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Exercise Program 
The exercise program was based on the scientifically validated exercise protocol developed by the European Union funded “Vivifrail” 
project (9). This program aims to prevent frailty and falls and to increase PA among people ≥70 years of age. The “Vivifrail” exercise 
program offers four different intensity levels, which are selected based on the participants’ individual functional capacity. Allocati-
on to the training program is based on the Short Physical Performance Battery (SPPB) and other functional tests (9). Each training 
program consists of 7-9 exercises targeting strength, balance, flexibility, and cardiorespiratory fitness. The home-based exercises are 
designed to be performed daily over a 12-week period, with each session lasting about 30–60 minutes. Participants were encouraged 
to adjust the intensity of each exercise using heavier weights, such as water bottles, or other training equipment, such as balls or ankle 
weights. At the beginning, participants received personal instruction on how to perform each exercise. In addition, all participants 
in the intervention group (IG) were provided with a manual containing written and illustrated instructions, information on exercise 
frequency, and guidance on how to increase intensity. 

Telephone Coaching
In addition to the exercise program, participants received weekly telephone coaching from trained study staff throughout the 12-
week intervention. The coaching was guided by principles of motivational interviewing and incorporated behavior change techniques 
(BCTs) (6). BCTs are clearly defined, observable, and replicable components of an intervention that are designed to change behavior. 
Telephone coaching focused on BCTs that have previously been shown to be effective in promoting PA and supporting cognitive 
and emotional functioning in older adults (4,5). Based on participants‘ demographic characteristics, personal goals, and previous 
experiences, which were assessed at the start of the intervention, coaches selected and tailored the most appropriate BCTs to indi-
vidual needs. The BCTs most frequently applied during the coaching sessions included: goal setting (behavior and outcomes), action 
planning, self-monitoring of behavior and behavioral outcomes, problem solving, feedback on behavior, information about health 
consequences, instruction on how to perform a behavior, behavioral practice, restructuring the physical/ social environment, graded 
tasks, and social support. 

Coaching calls lasted approximately 20 minutes and followed a structured discussion guide. The aim of the motivational coaching 
was to help participants develop the ability to carry out the exercise program independently and to support long-term behavior change. 
Each participant was assigned the same coach for the duration of the intervention to ensure continuity and facilitate the development 
of a supportive coaching relationship.  The structured coaching sessions included the following components:
-  Monitoring adherence to and acceptance of the exercise program;
-  Assessing current health status (physical function, pain);
-  Tailoring the exercise program to individual needs;
-  Providing education on the benefits of exercise training; and
-  Delivering motivational support to encourage continued participation and long-term exercise behavior.

Physical Activity Assessments and Raw Data Processing
As part of the data processing, auto-calibration using local gravity as a reference and the sleep detection function were applied. The 
Euclidean Norm Minus One (ENMO, in milli-gravitational units [mg]) was calculated by taking the vector magnitude of the accele-
ration values on the x, y, and z axes and averaging them over 5-second epochs. This was then corrected for gravity by subtracting 1 g, 
with any negative values set to zero. Recordings with calibration error >0.06 g, less than 14 hours of valid wear time on at least 4 valid 
days, and without wear data present for each 15-minute period of the 24-h cycle present were excluded (7,8).

The average acceleration (AvAcc) is defined as the arithmetic mean of ENMO over the 24-hour period, expressed in milligravity 
units (mg). AvAcc serves as a reliable proxy for overall PA volume, integrating both intensity and duration (7).

The intensity gradient characterizes the distribution of PA intensity over a 24-hour period (7). It is derived as the slope of a regression 
line fitted to the natural logarithm of time spent in 25-mg acceleration bins against the natural logarithm of the midpoints of these 
bins (7). Intensity gradient quantifies the rate at which accumulated times decreases with increasing activity intensity and consistently 
yields negative values. Therefore, it provides a robust metric for assessing the intensity profile of daily PA (7,8). 

Step count measures were derived using the OxWearables ‘stepcount’ algorithm version 3.12.0 (1). ‘stepcount’ applies PA behavior 
was classified using a validated machine learning framework developed for the UK Biobank, based on the approach described by Wil-
letts et al., which applies balanced random forests and Hidden Markov models to wrist-worn accelerometer data (2,11). PA intensity 
was derived using the OxWearables ‘biobankAccelerometerAnalysis’ accelerometer processing pipeline version 7.5.0 applying further 
intensity categories described by Walmsley et al. (3,10).

Sample Size Calculation 
An a priori sample size calculation was challenging because no previous study has investigated the effects of a comparable combined 
intervention (individualized exercise program and motivational interviewing) in older individuals (aged ≥70 years). Therefore, based on 
Fischer et al. (4), we assumed a small to medium effect size of 0.18 for our intervention, which would result in higher physical activity 
levels   following the intervention compared with the control condition. A total of 28 participants were required for the final analysis 
to achieve 80% statistical power at a two-sided significance level of 0.05. 
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Descriptive statistics of baseline accelerometer measured physical activity variables in the overall sample. AvAcc=average acceleration; SD=standard deviation; 
Min=Minimum; Max=Maximum.

OVERALL SAMPLE (N=30)

CHARACTERISTIC MEAN SD MEDIAN RANGE MIN MAX
OVERALL PHYSICAL ACTIVITY
AvAcc (mg) 27.7 8.8 26.4 33.2 12.0 45.1
Intensity gradient -2.813 0.186 -2.846 0.748 -3.152 -2.404
Walking time (min/day) 80.3 40.6 82.1 187.3 2.1 189.5
Daily steps (N) 5886 2908 6196 13483 121 13604
PHYSICAL ACTIVITY PHENOTYPES
Sleep (%) 45.7 10.2 46.3 39.2 27.1 66.3
Sit/Stand (%) 34.3 6.7 35.4 26.0 20.9 46.9
Mixed-activity (%) 9.8 6.8 8.0 22.2 1.3 23.5
Walking (%) 6.9 3.8 7.1 11.6 1.2 12.9
Bicycling (%) 0.3 0.6 0.1 3.2 0.0 3.2
Vehicle (%) 2.9 2.7 2.2 14.6 0.2 14.8
PHYSICAL ACTIVITY INTENSITY
Sedentary (%) 46.9 9.9 46.2 40.6 27.5 68.1
Light (%) 17.1 8.3 15.4 29.9 3.1 32.9
Moderate-vigorous (%) 1.1 0.9 1.0 3.4 0.0 3.4
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Descriptive statistics of follow-up accelerometer measured physical activity variables in the overall sample. AvAcc=average acceleration; SD=standard deviation; 
Min=Minimum; Max=Maximum.

OVERALL SAMPLE (N=30)

CHARACTERISTIC MEAN SD MEDIAN RANGE MIN MAX
OVERALL PHYSICAL ACTIVITY
AvAcc (mg) 27.7 8.7 28.4 42.6 9.9 52.5
Intensity gradient -2802 0180 -2812 0756 -3142 -2386
Walking time (min/day) 88.7 38.6 99.0 157.4 1.3 158.7
Daily steps (N) 6628 2978 7643 11294 76 11370
PHYSICAL ACTIVITY PHENOTYPES
Sleep (%) 46.5 10.0 48.1 38.8 27.9 66.7
Sit/Stand (%) 33.0 7.3 33.5 36.1 11.5 47.6
Mixed-activity (%) 9.0 5.6 9.4 22.9 0.4 23.3
Walking (%) 7.6 3.9 7.5 15.2 0.4 15.6
Bicycling (%) 0.7 1.5 0.1 8.1 0.0 8.1
Vehicle (%) 3.2 2.5 2.9 9.8 0.0 9.8
PHYSICAL ACTIVITY INTENSITY
Sedentary (%) 47.7 9.7 47.7 40.7 27.8 68.5
Light (%) 17.0 7.6 18.1 31.0 1.2 32.2
Moderate-vigorous (%) 1.9 2.2 1.5 10.0 0.0 10.0
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Descriptive statistics of baseline accelerometer measured physical activity variables in the intervention group. AvAcc=average acceleration; SD=standard 
deviation; Min=Minimum; Max=Maximum.

OVERALL SAMPLE (N=30)

CHARACTERISTIC MEAN SD MEDIAN RANGE MIN MAX
OVERALL PHYSICAL ACTIVITY
AvAcc (mg) 26.9 8.0 24.0 25.8 13.7 39.5
Intensity gradient -2833 180 -2862 598 -3135 -2537
Walking time (min/day) 91.6 37.3 83.5 139.1 50.4 189.5
Daily steps (N) 6719 2562 6534 9976 3627 13603
PHYSICAL ACTIVITY PHENOTYPES
Sleep (%) 45.3 8.5 46.5 31.5 29.9 61.4
Sit/Stand (%) 33.8 6.7 34.5 26.0 20.9 46.9
Mixed-activity (%) 10.6 6.9 9.2 20.4 1.9 22.3
Walking (%) 6.8 3.0 6.6 10.6 1.6 12.2
Bicycling (%) 0.2 0.3 0.0 1.1 0.0 1.1
Vehicle (%) 3.4 3.6 2.2 14.6 0.2 14.8
PHYSICAL ACTIVITY INTENSITY
Sedentary (%) 46.4 8.1 46.5 26.7 34.4 61.1
Light (%) 18.0 7.7 14.2 22.6 10.3 32.9
Moderate-vigorous (%) 1.2 0.7 1.2 2.5 0.2 2.7
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Descriptive statistics of follow-up accelerometer measured physical activity variables in the intervention group. AvAcc=average acceleration; SD=standard 
deviation; Min=Minimum; Max=Maximum.

OVERALL SAMPLE (N=30)

CHARACTERISTIC MEAN SD MEDIAN RANGE MIN MAX
OVERALL PHYSICAL ACTIVITY
AvAcc (mg) 27.0 4.8 28.3 16.8 16.7 33.4
Intensity gradient -2.812 0.151 -2.810 0.484 -3.036 -2.552
Walking time (min/day) 101.3 28.6 105.8 110.7 47.9 158.7
Daily steps (N) 7635 2164 7989 8068 3302 11370
PHYSICAL ACTIVITY PHENOTYPES
Sleep (%) 45.8 7.0 48.2 26.1 31.8 57.9
Sit/Stand (%) 32.5 4.6 32.6 15.6 24.6 40.3
Mixed-activity (%) 8.4 4.2 10.1 13.1 2.1 15.2
Walking (%) 8.5 3.2 8.1 13.3 2.3 15.6
Bicycling (%) 0.9 2.1 0.2 8.1 0.0 8.1
Vehicle (%) 3.9 2.4 3.5 7.9 0.5 8.4
PHYSICAL ACTIVITY INTENSITY
Sedentary (%) 47.1 6.5 47.9 26.9 32.4 59.3
Light (%) 17.4 5.1 18.6 14.0 10.4 24.4
Moderate-vigorous (%) 2.5 2.5 2.0 9.8 0.1 10.0
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Descriptive statistics of baseline accelerometer measured physical activity variables in the control group. AvAcc=average acceleration; SD=standard deviation; 
Min=Minimum; Max=Maximum.

OVERALL SAMPLE (N=30)

CHARACTERISTIC MEAN SD MEDIAN RANGE MIN MAX
OVERALL PHYSICAL ACTIVITY
AvAcc (mg) 28.6 9.8 27.5 33.2 12.0 45.1
Intensity gradient -2.792 0.196 -2.845 0.748 -3.152 -2.404
Walking time (min/day) 69.0 41.7 80.7 125.7 2.1 127.8
Daily steps (N) 5052 3076 5503 9100 121 9221
PHYSICAL ACTIVITY PHENOTYPES
Sleep (%) 46.2 12.0 40.6 39.2 27.1 66.3
Sit/Stand (%) 34.9 6.8 36.2 21.6 21.8 43.4
Mixed-activity (%) 9.1 6.8 7.8 22.2 1.3 23.5
Walking (%) 7.0 4.6 7.9 11.6 1.2 12.9
Bicycling (%) 0.4 0.8 0.1 3.2 0.0 3.2
Vehicle (%) 2.5 1.4 2.2 4.7 0.4 5.1
PHYSICAL ACTIVITY INTENSITY
Sedentary (%) 47.5 11.7 41.9 40.6 27.5 68.1
Light (%) 16.2 9.0 17.9 29.1 3.1 32.2
Moderate-vigorous (%) 1.0 1.1 0.8 3.4 0.0 3.4
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Descriptive statistics of follow-up accelerometer measured physical activity variables in the control group. AvAcc=average acceleration; SD=standard deviation; 
Min=Minimum; Max=Maximum.

OVERALL SAMPLE (N=30)

CHARACTERISTIC MEAN SD MEDIAN RANGE MIN MAX
OVERALL PHYSICAL ACTIVITY
AvAcc (mg) 28.4 11.6 28.8 42.6 9.9 52.5
Intensity gradient -2.792 0.209 -2.813 0.756 -3.142 -2.386
Walking time (min/day) 76.0 43.9 86.9 131.1 1.3 132.4
Daily steps (N) 5623 3394 7234 9649 76 9724
PHYSICAL ACTIVITY PHENOTYPES
Sleep (%) 47.1 12.6 48.1 38.8 27.9 66.7
Sit/Stand (%) 33.4 9.5 35.7 36.1 11.5 47.6
Mixed-activity (%) 9.6 6.9 8.6 22.9 0.4 23.3
Walking (%) 6.8 4.5 6.7 13.6 0.4 13.9
Bicycling (%) 0.5 0.7 0.1 2.2 0.0 2.2
Vehicle (%) 2.6 2.5 2.2 9.8 0.0 9.8
PHYSICAL ACTIVITY INTENSITY
Sedentary (%) 48.3 12.3 46.9 40.7 27.8 68.5
Light (%) 16.6 9.6 17.7 31.0 1.2 32.2
Moderate-vigorous (%) 1.3 1.6 0.4 4.9 0.0 4.9
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