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Background
Nursing home residents’ health and psychosocial well-being may be influenced by their often-sedentary lifestyles, which arise due to physical barriers like steps, an unwelcoming environment, limited awareness of the importance of physical activity (PA), and a lack of orientation. While exercise interventions are important for maintaining or improving physical and cognitive functions, they may not help increase daily PA behavior. Therefore, the PROGRESS study aims to investigate the short- and long-term effectiveness of tailored and combined physical exercise and environmental interventions for improving PA behavior and physical functioning among nursing home residents.
Methods
The study employs a cluster-randomized controlled crossover design with four intervention groups. Participants will be randomly assigned to one of four groups: a combined exercise and guided environmental intervention (physical activity-promoting culture), an exercise intervention, a guided environmental intervention, or a non-guided environmental intervention. The exercise intervention involves group-based sessions twice a week, while the environmental intervention focuses on implementing PA into daily routines. The guided environmental intervention is equivalent to the non-guided one but provides additional support two to four times weekly. We aim to recruit at least 120 participants from six nursing homes. Each facility will receive two interventions in a 16-week crossover design (36 weeks in total, including weeks for measurements), followed by a 16-week non-guided environmental intervention (follow-up phase). Primary outcomes include steps per day as an indicator of PA behavior, and the Short Physical Performance Battery (SPPB) to assess physical functioning.
Discussion
We hypothesize that the physical activity-promoting culture will yield superior effects than either intervention alone on the primary outcomes. Furthermore, both the guided environmental intervention and the exercise intervention are expected to be more effective than the non-guided environmental intervention. We aim to encourage nursing home residents to actively participate in social life and to derive guidelines for health promotion.
Trial registration
The study is registered at the German Clinical Trial Register (DRKS) under registration number de DRKS00031020 (23.02.2023) and has received ethical approval from the University of Münster, Faculty of Psychology and Sports Science (2022-40-CVR).
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INTRODUCTION
The aging process is associated with a decline in physical and cognitive abilities as well as a higher incidence of adverse health events. Therefore, the older population tends to have more problems with activities of daily living (ADL) and impaired psychosocial well-being (Guralnik et al., 1993). Demographic changes mean that the average age of the population is increasing, leading to a greater number of highly aged individuals who will require support and care. The number of people in Germany who require care is currently around 4.1 million, and this care is provided for both outpatient (home care) and stationary (nursing home) settings (de Jong et al., 2023). Due to physical and cognitive impairments, most nursing home residents require assistance in their daily lives, and some even experience severe loss of independence, necessitating intensive care (Stockel et al., 2017; Bischoff et al., 2023). Therefore, it is crucial to promote health among older adults who need care, particularly those with multiple health conditions (Araujo de Carvalho et al., 2017).
The decline in physical and cognitive abilities and the increase of adverse health events tend to happen alongside sedentary behavior and a less active lifestyle (Provencher et al., 2008), therewith inducing a vicious cycle. Sedentary behavior reduces physical and cognitive functioning not only due to less cognitive and physical stimulation but also because of fewer social interactions (Schrempft et al., 2019; Giurgiu et al., 2020). Age-related cognitive decline affects almost all dimensions of cognition, including spatial cognitive abilities like spatial orientation and navigation (Moffat et al., 2001). This, in turn, can hinder an active lifestyle, especially one’s mobility within a nursing home and its environment (life space mobility, LSM).
Physical and cognitive abilities as well as psychosocial well-being can be maintained or improved even in older adults suffering from multiple health problems by appropriate interventions such as physical exercise (Mulrow et al., 1994; Kryger and Andersen, 2007; Pedersen and Saltin, 2015; Cordes et al., 2021a). However, the type, design, and duration of the training must be considered to achieve training effects. For example, interventions that combine cognitive and physical exercise components tend to more strongly benefit both motor and cognitive performance than interventions focused on pure motor or cognitive training (Wollesen and Voelcker-Rehage, 2014). Combined physical and cognitive training interventions have been shown to improve physical abilities, including physical strength, cardiorespiratory fitness, flexibility, balance, and everyday functionality and mobility (Fiatarone et al., 1990; Sherrington et al., 2008; Liu and Latham, 2009; Marmeleira et al., 2009; Gine-Garriga et al., 2010; Matsuda et al., 2010; Steib et al., 2010). Furthermore, these interventions have been demonstrated to reduce falls and physical frailty. They also seem to benefit cognitive functions (Marmeleira et al., 2009), including visual attention, executive functioning, and speed of information processing. With respect to the design, duration, and frequency, intervention studies that adapt to individuals’ abilities, focus on personal resources and are conducted twice a week for 45–60 min have been found to have the most positive effects (Wollesen and Voelcker-Rehage, 2014; Cordes et al., 2021a).
Beyond exercise interventions, promoting daily physical activity (PA) in nursing homes seems to be an urgent issue, as nursing home residents do not get sufficient PA in their normal lives. For example, Auerswald et al. (2022) investigated the PA behavior of nursing home residents using activity trackers (Fitbit Zip). On average, nursing home residents took 1.020 steps per week (–600 m) and spent 9 h per day sitting or lying down. At least two and a half of these hours were spent sitting or lying down continuously (see (Clark and Sugiyama, 2015; Vallance et al., 2018) for similar results). These findings indicate that the daily lives of nursing home residents lack PA, which can harm their health. Research has shown that there is a correlation between the amount of time spent sitting and the risk of mortality (Ebeling et al., 2013; Ministry of Health, 2013).
Only a few approaches have aimed to improve daily PA behavior. Integrated into a classic group training program, Wollesen et al. developed a training concept for care facilities in which both physical skills and spatial orientation are practiced (Wollesen et al., 2020a). Programs developed within long-term care institutions have demonstrated that individualized exercise regimens can be both safe and effective, even when integrated into routine care practices (Braun et al., 2015; Cordes et al., 2021b), virtual cycling systems (D'Cunha et al., 2021), and virtual reality training (Scheicher et al., 2017) to encourage movement and increase engagement. Second, physical space modifications include dynamic lighting (Baandrup and Jennum, 2021) or enriched gardens (Bourdon and Belmin, 2021). Thirdly, group activity spaces used giant exercise board games (Mouton et al., 2017), outdoor exercise parks with age-friendly stations (Levinger et al., 2023), or indoor exercise stations (Fleiner et al., 2015; van Delft et al., 2020). Specifically, Fleiner and colleagues (2015) set up an “active corridor” in different wards of a geriatric psychiatric clinic, with posters instructing patients on how to exercise. Patients were asked to walk in the active corridor for 20 min, four times a day, three times a week. In a different study, Van Delfts’s group used a step-by-step method (Grol and Wensing, 2015) to develop an “action plan” for four wards of a hospital in Uetrecht. The plan was developed and implemented with the involvement of patients, physiotherapists, nurses, doctors, and patients’ relatives (van Delft et al., 2020). This included the creation of exercise guides and material, as well as 7-min workout videos for lying, sitting, and standing, and QR-code walking routes throughout the building. The reported performance measures showed improvements in physical activity as well as physical function in most cases. For example, group activity spaces recorded gains in mobility, balance, and strength (Scheicher et al., 2017; Buckinx et al., 2020; Bourdon and Belmin, 2021; Mak et al., 2022). Incorporating such environmental interventions within a nursing home could increase PA behavior and promote social contact, as well as improve spatial orientation and LSM.
So far, studies have focused on either group-based physical exercise interventions or environmental interventions. While both intervention models show positive results, exercise interventions primarily promote physical functioning, whereas environmental interventions positively affect physical activity. Therefore, we suggest combining group-based physical exercise interventions with approaches to explicitly increase PA levels. As such, we developed this protocol to offer a new intervention model, namely, a physical activity-promoting culture, which combines both types of interventions: group-based physical exercise classes and environmental interventions. We hypothesize that the physical activity-promoting culture might lead to larger effects on PA behavior and physical functioning in nursing home residents than each intervention alone. Additionally, we expect that, individually, the guided environmental intervention and the exercise intervention will be more effective than the non-guided environmental intervention. Thus, the overall aim of the PROGRESS study is to encourage active participation in social life among nursing home residents and to develop guidelines for health promotion.
METHODS
The SPIRIT statement was used as a guideline for this protocol paper (Chan et al., 2013) (see Supplementary Table S1).
Trial design
Based on existing research and the physical exercise recommendations mentioned above, this monocentric intervention study is conducted through a controlled cluster-randomized crossover design with four arms. The four interventions are randomly paired and ordered using MATLAB (‘nchoosek’ and ‘randperm’ functions), ensuring that each intervention will be combined with each of the other three interventions once. These six different intervention combinations were then clustered randomized to the nursing homes in the agreed order. In general, the trial design can be divided into an intervention and a follow-up phase with four separate weeks of measurements (t1-t4). So t1 is the baseline measurement time point, t2, with a double role, corresponds to the post-measurement point for the first intervention as well as the pre-measurement point for the second intervention phase. According to this, t3 will be the post-measurement point for the second intervention. 16 weeks after t3, the study will be concluded with the follow-up measurements (t4) after 52 weeks (see Figure 1). The date of first enrollment was August 2022.
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Ethics approval and trial registration
The study is being conducted according to the Declaration of Helsinki and the guidelines of Good Clinical Practice (GCP). All participants will give written informed consent before enrollment and are allowed to leave the study at any time without any consequences. The ethics committee of the Faculty of Psychology and Sports Science of the University of Münster, Germany, has approved the study protocol (2022-40-CVR). The study was registered at DRKS. de with registration number DRKS00031020 on 23.02.2023.
Recruitment of nursing homes
The study has aimed to identify at least six nursing homes around Münster, Germany, that are willing to take part. To ensure enough participants, institutions were selected based on their number of residents (ideally >100), as we aimed to recruit 10–20 participants per nursing home (n = 116) and 29 per intervention arm (see power calculation). The first point of contact was with the nursing home management via email or telephone. During this initial contact, the possibility of participating in a study to promote physical activity was enquired about, without providing any details. Participation is voluntary and not remunerated. Nursing home recruitment ended in the third quarter of 2023.
Recruitment of participants
Once a nursing home expresses interest in participating, a standardized information event will be held to introduce the PROGRESS project to all interested residents, staff, and relatives of residents. The information event will also serve as a needs assessment, as initial ideas for promoting a more active lifestyle will be collected. After the event, a nursing home employee will be asked to list all residents who meet the inclusion criteria and are interested in participating. Each nursing home resident on the list will be informed about the project and the conditions of participation in a standardized one-on-one meeting conducted by a research assistant. This meeting will follow the structure of the agreement paper, and it will be checked whether the participants are cognitively able to follow the conversation. Any outstanding issues will be clarified, and if the participant fits the eligibility criteria, consent to participate will be obtained. If a nursing home resident is unable to sign documents, the consent meeting will be conducted with the legal guardian. Participants will be blinded; they will not be aware of interventions in other nursing homes, and they will not be in contact with residents from other nursing homes.
Eligibility criteria
Inclusion criteria are: (i) voluntary participation, (ii) ability to participate in group training, (iii) minimum age of 60 years, (iv) ability to understand and implement instructions given by a trainer, and (v) ability to sit freely in a (wheel)chair. No other criteria are applied. If a study participant no longer fulfills the inclusion criteria due to a natural, age-related deterioration in general condition, they will be excluded from study participation (but they will be welcome to continue participating in the interventions voluntarily).
Assignment of interventions
Assessments will be performed by blinded investigators in a pseudonymized manner to ensure blind data collection and analysis. To avoid performance bias, measurements and interventions will follow a standardized protocol. The participating nursing homes (clusters) will be randomly assigned to the interventions by the project staff in the agreed order. The sports scientist or physiotherapist delivering the intervention will only receive the names of the participants in the intervention group without being aware of the design.
Outcome measures
The assessments focus on two key domains (primary outcomes) to evaluate the efficacy of the interventions (see Table 1): physical activitiy and physical functioning. Further assessments (secondary outcomes) evaluate physical and subjective performance measures, activities of daily living, cognition, psychological wellbeing and emotions, intention to be physically active, and stage of change. All measurements are listed in the SPIRIT diagram in Table 1.
TABLE 1 | Spirit diagram - Schedule of activities.		Study period
	Enrollment	Allocation	Baseline	Posttests	Follow-up
	TIMEPOINT	-t1	t0	t1	t2	t3	t4
	Enrollment	Eligibility screen	X					
	Informed consent	X					
	Allocation		X				
	Intervention	Physical activity culture			[image: ]	
	Physical exercise intervention			[image: ]	
	Guided environmental intervention			[image: ]	
	Non-guided environmental intervention			[image: ]
	Assessments	Primary Outcomes
	PA	Steps per day			X	X	X	X
	PF	SPPB			X	X	X	X
	Secondary Outcomes
	PP	Hand grip strength			X	X	X	X
	Frailty			X	X	X	X
	Gait patterns			X	X	X	X
	Posture			X	X	X	X
	ADL	Barthel Index			X	X	X	X
	NNA			X	X	X	
	NHLSD			X	X	X	X
	COG	MoCA			X	X	X	
	Auditory Task			X	X	X	X
	Gait patterns DT			X	X	X	X
	Posture DT			X	X	X	X
	LMR			X	X	X	X
	HB	Subjective age			X	X	X	
	Subjective health			X	X	X	X
	Short-FES-I			X	X	X	
	PSC scale			X	X	X	X
	PWB	DIA-S			X	X	X	
	CES-D			X	X	X	
	EQ-5D-3L			X	X	X	
	WHOQOL			X	X	X	X
	Int	Intention			X	X	X	


Note: X implementation of the assessment; the line with two dots represents the period of the intervention phase with starting and endpoint, t-1 before pretest, t1 pretest, t2 and t3 posttests, and t4 follow-up. I1, Intervention 1; I2, Intervention 2; PA, Physical activity; PF, Physical functioning; PP, Physical performance measures, Frailty Fried Index; ADL, Activities of daily living; COG, Cognition; HB, Health behavior; PWB, Psychological well-being and emotions; Int, Intention; SPPB, Short Physical Performance Battery; NAA, Nuernberg-Ageing-Everyday-Life Test; NHLSD, Nursing Home Life Space Diameter; MoCA, Montreal Cognitive Assessment; LMR, Landmark Recognition Task; PSC scale, Psychological Self-Concept Scale; DIA-S, Depression in Age Scale; CES-D, Center for Epidemiological Studies Depression Scale; EQ-5D-3L, European Quality of Life; WHOQOL, World Health Organization’s Quality of Life, Intention Intention to be physically active and stage of change.
Screening
Demographics. Demographic characteristics will be assessed to describe the sample, including age (years), body height (m), body mass (kg), and body mass index (BMI). Additionally, we will screen for sex, leg length (relevant for the GAITRite gait analysis system), education, objective health (diseases and medications), COVID-19 infections, and use of assistive aids.
Number of falls. The nursing staff will have documented the number of falls occurring within the last 4 months.
Primary outcomes
Physical activity (PA)
The Fitbit Zip (Fitbit, San Francisco, United States) device will be used to objectively track PA, and its 6-month battery life supports prolonged use. The Fitbit Zip has been validated for use in different age groups and conditions (Tully et al., 2014; Sharp et al., 2017; Streber et al., 2017), and it has been shown to deliver data that is considerably more accurate than subjective measures and close to that of the “gold standard” ActiGraph (Meyer et al., 2019). The Fitbit will be attached to participants’ clothes and will record their steps taken and distance traveled, which can be viewed on the Fitbit’s display. Participants will be instructed to wear the Fitbit Zip as often as possible throughout the project duration (52 weeks), immediately after waking up, and to remove it before going to bed. The data will be synced weekly; malfunctioning devices will be replaced (Tully et al., 2014; Sharp et al., 2017; Streber et al., 2017). To analyze steps per day, hours with at least one step will be identified as wearing hours (Meyer et al., 2016). Days with less than 6 h (identified as less than 6 h with at least one step) or not fulfilling the “three-a-day” criterion (using the tracker at least once in the morning, once around noon, and once in the afternoon, identified as at least one step having been registered) will be excluded from PA calculations. These days will be classified as non-wearing days, according to the heuristic of Meyer and colleagues (Meyer et al., 2017). Sedentary minutes will be defined as periods of at least 20 min with three or fewer steps per minute (Meyer et al., 2019). To calculate sedentary time and the longest zero time, we will exclude data from days with less than 6 hours of wearing. To express sedentary minutes as a percentage of total waking time, waking time will be defined as a 12-h period (Alessi et al., 2005). This definition of waking time is necessary because it is difficult to distinguish between non-wearing time and sedentary time (Meyer et al., 2017). Usage behavior will be quantified as the proportion of days worn.
Physical functioning
The Short Physical Performance Battery (SPPB) (Guralnik et al., 1994) assesses lower-extremity function via balance, gait speed, and sit-to-stand performance. Balances will be tested across three progressively challenging stances (parallel (0–1 point), semi-tandem (0–1 point), and tandem stand (0–2 points); balance sum 0–4 points). To get into the specified position, participants will be allowed to hold on to an aid; however, aids are not allowed during the measurement. Gait speed will be recorded over 4 m at a comfortable pace, with an aid being used if necessary (0–4 points). Leg strength will be measured by the time taken to complete five chair rises (0–4 points). Individual scores will be summed up to a total from 0 (low mobility/functionality) to 12 points (full mobility/functionality). A change of ∼1.0–1.3 points is considered clinically meaningful (Guralnik et al., 1994).
Secondary outcomes
Objective performance measures
Hand grip strength. Hand grip strength will be measured using a digital hydraulic hand dynamometer (Grip-D T.K.K. 5101 by Takei, Japan) with three trials per hand. Participants will hold the device in a standardized seated position (device placed on the subject’s lap, elbow bent between 100–110°, and the hand dynamometer gripped from above) for each attempt. After confirming handedness, three attempts per hand will be recorded; we will evaluate both peak value as well as the average value of the dominant hand, for the frailty scoring (Fried et al., 2001).
Frailty follows Fried’s five-criterion phenotype (2001), predicting adverse outcomes. They comprise (i) unintentional weight loss of more than 4.5 kg within the last year, (ii) self-reported fatigue (CES-D), and (iii) low physical activity (via Fitbit). Low activity is defined per Fried’s sex-specific kcals/week thresholds (men <383 kcal/week; women <270 kcal/week). Additional criteria are (iv) slow walking speed (<4.57 m in 7 s) and (v) weak hand grip strength (sex-specific cut-points; men <5.85 kg; women <3.37 kg). According to Fried’s Cardiovascular Health Study criteria, 0 points indicates robustness (no frailty), 1-2 points indicates pre-frailty, and 3-5 points indicates frailty (Fried et al., 2001; Braun et al., 2016).
Gait patterns. Gait will be assessed by measuring the time needed to finish a 8.5-m track; we will assess step length, step width, gait speed, and double support phase using the portable gait analysis system GAITRite (GAITRite; CIR Systems Inc., Clifton, NJ, United States). Each participant will complete one trial. The data will be analyzed using the GAITRite System software (GAITRite; CIR Systems Inc., Clifton, NJ, United States, Version 4.8.5) to calculate the average values of each parameter for each measurement.
Posture. Participants’ posture will be examined using a force plate (AMTI Force and Motion, Model: BP400600HF-2000, Serial Number: 5239, Advanced Mechanical Technology Inc., Watertown, MA, United States). Participants will be asked to stand as still as possible in a predefined position for 15 s (Donath et al., 2016). During the measurement, we will record fluctuations in the center of pressure (COP) in the medio-lateral and anterior-posterior directions.
Activities of daily living
Activities of daily living (reported by others). The Barthel Index evaluates basic activities of daily living (ADL) independence. Ten items will yield a 0–100 score reflecting dependency (Mahoney and Barthel, 1965). The items of the Barthel Index will be completed by the nursing staff.
Activities of daily living (self-report). The Nuernberg-Ageing-Everyday-Life Test (NAA) assesses daily living tasks. Seventeen NAA items relevant to nursing-home ADLs will be used (Oswald and Fleischmann, 1999). The items are scored by 1 “often” to 3 “never”. The total score ranges between 17–51 points; ≤32 points (63.3%) denotes independence.
Life Space mobility. The Nursing Home Life-Space Diameter (NHLSD; Tinietti and Ginter, 1990) quantifies residents’ movement across four facility zones. It tracks mobility changes and intervention effects, and it has shown acceptable inter- and intra-rater reliability. The four zones are: the resident’s private room (zone 1), the ward in which they reside (zone 2), the rest of the facility (zone 3), and the area outside the facility (zone 4). Zone-visit frequencies 0 (never) to 5 (more than three times a day) are weighted by zone level and doubled for unassisted movement (Tinetti and Ginter, 1990).
Cognition
Global cognition. The Montreal Cognitive Assessment (MoCA) is a brief 30-point screening tool for mild cognitive impairment and early stages of Alzheimer’s disease. It evaluates key domains including memory, executive function, attention, language, and orientation (Wong et al., 2018). Scores ≤25 indicate possible mild impairment; higher scores are considered normal (Nasreddine et al., 2005).
Cognitive performance while performing single and dual tasks. Cognitive performance will be assessed via an auditory task in which residents judge six landmarks as ‘inside’ or ‘outside’ the facility. Pre-standardized audio files (selection procedure via MATLAB R2022a, recording using the Audacity® program version 3.4.1) will present the landmark in randomized order for 15–18 s. Responses (‘yes’/‘no’) will be recorded across three randomized landmark distributions to avoid bias (3 inside: 3 outside, 2 inside: 4 outside, and 1 inside: 5 outside). An initial practice will ensure audibility and comprehension. The task will be performed alone and concurrently with walking (8.5 m of walking) and posture tasks (15 s of standing still); correct responses and motor metrics will be analyzed as mentioned above.
Spatial orientation. Spatial orientation will be measured via a 12-item landmark recognition (LMR) test (DeIpolyi et al., 2007; Wollesen et al., 2020a). Participants must identify the four genuine facility landmarks among 12 images representing all life space zones (Jansen et al., 2017). Additionally, four “fake” images will depict similar locations elsewhere. The order of the 12 pictures will be randomly generated using MATLAB (MATLAB R2022a). Scores will be reflected in correct identifications (+1 point), unsure (0 points), and false alarms (−1 point). Total scores range from −12 to 12 points; higher scores indicate better orientation.
Health behavior
Subjective age. Participants’ subjectively perceived age will be compared to their actual current age to assess their image of age and their perceived age norms. In response to the question “How old do you feel?“, residents will answer with their perceived age.
Subjective health. Participants’ health behavior will be assessed with one item from the Health Survey SF12 (Ware et al., 1998). Participants will be asked to rate their general health on a 5-point Likert scale ranging from excellent to poor.
Concerns about falls. The Short-FES-I (Hauer et al., 2011) measures fall-related concern across daily tasks. Three non-applicable items will be omitted (items 1, 3, and 13). Each remaining question will be rated from 1 = “not at all concerned” to 4 = “very concerned.”
Physical self-concept. To capture residents’ physical self-concept we will use an adapted scale of the Physical Self-Concept Scale (PSC scale) by Stiller et al. (2004). We will focus on three two-item subscales (endurance, strength, and coordination), rated 1 (“disagree”) to 4 (“agree”). Mean scores will be computed for each subscale.
Psychological well-being and emotions
Depression. The Depression in Age Scale (DIA-S) screens depression in geriatric patients (Heidenblut and Zank, 2010). 10 yes/no items will assess depressive symptoms over the past 14 days. If statements 1–2, 4-6, and 8-9 are answered affirmatively and statements 3, 7, and 10 are answered negatively, all 10 depressive symptoms are confirmed. Scores ≥4 indicate probable depression; scores ≤3 are inconclusive.
Loneliness. Loneliness is assessed by a single Center for Epidemiological Studies Depression Scale (CES-D) item (Radloff, 1977). Residents will be asked to answer the question “Have you felt lonely in the last week?” with one of the four possible answers: “rarely or not at all (<1 day)”, “sometimes (1–2 days)”, “often (3–4 days)”, “most of the time to all of the time (5–7 days).”
Health-related quality of life. The European Quality of Life 5 Dimensions 3 Level Version (EQ-5D-3L) assesses health-related quality of life across five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Levels range from 1 (‘no problems’) to 3 (‘extreme problems’) per dimension (Brooks, 1996). A five-digit profile (e.g., 12,211) will be generated and converted into a utility score. EQ-5D-3L profiles will be converted to utility values using the German values of the European Value Study (EVS) (Greiner et al., 2005). Utilities range from 1.00 (11,111; perfect health state) to −0.36 (33,333; worst health state).
Quality of life. The World Health Organization’s Quality of Life (WHOQOL) assessment defines quality of life as individual’s self-related life satisfaction (WHO, 1998). A single item (“How would you describe your quality of life?”) will be rated on a 1 (‘very bad’) to 5 (‘very good’) scale.
Intention to be physically active and stage of change
Participants’ intention to engage in physical activity PA and their subjective status of physical activity will be assessed via two questions. Intention will be rated on a 1 to 7 agreement scale. Stage of activity (≥2.5 h/week) will be classified into five intention/adoption categories (Lippke et al., 2009).
INTERVENTIONS
We are following a participatory approach to developing and conducting environmental interventions in nursing homes. Therefore, 1 month before t1 in each participating nursing home, a workshop was conducted with representatives from all status groups. The goal was to develop a participatory strategy to integrate more PA-supporting structures into the residents’ living spaces. During the workshop, the life space mobility model by Jansen and colleagues was explained (Jansen et al., 2017). Based on that model, we determined the actual status and the desired status for the most frequently visited places in the nursing home. The results were compared to identify potential mismatches. Workshop members were then asked to identify resources, wishes, and problems to eliminate barriers and stimulate motivation for residents to leave zones 1 and 2 more often and be more physically active. Based on the workshop results, the research team developed suggestions for PA-promoting changes in the nursing home and its environment. These suggestions were reviewed by the nursing homes’ stakeholders, and suggestions for changes were incorporated before implementing the interventions (Conger and Kanungo, 1988; Cornwall and Jewkes, 1995; Jansen et al., 2017). All interventions follow the same general framework and aim to increase physical activity and physical functioning. Across all nursing homes and their residents, the interventions are tailored to the specific needs and spatial structures. This participatory process is supported by all stakeholders and adapted to the individual needs of the facilities.
A follow-up workshop will be held at each nursing home around t3 to evaluate the effectiveness of the interventions and discuss the implementation of sustainable PA promotion. An overview about all interventions is given in Table 2.
TABLE 2 | Description of the four interventions.	Intervention	Components	Week 1–4	Week 5–8	Week 9–12	Week 12–16
	Physical exercise intervention (I1, I2)	Mobilization and warm-up
(5–10 min.)	Week 1–16
• Range of motion exercise for the wrists, hips, shoulders, wrists, knees, and ankles
	Coordination, balance, and cognitive exercises
(10 min.)	Week 1–16 (with weekly progression)
• Standing balance, bodyweight shifting
• Simple cognitive tasks
• Coordinative exercises with small equipment and everyday materials (e.g., balls, scarves)
• Spatial orientation exercises, e.g., pointing to cardinal directions, assigning rooms of the facility to a map
• Orientation puzzle
	Gait training (18–20 min.)	•75–90 m
• Direction pointing task	•105–120 m
• Direction pointing task	•135–150 m
• Direction pointing task	•165–180 m
• Direction pointing task
	Muscle strengthening exercises
(10 min.)	• Chair rises
• Upper body and trunk exercises with additional materials and weights
• Functional lower-limb exercises	cf. Week 1–4
• Individual progression of number of repetitions
	Cool down
(5–10 min.)	Week 1–16
• Stretching
• Relaxation exercises
	Guided environmental intervention (I1, I3)	Indoor
(Life-space 2–3)	Week 1–16
• Trim paths through the facility
• Movement posters focusing on mobilization, strengthening, and balance
• Seated bicycles and other exercise equipment
• Information brochure on trim path 
• Before implementation: 20-minute guided training session for nursing staff
• Guided group activities offered 2/week by a project worker and opportunity to be performed independently
	Outdoor
(Life-space 4)	-	-	Week 9–16
• Booklet with 4 outdoor routes (500 m to 1,500 m)
• Barrier-free
• Written descriptions, photos, and map
• Should be walked independently
• Guided group walks offered 2/week
	Non-guided environmental intervention (I4)	Indoor
(Life-space 2–3)	Week 1–16
• Trim paths through the facility
• Movement posters focusing on mobilization, strengthening, and balance
• Seated bicycles and other exercise equipment
• Information brochure on trim path 
• Before implementation: 20-minute guided training session for nursing staff
• Should be performed independently
	Outdoor
(Life-space 4)	-	-	Week 9–16
• Booklet with 4 outdoor routes (500 m to 1,500 m)
• Barrier-free
• Written descriptions, photos, and map
• Should be walked independently


Note: I1 Intervention 1, Physical activity culture (combination of physical exercise intervention and guided environmental intervention); I2 Intervention 2, Physical exercise intervention; I3 Intervention 3, Guided Environmental intervention; I4 Intervention 4, Non-guided environmental intervention.
Combined physical exercise and guided environmental intervention (physical activity-promoting culture)
During the physical activity-promoting culture intervention, exercise and guided environmental interventions as described below will be synergistically implemented in a participatory process. Additional information can be found in Table 2.
Physical exercise intervention
The exercise program intervention will consist of 32 sessions of 45–60 min each. The intervention will be conducted over 16 weeks and offered twice per week. Group sizes will be up to 10 participants per training session. One certified exercise scientist or physiotherapist will conduct every session and be supported by an assistant. The programme was developed following the guidelines of the International Association of Gerontology and Geriatrics (IAGG), and the exercise intervention is based on the PROfit orientation program by Wollesen et al. (2020b). This programme aims to improve PA, LSM, and spatial orientation. The program will be modified for an intervention period of 16 weeks (formerly 12 weeks) and adapted to the nursing home settings. Further, the program will be continuously adapted to residents’ abilities and needs. Exercises that do not work well will be replaced by more appropriate and acceptable exercises, while the target of the replaced exercises should remain the same. To increase motivation and participation, incentives such as stamp cards and monthly awards certificates for the most frequent participation will be introduced. Further details are provided in Table 2.
Guided environmental intervention
The environmental intervention will focus on material-structural environmental changes, as well as creating supply and availability structures for PA (Franzkowiask, 2022). The overall aim is to improve PA both inside and outside the facility. Therefore, engaging and stimulating exercise stations will be created at different locations in the care facility that can be independently used by residents. These stations will be developed in a participatory manner and designed under consideration of exercise principles. Examples of exercise stations are exercise posters or exercise stations with equipment like balls or walking routes. Following the principle of nudging, these posters/exercise stations will be placed at multiple locations in the nursing home so that residents are invited to be active in different life spaces of the nursing home (Eichhorn, 2019). Further, they might feel invited to expand their LSM by visiting exercise stations in life space zones 2–3 (Jansen et al., 2017). As a further motivational factor, exercise stations can be integrated into paths with different levels of difficulty (just zone 2 up to zones 2 + 3). To integrate zone 4 into the environmental intervention, a brochure containing a map, text, and pictures of different outdoor routes will be developed to help residents find their way around the area outside the nursing home. The intervention will run for 16 weeks, and it will be promoted by a sports scientist two to four times a week for 45–60 min each session. The sports scientist will explain the exercise stations to residents, supervise their use, and provide guidance on correcting motor movements, offering motivation, and adapting exercises according to the residents’ needs and abilities. More information on the guided environmental intervention is presented in Table 2.
Non-guided environmental intervention
The non-guided environmental intervention will use the same materials as the guided environmental interventions. However, this intervention will not be supervised or guided, so participants must engage independently, with the assistance of nursing home employees or relatives. This non-guided environmental intervention also serves as the follow-up condition between t3 and t4 (see Table 2).
DATA MANAGEMENT AND ANALYSIS
Data management
Electronic data will be stored on a university server that is backed up on a hard drive using the SPSS software. Only the leading project staff will have access to the server. Data that is originally in paper format and has been digitized will be stored separately in a locked cabinet. The data will be stored and identified only by pseudonymized ID codes. The code list with the participants’ names and combined ID codes will only be available to the leading project staff and will be stored separately from the data in a locked cabinet. Double-checking and plausibility checks will be performed to verify data quality.
Statistical analysis
The descriptive statistics will be presented as either group mean values and standard deviations/errors or medians and interquartile ranges, depending on the distribution of the outcome measures. The intervention effect for the primary outcomes (Number of Steps and SPPB) will be analyzed separately using a 4 (between group: PA-promoting culture intervention, guided environmental intervention, non-guided environmental intervention, or exercise intervention) × 2 (within test time point: t1:t2, and t2:t3) linear mixed model, where participants can be nested within nursing homes and be calculated as a random effect. The Follow-Up effects will be analyzed additionally using a 4 (between group: all interventions) x 3 (within test timepoint: t1/t2 – t2/t3 – t4). If baseline differences are found, the baseline assessment values, as well as age and sex discrepancies, will be included as covariates in the statistical model. In cases of statistically significant interaction effects, Bonferroni-adjusted post hoc tests (such as t-tests or Wilcoxon tests) will be employed to identify significant differences between groups from baseline to post-allocation testing. The data will be pre-processed and analysed using SPSS.
The effect size will be determined using Cohen’s f, which indicates the magnitude of treatment effectiveness and helps assess whether a statistically significant difference is practically significant (Cohen and Ebl, 1988). Cohen’s f values are classified as small (0 ≤ f ≤ 0.24), medium (0.25 ≤ f ≤ 0.39), or large (f ≥ 0.40) (Grissom and Kim, 2011). For post hoc analysis, Cohen’s d effect size will be calculated. Additionally, PSdep scores (probability of superiority for dependent samples) will be calculated as an estimate of effect size in non-parametric post hoc tests. The significance level will be set at p < 0.05. An intention-to-treat analysis will be conducted, considering all participants in the groups to which they were randomly assigned, regardless of whether they received or adhered to the assigned intervention. We will control participation in the interventions to analyze the effect of the intervention in more detail. Multiple imputations will be used to handle missing data, assuming that the missingness is random. If more than 40% of participants are lost to outcome assessment or demonstrate insufficient participation in training sessions, an additional per-protocol analysis will be conducted.
Sample size estimate/power calculations
Statistical power analysis was conducted to estimate the sample size to test our hypothesis in G*Power (Version 3.1.9.4, Heinrich Heine University of Duesseldorf) (Faul et al., 2009). The following input parameters were used to obtain small-sized test × group interaction effects within an ANOVA: effect size (f = 0.15) (i.e., a small effect, (Tudor-Locke et al., 2011), type I error (α = 0.025), type II error (1-β = 0.8), number of groups (n = 4), number of measurements (n = 2), correlation between measurements (r = 0.60).
The size of the estimated sample to generate sufficient power to achieve the small effect is N = 88. To compensate for the estimated dropout rate of 30% (e.g., 20% lost to follow-up; plus 10% mortality) we plan to include a total of N = 116 participants. Based on the study design, we will integrate N = 29 participants in each condition.
Regarding the special cohort, recruiting approximately 30 participants per intervention arm per nursing home seems unrealistic, so multiple nursing homes will be needed for each intervention arm. As the number of nursing homes is also limited, each one needs to take on more than one intervention arm to reach a total of ∼30 participants. By the life expectancy of the special cohort and for ethical reasons, we have limited the maximum study duration to 1 year per participant. This means that each participant can complete two intervention phases and one follow-up phase per year, nested in a nursing home. In terms of the four intervention arms, this means six different possible combinations (this means six different nursing homes), each with 10–20 nursing home residents participating in the study.
Data monitoring
For the trial, no data monitoring committee is needed because all interventions are conducted by skilled and trained instructors, and no instructor has an interest in the specific outcomes of any intervention. Furthermore, the leading project staff will observe the participants. If any sign of indisposition, pain, dizziness, or states of confusion appear during measurements at any point, the project staff will intervene and stop the procedure or intervention. If any participant has a significant event (e.g., a fall) that could affect their participation in the study, the nursing home staff will inform the project staff and offer documentation and interpretation of the results.
DISCUSSION
This cluster-randomized trial aims to assess the impact of a physical activity-promoting culture, compared to three other interventions, on nursing home residents’ PA behavior and physical functioning. We expect the physical activity-promoting culture, which combines exercise classes and environmental changes, to increase PA, reduce sedentary behavior, and improve physical functioning (Giurgiu et al., 2020; Lopponen et al., 2021) more effectively than either intervention alone or a non-guided environmental intervention. Overall, the PROGRESS study offers a new practical approach to implementing active aging in nursing homes. It aims to encourage the integration of PA programs led by professionally educated instructors into the prevention planning of nursing homes, together with environmental changes that might promote PA behavior in general. The participatory approach enables residents, nursing staff, social services, and relatives to be aware of and incorporate any changes in the residents’ environment. This approach is hypothesized to promote physical functioning and activity, even in challenging situations. A physical activity-promoting culture that is lively, happy, and healthy can only be developed if all individuals who work, live, and visit the nursing home support each other through PA. The findings can provide guidance for addressing current and future challenges in health promotion initiatives in long-term care, which is of great importance in aging societies.
When residents are mobile, able to take care of themselves, and challenged and encouraged in their environment, they might become more physically active (den Ouden et al., 2017). Staying active is believed by many older adults to enrich their overall life experiences (Guell et al., 2016; Halaweh et al., 2018), and data from Sococco et al. shows that only 5.9% of residents move into a nursing home based on their own decision (Scocco et al., 2006). However, the decrease in obligations as well as physical and cognitive limitations that often come along with moving into a nursing home can lead to immobility and dependence on others, as well as an increase in sedentary behavior. As seniors become sedentary and less physically active, their physical and cognitive abilities often decline rapidly (Auerswald et al., 2020). Due to spending most of their time in one place, typically their room (Jansen et al., 2017), their spatial orientation abilities also decrease (Wollesen et al., 2020a), leading to isolation, loneliness, and depression (Antoniewicz and Brand, 2016) and a decline in quality of life (Saajanaho et al., 2016; Duppen et al., 2020). Most studies that have examined the effects of physical exercise on these health outcomes (Fiatarone et al., 1990; Crocker et al., 2013; Johnen and Schott, 2018; Cordes et al., 2019) have revealed that multicomponent training can affect physical and cognitive outcomes, such as walking, balance, dual-tasking abilities, and wellbeing (Wollesen and Voelcker-Rehage, 2014). Furthermore, maintaining physical functioning related to ADLs can promote independence (Saajanaho et al., 2015). This, in turn, could relieve the burden on nurses and reduce the gap in demand between care and nurses, especially given the current nursing shortage. Exercise interventions in nursing homes are typically conducted twice a week for about 1 hour each session (Cordes et al., 2021a). However, engaging in PA only twice a week for about 45–60 min may not promote residents’ daily PA behaviors and their LSM, and it may not reduce the time they spend sitting in one place: Nursing home residents spend most of their time sitting regardless of whether they participate in group sessions once or twice a week (Auerswald et al., 2020). Thus, the unique contribution of PROGRESS is to combine an exercise intervention with an environmental intervention. We assume that both making changes in the nursing home environment and having residents participate in exercise classes will contribute to residents’ physical functioning, PA, and mobility (Broers et al., 2017; Blaga et al., 2018; Kwan et al., 2020; Hernandez et al., 2023). While the exercise intervention aims to have participants practice certain physical and cognitive functions based on well-known exercise principles, such as intensity and progression, the environmental intervention is particularly aimed at removing obstacles in the environment that residents face. Since this intervention equips the entire nursing home with exercise stations, PROGRESS may reduce nursing home residents’ sedentary behavior and improve their LSM. Further, both types of interventions aim to help residents establish new social contacts. Also, because motivational factors are important determinants of exercise participation and PA, we follow a participatory approach to make sure participants are interested in engaging in these behaviors, overcoming motivation barriers. An additional unique aspect of PROGRESS is its follow-up phase, which will last for 16 weeks after the intervention is completed (after t3, week 37–53). This phase aims to evaluate the program’s sustainability and related changes in primary and secondary outcomes. (Fiatarone et al., 1990; Crocker et al., 2013; Johnen and Schott, 2018; Cordes et al., 2019). It is expected that during the follow-up period, the primary and secondary outcomes will worsen but not return to the baseline level.
This study has several limitations that should be acknowledged. First, while Fitbit trackers were used to objectively assess physical activity, periods with zero recorded steps may not exclusively indicate sedentary behavior but could also reflect times when the device was not worn. Moreover, brief interruptions or incomplete wear periods may have influenced the calculation of total wear days, potentially leading to an underestimation of actual activity levels. Second, the absence of a traditional control group limits the ability to attribute observed effects solely to the interventions, as natural fluctuations in physical activity or contextual factors cannot be ruled out. Third, adherence to the non-guided environmental intervention cannot be systematically controlled. Furthermore, in the case of the guided environmental intervention, only attendance at the supervised sessions can be monitored, but not when the participants practice independently. Nevertheless, we could interview the nursing staff to assess whether these interventions lead to the anticipated increase in mobility. In contrast, the other interventions are supervised, and the use of new devices is guided – an important aspect, as guidance has been shown to be a key factor for PA behavior (Antoniewicz and Brand, 2016).
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving humans were approved by University of Münster, Faculty of Psychology and Sports Science (2022-40-CVR). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.
AUTHOR CONTRIBUTIONS
VB: concetualization, methodology, writing – original draft, writing – review and editing. TJ: conceptualisation, writing – original draft, writing – review and editing. JR: methodology, supervision, writing – review and editing. BW: writing – review and editing. CV-R: conceptualization, methodology, funding acquisition, project administration, resources, supervision, writing – original draft, writing, review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. The health insurance provider Techniker Krankenkasse (Bramfelder Str. 140, 22305 Hamburg, Germany) is supporting the study. The trial is part of the PROGRESS project. The funding body has no input into the study’s design, the collection, analysis, and interpretation of the data, and the writing of the manuscript. The trial data will be evaluated independently of the trial sponsors.
ACKNOWLEDGMENTS
We would like to thank all members and associates of the project, research group members, technicians, coaches, and student members that helped and will help in the implementation, analysis, and training of the project. We would also like to thank all the nursing homes, nursing home residents, and employees that are involved/will be involved or are participating/will participate in the project. Thanks to Celeste Brennecka for proofreading.
CONFLICT OF INTEREST
All authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fragi.2025.1466315/full#supplementary-material
REFERENCES
	Alessi, C. A., Martin, J. L., Webber, A. P., Cynthia Kim, E., Harker, J. O., and Josephson, K. R. (2005). Randomized, controlled trial of a nonpharmacological intervention to improve abnormal sleep/wake patterns in nursing home residents. J. Am. Geriatrics Soc. 53 (5), 803–810. doi:10.1111/j.1532-5415.2005.53251.x

	Antoniewicz, F., and Brand, R. (2016). Dropping out or keeping up? Early-dropouts, late-dropouts, and maintainers differ in their automatic evaluations of exercise already before a 14-week exercise course. Front. Psychol. 7, 838. doi:10.3389/fpsyg.2016.00838

	Araujo de Carvalho, I., Epping-Jordan, J., Pot, A. M., Kelley, E., Toro, N., Thiyagarajan, J. A., et al. (2017). Organizing integrated health-care services to meet older people's needs. Bull. World Health Organ 95 (11), 756–763. doi:10.2471/blt.16.187617

	Auerswald, T., Hendker, A., Ratz, T., Lippke, S., Pischke, C. R., Peters, M., et al. (2022). Impact of activity tracker usage in combination with a physical activity intervention on physical and cognitive parameters in healthy adults aged 60+: a randomized controlled trial. Int. J. Environ. Res. Public Health 19 (7), 3785. doi:10.3390/ijerph19073785

	Auerswald, T., Meyer, J., von Holdt, K., and Voelcker-Rehage, C. (2020). Application of activity trackers among nursing home residents—a pilot and feasibility study on physical activity behavior, usage behavior, acceptance, usability and motivational impact. Int. J. Environ. Res. Public Health 17 (18), 6683. doi:10.3390/ijerph17186683

	Baandrup, L., and Jennum, P. J. (2021). Effect of a dynamic lighting intervention on circadian rest-activity disturbances in cognitively impaired, older adults living in a nursing home: a proof-of-concept study. Neurobiol. Sleep. Circadian Rhythms 11, 100067. doi:10.1016/j.nbscr.2021.100067

	Bischoff, L. L., Otto, A.-K., and Wollesen, B. (2023). Gesundheitsförderung und Präventionsarbeit im Pflegeheim - Praktische Umsetzung für Führungskräfte. Berlin, Heidelberg: Springer. 

	Blaga, O. M., Vasilescu, L., and Chereches, R. M. (2018). Use and effectiveness of behavioural economics in interventions for lifestyle risk factors of non-communicable diseases: a systematic review with policy implications. Perspect. Public Health 138 (2), 100–110. doi:10.1177/1757913917720233

	Bourdon, E., and Belmin, J. (2021). Enriched gardens improve cognition and independence of nursing home residents with dementia: a pilot controlled trial. Alzheimers Res. Ther. 13 (1), 116. doi:10.1186/s13195-021-00849-w

	Braun, S. M., Kleynen, M., Bleijlevens, M. H. C., Moser, A., Beurskens, A. J., and Lexis, M. A. (2015). Interactive surfaces technology as a potential tool to stimulate physical activity in psychogeriatric nursing home residents. Disabil. Rehabil. Assist. Technol. 10 (6), 486–492. doi:10.3109/17483107.2014.904449

	Braun, T., Thiel, C., and Grüneberg, C. (2016). Diagnose-und Screening-Instrumente der Frailty bei älteren Menschen. Übersicht Syst. Rev. 12 (04), 142–151. doi:10.1055/s-0035-1567135

	Broers, V. J. V., De Breucker, C., Van den Broucke, S., and Luminet, O. (2017). A systematic review and meta-analysis of the effectiveness of nudging to increase fruit and vegetable choice. Eur. J. Public Health 27 (5), 912–920. doi:10.1093/eurpub/ckx085

	Brooks, R. (1996). EuroQol: the current state of play. Health Policy 37 (1), 53–72. doi:10.1016/0168-8510(96)00822-6

	Buckinx, F., Bruyere, O., Lengele, L., Reginster, J. Y., Marchal, Q., Hurtrez, P., et al. (2020). The effects of GAMotion (a giant exercising board game) on physical capacity, motivation and quality of life among nursing home residents: a pilot interventional study. Exp. Gerontol. 138, 110983. doi:10.1016/j.exger.2020.110983

	Chan, A. W., Tetzlaff, J. M., Altman, D. G., Laupacis, A., Gotzsche, P. C., Krleza-Jeric, K., et al. (2013). SPIRIT 2013 statement: defining standard protocol items for clinical trials. Ann. Intern Med. 158 (3), 200–207. doi:10.7326/0003-4819-158-3-201302050-00583

	Clark, B., and Sugiyama, T. (2015). “Prevalence, trends, and correlates of sedentary behavior,” in Physical activity, exercise, sedentary behavior and health ed . Editors K. Kanosue, S. Oshima, Z.-B. Cao, and K. Oka (Tokyo: Springer Japan), 79–90. 

	Cohen, J.Ebl (1988). Statistical power analysis for the behavioral sciences. Hillsdale, N.J: L. Erlbaum Associates. 

	Conger, J. A., and Kanungo, R. N. (1988). The empowerment process: integrating theory and practice. Acad. Manag. Rev. 13 (3), 471–482. doi:10.2307/258093

	Cordes, T., Bischoff, L. L., Schoene, D., Schott, N., Voelcker-Rehage, C., Meixner, C., et al. (2019). A multicomponent exercise intervention to improve physical functioning, cognition and psychosocial well-being in elderly nursing home residents: a study protocol of a randomized controlled trial in the PROCARE (prevention and occupational health in long-term care) project. BMC Geriatr. 19 (1), 369. doi:10.1186/s12877-019-1386-6

	Cordes, T., Schoene, D., Kemmler, W., and Wollesen, B. (2021a). Chair-based exercise interventions for nursing home residents: a systematic review. J. Am. Med. Dir. Assoc. 22 (4), 733–740. doi:10.1016/j.jamda.2020.09.042

	Cordes, T., Zwingmann, K., Rudisch, J., Voelcker-Rehage, C., and Wollesen, B. (2021b). Multicomponent exercise to improve motor functions, cognition and well-being for nursing home residents who are unable to walk - a randomized controlled trial. Exp. Gerontol. 153, 111484. doi:10.1016/j.exger.2021.111484

	Cornwall, A., and Jewkes, R. (1995). What is participatory research?Soc. Sci. and Med. 41 (12), 1667–1676. doi:10.1016/0277-9536(95)00127-S

	Crocker, T., Young, J., Forster, A., Brown, L., Ozer, S., and Greenwood, D. C. (2013). The effect of physical rehabilitation on activities of daily living in older residents of long-term care facilities: systematic review with meta-analysis. Age Ageing 42 (6), 682–688. doi:10.1093/ageing/aft133

	D'Cunha, N. M., Isbel, S. T., Frost, J., Fearon, A., McKune, A. J., Naumovski, N., et al. (2021). Effects of a virtual group cycling experience on people living with dementia: a mixed method pilot study. Dement. Lond. 20 (5), 1518–1535. doi:10.1177/1471301220951328

	DeIpolyi, A. R., Rankin, K. P., Mucke, L., Miller, B. L., and Gorno-Tempini, M. L. (2007). Spatial cognition and the human navigation network in AD and MCI. Neurology 69 (10), 986–997. doi:10.1212/01.wnl.0000271376.19515.c6

	de Jong, L., Schmidt, T., Stahmeyer, J. T., Eberhard, S., Zeidler, J., and Damm, K. (2023). Willingness to provide informal care to older adults in Germany: a discrete choice experiment. Eur. J. Health Econ. 24 (3), 425–436. doi:10.1007/s10198-022-01483-5

	den Ouden, M., Kuk, N. O., Zwakhalen, S. M. G., Bleijlevens, M. H. C., Meijers, J. M. M., and Hamers, J. P. H. (2017). The role of nursing staff in the activities of daily living of nursing home residents. Geriatr. Nurs. 38 (3), 225–230. doi:10.1016/j.gerinurse.2016.11.002

	Donath, L., Roth, R., Zahner, L., and Faude, O. (2016). Slackline training and neuromuscular performance in seniors: a randomized controlled trial. Scand. J. Med. Sci. Sports 26 (3), 275–283. doi:10.1111/sms.12423

	Duppen, D., Lambotte, D., Dury, S., Smetcoren, A. S., Pan, H., De Donder, L., et al. (2020). Social participation in the daily lives of frail older adults: types of participation and influencing factors. J. Gerontol. B Psychol. Sci. Soc. Sci. 75 (9), 2062–2071. doi:10.1093/geronb/gbz045

	Ebeling, P. R., Daly, R. M., Kerr, D. A., and Kimlin, M. G. (2013). Building healthy bones throughout life: an evidence-informed strategy to prevent osteoporosis in Australia. Med. J. Aust. 199 (S7), S1–S46. doi:10.5694/j.1326-5377.2013.tb04225.x

	Eichhorn, D. O. I. (2019). “Nudging im Unternehmen. Den Weg für gesunde Entscheidungen bereiten,” in iga Report 38. (Dresden: Initiative Gesundheit und Arbeit (iga)) . 

	Faul, F., Erdfelder, E., Buchner, A., and Lang, A. G. (2009). Statistical power analyses using G*Power 3.1: tests for correlation and regression analyses. Behav. Res. Methods 41 (4), 1149–1160. doi:10.3758/BRM.41.4.1149

	Fiatarone, M. A., Marks, E. C., Ryan, N. D., Meredith, C. N., Lipsitz, L. A., and Evans, W. J. (1990). High-intensity strength training in nonagenarians. Effects on skeletal muscle. JAMA 263 (22), 3029–3034. doi:10.1001/jama.1990.03440220053029

	Fleiner, T., Trost, A., Depiereux, R., Zijlstra, W., and Häussermann, P. (2015). Geriatric psychiatry in motion – bringing physical exercise to geriatric psychiatry. GeroPsych 28 (4), 173–181. doi:10.1024/1662-9647/a000135

	Franzkowiask, O. (2022). “Prävention und Krankheitsprävention,” in Köln: Bundeszentrale für gesundheitliche Aufklärung . Available online at: https://leitbegriffe.bzga.de/alphabetisches-verzeichnis/praevention-und-krankheitspraevention/(Accessed February 16, 2023). 

	Fried, L. P., Tangen, C. M., Walston, J., Newman, A. B., Hirsch, C., Gottdiener, J., et al. (2001). Frailty in older adults: evidence for a phenotype. J. Gerontol. A Biol. Sci. Med. Sci. 56 (3), M146–M156. doi:10.1093/gerona/56.3.m146

	Gine-Garriga, M., Guerra, M., Pages, E., Manini, T. M., Jimenez, R., and Unnithan, V. B. (2010). The effect of functional circuit training on physical frailty in frail older adults: a randomized controlled trial. J. Aging Phys. Act. 18 (4), 401–424. doi:10.1123/japa.18.4.401

	Giurgiu, M., Koch, E. D., Plotnikoff, R. C., Ebner-Priemer, U. W., and Reichert, M. (2020). Breaking up sedentary behavior optimally to enhance mood. Med. Sci. Sports Exerc 52 (2), 457–465. doi:10.1249/MSS.0000000000002132

	Greiner, W., Claes, C., Busschbach, J. J., and von der Schulenburg, J. M. (2005). Validating the EQ-5D with time trade off for the German population. Eur. J. Health Econ. 6 (2), 124–130. doi:10.1007/s10198-004-0264-z

	Grissom, R. J., and Kim, J. J. (2011). Effect sizes for research: univariate and multivariate applications. Second Edition. London: Taylor and Francis Group. 

	Grol, R. P. T. M., and Wensing, M. J. P. (2015). Implementatie: effectieve verbetering van patiëntenzorg. Bohn Stafleu Loghum . doi:10.1007/978-90-368-1732-5

	Guell, C., Shefer, G., Griffin, S., and Ogilvie, D. (2016). Keeping your body and mind active': an ethnographic study of aspirations for healthy ageing. BMJ Open 6 (1), e009973. doi:10.1136/bmjopen-2015-009973

	Guralnik, J. M., LaCroix, A. Z., Abbott, R. D., Berkman, L. F., Satterfield, S., Evans, D. A., et al. (1993). Maintaining mobility in late life. I. Demographic characteristics and chronic conditions. Am. J. Epidemiol. 137 (8), 845–857. doi:10.1093/oxfordjournals.aje.a116746

	Guralnik, J. M., Simonsick, E. M., Ferrucci, L., Glynn, R. J., Berkman, L. F., Blazer, D. G., et al. (1994). A short physical performance battery assessing lower extremity function: association with self-reported disability and prediction of mortality and nursing home admission. J. Gerontol. 49 (2), M85–M94. doi:10.1093/geronj/49.2.m85

	Halaweh, H., Dahlin-Ivanoff, S., Svantesson, U., and Willén, C. (2018). Perspectives of older adults on aging well: a focus group study. Hindawi J. Aging Res. 2018, 9858252. doi:10.1155/2018/9858252

	Hauer, K. A., Kempen, G. I., Schwenk, M., Yardley, L., Beyer, N., Todd, C., et al. (2011). Validity and sensitivity to change of the falls efficacy scales international to assess fear of falling in older adults with and without cognitive impairment. Gerontology 57 (5), 462–472. doi:10.1159/000320054

	Heidenblut, S., and Zank, S. (2010). Development of a new screening instrument for geriatric depression. The depression in old age scale (DIA-S). Z Gerontol. Geriatr. 43 (3), 170–176. doi:10.1007/s00391-009-0067-z

	Hernandez, E. D., Cobo, E. A., Cahalin, L. P., and Seron, P. (2023). Impact of structural-level environmental interventions on physical activity: a systematic review. Int. Arch. Occup. Environ. Health 96 (6), 815–838. doi:10.1007/s00420-023-01973-w

	Jansen, C.-P., Diegelmann, M., Schnabel, E.-L., Wahl, H.-W., and Hauer, K. (2017). Life-space and movement behavior in nursing home residents: results of a new sensor-based assessment and associated factors. BMC Geriatr. 17 (1), 36. doi:10.1186/s12877-017-0430-7

	Johnen, B., and Schott, N. (2018). Feasibility of a machine vs free weight strength training program and its effects on physical performance in nursing home residents: a pilot study. Aging Clin. Exp. Res. 30 (7), 819–828. doi:10.1007/s40520-017-0830-8

	Kryger, A. I., and Andersen, J. L. (2007). Resistance training in the oldest old: consequences for muscle strength, fiber types, fiber size, and MHC isoforms. Scand. J. Med. Sci. Sports 17 (4), 422–430. doi:10.1111/j.1600-0838.2006.00575.x

	Kwan, Y. H., Cheng, T. Y., Yoon, S., Ho, L. Y. C., Huang, C. W., Chew, E. H., et al. (2020). A systematic review of nudge theories and strategies used to influence adult health behaviour and outcome in diabetes management. Diabetes Metab. 46 (6), 450–460. doi:10.1016/j.diabet.2020.04.002

	Levinger, P., Goh, A. M. Y., Dunn, J., Katite, J., Paudel, R., Onofrio, A., et al. (2023). Exercise interveNtion outdoor proJect in the cOmmunitY - results from the ENJOY program for independence in dementia: a feasibility pilot randomised controlled trial. BMC Geriatr. 23 (1), 426. doi:10.1186/s12877-023-04132-5

	Lippke, S., Ziegelmann, J. P., Schwarzer, R., and Velicer, W. F. (2009). Validity of stage assessment in the adoption and maintenance of physical activity and fruit and vegetable consumption. Health Psychol. 28 (2), 183–193. doi:10.1037/a0012983

	Liu, C. J., and Latham, N. K. (2009). Progressive resistance strength training for improving physical function in older adults. Cochrane Database Syst. Rev. 2009 (3), CD002759. doi:10.1002/14651858.CD002759.pub2

	Lopponen, A., Karavirta, L., Portegijs, E., Koivunen, K., Rantanen, T., Finni, T., et al. (2021). Day-to-Day variability and year-to-year reproducibility of accelerometer-measured free-living sit-to-stand transitions volume and intensity among community-dwelling older adults. Sensors (Basel) 21 (18), 6068. doi:10.3390/s21186068

	Mahoney, F. I., and Barthel, D. W. (1965). Functional evaluation: the barthel index. Md State Med. J. 14, 61–65. 

	Mak, A., Delbaere, K., Refshauge, K., Henwood, T., Goodall, S., Clemson, L., et al. (2022). Sunbeam program reduces rate of falls in long-term care residents with mild to moderate cognitive impairment or dementia: subgroup analysis of a cluster randomized controlled trial. J. Am. Med. Dir. Assoc. 23 (5), 743–749.e1. doi:10.1016/j.jamda.2022.01.064

	Marmeleira, J. F., Godinho, M. B., and Fernandes, O. M. (2009). The effects of an exercise program on several abilities associated with driving performance in older adults. Accid. Anal. Prev. 41 (1), 90–97. doi:10.1016/j.aap.2008.09.008

	Matsuda, P. N., Shumway-Cook, A., and Ciol, M. A. (2010). The effects of a home-based exercise program on physical function in frail older adults. J. Geriatr. Phys. Ther. 33 (2), 78–84. 

	Meyer, J., Holdt, K. V., Beck, E., Brandes, M., Pischke, C., and Voelcker-Rehage, C. (2019). Toy or tool? Activity trackers for the assessment of physical activity in the wild. 1–9. doi:10.1109/ICHI.2019.8904584

	Meyer, J., Schnauber, J., Heuten, W., Wienbergen, H., Hambrecht, R., Appelrath, H.-J., et al. (2016). Exploring longitudinal use of activity trackers, 198, 206. doi:10.1109/ichi.2016.29

	Meyer, J., Wasmann, M., Heuten, W., Ali, A. E., and Boll, S. C. J. (2017). “Identification and classification of usage patterns in long-term activity tracking,” in Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems (Denver, Colorado, USA: Association for Computing Machinery). 

	Ministry of Health. 2013. Guidelines on physical activity for older people (aged 65 years and over). Wellington: Ministry of Health. 

	Moffat, S. D., Zonderman, A. B., and Resnick, S. M. (2001). Age differences in spatial memory in a virtual environment navigation task. Neurobiol. Aging 22 (5), 787–796. doi:10.1016/s0197-4580(01)00251-2

	Mouton, A., Gillet, N., Mouton, F., Van Kann, D., Bruyere, O., Cloes, M., et al. (2017). Effects of a giant exercising board game intervention on ambulatory physical activity among nursing home residents: a preliminary study. Clin. Interv. Aging 12, 847–858. doi:10.2147/CIA.S134760

	Mulrow, C. D., Gerety, M. B., Kanten, D., Cornell, J. E., DeNino, L. A., Chiodo, L., et al. (1994). A randomized trial of physical rehabilitation for very frail nursing home residents. JAMA 271 (7), 519–524. doi:10.1001/jama.1994.03510310049037

	Nasreddine, Z. S., Phillips, N. A., Bedirian, V., Charbonneau, S., Whitehead, V., Collin, I., et al. (2005). The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 53 (4), 695–699. doi:10.1111/j.1532-5415.2005.53221.x

	Oswald, W. D., and Fleischmann, U. (1999). Nürnberger-Alters-Inventar (NAI). Göttingen: Hogrefe Verlag. 

	Pedersen, B. K., and Saltin, B. (2015). Exercise as medicine - evidence for prescribing exercise as therapy in 26 different chronic diseases. Scand. J. Med. Sci. Sports 25 (Suppl. 3), 1–72. doi:10.1111/sms.12581

	Provencher, V., Bier, N., Audet, T., and Gagnon, L. (2008). Errorless-based techniques can improve route finding in early Alzheimer's disease: a case study. Am. J. Alzheimers Dis. Other Demen 23 (1), 47–56. doi:10.1177/1533317507307228

	Radloff, L. S. (1977). The CES-D scale:A self-report depression scale for research in the general population. Appl. Psychol. Meas. 1 (3), 385–401. doi:10.1177/014662167700100306

	Saajanaho, M., Rantakokko, M., Portegijs, E., Tormakangas, T., Eronen, J., Tsai, L. T., et al. (2015). Personal goals and changes in life-space mobility among older people. Prev. Med. 81, 163–167. doi:10.1016/j.ypmed.2015.08.015

	Saajanaho, M., Rantakokko, M., Portegijs, E., Törmäkangas, T., Eronen, J., Tsai, L. T., et al. (2016). Life resources and personal goals in old age. Eur. J. Ageing 13 (September 2016), 195–208. doi:10.1007/s10433-016-0382-3

	Scheicher, M., Faber, L., and Moreira, L. (2017). BALANCE AND MOBILITY PRE-AND POST-TREATMENT WITH VIRTUAL REALITY OF OLDER LIVING AT NURSING HOMES. Innovation Aging 1 (Suppl. l_1), 403. doi:10.1093/geroni/igx004.1453

	Schrempft, S., Jackowska, M., Hamer, M., and Steptoe, A. (2019). Associations between social isolation, loneliness, and objective physical activity in older men and women. BMC Public Health 19 (1), 74. doi:10.1186/s12889-019-6424-y

	Scocco, P., Rapattoni, M., and Fantoni, G. (2006). Nursing home institutionalization:: a source of eustress or distress for the elderly?Int. J. Geriatric Psychiatry 21 (3), 281–287. doi:10.1002/gps.1453

	Sharp, C. A., Mackintosh, K. A., Erjavec, M., Pascoe, D. M., and Horne, P. J. (2017). Validity and reliability of the Fitbit Zip as a measure of preschool children's step count. BMJ Open Sport Exerc Med. 3 (1), e000272. doi:10.1136/bmjsem-2017-000272

	Sherrington, C., Whitney, J. C., Lord, S. R., Herbert, R. D., Cumming, R. G., and Close, J. C. (2008). Effective exercise for the prevention of falls: a systematic review and meta-analysis. J. Am. Geriatr. Soc. 56 (12), 2234–2243. doi:10.1111/j.1532-5415.2008.02014.x

	Steib, S., Schoene, D., and Pfeifer, K. (2010). Dose-response relationship of resistance training in older adults: a meta-analysis. Med. Sci. Sports Exerc 42 (5), 902–914. doi:10.1249/MSS.0b013e3181c34465

	Stiller, J., Würth, S., and Alfermann, D. (2004). Die Messung des physischen Selbstkonzepts (PSK). Z. für Differ. Diagn. Psychol. 25 (4), 239–257. doi:10.1024/0170-1789.25.4.239

	Stockel, T., Wunsch, K., and Hughes, C. M. L. (2017). Age-related decline in anticipatory motor planning and its relation to cognitive and motor skill proficiency. Front. Aging Neurosci. 9, 283. doi:10.3389/fnagi.2017.00283

	Streber, A., Abu-Omar, K., Hentschke, C., and Rutten, A. (2017). A multicenter controlled study for dementia prevention through physical, cognitive and social activities - GESTALT-kompakt. Clin. Interv. Aging 12, 2109–2121. doi:10.2147/CIA.S141163

	Tinetti, M. E., and Ginter, S. F. (1990). The nursing home life-space diameter. A measure of extent and frequency of mobility among nursing home residents. J. Am. Geriatr. Soc. 38 (12), 1311–1315. doi:10.1111/j.1532-5415.1990.tb03453.x

	Tudor-Locke, C., Craig, C. L., Aoyagi, Y., Bell, R. C., Croteau, K. A., De Bourdeaudhuij, I., et al. (2011). How many steps/day are enough? For older adults and special populations. Int. J. Behav. Nutr. Phys. Act. 8, 80. doi:10.1186/1479-5868-8-80

	Tully, M. A., McBride, C., Heron, L., and Hunter, R. F. (2014). The validation of Fibit Zip physical activity monitor as a measure of free-living physical activity. BMC Res. Notes 7, 952. doi:10.1186/1756-0500-7-952

	Vallance, J. K., Gardiner, P. A., Lynch, B. M., D’Silva, A., Boyle, T., Taylor, L. M., et al. (2018). Evaluating the evidence on sitting, smoking, and health: is sitting really the new smoking?Am. J. Public Health 108 (11), 1478–1482. doi:10.2105/ajph.2018.304649

	van Delft, L. M. M., Bor, P., Valkenet, K., Slooter, A. J. C., and Veenhof, C. (2020). The effectiveness of hospital in motion, a multidimensional implementation project to improve patients' movement behavior during hospitalization. Phys. Ther. 100 (12), 2090–2098. doi:10.1093/ptj/pzaa160

	Ware, J. E., Kosinski, M., and Keller, S. D. (1998). SF-12: how to score the SF-12 physical and mental health summary scales. Lincoln, R.I: QualityMetric Inc. 

	WHO (1998). The World health organization quality of life assessment (WHOQOL): development and general psychometric properties. Soc. Sci. Med. 46 (12), 1569–1585. doi:10.1016/s0277-9536(98)00009-4

	Wollesen, B., Fricke, M., Jansen, C. P., Gordt, K., Schwenk, M., Muehlbauer, T., et al. (2020a). A three-armed cognitive-motor exercise intervention to increase spatial orientation and life-space mobility in nursing home residents: study protocol of a randomized controlled trial in the PROfit project. BMC Geriatr. 20 (1), 437. doi:10.1186/s12877-020-01840-0

	Wollesen, B., and Voelcker-Rehage, C. (2014). Training effects on motor–cognitive dual-task performance in older adults. Eur. Rev. Aging Phys. Activity 11 (1), 5–24. doi:10.1007/s11556-013-0122-z

	Wollesen, B., Wildbredt, A., van Schooten, K. S., Lim, M. L., and Delbaere, K. (2020b). The effects of cognitive-motor training interventions on executive functions in older people: a systematic review and meta-analysis. Eur. Rev. Aging Phys. Act. 17, 9. doi:10.1186/s11556-020-00240-y

	Wong, A., Yiu, S., Nasreddine, Z., Leung, K. T., Lau, A., Soo, Y. O. Y., et al. (2018). Validity and reliability of two alternate versions of the Montreal Cognitive Assessment (Hong Kong version) for screening of Mild Neurocognitive Disorder. PLoS One 13 (5), e0196344. doi:10.1371/journal.pone.0196344


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
Copyright © 2025 Belkin, Janssen, Rudisch, Wollesen and Voelcker-Rehage. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fragi-06-1466315-gx001.jpg





OPS/images/fragi-06-1466315-gx002.jpg





OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Prevention in nursing care: a study protocol of a cluster-randomized controlled trial on the effects of physical exercise and environmental interventions on physical activity behavior and physical functioning in nursing home residents (PROGRESS study)		Background

		Methods

		Discussion

		Trial registration

		INTRODUCTION

		METHODS		Trial design

		Participants		Ethics approval and trial registration

		Recruitment of nursing homes

		Recruitment of participants

		Eligibility criteria

		Assignment of interventions

		Outcome measures

		Screening





		Primary outcomes		Physical activity (PA)

		Physical functioning





		Secondary outcomes		Objective performance measures

		Activities of daily living

		Cognition

		Health behavior

		Psychological well-being and emotions

		Intention to be physically active and stage of change









		INTERVENTIONS		Combined physical exercise and guided environmental intervention (physical activity-promoting culture)

		Physical exercise intervention

		Guided environmental intervention

		Non-guided environmental intervention





		DATA MANAGEMENT AND ANALYSIS		Data management

		Statistical analysis

		Sample size estimate/power calculations

		Data monitoring





		DISCUSSION

		DATA AVAILABILITY STATEMENT

		ETHICS STATEMENT

		AUTHOR CONTRIBUTIONS

		FUNDING

		ACKNOWLEDGMENTS

		CONFLICT OF INTEREST

		SUPPLEMENTARY MATERIAL

		REFERENCES









OPS/images/cover.jpg
, frontiers | Frontiers in Aging

Prevention in nursing care: a
study protocol of a cluster-
randomized controlled trial on
the effects of physical exercise
and environmental
interventions on physical
activity behavior and physical
functioning in nursing home
residents (PROGRESS study)





OPS/images/fragi-06-1466315-g001.jpg
Assessed for eligibility

n="7?

Excluded and Drop-Out n =?

Randomisation & Measurement point 1, N = 120

Physical exercise intervention

Guided environmental
intervention
n=20
Cluster 4 & Cluster 5

Non-guided environmental
intervention
n=10
Cluster 6

Physical activity culture

n=20
Cluster 2 & Cluster 3

n=10
Cluster 1

Intervention period 1 (16 weeks)

Measurement point 2

Cross-Over

Physical activity culture Physical exercise intervention Guided environmental Non-guided environmental
intervention intervention
n=20 n=10 n=10 n=20
Cluster 2 & Cluster 4 Cluster 6 Cluster 3 Cluster 1 & Cluster 5

Intervention period 2 (16 weeks)

-— Measurement point 3 _-

Follow-up phase (16 weeks of non-guided environmental intervention)

-_ FOHOW_U[J measurements _-

Physical activity culture Physical exercise intervention Guided environmental Non-guided environmental
intervention intervention
n=30 n=30 n=30 n=20
Cluster 1, Cluster 2 & Cluster 4 Cluster 2, Cluster 3 & Cluster 6 Cluster 3, Cluster 4 & Cluster 5 Cluster 1, Cluster 5 & Cluster 6










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Aging





