, in 

controlled set-ups(35, 50). Despite the diversity of facilities, trainers, and equipment across sites in 

this study, changes in functional capacity were not inferior to those observed in earlier exercise-

studies in community-dwelling older adults(43, 51). The external validity was increased by the 

unique recruitment strategy through a well-known and well-accepted nationally regulated 

pathway. This possibly allowed a broader reach, and more specific recruitment of the intended at-

risk target group demonstrated by the high proportion of the screened subjects meeting the 

eligibility criteria (44%). Loss-to-follow up was associated with lower SPPB score in the CALSTI 



 

group only, indicating that this exercise protocol may need more extensive tailoring (i.e., reduced 

number of exercises, intensity, volume) to lower the barriers for persons with more advanced 

functional decline.   

 

Interestingly, improvements in functional capacity followed different patterns in CALSTI and 

SEMAI. CALSTI improved mainly during the intensive exercise phase (week 0-12), while in SEMAI 

there were improvements throughout the 24-week period in the SPPB. Possibly, the self-

management programme enabled participants of both groups to initiate and maintain new PA-

behaviours on their own. Several programme features may have contributed to the observed 

changes. First, the self-management programme used multiple behaviour change strategies that 

have previously been linked to higher PA-levels in older adults(8-11, 13, 14).  Second, the 

programme was theoretically based on the HAPA framework for which the causal pathways have 

been empirically demonstrated(52), and theory-based PA interventions seems in general superior 

to increase PA(53). And third, the use of motivational interviewing principles for developing group 

norms to elicit a safe, respectful, and open-minded environment, may potentially have facilitated 

self-efficacy, social support, peer learning and role modelling.  

The limitations in the study should be noted when interpreting the findings. Because this study 

was purposely embedded in nationally-regulated primary care service pathways, health care 

providers were not allowed to offer citizens a service of lower standard than normal care. Also, 

the providers wished to compare CALSTI to a structured and more intensive version of the PHV 

(existing service) that may potentially become regulated standard care in the future. This ruled out 

the inclusion of a passive control group, preventing final conclusions of whether the SMS-

programme caused the improvements in the SEMAI group. The extra attention itself as well as 



 

selection bias towards those with higher motivation and readiness for change may have 

contributed to some of the observed effects in both groups. On the other hand, this possibly led to 

more conservative effect sizes that may closer reflect the actual benefits of implementing the 

CALSTI intervention. Another limitation is the high number of participants, predominantly from 

the SEMAI group, who did not provide self-reported outcomes at any time point. The baseline 

battery of questionnaires was filled in after group allocation, potentially affecting participants’ 

motivation to complete the entry, increasing the risk of selection bias and low statistical power to 

these outcomes. Consequently, the results from self-reported outcomes in the SEMAI group 

should be considered suggestive only, and we were unable to establish if the increases in SPPB 

performance carried over to improved self-rated functioning and disability. The considerable 

proportion of missingness (i.e., ≈40%, s-Table 3) in the primary outcome, SPPB, at follow-up in 

SEMAI, was taken into consideration by adding baseline-SPPB to the imputation- and analysis 

models. Moreover, several diagnostic procedures were undertaken to investigate the validity of 

the imputation approach including conducting sensitivity analyses based on observed data only 

(supplemental material S5). The results of this analysis were highly similar to the primary analysis 

on imputed data, and importantly, the two approaches did not result in any conflicting conclusions 

(table 2 and s-table 8).  

Our study has several strengths. We used a pragmatic setup with involvement of key stakeholders 

in the development and implementation processes without compromising important aspects to 

methodological quality and reproducibility. We applied a novel approach, allowing participants to 

self-determine which barriers for PA they would turn to tackling (e.g., nutritional risk factors, 

loneliness, incontinence), thereby accounting for the multi-factorial and subjective nature of PA-



 

participation and prevention of late life disability. Finally, we showed strong effects on the primary 

functional capacity outcome, SPPB.  

 

Conclusions and implications for preventive practice and future research 

This study showed that a complex intervention combining exercise with a multi-factorial self-

management programme embedded in nationally-regulated preventive practice led to a large 

short-term improvement in a key measure of functional capacity and predictor of disability, which 

was sustained for 12 weeks after the exercise component stopped. The current results provide 

evidence supporting the implementation of such complex intervention in routine preventive care 

for community-dwelling older adults. Although conclusive evidence was not established, the 

results also indicate that the multi-factorial self-management programme alone may be 

successfully introduced to older adults unable or unwilling to participate in group-based exercise, 

and potentially when exercise is not feasible due to lack of resources. Longitudinal research and 

cost-effectiveness analysis are needed to investigate if the effects of this complex intervention 

translate into reduced self-reported disability and ultimately, prolonged independent living, and 

reduced health care costs. 
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