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Abstract: 

This study examined the relationship between accelerometer-measured physical activity 
and the onset of limitations in Activities of Daily Living (ADL) and Instrumental Activities of 
Daily Living (IADL) over two years. ADL and IADL limitations are key indicators of declining 
independence, and physical activity is known to mitigate such declines. Using data from the 
eighth and ninth waves of the Survey of Health, Ageing, and Retirement in Europe (SHARE), 
this study focused on older adults in 10 European countries. The analysis included 617 
participants without ADL and 574 individuals without IADL limitations at baseline. Average 
marginal effects (AME) for the probability of onset of ADL and IADL limitations were reported 
based on multivariate logistic regressions. Results indicated that higher daily step counts and 
increased time spent in intense activity are significantly associated with a reduced likelihood 
of ADL limitations. An increase of 1,000 steps per day was associated with a 1.1 (AME 
= -0.011; p = 0.004) and 0.9 (AME = -0.009; p = 0.035) percentage point decrease in the 
probability of ADL and IADL impairment, respectively. One hour more of intense activities 
per day was correlated with a 6.1 percentage point decrease in the likelihood for an onset 
of ADL limitations (AME = -0.061; p = 0.029), while the time spent in intense activities per 
day was not significantly correlated with the onset of IADL limitations (AME = -0.059; p = 
0.062). Correlations were stronger for ADL than for IADL and for steps than intense activities. 
The study highlights the potential of regular physical activity to preserve functional 
independence in older adults, contributing to public health strategies to reduce the need for 
long-term care. 
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1 Introduction 
Limitations in Activities of Daily Living (ADL) serve as indicators of disability, quality of life decline, and 
increased mortality rates, particularly among older adults (Guralnik & Ferrucci, 2003; Kekäläinen et al., 
2023; Millán-Calenti et al., 2010; Qiao et al., 2021). Maintaining the ability to perform these essential 
tasks is critical for sustaining independence (Iavarone et al., 2007) and overall well-being, yet many 
people experience declines in these areas as they age. While substantial research links physical activity 
with various health benefits and shows cross-sectional correlations between physical activity and ADL 
performance, a limited number of longitudinal studies examine whether physical activity levels, as 
objectively measured by accelerometers, can predict the onset of ADL limitations. Clarifying the 
relationship between physical activity and ADL limitations over time could inform public health 
strategies and interventions designed to preserve independence and improve the quality of life in aging 
populations, potentially reducing the need for long-term care. 

Activities of Daily Living refer to the essential tasks required for maintaining independence within the 
community (Kekäläinen et al., 2023). These tasks are divided into basic activities of daily living (ADL) 
and instrumental activities of daily living (IADL) (Kekäläinen et al., 2023). ADLs encompass basic self-
care tasks essential for attending to one's physical well-being, like feeding oneself, getting dressed, and 
maintaining personal cleanliness. On the other hand, IADLs involve more intricate activities that 
demand foresight and cognitive effort, such as meal preparation, household chores, shopping, and 
financial management (Kekäläinen et al., 2023). A decline in the ability to perform basic ADL 
significantly reduces autonomy (Iavarone et al., 2007) and often leads to the need for informal (Sjölund 
et al., 2015) or institutional care (Galasko et al., 2004; Gaugler et al., 2007). 

Consistent physical activity plays a vital role in promoting well-being as one grows older (Langhammer 
et al., 2018). Regular physical activity serves as a shield against noncommunicable diseases like 
cardiovascular disease, stroke, diabetes, and certain cancers (WHO, 2020). Furthermore, engaging in 
physical activity correlates with enhanced mental well-being (Schuch et al., 2016), a delay in dementia 
onset (Livingston et al., 2020), and an overall better quality of life (Das & Horton, 2012). Extensive 
research confirms the positive health outcomes of physical activity, showing that increased levels and 
more frequent participation are linked to decreased risks and better health across various areas 
(Langhammer et al., 2018; Musich et al., 2017). 

The association of physical activity with limitations in ADL/IADL was investigated in numerous cross-
sectional studies. Based on self-reported physical activity, the correlation of inactivity with a higher 
probability of ADL/IADL limitations in older adults was demonstrated with data from all around the 
world, e.g. India (Nontarak et al., 2023), Thailand (Bryant et al., 2020), Korea (Nguyen et al., 2022), 
Brazil (Garcia Meneguci et al., 2021), Finland (Pullinen et al., 2024), and Ireland (Connolly et al., 2017). 
Fewer studies were conducted using device-measured indicators of physical activity, but they report 
the same relationship between physical activity and limitations in ADL/IADL. Higher physical activity 
and lower sedentary behaviour were consistently linked to a better ability to complete Activities of 
Daily Living (ADL) and Instrumental Activities of Daily Living (IADL) (Amaral Gomes et al., 2021).  

A cross-sectional correlation between limitations in ADL/IADL and physical activity can result from 
different mechanisms. On the one hand, limitations in specific activities such as walking and getting up 
from a chair are likely to be the reason for reduced physical activity. On the other hand, physical activity 
is an important health behaviour for preventing various diseases and the cross-sectional correlation 
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between limitations in ADL/IADL and physical activity might indicate the protective effect of previous 
physical activity on current performance in ADL/IADL. To better understand the potential causal 
relationship between physical activity and ADL/IADL limitations, studies with a longitudinal design are 
needed to provide more robust insights. 

Several longitudinal studies using self-reported physical activity measures are available that 
underscore the importance of regular physical activity in preventing and slowing ADL and IADL 
disabilities and maintaining functional independence. Higher physical activity levels and lower 
sedentary behaviour were linked to better ADL and IADL abilities. Peterson et al. (2009) followed 2,964 
participants from the Health, Aging and Body Composition (Health ABC) study for 5 years to investigate 
the impact of varying levels and types of physical activity on the onset and severity of frailty. Those 
with sedentary lifestyles showed increased odds of developing frailty. Rector et al. (2020) conducted a 
longitudinal study over a period of 8 to 20 years using data from the Survey of Midlife Development in 
the United States. The results indicated that individuals who maintained their physical activity 
experienced a slower progression of functional limitations compared to those whose activity levels 
declined more rapidly. Another US study that followed older adults over 8 years showed that the 
decline in ADLs was reduced in persons who were engaged in vigorous physical activity or exercise 
three times a week or more  (Wolinsky et al., 2011). Analysing longitudinal data from Norway revealed 
that excessive sitting, irregular sleep, and physical inactivity were important risk factors for ADL/IADL 
disability (Storeng et al., 2018). A recent study highlights the role of physical activity in protecting 
against ADL limitations, as the protective effect was also shown in stroke survivors (van Allen et al., 
2024). 

The systematic review by Amaral Gomes et al. (2021) covering publications until June 2020 identified 
four longitudinal studies using device-measured physical activity (Balogun et al., 2020; Cawthon et al., 
2013; Dunlop et al., 2019; Shah et al., 2012). All studies demonstrated that greater physical activity 
and reduced sedentary behaviour were linked to improved performance in ADL and IADL (Amaral 
Gomes et al., 2021). Cawthon et al. (2013) found that older men with lower energy expenditure, less 
moderate activity, or more sedentary time were more likely to develop functional limitations. Shah et 
al. (2012) found that higher total daily physical activity was linked to less disability, even after 
accounting for self-reported activity. Balogun et al. (2020) used pedometers to study the relationship 
between physical activity and knee pain and (knee-related) functional limitations in older adults over 
three points in time in a 5-year interval. Higher physical activity was linked to lower knee pain and 
functional limitation (Balogun et al., 2020). In a sample of individuals at risk for mobility and ADL 
limitations due to lower extremity joint symptoms, Dunlop et al. (2019) concluded that a minimum 
threshold of around 1 hour of moderate-to-vigorous activity per week significantly improved the 
chances of remaining disability-free (ADL and mobility) over a 4-year period. More recently, Chen et 
al. (2023) conducted a prospective study on 1,687 Japanese adults aged 65 years and older who were 
free of functional disability at baseline. Physical activity was measured using a waist-worn 
accelerometer, and participants were followed for nine years (2011–2020). The study found that 
higher levels of total sedentary time were associated with an increased risk of incident functional 
disability. 

This paper aims to investigate the relationship between physical activity, as measured by 
accelerometers, and the onset of limitations in activities of daily living (ADL) and instrumental activities 
of daily living (IADL) over a two-year follow-up period. 
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2 Data and Methods 
Data from the Survey of Health, Ageing and Retirement in Europe (SHARE) waves 8 and 9 is used for 
this investigation. SHARE is a panel study of the population aged 50 years and older in many European 
countries addressing the health, social, and financial situation of the respondents (Börsch-Supan et al., 
2013). SHARE Release 9.0.0 Wave 8, conducted in 2019 and 2020, was employed as baseline data, 
providing information on physical activity, health, and further control variables (SHARE-ERIC, 2024b). 
SHARE Wave 9, conducted in 2021 and 2022, was used as follow-up yielding information on the onset 
of limitations in ADLs and IADLs (SHARE-ERIC, 2024c). 

Wave 8 of SHARE comprises the SHARE Accelerometer Study, an additional data collection of physical 
behaviour using acceleration sensors (Bergmann & Börsch-Supan, 2021). A subsample of SHARE 
respondents in ten countries was asked to wear accelerometers (type “Axivity AX3”) on their upper 
thigh for eight consecutive days in their everyday life, day and night. The SHARE Accelerometer Study 
was conducted in Germany, Sweden, Spain, Italy, France, Denmark, Belgium, Czechia, Poland, and 
Slovenia.  

2.1 Measures 

2.1.1 Physical Activity 

The data of the SHARE Accelerometer Study offers measures on postures and activities obtained from 
ActiPASS Version 1.61beta (Hettiarachchi & Johansson, 2023). ActiPASS is a software that derives 
activities and postures, such as standing, sitting, walking, and cycling, based on thigh-worn 
accelerometer raw data (Skotte et al., 2014). Details on the data processing done by SHARE are 
available elsewhere (SHARE-ERIC, 2024a). The algorithms used by ActiPASS for step count (Stemland 
et al., 2015) and activities (Skotte et al., 2014) were validated. Two indicators of physical activity 
derived from ActiPASS were used in this analysis: the number of steps and the time spent on intense 
activities. The following activities are considered as intense: fast walking (i.e., cadence ≥100 
steps/min), running, cycling, stair climbing, and other periodic movements with a cadence ≥100 
steps/min. Both metrics, steps per day and time spent in intense activities (hours), were averaged over 
all observation days per respondent. 

A self-reported measure of physical activity was generated by the response to the question “How often 
do you engage in vigorous physical activity, such as sports, heavy housework, or a job that involves 
physical labour?”. A binary variable is generated indicating no vigorous activity (response option 
“Hardly ever, or never”) and engagement in vigorous activity (response options “More than once a 
week”, “Once a week”, “One to three times a month”). 

2.1.2 Limitations in ADL and IADL 

Activities of daily living (ADL) are essential skills required to handle basic physical needs, such as eating, 
using the toilet, or maintaining personal hygiene (Katz et al., 1963). In SHARE, ADL limitations are 
identified by six questions assessing difficulties in performing dressing, bathing, eating, using the toilet, 
getting in and out of bed, and walking across a room (Steel et al., 2003).  

Instrumental Activities of Daily Living (IADL), which are generally categorized separately from ADLs, 
include more complex activities related to independent living in the community, such as managing 
money, doing laundry, or taking medications (Canada et al., 2021). In the SHARE questionnaire, IADL 
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limitations encompassed difficulties in nine activities, including grocery shopping, preparing hot meals, 
managing finances, making phone calls, taking medication, using a map, performing housework, doing 
laundry, leaving the house independently, and accessing transportation services.  

For both, limitations in ADL and IADL, a binary variable indicating limitations (one or more vs. none) 
was used for analyses. 

2.1.3 Covariates 

Covariates include the respondent's gender and age in years at the time of the interview as well as the 
country. Education was classified into three levels based on the 1997’s International Standard 
Classification of Education (ISCED), which allows for the standardised reporting of education statistics 
at the international level (UNESCO, 2006). The seven original ISCED levels were consolidated into a 
three-level categorical variable: low (no or primary education, ISCED levels 0 and 1), medium 
(secondary education, ISCED levels 2, 3, and 4), and high (tertiary education, ISCED levels 5 and 6). The 
financial situation was assessed by asking respondents how easily their household can make ends 
meet, with responses categorized as with great difficulties, with some difficulties, fairly easily, or easily 
(Litwin & Sapir, 2009). Health behaviour included smoking and risky alcohol consumption. Smoking 
was classified into three categories: currently smoking, former smoker, and never smoked. Having 
consumed six or more units of alcohol on one occasion at least weekly in the last 3 months was 
considered risky alcohol consumption. Respondents’ health was controlled by various indicators. 
Overweight status was determined by a Body Mass Index (BMI) of 25 or higher. The number of chronic 
conditions was recorded as 0, 1, or 2 or more, based on self-reported diagnosis of chronic diseases. In 
addition, variables for suffering from a heart attack or stroke at the time of the interview were 
generated. Difficulties walking 100 meters were considered in the analysis as a measure of mobility. 
Difficulties picking up a small coin from a table served as an indicator of fine motor skills. Cognitive 
functioning was evaluated through memory performance using a 10-word recall test (Brandt et al., 
1988; Harris & Dowson, 1982) and an assessment of mathematical performance (numeracy test). In 
the 10-word recall test, participants listened attentively to a list of 10 words read aloud. They were 
then asked to recall as many words as they could immediately (immediate recall) and again after a 
brief interval (delayed recall). The number of correctly recalled words from the immediate recall was 
used as an indicator of the respondent’s memory. Numeracy was evaluated by the “serial seven test” 
which asks the respondent to perform subtractions. The first question is “One hundred minus 7 equals 
what?”, followed four times by “And 7 from that”. An index is generated showing the number of 
correct answers (0 to 5). 

2.2 Sample 

From the initial sample of the SHARE Accelerometer Study with the size of N=855, participants were 
excluded based on several criteria (Figure 1). Participants with less than 4 days of valid accelerometer 
measurement – defined as 16 hours of valid wear time per day – detected by the ActiPASS software 
were excluded (N=36). Ninety-seven respondents did not participate in wave 9. Thirty-nine 
respondents were excluded due to missing data in at least one variable, resulting in a sample of 683 
respondents. For the analysis of the onset of ADL/IADL limitations, only those respondents without 
ADL/IADL limitations in wave 8 were included in the respective analysis sample. Therefore, the samples 
differ in size and composition (Table 1). The total sample for ADL analysis was 617 participants, with a 
mean age of 68.2 years and 58% female and 42% male respondents. For IADL analysis, the total sample 
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Figure 1: Sample inclusion criteria 

 
Data: SHARE Waves 8 & 9, Release 9.0.0 
 

was 574 participants, with a mean age of 67.6 years and 57.8% female and 42.4% male respondents. 
The valid measurement period of accelerometer data averaged 7.2 days for both ADL and IADL 
samples, while the time between data collection in wave 8 and wave 9 averaged 25.9 months for both 
groups (min = 21, max = 33, SD = 2.6). 

2.3 Statistical methods 

Logistic regression analyses were conducted to examine the relationships between physical activity 
and the onset of limitations in ADL and IADL. The results are presented as average marginal effects 
(AME) to facilitate interpretation and provide a more intuitive understanding of the impact of each 
predictor on the probability of the outcome (Thrane, 2019). 

3 Results 
Graphs in Figure 2 present the average steps per day, time spent in intense activity, and percentage of 
self-reported vigorous activity in wave 8 for different groups of ADL and IADL status. Individuals 
without any ADL or IADL limitations in both waves showed the highest level of activity in all three 
indicators. 

While those without any limitations had approximately 8,000 steps per day, those with limitations in 
either wave 8 or wave 9 had on average less than 5,300 steps. Individuals who reported ADL or IADL 
limitations in wave 81 were very similar in their physical activity compared to those who reported onset 
of ADL/IADL limitation in wave 9 (i.e., no ADL/IADL limitation in wave 8, but at least one limitation in 
wave 9).  

 
1 This group is excluded in the regression analyses on onset of ADL/IADL limitations below. 
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Table 1: Sample description 

   ADL Sample IADL Sample 
      N=617 N=574 
Steps In 1,000 mean 7.9 8.1 
Intense activity Hours mean 0.9 0.9 
Self-reported vigorous activity Hardly ever, or never % 41.0 37.3 

 at least once a month % 59.0 62.7 
Age Years mean 68.2 67.6 
Gender Female % 58.0 57.8 

 male % 42.0 42.2 
Smoking Never % 54.5 53.5 

 Not currently % 31.0 31.0 

 Yes % 14.6 15.5 
Risky alcohol consumption Yes % 5.7 5.4 
Overweight Yes % 66.6 67.2 
Chronic disease No % 25.8 27.7 

 One % 34.4 34.3 

 Two or more % 39.9 38.0 
Education Low % 13.6 13.1 

 Medium % 60.9 60.8 

 High % 25.4 26.1 
Make Ends Meet With great difficulties % 6.8 5.6 

 With some difficulties % 23.5 25.1 

 Fairly easily % 33.9 34.8 

 Easily % 35.8 34.5 
Memory test 0-10 mean 5.7 5.7 
Numeracy test 0-5 mean 4.3 4.3 
Difficulties picking up a small coin Yes % 2.1 2.1 
Difficulties walking 100m Yes % 5.7 3.8 
Heart attack Yes % 10.4 9.8 
Stroke Yes % 3.1 2.8 
Country Germany % 13.6 13.2 

 Sweden % 8.4 8.7 

 Spain % 6.6 6.6 

 Italy % 9.6 9.9 

 France % 9.4 8.9 

 Denmark % 4.5 4.9 

 Belgium % 8.8 8.2 

 Czechia % 12.0 12.0 

 Poland % 13.9 13.9 

 Slovenia % 13.1 13.6 
Valid days of accelerometer study Days mean 7.2 7.2 
Time between w8 & w9 Months mean 25.9 25.9 
Data: SHARE Waves 8 & 9, Release 9.0.0     
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Figure 2: Mean of steps per day, time spent in intense activity, and self-reported frequency of vigorous activity by ADL and 
IADL status (with 95% CI). 

 
Data: SHARE Waves 8 & 9, Release 9.0.0 (unweighted). 
Note: Numbers available in Appendix 1. 
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For intense activity, individuals without any limitations in ADL and IADL across both waves averaged 
0.95 and 0.97 hours per day of intense physical activity, respectively. In contrast, those who developed 
ADL and IADL limitations by Wave 9 averaged 0.66 and 0.73 hours, while those with limitations already 
in Wave 8 averaged 0.61 and 0.63 hours.  

Regarding self-reported vigorous physical activity, 61.2% of individuals without ADL limitations in both 
waves reported engaging in vigorous activity at least once a month. In comparison, only 27.5% of those 
who developed limitations by Wave 9 and 33.3% of those with limitations in Wave 8 reported similar 
activity levels. For IADL limitations, the share of individuals with at least monthly vigorous activity in 
those individuals with an onset of IADL limitation in wave 9 is 47.1 %. This is considerably higher 
compared to 23.9 % in those individuals with IADL limitations in wave 8. 

The logistic regression analysis for the onset of ADL limitations (Table 2 models 1-3) revealed that 
higher physical activity was associated with a significantly lower probability of developing ADL 
limitations. The average marginal effect indicated that 1,000 steps more per day were linked to a 1.1 
percentage point decrease in the likelihood of ADL limitations (AME = -0.011; 95% CI: -0.003; -0.018).  
Similarly, each additional hour of intense activity per day and self-report of being vigorously active at 
least once a month was linked to a lower likelihood of ADL limitations by 6.1 (AME = -0.061; 95% CI: -
0.006; -0.116) and 7.5 (AME = -0.075; 95% CI: -0.120; -0.031) percentage points, respectively. 

The average marginal effects presented in Table 2 (models 4-6) revealed that an increase in 1,000 steps 
per day was associated with a decrease in the likelihood of IADL limitations by 0.9 percentage points 
(AME = -0.009; 95% CI: -0.001 – -0.017). Although pointing in the same direction, the association of 
time spent in intense activity (AME = -0.059; 95% CI: -0.121; 0.003) and self-reported frequency of 
vigorous activity (AME = -0.034; 95% CI: -0.086; 0.018) did not show significant correlations to the 
onset of IADL limitations. 

 
Table 2: Logistic regression for the onset of ADL and IADL limitations: Average marginal effects 

 (1) 

ADL 

(2) 

ADL 

(3) 

ADL 

(4) 

IADL 

(5) 

IADL 

(6) 

IADL 

Steps per day (in 
1,000) 

-0.011 **     -0.009 *     

(0.004)      (0.004)      

Intense Activity per 
day (hours) 

  -0.061 *     -0.059 +   

  (0.028)      (0.031)    

Vigorously active at 
least once a month 

    -0.075 ***     -0.034  

    (0.023)      (0.027)  

Number of 
observations 617  617  617  574  574  574 

 

Pseudo R2 0.211  0.196  0.216  0.171  0.168  0.161  

*** p<.001, ** p<.01, * p<.05, + p<.1 
Data: SHARE Waves 8 & 9, Release 9.0.0 

Note: Standard errors in parentheses. Controls: Age, Gender, Education, make ends meet, Smoking, Alcohol 
consumption, Overweight, Chronic disease, Stroke, Heart attack, Memory test, Numeracy test, Diff. picking up a 
coin, Diff. walking 100 m. Full table available in Appendix 2. 
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4 Discussion 
This study showed that sensor-based measures of physical activity were correlated to the onset of 
limitations in ADL and IADL in a 2-year follow-up in the sample of the SHARE Accelerometer Study in 
ten European countries. Correlations were stronger for ADL than IADL and for the number of steps 
than for time spent in intense activity. A stronger impact of physical activity on ADL limitations was 
expected, as these tasks primarily involve physical abilities. In contrast, a weaker correlation with IADL 
was observed, as these tasks involve more cognitive abilities, and thus, a broader range of factors 
influence the ability to perform them. The same pattern of a stronger correlation of physical activity 
with ADL than IADL was reported in some previous studies (Crevenna & Dorner, 2019; Cwirlej-Sozanska 
et al., 2019; Martinez-Hernandez et al., 2022; Nguyen et al., 2022). In the present study, similar results 
were observed for self-reported activity; however, the correlation was not significant for IADL 
limitations. 

The study setup enabled the identification of the onset of ADL and IADL limitations. However, causal 
interpretation is not possible. As the activity of the ADL/IADL onset group was similar to the group of 
individuals who reported ADL/IADL limitations at the baseline interview (see Figure 2) and the follow-
up period was relatively short, the lower activity level of the onset group – compared to those without 
any ADL/IADL limitations – might reflect an ongoing decline in physical functioning that was manifested 
into ADL/IADL limitations in the follow-up period. 

Identifying early signs of limitations is crucial for timely intervention, as it allows for strategies to 
counteract further functional decline. Mobility limitations are commonly observed in older individuals, 
serving as early signs of potential decline in physical abilities. Indicators such as having trouble walking 
a quarter mile or ascending one flight of stairs may serve as a warning sign before mobility disability 
sets in, where walking becomes extremely challenging or requires assistance (Simonsick et al., 2008; 
Verbrugge & Jette, 1994; Wolinsky et al., 2005). The physical abilities such as mobility, strength in the 
lower extremities, balance, and walking endurance in older adults who are cognitively sound are highly 
responsive to training (Binder et al., 2002; Vaitkevicius et al., 2002) and improvement in these areas 
can directly impact the activities of daily living (Yokoya et al., 2009). Strength training, a form of 
structured physical activity, has demonstrated effectiveness in both preventing and reversing 
sarcopenia, i.e. both a reduction in muscle mass and a decline in muscle function (Sánchez-Sánchez et 
al., 2019). Through training that targets the physical aspects related to ADL healthy older individuals 
can either stabilise or enhance their ADL performance (Yokoya et al., 2009). Therefore, future 
initiatives should focus on promoting participation and adherence to exercise programs for older 
adults, to improve their functional capacities and performance in daily living activities. 

A strength of this study is the availability of sensor-based measures of physical activity. This reduces 
the bias associated with self-reported measures and allows for more precise assessments of the 
relationship between physical activity and limitations in ADL and IADL. The average number of steps 
per day provided an appropriate metric that showed a correlation with limitations in ADL and IADL. 
Also, steps per day are intelligible and relevant for older adults as walking is the most common leisure-
time physical activity of older adults (Martin et al., 2014; Vaz de Almeida et al., 1999). 

Limitations of the study include the one-time accelerometer measurement of physical activity, not 
allowing the  detection of changes in physical activity levels, and the insufficient number of cases for 
conducting robust country-specific analyses. Additionally, there may be a selection bias in the 
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accelerometer study, as individuals with mobility limitations or low self-assessed physical activity 
might have been less likely to participate, potentially leading to an underrepresentation of these 
groups in the sample (Franzese et al., 2023). However, an assessment of the selection bias in the SHARE 
Accelerometer Study showed no significant influence of participation selection on another metric 
(ENMO i.e. average acceleration) (Franzese et al., 2023) 

Future studies with not only longer observation periods but more frequent data of both physical 
activity and ADL/IADL limitations are needed to better describe pathways into ADL and IADL limitations 
and identify causal – and potentially reciprocal – relations between physical activity and limitations in 
ADL and IADL. Still, the present study aligns with the plethora of literature reporting correlations of 
physical activity with various health outcomes, clearly underscoring the importance of early 
intervention, as addressing declines in physical activity at the onset of ADL limitations may help prevent 
further deterioration in functional abilities. 
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7 Appendix 
Appendix 1: Mean, standard error, and 95% confidence intervals of steps per day, time spent in intense activity, and self-
reported frequency of vigorous activity by ADL and IADL status. 

  ADL 

  Steps  Intense Activities  Self-rated vigorously active 
  N mean se lb ub   N mean se lb ub   N % se lb ub 

ADL w8 66 5260 426 4410 6110  66 0.61 0.05 0.51 0.70  66 33.33 5.85 21.66 45.01 

No ADL w8 - 
ADL w9 40 5291 563 4151 6430  40 0.66 0.07 0.52 0.79  40 27.50 7.15 13.04 41.96 

No ADL w8 & 
w9 577 8070 156 7763 8376  577 0.95 0.02 0.91 0.99  577 61.18 2.03 57.19 65.17 

                                  

  IADL 

  
Steps 

 
Intense Activities 

hours  
Self-rated vigorously active 

  N mean se lb ub   N mean se lb ub   N % se lb ub 

IADL w8 109 5369 347 4681 6057  109 0.63 0.04 0.55 0.71  109 23.85 4.10 15.72 31.98 

No IADL w8 - 
IADL w9 51 6249 496 5253 7245  51 0.73 0.06 0.60 0.85  51 47.06 7.06 32.88 61.24 

No IADL w8 
& w9 523 8243 162 7925 8562  523 0.97 0.02 0.93 1.01  523 64.24 2.10 60.12 68.37 

 
Data: SHARE Waves 8 & 9, Release 9.0.0  
Note: se = standard error, lb = lower bound of 95 % confidence interval, ub = upper bound of 95 % confidence interval 
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Appendix 2: Logistic regression for the onset of ADL and IADL limitations: Average marginal effects 

 ADL 1 ADL 2 ADL 3 IADL 1 IADL 2 IADL 3 
Steps per day (in 1000) -0.011 **     -0.009 *     
 (0.004)      (0.004)      
Intense Activity per day (hours)   -0.061 *     -0.059 +   
   (0.028)      (0.031)    
Vigorous activity (Ref: hardly ever, or never)           
  At least once a month     -0.075 ***     -0.034  
     (0.023)      (0.027)  
Gender (Ref: Male)             
  Female -0.043 * -0.042 + -0.053 * 0.027  0.029  0.027  
 (0.022)  (0.022)  (0.023)  (0.024)  (0.024)  (0.024)  
Age (in years) -0.000  0.000  0.000  0.004 * 0.004 * 0.005 ** 
 (0.001)  (0.001)  (0.001)  (0.002)  (0.002)  (0.002)  
Education (Ref: Low)             
  Medium 0.047 + 0.051 * 0.051 * 0.024  0.026  0.031  
 (0.026)  (0.025)  (0.023)  (0.033)  (0.032)  (0.031)  
  High 0.018  0.019  0.026  0.035  0.036  0.041  
 (0.028)  (0.027)  (0.027)  (0.040)  (0.040)  (0.039)  
Make ends meet (Ref: With great difficulty)           
  With some difficulty -0.044  -0.045  -0.010  -0.131  -0.136  -0.128  
 (0.053)  (0.054)  (0.043)  (0.094)  (0.094)  (0.096)  
  Fairly easily -0.054  -0.057  -0.017  -0.194 * -0.199 * -0.189 + 
 (0.053)  (0.055)  (0.043)  (0.096)  (0.096)  (0.098)  
  Easily -0.036  -0.040  -0.002  -0.206 * -0.209 * -0.203 * 
 (0.056)  (0.057)  (0.046)  (0.097)  (0.098)  (0.099)  
Smoking (Ref: Never smoked)             
  No current smoking 0.050 * 0.047 * 0.044 + 0.051 + 0.050 + 0.046 + 
 (0.024)  (0.024)  (0.023)  (0.028)  (0.028)  (0.027)  
  Current smoking 0.007  0.009  0.019  0.074 + 0.076 + 0.085 * 
 (0.025)  (0.026)  (0.029)  (0.040)  (0.040)  (0.042)  
Risky alcohol (Ref: No)             
  Yes 0.033  0.035  0.018  0.124  0.125  0.125  
 (0.044)  (0.044)  (0.038)  (0.078)  (0.078)  (0.077)  
Overweight (BMI >= 25) (Ref: No)           
  Yes -0.007  -0.005  -0.003  -0.043  -0.044  -0.042  
 (0.022)  (0.022)  (0.022)  (0.028)  (0.028)  (0.027)  
Stroke: ever diagnosed/ currently having (Ref: No)          
  Yes 0.035  0.048  0.057  0.029  0.039  0.041  
 (0.055)  (0.058)  (0.058)  (0.061)  (0.064)  (0.065)  
Heart attack: ever diagnosed/ currently having (Ref: No)          
  Yes -0.036 + -0.038 + -0.039 + 0.021  0.018  0.017  
 (0.020)  (0.020)  (0.020)  (0.040)  (0.039)  (0.040)  
Chronic disease (Ref: None)             
  One chronic disease 0.043 + 0.043 + 0.040  0.020  0.020  0.025  
 (0.024)  (0.024)  (0.025)  (0.032)  (0.032)  (0.031)  
  Two or more chronic diseases 0.045 * 0.043 + 0.040 + 0.009  0.011  0.015  
 (0.022)  (0.022)  (0.023)  (0.030)  (0.030)  (0.030)  
Diff. picking up a small coin (Ref: No)          
  Yes 0.144  0.131  0.110  0.278 * 0.274 * 0.221 + 
 (0.108)  (0.104)  (0.089)  (0.140)  (0.139)  (0.131)  
Diff. walking 100 m (Ref: No)             
  Yes 0.053  0.081  0.089  0.048  0.057  0.075  
 (0.047)  (0.054)  (0.055)  (0.061)  (0.063)  (0.069)  
Memory test -0.003  -0.005  -0.007  -0.002  -0.002  -0.004  
 (0.007)  (0.007)  (0.007)  (0.008)  (0.008)  (0.008)  
Numeracy test 0.004  0.004  0.004  0.013  0.013  0.014  
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 (0.009)  (0.009)  (0.009)  (0.011)  (0.011)  (0.011)  
Country (Ref: Germany)             
  Sweden -0.050  -0.054  -0.058  0.015  0.015  0.018  
 (0.044)  (0.045)  (0.048)  (0.055)  (0.056)  (0.058)  
  Spain -0.070  -0.074  -0.092 + -0.008  -0.015  -0.030  
 (0.052)  (0.052)  (0.048)  (0.072)  (0.070)  (0.065)  
  Italy -0.047  -0.058  -0.071  -0.053  -0.058  -0.064  
 (0.050)  (0.048)  (0.047)  (0.048)  (0.048)  (0.047)  
  France 0.000  -0.003  -0.044  0.014  0.007  -0.011  
 (0.057)  (0.058)  (0.051)  (0.062)  (0.062)  (0.059)  
  Denmark -0.081 + -0.079 + -0.091 + -0.010  -0.010  -0.011  
 (0.044)  (0.048)  (0.048)  (0.070)  (0.072)  (0.074)  
  Belgium -0.062  -0.059  -0.074 + -0.037  -0.039  -0.037  
 (0.042)  (0.045)  (0.045)  (0.050)  (0.051)  (0.053)  
  Czechia -0.044  -0.047  -0.065  0.016  0.011  0.002  
 (0.042)  (0.043)  (0.043)  (0.053)  (0.053)  (0.052)  
  Poland -0.050  -0.053  -0.066  -0.037  -0.039  -0.042  
 (0.042)  (0.043)  (0.043)  (0.047)  (0.048)  (0.048)  
  Slovenia -0.080 * -0.085 * -0.085 * -0.027  -0.031  -0.030  
 (0.038)  (0.038)  (0.042)  (0.047)  (0.047)  (0.049)  

Number of observations 617 
 

617 
 

617 
 

574 
 

574 
 

574 
 

Pseudo R2 0.211  0.196  0.216  0.171  0.168  0.161  
*** p<.001, ** p<.01, * p<.05, + p<.1 
Data: SHARE Waves 8 & 9, Release 9.0.0 
Note: Standard errors in parentheses. 
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