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ENGLISH SUMMARY 

Inadequate physical activity (PA) levels have a major impact on public health, and inactivity 

constitutes a key barrier to healthy aging among older adults. The least physically active older adults 

may benefit from even small increases in PA levels, so effective interventions should be prioritised. 

Innovative solutions should be implemented for PA-promoting interventions aimed at older adults 

to ensure that they are relevant, feasible, and cost-effective. PA Monitors (PAMs) are in common 

use to facilitate behavioural change, but the literature is highly variable as to their effectiveness 

among older adults. As one size does not fit all, this thesis suggests further behavioural change 

methods in combination with PAM-based interventions. 

Motivational Interviewing (MI) is a well-established method in Denmark and has been 

reported to increase PA levels among older adults, and thus it is relevant as an additional 

intervention when used in combination with PAMs. Most consumer-available PAMs have the 

potential to be used as intervention content as well as outcome instruments. The validity and 

measurement properties of research-grade PAMs are already well established, but before 

consumer-available PAMs are used in clinical research, the measurement properties of each 

individual model in each specific population should be investigated. PA Questionnaires (PAQs) are 

frequently used to aid or replace PAMs in clinical studies, but though this is a feasible approach in 

most situations, their measurement properties can pose a challenge. Hence, the measurement 

properties and, especially, the validity of the PAQs among older adults should be investigated before 

they are decided upon for a research project. To investigate how PA monitoring can be used to 

enhance PA levels among older adults, four studies were conducted. A systematic review and meta-

analysis investigated the effectiveness of PAMs among older adults, while two validity studies 

investigated the measurement properties of consumer-available PAMs and two PAQs. Finally, a 

randomised controlled trial (RCT) investigated the effectiveness of MI as an add-on intervention to 

a PAM-based intervention among older adults.  

In summary, the systematic review demonstrated low quality of evidence for a 

clinically highly relevant moderate effect of PAM-based intervention. The criterion validity of 

consumer-grade PAMs was found to be mainly affected by position of use, as hip-worn PAMs did 

not differ in terms of measurement error or validity, whereas wrist-worn monitors were found to 

be associated with inadequate validity and a high degree of measurement error. Among older 

adults, the concurrent validity of two PAQs was found to be inadequate and their use could not be 
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supported. When added to a PAM-based intervention, MI was found to be effective, but non-

significant, in increasing the daily step count among older adults.  

The thesis includes six peer-reviewed publications from four studies to answer PA 

monitoring among older adults can be used. The findings should be interpreted within the 

limitations from the four studies, including heterogeneity and low quality of evidence in the 

systematic review, low statistical power from lack of participants in the RCT, and several types of 

bias affecting PAMs in general. However, in conclusion, PAMs seem effective, feasible and safe to 

use in the population of older adults, and the thesis points to several implications for further 

research and clinical practice.  
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DANSK RESUMÉ 

Fysiske aktivitetsniveau har stor betydning for folkesundheden. Inaktivitet er en af de primære 

barrierer for sund aldring, og især blandt de mindst aktive har små forskelle i det fysiske 

aktivitetsniveau en stor betydning for sundheden. Derfor bør effektive interventioner prioriteres. 

Interventionerne skal ikke kun være effektive, men også innovative, da anvendeligheden og 

effektiviteten i forhold til omkostningerne altid skal balanceres, før interventionerne kan 

implementeres. Fysisk aktivitetsmonitorering bliver hyppigt anvendt som et redskab i forbindelse 

med adfærdsændringer, men især blandt ældre er evidensen ikke entydig. Ikke alle ældre reagerer 

på samme måde, når de modtager feedback fra aktivitetsmonitorer, og derfor foreslås det at 

yderligere adfærdsteorier implementeres og afprøves i forbindelse med fysisk 

aktivitetsmonitorering. Den motiverende samtale er en samtaleteknik, der målrettes 

adfærdsændringer hos den enkelte, og er implementeret i flere sektorer i Danmark. Den 

motiverende samtale har yderligere vist sig at være et effektivt redskab i forhold til fysisk aktivitet 

blandt ældre. Derfor bør effekten af den motiverende samtale undersøges i forbindelse med en 

intervention, der består af fysisk aktivitetsmonitorering blandt ældre.  

 Aktivitetsmonitorer, der er designet og godkendt til klinisk forskning, har alle 

veletablerede måleegenskaber, mens egenskaberne for aktivitetsmonitorer, der er tilgængelige for 

forbrugere, ikke har samme udgangspunkt. De aktivitetsmonitorer, der er tilgængelige for 

forbrugere, har dog den fordel, at de kan samtidig bruges som et redskab til adfærdsændringer på 

grund af deres feedback til brugeren og som et måleinstrument. Men før disse kan anvendes i klinisk 

forskning, bør måleegenskaberne dog undersøges nærmere. For at bistå aktivitetsmonitorer er 

spørgeskemaer, der klarlægger fysisk aktivitet, blevet anvendt længe. Selvom de er en billig og nem 

løsning, er spørgeskemaerne hæmmet af forskellige systematiske målefejl. Derfor bør 

måleegenskaberne hos disse spørgeskemaer blandt ældre også undersøges nærmere.  

 For at undersøge hvordan fysisk aktivitetsmonitorering kan anvendes til at øge det 

fysiske aktivitetsniveau blandt ældre blev fire studier udført i forbindelse med dette ph.d.-projekt. 

En systematisk oversigtsartikel og meta-analyse blev gennemført for at undersøge den samlede 

effekt af feedback fra fysisk aktivitetsmonitorering målt på ældres fysiske aktivitetsniveau. To 

valideringsstudier blev gennemført: Ét for at undersøge måleegenskaberne hos aktivitetsmonitorer, 

der er tilgængelige for forbrugere, og ét for at undersøge måleegenskaberne hos spørgeskemaer, 

der klarlægger fysisk aktivitet blandt ældre. Slutteligt blev et randomiseret kontrolleret forsøg 
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gennemført for at undersøge effekten af den motiverende samtale blandt ældre, når den 

kombineres med en intervention, der anvender fysisk aktivitetsmonitorering.  

Lav kvalitet af evidens blev fundet for en klinisk relevant moderat effekt af fysisk 

aktivitetsmonitorering blandt ældre. Kriterievaliditeten af fire aktivitetsmonitorer, der er 

tilgængelige for forbrugere, blev primært påvirket af placeringen. De håndledsbårne monitorer 

havde en stor grad af måleusikkerhed og havde derfor ikke de fornødne måleegenskaber blandt en 

population af ældre, der både inkluderer rollatorbrugere, og ældre, der går uden hjælpemidler. Den 

samstemmende validitet af to spørgeskemaer, der klarlægger fysisk aktivitet, blev fundet 

utilstrækkelig, og spørgeskemaerne bør derfor ikke anvendes blandt ældre uden grundig 

gennemgang af indholdet med den enkelte respondent. Den motiverende samtale blev fundet 

effektiv, dog ikke signifikant, i at øge ældres fysiske aktivitetsniveau, når den blev kombineret med 

fysisk aktivitetsmonitorering.  

Denne ph.d.-afhandling inkluderer seks fagfællebedømte artikler fra fire studier for at 

svare på, hvordan fysisk aktivitetsmonitorering kan anvendes til at øge ældres fysiske 

aktivitetsniveau. Afhandlingens fund bør tolkes i lyset af de begrænsninger, der diskuteres, 

herunder lav kvalitet af evidens og variation i den systematiske oversigtsartikel, lav statistisk 

præcision i det randomiserede kontrollerede forsøg og flere typer af bias, der kan påvirke fysisk 

aktivitetsmonitorering generelt. Slutteligt ses fysisk aktivitetsmonitorering dog som relevant, 

effektivt og anvendeligt blandt ældre, hvorfor denne afhandling opstiller flere implikationer for 

fremtidig forskning og klinisk praksis.  
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THESIS AT A GLANCE 

Study # and title Objectives Design and Methods Results and conclusion 

Study I (paper A and B) 
Physical Activity Monitors to 
enhance amount of physical 
activity in older adults – a 
systematic review and meta-
analysis. 

To estimate the effect of PAM-
based interventions on PA 

behaviour in participants aged 
65 and above. 

Design: systematic review and meta-
analysis 

 
Searches in five databases were 

performed. RCTs and randomised 
cross-over trials were included. 

Random-effects meta-analysis using 
Hedges’ g, were used to pool the 

study results. 

Twenty-one studies with 2,783 participants were 
included. With low quality of evidence, PAM-

based interventions had a moderate effect 
(SMD=0.54, 95% CI: 0.34 to 0.73) compared to 

control interventions, corresponding to an 
average increase of 1,297 steps per day in the 
intervention groups. No impact of patient and 

intervention characteristics on the effect 
estimates were found. 

Study II (paper C) 
Criterion validity for step 
counting in four consumer-grade 
Physical activity monitors among 
older adults with and without 
rollators. 

To investigate 
the criterion validity of four 

consumer-grade 
PAMs in older adults and to 

investigate whether the 
measurement properties were 

affected by placement and 
assistive devices. 

 

Design: validity study 
 

Participants performed self-paced 
walking while their steps were 

visually counted. The participants 
wore 16 monitors (four from each 

device; Misfit Shine, Nokia GO, 
Jawbone UP Move and 

Garmin Vivofit 3). ICC (1,2) were used 
to express criterion validity. 

A total of 103 older adults participated. The 
Nokia GO was excluded due to technical issues. 
The hip-worn PAMs did not differ significantly in 
terms of measurement error or criterion validity. 

Wrist-worn PAMs cannot adequately measure 
number of steps in a population of older adults 

using rollators. The hip-worn PAMs were 
superior to wrist-worn PAMs among older adults 

with and without rollators. 

Study III (paper D) 
Criterion Validity between 
Electronically Administered 
Physical Activity Questionnaires 
and Objectively Measured 
Physical Activity in Danish 
Community-Dwelling Older 
Adults. 

To investigate the concurrent 
validity between the IPAQ-SF 

and the NPAQ-Short and 
objectively measured daily 
steps among older adults. 

Design: validity study 
 

Using baseline data from participants 
enrolled in study IV, the MIPAM trial, 
Spearman’s rho was used to express 

concurrent validity. 

Fifty-four participants were included. In general, 
both questionnaires performed inadequately 

with only two sub-scales showing moderate to 
good correlation with daily steps. The 

concurrent validity was low as the scores did not 
reflect objectively measured daily steps. 

Study IV (paper E and F) 
The MIPAM trial – Motivational 
Interviewing and Physical 
Activity Monitoring to enhance 
the daily Level of Physical 
Activity among Older Adults – a 
Randomised Controlled Trial. 

To investigate the effect of MI 
as an add-on intervention to a 

PAM-based intervention 
measured in community-

dwelling older adults. 

Design: RCT 
 

Two-arm parallel group RCT 
investigating if a PAM+MI 

intervention were more effective 
than a PAM intervention. Average 

daily step count, was analysed 
following the ITT principle with 

multiple imputations. 

In total, 70 participants were included. During 
the intervention period, the PAM+MI group 

walked on average 909 more steps per day than 
PAM group, however insignificant (95%CI: -71; 
1889) and reported 2.3 points less on the UCLA 

Loneliness Scale (95%CI: -4.5; -1.24). 

Abbreviations: Physical Activity Monitor (PAM), Randomised Controlled Trial (RCT), Standardised Mean Difference (SMD), Interclass Correlation Coefficient (ICC), 
International Physical Activity Questionnaire Short Form (IPAQ-SF), Nordic Physical Activity Questionnaire Short (NPAQ-Short), Motivational Interviewing and 
Physical Activity Monitoring (MIPAM), Motivational Interviewing (MI), Intention-To-Treat (ITT), 95% Confidence Interval (95%CI), University of California, Los 
Angeles (UCLA). 
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INTRODUCTION 

For the first time in history, the majority of all living people can expect to live into their sixties (1). A 

longer life equals more opportunities for older adults and their families, with the possibility of 

pursuing new activities, further education and new ways of participating in society. However, this is 

dependent on the health the individual (1). The World Health Organization (WHO) defines healthy 

aging as “the process of developing and maintaining the functional ability that enables wellbeing in 

older age” (2). Chances of healthy or successful aging depend on several individual risk factors, as 

well as social functioning, and are thus dependent on health and social systems and levels of welfare 

provision (2–4). 

Changing demographics and the physical activity pandemic 

According to the European Commission’s 2018 Aging Report, population ageing and demographic 

changes will turn the European Union (EU) “increasingly grey in the coming decades.” The total 

population in the EU is expected to increase by 9 million from 2016 to 2070, while the working age 

population will decrease with 41 million due to lower fertility, increasing life expectancy and 

migration flows (5). According to data from the World Bank, the life expectancy of a new-born has 

increased globally from 67.5 years in 2000 to 72.6 in 2018 and from 76.6 years to 81.4 in Denmark 

(6). Furthermore, the percentage of the population aged 65 and above has increased from 5.0% to 

8.9% globally and from 10.6% to 19.8% in Denmark (7). All countries face major structural challenges 

as the pace of population aging is faster than ever before. Health and social systems should be ready 

for this demographic shift (1). 

Noncommunicable diseases account for 71% of all deaths globally and are 

consequently also the major burden of most health systems (8,9). Physical inactivity has a major 

impact on global public health, as it is responsible for 9% of premature death globally (10). Among 

older adults, physical inactivity is associated with a trajectory towards disability, disease and 

premature death, and thus constitutes a barrier to healthy aging (3,11). Physical inactivity is not only 

a key risk factor for the individual older adult, but its high prevalence is also a problem for European 

societies across the board, as the prevalence of physical inactivity among older adults ranges from 

4.9% in Sweden to 29% in Portugal (10,12). In Denmark, one in four people above the age of 65 and 

one in two above the age of 75 do not meet the WHO recommendations for minimum physical 

activity (PA) (13,14). It is estimated that physical inactivity is accountable for a substantial global 
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economic burden of 47.8 billion euro, most of which borne by the public sector (15,16). It is well 

established that PA levels are highly associated with all-cause mortality, and recent evidence shows 

that it has a non-linear relationship with health, as even small changes in PA levels may benefit the 

least active older adults who stand to benefit the most from increasing their PA levels (17,18). 

Exercise among physically inactive older adults can be used to improve physical capacity, daily 

functioning and independence and hence as adjunct treatment for preventive measures and 

rehabilitation (11,19,20). Furthermore, older adults, including those with chronic diseases, will gain 

longevity benefits by engaging in more PA, no matter how physically active they used to be, which 

increases their chances of healthy aging (3,21). In summary, inactivity among older adults is a global 

burden. However, it is a problem that also has potential solutions on the individual level as well as 

from a public health perspective, because even small changes will have an impact on the risk of all-

cause mortality (10,17,22). 

Motivation and innovative physical activity programs 

PA levels are inversely associated with age (21), which is expected due to the functional decline 

associated with ageing. However, despite the lower levels of PA among older adults compared to 

younger populations, older adults are often quite motivated to engage in PA or exercise and the 

vast majority of their reported favourite leisure time activities are somewhat active (23). PA-

promoting interventions among older adults hold some potential, as a systematic review and meta-

analysis reported moderate evidence for small to moderate effect sizes favouring intervention 

groups (24,25).  

To effectively reverse or stop the global burden of inactivity, PA-promoting public 

health interventions should be upscaled to increase their ability to enhance levels of PA in different 

populations across varying cultural, geographical, social and economic contexts and to align with 

the United Nations Sustainable Development Goals (26). The WHO publication “Global Action Plan 

on Physical Activity 2018-2030” also addresses this topic and aims to reduce the global prevalence 

of physical inactivity by creating active societies, environments, people and systems (27). Ambulant 

and transportation activities should play a key role and serve as one of the main constructs in the 

interventions (28,29). Walking in particular is described as the most common type of PA among 

older adults, the vast majority of whom use walking both for transportation and exercise purposes 

(30,31). Furthermore, the amount of walking and number of daily steps play a key role in preventive 

medicine as they are strongly inversely associated with premature all-cause mortality (17,22), which 
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makes walking and daily steps a key construct to be targeted in PA-promoting interventions among 

older adults. For PA-promoting interventions targeting older adults to be applicable, feasible and 

cost-effective, solutions that are innovative both in design and conceptualisation need to be 

implemented. 

The Internet of Things is a network that enables connectivity and collection and 

exchange of data between electronic devices (32). This category of devices includes PA Monitors 

(PAMs), which refers to all types of devices that measure PA, such as pedometers, accelerometers 

and heart rate monitors (32,33). Quantifying PA with PAMs for research purposes has been done 

since the 1960s (34). But on top of being able to track and measure PA, modern PAMs are also being 

used to facilitate behavioural change, as they can provide users with feedback on their amount of 

PA (35). As early as 2007, a systematic review reported that PAMs could be effectively used to 

motivate and facilitate increased PA levels among adults (36). However, older adults might react 

differently to feedback on activity levels, and randomised controlled trials have reported PAM-

based PA interventions to be effective (37–42) while others have reported them to be ineffective 

(43–47). The above-mentioned studies exhibit a large clinical, methodological- and statistical 

heterogeneity, so the literature on the effectiveness of PAM-based PA promoting interventions 

targeted populations of older adults need to be systematically reviewed.  

If PAMs are shown to be an effective way to facilitate PA behavioural change within 

older adults, future studies should investigate whether add-on interventions can increase the effect 

of PAMS and PA adherence among older adults. Interventions based on behavioural change theories 

have the potential to change behaviour effectively (48,49). Goal setting, self-monitoring, action 

planning, and education on behaviour-health link models have been reported to be important in 

PA-interventions (49–53). Motivational Interviewing (MI) uses empathic listening, encouraged self-

reflection and active counselling to guide individuals (54). MI aims to encourage behavioural change 

through motivation and self-efficacy (55,56). MI is already well-established and commonly used in 

many health- and social interventions in Denmark (57–63). MI have been reported to increase PA 

levels among older adults with hearth failure (64) and hip fracture (65). Older adults are already 

reported find the combination of PAM-based PA interventions and MI acceptable (66), so this 

specific behavioural change theory would appear highly relevant to use as an add-on intervention 

to PAMs within the population of Danish older adults. 
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Physical activity monitors as intervention facilitators and measurement instruments 

As previously mentioned, PAMs have a promising role as facilitators in individual behavioural change 

interventions, and thus also in public health behavioural change interventions (35,67). Furthermore, 

modern PAMs are able to both track PA levels and collect longitudinal data, which enables the user 

not only to have real time or daily feedback on PA levels, but also to show trajectories and averages 

over longer period of time (35,68). The requirements for validity and measurement properties of 

the PAMs are not particularly stringent if they are only used to facilitate behavioural change, but if 

the PAMs are to be used in clinical research to measure outcomes, adequate measurement 

properties are very important. The validity and measurement properties of research grade-

accelerometers have already been established as high (69). However, most research-grade 

accelerometers are sealed and do not provide the user with feedback on PA, and hence they are not 

ideal for facilitating behavioural change among individuals. Consumer-available PAMs (Fitbits, Apple 

Watches, Garmin Fitness Trackers, etc.) are used more frequently than ever among the general 

population (35,67) and have the potential to serve as both the intervention content as well as 

outcome instruments in intervention studies. However, before using consumer-available PAMs are 

put to use in clinical research in this dual role as behavioural change facilitators and outcome 

instruments, the measurement properties and, in particular, the criterion validity of specific PAMs 

should be evaluated. Measurement properties are expected to differ between populations, but 

especially so between older adults and younger populations as many older adults have a different 

gait cycle (70). As the algorithms for most consumer-available PAMs have been developed in healthy 

younger populations (33) and factors such as stride length, gait speed and use of assistive devices 

have been found to affect the validity of PAMs (70,71), the measurement properties of consumer-

available PAMs should be investigated in the target population of older adults before they are used 

in studies. As only few studies have investigated their measurement properties among older adults 

(71–78), and none of these have studied whether the results of specific PAMs differed with 

placement (hip or wrist), it would appear highly relevant to include these specific questions in future 

research.  

Within the field of PA measurement, there is something of an inverse association 

between precision and validity and the feasibility and practicality of the instruments. To accurately 

measure total energy expenditure, doubly labelled water is considered the gold standard, but it is 

rarely feasible to use at scale (79). For this reason, accelerometery and pedometers are often used 

instead to provide objective measurements of PA (80,81). Despite being accurate and valid for 
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measuring PA and steps per day respectively, accelerometers and pedometers will only measure PA 

when worn, and studies are encouraged to include wear time in their analyses (82). Because of their 

time and cost efficiency, participant-reported measures of PA, typically in the form of PA recall 

questionnaires, are often used as an alternative to objective measurement (83). Although being 

feasible in most studies and situations, the psychometric properties, and thus the measurement 

properties, are challenged by recall and social desirability biases (84–87). Among the many PA 

questionnaires (PAQs) developed through the last decades are the commonly used International 

Physical Activity Questionnaire Short Form Version (IPAQ-SF) (88,89), and the Danish alternative, 

the Nordic Physical Activity Questionnaire (NPAQ-short) (14,90). When conducting a PA-promoting 

intervention study, the above-mentioned PAQs would appear relevant to include to investigate any 

between group differences not captured by the PAMs. Still, the measurement properties and – 

especially – the validity of the IPAQ-SF and the NPAQ-Short among older adults remain somewhat 

unclear (86,91–94). 

Aims and objectives 

This PhD project has investigated how PAMs can be used to enhance PA levels among older adults. 

Consequently, this project aimed to answer the following research questions: 

 

1) How effective are PAM-based interventions on PA behaviour among older adults? 

2) What is the criterion validity of consumer-grade PAMs among older adults with and without 

assistive devices? 

3) What is the concurrent validity of PAQs among older adults? 

4) How effective is MI as an add-on intervention to a PAM-based intervention in community-

dwelling older adults?  
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BACKGROUND 

This section presents the theoretical framework for the thesis and includes population and healthy 

ageing, ageing processes and functional decline, global PA recommendations, PA monitoring, 

behavioural change, and evidence-based research.  

Population and healthy ageing 

Population ageing refers to overall the ageing of the world’s populations, a phenomenon that affects 

almost all countries, whereby both the total number and the proportion of older people are 

increasing (1,95). As previously described, here illustrated by the European Commission Statistical 

Office in Figure 1 below, many developed countries are approaching the first time in history where 

they will have a larger proportion of older adults than younger adults (1,95). The old-age 

dependency ratio, defined as the number of persons aged 65 or above divided by the number of 

adults aged 15 to 64, is one of the most used indicators for changing demographics. It is rapidly 

increasing in almost all regions of the world (95,96). This demographic shift will have a considerable 

societal impact across the economy, healthcare, welfare, social systems, labour markets, family 

structures and many other areas (95). However, even though the rapidly increasing old-age 

dependency ratio will pose a considerable financial challenge, as older adults are expected to live 

longer, older adults will also have the opportunity to continue to engage in societal activities and 

employment (1,95,97).  

 

 
Figure 1. Old-age dependency ratio, 1980-2050 from the European Commission Statistical Office Publication: Ageing Europe 2019 Edition (95). The 
old-age dependency ratio is calculated as the number of people aged ≥ 65 years divided by the number of people aged 15-64 years, expressed as a 

percentage. 
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As early as 1982, the first World Assembly on Ageing addressed this issue by calling for 

action within many areas, such as research, health and nutrition, housing and environment, social 

welfare, income security and employment (98). These societal action plans were complex and not 

all directly relevant to the aim of the thesis. However, the foundation of all action plans was to 

engage older adults in societal activities and create better opportunities for healthy ageing (98). To 

this date, healthy ageing and successful ageing is still targeted at both public and individual levels 

(2,97). Healthy and successful ageing are two sides of the same coin. Both constructs are multi-

dimensional where successful ageing is defined as being free from disease, physical and cognitive 

disability, which distinguishes it from the expected age-related trajectory towards decline in physical 

and cognitive function (99). Healthy ageing, as previously defined, is different from successful ageing 

in that it is more inclusive and does not require disease avoidance (2,99). There are four major 

requirements for healthy ageing; a change in the way we think about ageing in general, change in 

environments, alignment of health systems to the needs of older adults and development of 

systems for long-term care (1,2). Because of this, it is not only up to the individual older adult to 

stay healthy when old age approaches, but also a societal responsibility to facilitate healthy aging 

among individuals by adhering to the requirements and creating the best possibilities for older 

adults to be able to do the things they value for as long as possible (1,2).  

Ageing processes and functional decline 

There are several theories that seek to explain the pathological or clinical findings found with the 

inevitable deterioration associated with ageing on different levels (100,101). These include but are 

not limited to molecular and biological theories of ageing (102–104), psychological theories of 

ageing (105), and social theories of ageing (106). No matter the theory, on what level it operates or 

how it seeks to explain the process of ageing, the functional and cognitive decline associated with 

ageing is real, and the increasing risk of morbidity and frailty is associated with the level of PA (107–

109). A systematic review by Paterson et al. concluded from 66 independent prospective cohort 

studies with functional or cognitive outcomes that regular aerobic activity and short-term exercise 

interventions are associated with a reduced risk of functional limitations and disability in older age 

(110). The findings are illustrated in Figure 2 below, where the level of PA is clearly associated with 

higher function and independence in older age (110).  
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Figure 2. Prospective cohort studies included in Paterson et al. (110). The left figure illustrates the odds ratio of functional limitations or disability in 

activities of daily living or instrumental activities of daily living on physical activity levels from low to high, presented in each prospective cohort 
study. The right figure illustrates the odds ratio of lower functional performance or functional limitations in higher level functions such as walking a 
distance or climbing stairs on physical activity levels from low to high, presented in each prospective cohort study. The original figure in Paterson et 

al. are separated in two independent figures. 

 
 
 PA levels are not only associated with functional outcomes and independence. PA 

levels are also highly associated with mortality and pre-mature death in older adults (10,17,22,30). 

In sum, it is well established that PA levels are associated with being free from disease, avoiding 

morbidity, functional status, independence and thus the chance of achieving healthy ageing 

(2,3,17,22,110). In the recent years, research has even shown that older adults, including chronically 

ill patients, will gain longevity benefits and functional improvements by increasing the PA levels 

(3,21). Furthermore, even small changes have substantial clinical relevance (17,18,22) and 

differences of 1,000 daily steps have been reported to decrease the risk of all-cause mortality by 

11% (22). In the end, Hippocrates was probably right when he introduced the notion that exercise 

is medicine around 400 years BCE, and it is now certain that it applies for older adults as well (111).  

Global physical activity recommendations 

The population of interest in the thesis is older adults in general. No specific subgroup (e.g. patients, 

high risk groups or frail individuals) is of interest and thus, the general recommendations for PA are 

relevant for the design and scope of the studies included. 

 The WHO recommends that older adults perform at least 150-300 minutes of MVPA 

or 75-150 minutes of VPA throughout the week for health benefits (29,112). Previously, the WHO 

recommendations also specified that MVPA should be undertaken in 10-minute bouts (29), but due 

to emerging evidence that also shorter bouts of PA have equal positive health benefits, the recent 

recommendations from 2020 do not include this specification (18,112,113). The recommended 

Prospective cohort studies of odds ratio of lower functional performance 
or functional limitations in "higher" level functions (such as walking a 

distance or climbing stairs) in relation to physical activity level. 

Prospective cohort studies of the odds ratio of functional 
limitations or disability in ADLs and IADLs or quality of life 

disability in-dexes in relation to physical activity level.
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amounts of MVPA and VPA are considered the rule of thumb for most populations, and as such 

these recommendations also apply to older adults (though they also include further 

recommendations for muscle-strengthening activities, etc.) (29). MVPA is defined as PA with an 

intensity above three Metabolic Equivalent of Task (MET) and VPA is defined as a level of PA above 

six MET, where MET is defined as the ratio of the intensity a person is working relative to their 

resting metabolic rate (the energy consumption of sitting, equivalent to a consumption of 1 kcal per 

kg per hour) (114). Common MVPA activities include but are not limited to brisk walking, dancing, 

gardening and walking domestic animals for adults in general (114). For older adults it has been 

suggested that the intensity of regular walking has been misclassified and underestimated, and that 

older adults (especially impaired or slow walkers) do spend time in MVPA when walking at their 

usual pace (115,116). Thus, the global recommendations for PA specify not only the amount of PA 

but also the intensity, and older adults might achieve the intensity needed for health benefits solely 

by walking. This is supported indirectly by the findings of Lee et al. that it is the number of steps 

taken per day, and not the intensity or pace, which is significantly associated with mortality-rates 

(22).  

As stated in the introduction, the prevalence of inactivity among European older adults 

is disturbingly high (10,12). At first glance, the rate of adherence to the global recommendations for 

PA is equally disturbing, as only one in four Danish older adults and one in eight British older adults 

are reported to meet the recommendations (14,117). The literature is inconclusive when it comes 

to how much older adults would need to walk to meet the global recommendations on PA, and it 

has been suggested that the recommendations are too high for the general population of older 

adults (118,119). New evidence reports substantial and clinically relevant health benefits in the form 

of large reductions (hazard ratio of 0.59) in mortality rates when comparing older adults with daily 

step counts of 2,700 with older adults who reach 4,400 daily steps (22). This is supported by other 

studies, and overall, there seems to be a plateau in risk reduction around 7,000 steps per day among 

older adults. Hence, it could be considered a relevant accommodation of the global PA 

recommendation for older populations (10,22,110,118,119). 

In conclusion, walking is a free and common form of PA among older adults. Although 

the global recommendations on PA target MVPA and MET constructs, steps seem to work very well 

in public health research among older adults as a measure and construct of PA (17,22). Especially 

for self-monitoring among individuals, which is highly relevant to this thesis, steps have the 



 24 

advantage over MVPA or MET constructs that most consumer-available PAMs quantify steps, which 

will be elaborated in the following section.  

Physical activity monitoring 

When measuring PA, validity and precision are inversely associated with practicality and feasibility. 

Consequently, researchers will have to decide when, how and why they will measure PA to decide 

upon an instrument tool (120). For the sake of simplicity, this thesis distinguishes between four 

categories of PA measurement tools: energy expenditure estimation using doubly labelled water, 

mechanical pedometers, accelerometers and self-reported PA measurements. 

Doubly labelled water, first used in 1955 by Lifson et al. (121), measures the 

disappearance rate of labelled isotopes from urine samples to estimate carbon dioxide production, 

which can be used to estimate the total energy expenditure (122,123). Doubly labelled water is 

highly accurate and considered the gold standard of energy expenditure measurements (79). 

However, it is time consuming, invasive and not applicable for large scale PA measurements or 

longer experimental designs (69,79,124). Furthermore, doubly labelled water measures energy 

expenditure, not PA. The two constructs may be highly correlated, but they are not the same (69). 

Energy expenditure might also be the most important construct when investigating inactivity, 

chronic disease status and health among other populations, but PA, as previously defined, is a more 

important construct among older adults because of its association with and key role in healthy aging. 

Mechanical pedometers quantify PA through steps. Leonardo da Vinci is considered 

the original inventor of the mechanical pedometer, which was developed to count the steps taken 

by troops from the Roman military and thus help increase the precision of his maps (125). Centuries 

later, Thomas Jefferson introduced a more modern (smaller and more easily wearable) mechanical 

pedometer to the US, which had its roots in French and Swiss horology and worked through counting 

movements of a pendulum on a pocket watch like dial (126). By the late 19th century, the mechanical 

pedometers begin to appear in the health research literature, in studies on the amount of steps 

taken by medical professionals in hospitals (127). One of the first links between objectively 

measured PA and health were published by Larsen et al. in 1949, on the difference in PA levels 

between obese and non-obese patients, as cited in Chirico and Stunkard (128). In 1965 Dr. Yoshiro 

Hatano, concerned about the rise of obesity in Japan, used mechanical pedometers to investigate 

how many steps people should take on average to reverse this rise (129). Later, Dr. Hatano started 

selling a very simple and useful mechanical pedometer called the “Manpo-Kei” (10,000-steps-
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meter), illustrated in Figure 3 below, and became the first medical professional to incorporate goal-

setting and results from mechanical pedometers in his practice (129). His 10,000 steps per day-goal 

is still commonly used in lay and scientific areas to this day, although it is recently coming under 

challenge from more recent evidence that suggests it may be an unachievable goal for many and 

that health benefits can occur at less than 10,000 steps per day (17,22,118). In sum, mechanical 

pedometers are the root of PA monitoring and have played an important role in both activity and 

epidemiological research, as well as in public health and behavioural change programs. However, as 

technology has progressed, modern step counters have instead adopted electronic accelerometery 

and software to measure the accumulation of steps, which offer greater reliability and validity than 

mechanical pedometers. 

 

 
Figure 3. Manpo-kei (”10,000 steps meter”) marketed in Japan by Y. Hatano in 1965 (129). 

 

Accelerometers use small crystal and a micro-electromechanical systems to measure 

accelerations in relation to gravity by converting the energy from the crystal into electronic signals 

(130). This allows accelerometers to produce raw acceleration counts in all three axes (130–132). 

Simply put, accelerations as a result of movement are directly quantified, while acceleration as a 

result of gravitational force provides the data on the orientation of the accelerometer, which is 

crucial for identifying different types of movement (130–132). Each type of accelerometer provides 

different raw accelerometer counts and as human movement is highly complex, the hardware and 

software need to be calibrated to each measurement purpose and the location of the 

accelerometer. From the raw accelerometer counts, desirable parameters and constructs can be 

calculated and quantified, such as time spent in MVPA, PA with different intensities (e.g. MET-
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minutes) and sedentary activities, but also specific body movements like moving from sitting to 

standing positions, jumping, squatting and – crucially to this thesis – walking (130–132). Research-

grade accelerometers like Actigraphs (https://actigraphcorp.com/actigraph-wgt3x-bt/) or Sens 

Motion (https://sens.dk/) are considered the gold standard of PA measurement (69,79,130), but 

consumer-available accelerometers have seen greater use in recent years (67). Consumer-available 

accelerometers, which include the likes of Fitbits, Garmin Fitness Trackers, Jawbones and other 

smart watches, do not allow individual users to modify the software and algorithms used for activity 

pattern recognition, but are more readily available and less expensive than research-grade 

accelerometers, but most importantly, they provide real-time feedback on PA to the user (35,67). 

In general, consumer-available PAMs are considered to provide valid and reliable measurements of 

steps, while they tend to overestimate other parameters, such as MVPA, compared to research-

grade accelerometers (78,133,134). In summary, research-grade accelerometers may be considered 

the gold standard of PAMs, but consumer-available accelerometers have the potential to serve both 

the facilitator and driver of behavioural change while simultaneously quantifying PA levels.  

In the original studies conducted in the thesis (study II, study III and study IV), 

objectively measured PA and self-reported PA were used as outcomes and constructs for validation 

purposes. The studies used consumer-available PAMs deemed appropriate for the population of 

older adults (because of their long-lasting battery life and simple design) as objective PA 

measurement tools. The Nokia GO, Jawbone Move UP, Garmin Vivofit 3 and the Misfit Shine were 

all included for criterion validation, and the Garmin Vivofit 3 was additionally used as an outcome 

measure in study III and study IV.  

The Garmin Vivofit 3 tri-axial accelerometer is commercially available and had not 

been validated among older adults before study II (135). The Garmin Vivofit 3 can be fastened in a 

belt-clip or with a wrist band. It operates on a button cell battery and does not need to have its 

battery changed for six to 12 months of daily use. It has enough built-in memory for four weeks of 

activity data and connects to a smartphone using Bluetooth. Garmin Vivofit 3 provides feedback on 

steps (measured by the accelerometer), energy expenditure (burned calories calculated from step 

volume and intensity) and feedback on daily goals according to either of these. After synchronising 

with the Garmin Connect Application (https://connect.garmin.com/), daily goals can be modified 

and adjusted manually or automatically.  
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Figure 4. The Garmin Vivofit 3 tri-axial accelerometer.  

 

Despite their good accuracy, validity and general measurement properties, PAMs have 

the limitation that they only measure the PA when worn. Studies are thus encouraged to include 

wear time in the analysis (82). A commonly used alternative to objective measurement of PA are 

participant-reported measures, such as PAQs or diaries, which cost-effective and feasible methods 

(83). Because of their practicality, PAQs are especially widespread in public health research and in 

experimental study designs. However, their measurement properties suffer from social desirability 

and recall bias (84–87). A systematic review of PAQs used in populations with older adults identified 

40 different instruments and concluded that, due to large inconsistencies in how older adults 

understand and report PA, future research should consider the participants’ conceptual 

understanding of PA and seek to develop questionnaires that inquire more clearly about functional, 

light-intensity PA as well as sedentary activities (136). No existing PAQ seems ideal for all types of 

older adults (136,137) and researchers must balance the need for population-specific 

questionnaires with the need to generalise to other populations, when more general questionnaires 

are needed. Furthermore, even though there are several PAQs that are specifically designed for use 

among older adults (137), all of them display large measurement error and only the Physical Activity 

Scale for Elderly instrument and the Physical Activity and Sedentary Behaviour Questionnaire show 

adequate reliability and construct validity (136). Unfortunately, these two PAQs that were 

specifically designed for older adults have not been translated to Danish and validated in a Danish 

context. Furthermore, it is recommended that researchers use, interpret and improve future 

existing PAQs instead of developing new ones (136). 

Study III and study IV used the IPAQ-SF and the NPAQ-short as self-reported PA 

measures. The International Physical Activity Questionnaire was originally developed in 1998 by an 

international consensus group in Geneva to allow for large-scale global assessments of PA (89). Since 

then, the International Physical Activity Questionnaire has become the most widely used PAQ. It is 
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available in two versions: A 31-item long form and the nine-item short form, which was used in this 

thesis (89,138). The IPAQ-SF quantifies the amount of ‘MVPA’, ‘vigorous PA’ (VPA), ‘MET-minutes’, 

‘walking time’ and ‘sedentary time’ performed in the last seven days. It allows three PA categories 

to be derived from the responses: ‘low activity level’, ‘moderate activity level’ and ‘high activity 

level’ (89). The IPAQ-SF has been reported to have acceptable test-retest reliability (89) and low-to-

moderate concurrent validity compared with objectively measured PA (86). The Danish version of 

the IPAQ-SF has previously been used among older adults (139). The Nordic Physical Activity 

Questionnaire is a Danish survey tool based on telephone interviews originally designed to assess 

MVPA and compliance with PA recommendations (140). The NPAQ-Short is a revised version with 

two items (90). Besides quantifying MVPA, the questionnaire yields four categories of PA: ‘inactive’, 

‘insufficiently physically active’, ‘sufficiently physically active’ and ‘optimally physically active’. 

‘Inactive’, ‘insufficient physically active’ are further combined to report a binary category of 

adherence or non-adherence to WHO recommendations on PA. The NPAQ-Short has only been used 

in research for a few years, but it has been shown to have moderate validity (correlation with 

objectively measured PA) in a Danish population of adults (90). 

Validity of physical monitoring 

In study II and study III, this thesis investigated the validity of PA monitoring. Study II investigated 

criterion validity between PAMs and visually counted steps, while study III investigated concurrent 

validity of the PAQ’s ability to reflect objectively measured daily steps. Criterion validity is a type of 

measurement validity that determines how a score correlates with the score of the criterion test, 

while concurrent validity is a sub-category of criterion validity that determines how well the score 

of a test reflects or correlates with the score of another test measured at the same time, within the 

same construct (141,142). In summary, criterion validity was used in study II because visually 

counted steps were seen as the key criterion for the PAMs. Concurrent validity was used in study III 

as a more limited type of validity because the sub-categories of the PAQs did not produce daily step 

counts, but rather MVPA, MET-minutes and walking time, which were expected to correlate with 

and reflect the daily step counts.  

 



 29 

Behavioural change 

As mentioned in the introduction, one in four older adults in Denmark above the age of 65 and one 

in two above the age of 75 do not meet the WHO recommendations for minimum PA (13,14). 

Behavioural change related to PA has been of interest since Hippocrates, the father of scientific 

medicine, who was the first physician to prescribe exercise to patients (111,143). Countless 

behavioural change theories and ways of motivating individuals to act a certain way have been 

proposed and used through time. The thesis investigates how feedback from PAMs can be used to 

facilitate healthy behavioural change in older adults, and as the project evolved, how MI can be used 

to increase the effect of PAMs. Thus, this section includes the rationale and evidence for using PAMs 

to enhance PA levels in general and specifically in older adults, as well as introducing motivational 

interviewing as a theoretical and practical approach to PA interventions.  

Physical activity monitoring to facilitate behavioural change 

The growing trend toward self-monitoring among individuals, also known as “the quantified self,” 

and the rise of consumer-available PAMs make PA monitoring, as well as sleep and diet monitoring, 

an interesting and growing new area of research (32). It is also undoubtedly a growing field, as Figure 

5 below illustrates. 

 

 
Figure 5. “Physical Activity Monitor” citation counts per 1000 citations in PubMed per year since 1960.  

 

The effectiveness of PAM-based interventions in terms of PA and sedentary time have 

already been investigated in adults (36,144). However, their effectiveness might be different in older 

adults and the literature seems inconclusive, as some studies have reported PAM-based 
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interventions to be more effective than both passive and active control interventions (37–42), while 

others have not (43–47). No systematic review of the literature had been conducted or published 

before study I of the thesis, which fills the evidence gap of PAM-based interventions among older 

adults.  

Motivational interviewing to facilitate behavioural change 

Study I concluded that no further passive comparisons should be pursued in relation to PAM-based 

interventions, and that future studies should either investigate superiority trials comparing PAM-

based interventions to other behavioural change interventions or investigate whether the effect of 

PAMs could be increased by add-on interventions. The latter approach was chosen for study IV of 

the thesis.  

MI is “a directive client-centred counselling style for eliciting behaviour change by 

helping clients to explore and resolve ambivalence.” According to the founders of the approach, 

Rollnick and Miller, “It is most centrally defined not by technique but by its spirit as a facilitative style 

for interpersonal relationship” (145). MI evolved as a counselling style for problem drinkers, first 

described in 1983 (146), and is based on the following principles: 1) ambivalence about behaviour 

change is normal and an important motivational obstacle, 2) ambivalence can be resolved by 

working actively with the client’s intrinsic motivations and values, 3) the relationship between the 

counsellor and the client is an alliance and a collaborative partnership to which both partners bring 

important knowledge and expertise, and 4) empathic and supportive, yet directive, counselling is 

encouraged over direct argumentation and aggressive confrontation that may increase client 

defensiveness and reduce the likelihood of behavioural change (147). Even though MI was originally 

developed for problem drinkers, it has been used in relation to PA and inactivity in several research 

projects (148,149). The Transtheoretical Model is the underlying theory of behavioural change in MI 

(147,150). Inspired by the work of Eakin et al. and Ismail et al., study IV also drew on Social Cognitive 

Theory to support the counsellors by addressing and operationalising the constructs (151–153).  

The Transtheoretical Model explains behaviour change as following a series of stages: 

1) precontemplation, 2) contemplation, 3) preparation, 4) action, and 5) maintenance (154–156). In 

MI, this theoretical approach is used to guide the course of counselling. In the precontemplation 

stage, the participant could receive guidance on the benefits of the behavioural change and risks of 

no change; in this case, the association between PA and healthy ageing. In the contemplation phase, 

barriers and misconceptions should be addressed and support systems identified. In the preparation 
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phase, realistic goals and timelines for changes should be discussed to provide positive 

reinforcement, in line with the strategy in the action phase, where the counsellor’s primary focus is 

to provide positive reinforcement. In the maintenance phase, encouragement and support should 

be provided to prevent relapse to a lower level of PA (154–156). Social Cognitive Theory explains 

human behaviour from cognitive/personal factors, environmental factors and behavioural factors 

(153). Consequently, the MI-counselling used in study IV sought to facilitate behavioural change by 

targeting the cognitive factors. Expected PA outcomes were managed and guidance was provided 

about the relationship between PA and health in older age. Environmental factors were targeted by 

the counsellor advocating and discussing social networks for PA and peer support, and behavioural 

factors were targeted through increased self-efficacy in the participants. To have a valid and 

responsive measure of change, we investigated, translated, and validated the Self-Efficacy for 

Exercise Scale (SEE) and the Outcome Expectancy for Exercise Scale (OEE) in older adults as a parallel 

project to the thesis (paper forthcoming) (157–159). In sum, the MI counselling used in study IV 

actively applied the Transtheoretical Model and the Stages of Change to navigate the conversations 

with the participants, and Social Cognitive Theory to further guide the counselling and provide 

useful constructs for counsellors.  

 MI was chosen as an add-on intervention in study IV, as it is commonly used and hence 

well-established in health and social systems in Denmark (57–63). Specifically with older adults and 

PA, MI has been reported to increase PA levels among patients with hip fracture (65) and patients 

heart failure (64). Furthermore, the combination of MI and PAMs has been reported to acceptable 

by older adults (66). 

Evidence-based research 

This section provides the philosophical and academic foundation of how best-practice evidence can 

be produced to answer the aim and research questions of the thesis. As this section will clarify, a 

great deal of research is wasted on what is already known, and academics should be responsible 

and consistent in their production of new research (160–162). 

The present PhD thesis sought to investigate how PA monitoring might be used to 

enhance PA levels among older adults. This aim could have been answered in numerous ways and 

consequently elicited several different study-aims and publications. According to Chalmers and 

Glasziou, 85% of new research is wasted, at an estimated annual cost of 149 billion euro globally 

(162). To avoid contributing to this waste of research and funds, the aim and order of the studies 
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conducted in the course of this PhD project sought to follow the philosophy of evidence-based 

research (160). To avoid bias and to secure publication of the results, the studies were conducted 

so to adhere as rigorously as possible to current best practice guidelines (163–166). Evidence-based 

research simply means that no new research should be done without a systematic review of the 

current literature, and that research that fails to do so is unethical, unscientific and wasteful (160). 

Juhl and Lund (167), through the consensus presented in BMJ by Garner et al (168), argues that 

before conducting a systematic review, the research question should still be clinically important, 

unanswered, and that the methods of the planned systematic review should follow a structured and 

pre-planned protocol that defines the research question, inclusion criteria, search methods, 

selection procedures, quality assessment, data extraction, and data analysis (167). 

A proportion of the mentioned waste of research is caused by lack of methodological 

quality in clinical trials (169). Though the quality of clinical trials have increased, especially after the 

introduction of the Consolidated Standards of Reporting Trials (CONSORT) statement (163), absence 

of trial protocols, low statistical precision (power), arbitrary analyses, and extrapolation on random 

extreme findings are still common (170). Bandholm et al. have published the PREPARE trial guide 

for RCTs that addresses several aspects of the planning and preparation of clinical trials (161). One 

aspect includes a well-framed and good research question relevant to all stakeholders (patients, 

clinicians, decision makers and others), which must follow a novel and relevant new systematic 

review of the current literature to follow the philosophy of evidence-based research (160,161,171), 

as outlined above. Other aspects of the PREPARE checklist (161) include, but are not limited to, 

choosing the right outcomes (according to the Core Outcome Measures in Effectiveness Trials 

(COMET) and Consensus-based Standards for selection of health Measurement Instruments 

(COSMIN) initiatives) (142,172), pre-defining the statistical analysis plan and the handling of missing 

data, and finally registering and publishing the trial protocol.  

Considerations for the methods and projects in the thesis 

Balancing the need to adhere to best-practice and gold standard recommendations, as mentioned 

above (160,161), with a tight and time-constrained project, limited funding and opposing interests 

from stakeholders can be difficult. To follow the recommendations from evidence based research 

(160), I chose to begin my PhD project with a systematic review (study I) that investigated whether 

PAMs had already been shown to be effective in older adults and to investigate the heterogeneity 

of the results to clarify if some sub-populations of older adults had different effect sizes than others. 
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To be as transparent as possible and to follow the best practice recommendations, the protocol for 

study I, the systematic review, was conducted according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses Protocols (PRISMA-P) statement (173). It was also registered 

in The International Prospective Register of Systematic Reviews (PROSPERO) database before the 

search was conducted, and it was subsequently published in BMC Systematic Reviews journal (paper 

A). The results of the systematic review (paper B) were according to the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses Protocols (PRISMA) statement (164) and followed the 

recommendations of the Cochrane handbook (165) as closely and rigorously as possible without 

being conducted as an actual Cochrane review, due to time constraints. To avoid research waste 

(162), the hypothesis, design, and preparation of the experimental study IV evolved directly from 

the results of study I. Furthermore, workshops with older adults were conducted at activity centres 

in Copenhagen to allow the perspectives of potential participants to be directly incorporated in the 

design of study IV. MI was selected as a relevant, already well-defined and implemented 

behavioural change intervention. A core set of outcomes was chosen to investigate the expected 

behavioural change more broadly. To ensure the relevance of the included outcomes, three 

validation projects were conducted before study IV commenced: 1) translation and validation of the 

SEE scale and OEE scale (not included in this PhD thesis), 2) validation of consumer-available PAMs 

among older adults (study II), and 3) validation of the two PAQs chosen to support the primary 

outcome measurement (study III). Finally, I chose to publish the protocol (paper E) for the RCT 

(study IV) as a priority. In sum, several factors affected my choice of studies and methods for the 

thesis throughout the three years, and the adaptability of my research approach has been 

maintained by having my early studies guide the final studies. It was ultimately not possible to follow 

every recommendation of the best-practice guidelines (142,160,163–165), and thus this project 

comes with several limitations, which will be discussed later. Nevertheless, I sought to conduct 

evidence-based research from the beginning through to the end of the project (160).  

Summary of existing evidence 

In 2007, a highly cited systematic review in the JAMA by Bravata et al. suggested that PAMs could 

be used effectively to motivate and facilitate increased PA levels among adults (36). However, as 

older adults might react differently to such interventions, the results from the review could not be 

extrapolated to older adults. Several RCTs have reported PAM-based interventions to be effective 

in older adults (37–42), but others have reported them to be ineffective (43–47). The above-
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mentioned studies showed a great deal of large clinical, methodological and statistical 

heterogeneity, and consequently demonstrated the need for a systematic review of the literature 

on the effectiveness of PAM-based, PA-promoting interventions aimed at populations of older 

adults. 

Consumer-available PAMs are more now frequently used than ever among the general 

population (35,67), but the measurement properties of specific PAMs should be evaluated before 

they can be used as clinical outcome measurement instruments. The algorithms underpinning most 

consumer-available PAMs are developed from younger populations (33), but as stride length, gait 

speed and assistive devices have been found to affect the validity of PAMs (70,71), the validity of 

consumer-available PAMs would need to be investigated among older adults specifically. Few 

studies have examined their validity among older adults (71–78), and no investigation of PAM 

placement has been conducted using the same devices. Hence, it would appear necessary to 

conduct validation of each PAMs of interest before they are used as outcome measurements among 

older adults. 

PAQs are easy to use and feasible in most situations. However, their psychometric 

properties are limited by recall and social desirability biases (84–87). The IPAQ-SF (88,89) and the 

NPAQ-short (14,90) are two relevant PAQs for intervention studies. Unfortunately, the criterion 

validity of these instruments remains unclear among older adults and would need to be investigated 

before the two PAQs could be used or their results taken as conclusive for older adults (86,91,92). 

 MI is commonly used in health and social systems in Denmark (57–63), and has been 

reported to increase PA levels among patient sub-groups of older adults (64,65) and to be 

acceptable in combination with PAMs (66). As such, MI represents a highly relevant behavioural 

change theory and intervention to investigate as a potential add-on to increase the expected effect 

of PAMs within a population of Danish older adults.  

Contributions of this thesis 

As mentioned in the section above, there is an extant evidence gap regarding 1) whether PAMs are 

effective in increasing the PA levels among older adults, 2) whether specific consumer-available 

PAMs are a valid measure of PA in older adults and if the placement of the specific devices affects 

the results, 3) whether the IPAQ-SF and NPAQ-Short are sufficiently valid to be used in populations 

of Danish older adults, and finally 4) whether the expected effect of PAMs can be increased by 

adding MI to a PAM-based intervention. This current PhD project investigated each of the above-
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mentioned evidence gaps, and thus addressed the overall question of how PA monitoring can be 

used to enhance PA levels among older adults.  

 

1) Study I found a low quality of evidence for a moderate effect of PAMs in increasing the level 

of PA among older adults. Furthermore, it was clear that no future studies comparing PAMs 

with passive control interventions were needed.  

2) Study II validated three different consumer-available PAMs that were specifically relevant for 

older adults. The Garmin Vivofit 3 was the best performer. It further found that wrist-worn 

PAMs should not be trusted in a population of older adults walking freely with older adults 

using rollators. 

3) Study III found both that neither IPAQ-SF nor the NPAQ-short reflect the criterion measure 

of PA adequately. The results cannot support the use of the PAQs among older adults.  

4) Study IV found a clinically relevant, but not significant, effect of adding MI to a PAM-based 

intervention. Unfortunately, due to a small sample size and lack of power, future studies 

would need to reproduce this finding before decision-makers can combine MI and PAMs in 

preventive or rehabilitation programs among older adults.  

 

In summary, the thesis investigated how PAMs could be used to increase the daily PA 

level among older adults. Consumer-available PAMs do have the potential to serve as valid outcome 

measurements and effective intervention facilitators to increase PA levels. PAQs should be used 

with the greatest caution among older adults, however, and should not be trusted alone. MI might 

increase the effect of PAMs among older adults, but future studies are warranted.   
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MATERIAL AND METHODS 

The four aims of the thesis have been investigated through four individual studies and six peer-

reviewed papers, five of which have been published and one which has been submitted, but was 

under review at the time of this project’s submission (135,174–177). Figure 6 below illustrates that 

study I was initiated and conducted to inform the other studies, especially the aim and design of 

study IV. Study II and study III were conducted to validate the outcome measurement instruments 

used in study IV.  

 

 
Figure 6. Illustration of the rationale, flow and methods of the thesis. Chronologically, study I was initiated in the beginning of the process to 

investigate whether physical activity monitors already had been shown to be effective among older adults and to inform the other studies. Study II 
was conducted after the main results of study I had been interpreted to inform the design of study IV. Study III and study IV use data from the 

same participants. The results of study III are relevant to interpretation of the findings in study IV.  

 

This section presents the material and methods of the thesis and the four individual 

studies. As study I was designed as a systematic review of existing literature, it constitutes secondary 

literature by nature and will be described in this section independently. Study II, study III and study 

IV were original research investigations and will be described together in this section. Below, a 

‘methods at a glance table’ provides a brief overview of the methods used in the four studies.  

  

How to use physical activity monitors to 
increase physical activity in older adults

Study II
Validation study: are 
consumer available 

PAMs valid?

Paper C

Study IV
RCT: can MI be used to 
increase the effect in 

PAM-based interventions?

Paper E and F
Study III

Validation study: are 
physical activity 

questionnaires valid?

Paper D

Study I
Systematic review: are 

PAMs effective?

Paper A and B
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Table 1. Methods at a glance. 

Study # and objective Design Methods 

Study I 
To estimate the effect of PAM-based 
interventions on PA behaviour in 
participants aged 65 and above. 

Systematic review and meta-analysis 
investigating the effect of feedback from 
physical activity monitoring among older 

adults. 

Searches in five databases were performed. RCTs and randomised cross-
over trials were included if they compared interventions where the 

participants received feedback from PAMs with control interventions 
where the participants did not receive any feedback. Random-effects 

meta-analysis using Hedges’ g were used to pool the study results. 
Results on physical activity, sedentary time, MVPA, physical capacity, 

body mass index and HRQoL. 

Study II 
To investigate the criterion validity of 
four consumer-grade PAMs in older 
adults and to investigate whether the 
measurement properties were affected 
by placement and assistive devices. 

Validity study investigating the criterion 
validity of four PAMs found relevant to 

older adults. 

 
Community-dwelling older adults above the age of 65 with the ability to 

walk independently with or without assistive devices performed self-
paced walking while their steps were visually counted. The participants 

wore 16 monitors (four from each device; Misfit Shine, Nokia GO, 
Jawbone UP Move and Garmin Vivofit 3). ICC (1,2) were used to express 

criterion validity. 

Study III 
To investigate the concurrent validity 
between the IPAQ-SF and the NPAQ-
Short and objectively measured daily 
steps among older adults. 

Validity study investigating concurrent 
validity between two PAQs and 

objectively measured daily steps. 

 
Community-dwelling older adults above 70 years of age included in 

study IV were eligible for inclusion if they had more than four valid wear 
days in the baseline week and answered the baseline survey with the 

PAQs. Spearman’s rho was used to investigate concurrent validity. 

Study IV 
To investigate the effect of MI as an 
add-on intervention to a PAM-based 
intervention measured in community-
dwelling older adults. 

Two-arm parallel group RCT investigating 
if a PAM+MI intervention were more 

effective than a PAM intervention 

Community-dwelling older adults above 70 years of age were 
randomised to a control intervention (PAM) or an experimental 

intervention (PAM+MI) where MI were added to a PAM intervention. 
Average daily step count, was analysed following the ITT principle with 

multiple imputations. 

Abbreviations: Physical Activity Monitor (PAM), Randomised Controlled Trial (RCT), Standardised Mean Difference (SMD), Health-Related Quality of Life (HRQoL), 
Interclass Correlation Coefficient (ICC), International Physical Activity Questionnaire Short Form (IPAQ-SF), Nordic Physical Activity Questionnaire Short (NPAQ-
Short), Physical Activity Questionnaire (PAQ), Motivational Interviewing and Physical Activity Monitoring (MIPAM), Motivational Interviewing (MI), Intention-To-
Treat (ITT), 95% Confidence Interval (95%CI), University of California, Los Angeles (UCLA). 

Material and methods of study I 

Eligibility, searches and data extraction 

The systematic review and meta-analysis was conducted according to the recommendations of the 

Cochrane Handbook (165) and reported according to the PRISMA statement (164,173). The protocol 

was pre-registered in the PROSPERO database (CRD42018083648) before the systematic search was 

performed.  

RCTs were considered eligible for inclusion in this systematic review if they compared 

PAM-based interventions where the participants received feedback from PAMs with control 

interventions where participants did not receive feedback. The mean age of the participants in the 

studies had to be above 65 years, and the participants in the studies had to walk independently.  

The primary outcome, daily PA, was extracted from the included studies, favouring 

objectively measured PA. The secondary outcomes included sedentary time, MVPA, physical 
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capacity, Body Mass Index (BMI), and HRQoL. Outcomes were extracted at baseline and end-of-

treatment if possible.  

The final search was performed on April 26, 2018 in the following electronic 

bibliographic databases: the Cochrane Controlled Register of Trials, CINAHL, SPORTDiscus, EMBASE 

and MEDLINE (PubMed). The clinical trial register www.clinicaltrials.gov was searched to identify 

ongoing studies. The search strings consisted of a combination of keywords and subject headings 

for 1) older adults, 2) PAMs, and 3) RCT designs using the Cochrane’s highly sensitive filter for 

identifying RCTs (178). The search strings are included in the study protocol (174), alongside the 

search matrix. 

Two reviewers independently screened title and abstracts as well as full text reports 

to exclude irrelevant study reports. Inconsistencies were solved through discussion or inclusion of a 

third reviewer. The same two reviewers extracted data using a pre-determined data extraction form 

independently and assessed risk of bias in individual studies for each outcome using the RoB 2.0 

tool (179).  

Summary measures and additional analyses 

Intervention effects were expressed as Standardised Mean Differences (SMD) at 95% CI because 

different outcomes were used in the included studies. For interpretation purposes, the SMDs were 

translated to absolute effects by multiplying the value with SDs from the largest study available with 

an overall low risk of bias. Adverse events and withdrawals were expressed as relative risks with 

95% CIs.  

As the assumption of one true effect size in all studies could not be met, a random-

effects meta-analysis adjusted to Hedges’ g was performed (180,181). As recommended, the 

analysis was performed using post-intervention scores only (182). The I2 statistic was used to 

determine any between study variance not explained by chance (183). Random-effects meta-

analyses sorted by subgroups were used to investigate heterogeneity with categorical variables and 

univariate meta-regression analysis was used to investigate heterogeneity with continuous 

variables. Publication bias was investigated using the Eggers test, where positive results are adjusted 

using the Duval and Tweedie nonparametric “trim and fill” adjustment (184). StataCorp. 2017 (Stata 

Statistical Software: Release 15. College Station, TX: StataCorp LLC) was used for all statistical 

analyses. An alpha level of 0.05 was set as the threshold for statistical significance. For further 
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detailed description of materials and methods of study I, please see the study protocol (174) and 

the final study paper (175). 

Material and methods of study II, Study III, and study IV 

Ethics 

Study II was approved by the Danish Ethics Committee (journal number: H-17033310) and oral and 

written informed consent forms were completed before participants were included in the study. 

Study III and study IV were conducted with waivers from the Danish Ethics Committee of the Capital 

Region of Denmark (Journal no.: 18004960). The Danish Data Protection Agency Approved the 

handling of data (Reference no.: 514-0268/18-3000). Informed consent from the participants was 

collected electronically via SurveyXact (185). Prior to agreeing and signing the consent survey, the 

participant received written information about the study. 

Participants 

The inclusion criteria for participants differ slightly between study II, study III and study IV. For 

study II, older adults from five activity centres in Copenhagen were recruited. Participants were 

considered eligible if they were above 65 years of age, community-dwelling and able to walk 

independently with or without walking aids. Study III used baseline data (before randomisation) for 

participants enrolled in study IV. Participants were considered eligible for inclusion in study IV if 

they were community-dwelling older adults above the age of 70, owned a smartphone able to install 

the Garmin Connect application, had an e-mail address, were able to complete the study survey, 

and were able to receive a telephone interview. Exclusion criteria included: 1) cognitive impairment 

from moderate to severe dementia or Alzheimer’s disease, 2) active chemotherapy or palliative care 

for cancer, and 3) major mobility impairment. Furthermore, to be considered eligible for inclusion 

in study III, the participants had to provide daily step data for at least four days and should have 

completed the electronic survey. 

Design and procedures for study II and study III 

To investigate the criterion validity of relevant PAMs, participants in study II performed self-paced 

walking for six minutes on an unobstructed flat track. Four consumer-grade PAMs were considered 

eligible for inclusion as they could be fastened at the hip as well as on the wrist, were simple in 

function and design (requiring no technical skills to be operated), provided real time feedback and 
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were powered by a button cell battery with a long battery life. PAMs were fitted at each wrist and 

each hip of the participants (16 monitors in total). Two physiotherapists, blinded from each other’s 

counting, counted the number of steps using a click-counter. 

To investigate the concurrent validity of the IPAQ-SF and the NPAQ-Short 

questionnaires, participants from study III received a Garmin Vivofit 3 PAM by mail and were asked 

to wear it during all waking hours for one full week. After wearing the PAM for one week, the 

participants received a link to the online study survey containing the two PAQs. The IPAQ-SF consist 

of nine items and the following quantified constructs were used as outcomes in study III: ‘VPA’, 

‘MPA’, ‘MVPA’, ‘MET-minutes’, ‘walking time’ and ‘sedentary time’. Three PA categories were 

derived from the responses: ‘low activity level’, ‘moderate activity level’ and ‘high activity level’ (89). 

The two-item NPAQ-short (90) was developed to measure MVPA and adherence to WHO 

recommendations (90,140). The following quantified constructs were used as outcomes in study III: 

‘VPA’, ‘MPA’, and ‘MVPA’. From this, four PA categories can be calculated: ‘inactive’, ‘not sufficiently 

physically active’, ‘sufficiently physically active’, and ‘optimally physically active’. Furthermore, 

NPAQ-short categorisation of adherence to the WHO recommendations was used. Further 

description of the two PAQs can be found in the background section.  

Design and procedures for study IV 

Study IV was conducted as a 12-week, investigator-blinded, two-arm, parallel-group superiority 

randomised controlled trial. The only change between the published study report and the protocol 

(177) was a failure to reach the sample of 128 participants that had been desired in order to 

significantly show a moderate effect difference (half a standard deviation (SD)) with 80% power.  

The control (PAM) group received a PAM-based PA-promoting intervention and the 

intervention (PAM+MI) group received the PAM-based PA-promoting intervention as well as an MI-

intervention as an add-on intervention. Participants from both groups received a hip-worn Garmin 

Vivofit 3 to use during all walking hours in the intervention period and a pamphlet with national 

recommendations on PA for older adults. The PAM was linked to a Garmin Connect account with 

automatically adjusted daily goal setting. During the 12-week intervention period, the participants 

in the PAM+MI group were scheduled to receive seven telephone calls from trained and certified 

MI-counsellors. In brief, MI is a client-centred counselling style for eliciting behaviour change (145). 

The Transtheoretical Model is the underlying theory of behavioural change in MI and is used to 

explain behaviour change as following a series of stages: 1) precontemplation, 2) contemplation, 3) 
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preparation, 4) action, and 5) maintenance (154–156). MI is commonly used and well-established in 

Denmark (57–63) and the detailed description and theory behind the intervention has been 

described previously in the background section of the thesis, the trial protocol and the full study 

report (177).  

Fidelity of study IV was investigated by recording MI-sessions on a regular basis to 

provide counsellor feedback, with the participants’ verbal consent. Based on a review of these 

recordings, a random segment of 20 minutes was selected for rating with the Motivational 

Interviewing Treatment Integrity Scale version 4 (186). The scale includes four global ratings, 

Cultivating Change talk, Softening Sustain Talk, Partnership, and Empathy (186). A median global 

score in each global rating domain of 4 and a Reflection to Question ratio of>1 was considered 

decent MI proficiency. 

The primary outcome measure for study IV was the average number of steps in the 

intervention period. The hip-worn Garmin Vivofit 3 PAM was used to continuously and objectively 

measure the number of steps taken. The secondary outcomes included self-reported measures of 

PA, HRQoL, loneliness, and self-efficacy and outcome-expectancy for exercise. The instruments 

IPAQ-SF (187–190), NPAQ-short (91,191), The 5-level EuroQol-5 Domain (EQ-5D-5L) Quality of Life 

(QoL) questionnaire (192–195), UCLA Loneliness Scale (196,197), SEE (159), and OEE (158,198,199), and 

the Copenhagen Social Relations Questionnaire (200,201) were used as secondary outcome measures 

and are described in greater detail in the study protocol (177). Secondary outcomes were collected at 

baseline and at the end of treatment.  

Included participants were randomly assigned to the two groups with a 1:1 allocation 

ratio. The participants were randomised in blocks of minimum four, stratified by average step count 

and sex. Due to the nature of the behaviour change intervention, participants and interviewers were 

not blinded to allocation but the principal investigator was. Information about data collection and 

management can be found in the study protocol (177).  

Statistical methods for study II, study III and study IV. 

For all the three studies Quantile-Quantile plots were used to evaluate the distributions of 

standardised residuals for continuous data. Variables determined normally distributed were 

summarized with means and 95% Confidence Intervals (95%CI) or SDs. Variables considered non-

normally distributed were summarised with medians and interquartile ranges. Categorical data 

were summarised as frequencies and percentage of the samples.  
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 In study II, the criterion was the actual number of steps taken, defined as the average 

of the visually counted steps from the two testers. Data points were excluded when the PAM did 

not count any steps. The two-way random-effects interclass correlation model (ICC2,1) was chosen 

to assess the criterion validity (202). Hence, the absolute agreement between the PAM and the 

criterion is reported. ICC (2,1) values of less than 0.5, between 0.5 and 0.75, between 0.75 and 0.9, 

and equal to or more than 0.90, were interpreted to indicate, respectively, poor, moderate, good, 

and excellent criterion validity. A priori, moderate criterion validity for all participants, poor criterion 

validity for participants with rollators and good criterion validity for participants without rollators 

was expected for all PAMs. Scatter plots with a generalised linear logit link model were used to 

illustrate absolute measurement error for each PAM.  

Study III used Spearman’s rank correlation coefficients between PAQ scores and daily 

steps to measure concurrent validity. Spearman’s rank correlation coefficients (!) of less than 0.25, 

between 0.25 and 0.5, between 0.5 and 0.75, and equal to or more than 0.75 were interpreted, 

respectively, as the PAQs having little or no correlation, fair correlation, moderate-to-good 

correlation, and good-to-excellent correlation with daily steps. A priori, IPAQ-SF and NPAQ-short 

scores were hypothesised to have at least a fair correlation with daily steps. The IPAQ-SF ‘Walking’ 

and NPAQ-short ‘Moderate Physical Activity’ questionnaires were expected to have a moderate-to-

good correlation with daily steps, as the description of the specific questions include walking. ‘IPAQ-

SF Moderate Activity’ was expected to have little or no correlation with daily steps as the description 

of the specific question excludes walking (141). Concurrent validity of the PAQ categories 

(relationship with daily steps) were investigated with one-way analysis of variance models and 

unpaired t-tests.  

Study IV analysed primary and secondary outcomes with multiple regression models, 

adjusted for sex, baseline daily step count and the baseline value of the specific outcome. In 

calculating the average daily step count, days with less than 100 steps were excluded as “days of 

non-wear.” To follow the intention-to treat-principle, a Gaussian normal regression method 

(predictive mean matching with five runs and 50 iterations) was used to conduct multiple 

imputation using the baseline step count, gender and age in samples with averages from less than 

seven days of wear in the intervention period. To avoid inspecting the data before choosing an 

imputation, the first imputation run was used. Harms were evaluated by calculating the between-

group relative risk for serious and non-serious adverse events. For illustration purposes, specifically 

for use in the thesis, p-values from the between-group difference from multiple regression analyses 
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on daily PA were extracted from 5,000 multiple imputation runs (5 iterations each) and the 

distribution of p-values was plotted in a density plot. The RStudio MICE package was used to perform 

the multiple imputations and the PURRR package were used to perform the functional programming 

(loops).  

To allow for a deeper discussion of study results, several post-hoc sensitivity analyses 

and illustrations were conducted for the thesis. The sensitivity analyses include unpaired Student’s 

t-test to compare the age of participants with and without imputed data in study IV, a linear 

regression model for analysing the relationship between number of missing days and age in study 

IV, a Wilcoxon-test testing difference in number of missing days between participants with and 

without adverse events in study IV, and analyses without multiple imputations (complete-case and 

last observation carried forward) with similar models to the primary analysis in study IV. Post-hoc 

illustrations include a histogram with a density curve of the average step count from the participants 

included in study III, a distribution of extracted p-values for 5,000 multiple imputations for the 

primary analysis in study IV, as described above, scatter plots with best fitted lines and 95% CIs 

illustrating the association between secondary outcomes and average daily steps as well as a plot 

illustrating the association between age and number of missing days in study IV. 

StataCorp. 2017, Stata Statistical Software: Release 15. College Station, TX: StataCorp 

LLC was used for all statistical analyses in study II. RStudio version 1.1.463 (2016, Integrated 

Development for R. RStudio, Inc., Boston, MA URL) was used for all statistical analyses in study III 

and study IV. An alpha level of 0.05 was set as the threshold for statistical significance in all studies.  
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RESULTS 

To provide an accessible overview, the first paragraph presents a narrative summary of the most 

important results. The following four sections then provide more detailed results from each of the 

four studies.  

Narrative summary of the results 

Study I identified 21 RCTs with 2,783 participants, which together indicated the existence of low 

quality of evidence for a moderate effect of PAMs on daily PA, which translates to 1,297 more steps 

per day on average in the intervention groups. Subsequently, a moderate quality of evidence was 

found for a small effect of PAMs on MVPA time, which translates to 5.5 minutes more MVPA time 

per day on average in the intervention groups. There were no significant differences between 

intervention groups and control groups in the pooled results on time spent sedentary, physical 

capacity, BMI or self-reported HRQoL.  

In terms of validity of the consumer-grade PAMs, four different devices were found to 

be relevant in an elderly population and were included in study II. In total, 103 older adults 

participated and were fitted with monitors to use while walking. The Nokia GO was excluded due to 

technical issues. The Jawbone UP Move had higher rate of excluded data due to technical issues and 

the wrist-worn monitors were also found to have a higher degree of excluded data, compared to 

the hip-worn PAMs. The hip-worn PAMs did not differ significantly in terms of measurement error 

or validity. The wrist-worn PAMs were found inadequate in measuring number of steps among older 

adults with and without rollators.  

Study III investigated the validity of two electronically administered PAQs and found 

both the IPAQ-SF and NPAQ-Short not to reflect objectively measured PA adequately among the 54 

included participants. 

Study IV, the MIPAM RCT, only included 70 participants, and hence was not 

adequately powered. However, the intervention group walked on average 909 steps per day more 

than the control group and had a lower degree of loneliness, equivalent to a small to moderate 

effect size. Even though the finding for the primary outcome, daily steps, was not significant, the 

effect size can still be considered clinically relevant and the use of MI in combination with PAM-

based interventions should be investigated further with adequately powered RCTs.  
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Results of study I, the effect of physical activity monitor interventions 

A total of twenty-one studies (22 comparisons and 2,783 participants) were included (37–47,203–

212), covering specific patient categories such as osteoarthritis (211), chronic obstructive 

pulmonary disease (42,44,205), cardiac patients (204,212), but also healthy or uncategorised 

populations (37–41,43,45–47,203,206–210). The median mean age in the studies was 70.5 years, 

and the median mean baseline step count, and thus the baseline activity level, was 5,268 per day. 

The median intervention length was 12 weeks with most (81%) studies providing daily feedback 

from PAMs (37–42,45–47,204,206–212).  

Five studies were judged as having a low overall risk of bias (39,45,203,211,212), 10 

studies were judged as raising some concerns (40,42–44,47,204,205,207,209,210), and six studies 

were judged as having a high risk (37,41,42,46,206,208). Judgments and support for judgment about 

each domain is presented in the full study report (175).  

The overall SMD, number of study comparisons, number of participants and the level 

of heterogeneity can be seen for each outcome in number Figure 7 below.  

 

 
Figure 7. Overview of random effects meta-analyses for each outcome performed in study I. SMD: standardised mean difference, MVPA: Moderate 
to Vigorous Physical Activity, HRQoL: Health-related Quality of Life. Heterogeneity expressed as I2 values. Positive SMD equals higher values in the 
intervention groups. Positive values are favoured for daily physical activity, MVPA, physical capacity, and HRQoL. Negative values are favoured for 

daily sedentary time.  

 

The overall relative risk of adverse events was 0.91, (95% CI: 0.66; 1.25), I2=0.0% 

p=0.942, with more adverse events in the control groups. Subgroup analyses on categorical 

Daily physical activity

Daily sedentary time

Daily MVPA time

Physical capacity

Body mass index

HRQoL

Outcome

21

1

8

4

3

5

studies

Number of

2704

35

1686

754

570

1038

participants

Number of

0.54 (0.34, 0.73)

-0.40 (-1.07, 0.27)

0.34 (0.15, 0.52)

0.19 (-0.10, 0.48)

0.15 (-0.01, 0.31)

0.01 (-0.12, 0.14)

SMD (95% CI)

79.2%

NA

65.8%

48.8%

0

0

Heterogeneity

0.54 (0.34, 0.73)

-0.40 (-1.07, 0.27)

0.34 (0.15, 0.52)

0.19 (-0.10, 0.48)

0.15 (-0.01, 0.31)

0.01 (-0.12, 0.14)

SMD (95% CI)

79.2%

NA

65.8%

48.8%

0

0

Heterogeneity

  0-1.5 -1 -.5 0 .5 1 1.5

Overview of meta-analyses



 46 

variables (e.g. diagnoses, feedback frequency and risk of bias) are listed in the original study report 

for all outcomes (175). No significant differences in the subgroup analyses were observed with any 

outcomes. Sensitivity analyses (univariate meta-regressions) on continuous variables (e.g. age in 

years, sex distribution, percent of participants with walking aids, intervention length in weeks, or 

baseline PA) were performed, but none of these variables were significantly correlated with the 

effect size for any outcomes nor did they reduce the Tau2 statistic. Egger’s test revealed significant 

small study bias for the effect on daily PA, p=0.036, indicating overestimation of the SMD. The bias-

adjusted result revealed a SMD of 0.37, (95% CI: 0.15; 0.59) down from 0.54, (95%CI: 0.34; 0.73) 

after filling the analysis with three fictive studies. No other small study bias was found for the other 

outcomes. The 11 study comparisons (1,219 participants) with passive control interventions had a 

significantly larger SMD (0.86, (95%CI: 0.53; 1.20)) compared; the 10 study comparisons (1,485 

participants) with an active control intervention (0.22, (95%CI: 0.03; 0.41)).  

The summary of findings for all outcomes is found below in Table 2, including certainty 

of the evidence for each outcome and translations from SMDs to mean differences.  

Table 2. Summary of findings table from study I. 

Physical activity monitor interventions compared to control interventions in older adults 

Outcomes Anticipated absolute effects* 
(95% CI) 

Standardised mean 
difference 

(95% CI) 

№ of studies  
(participants) 

Certainty 
of the 

evidence 
(GRADE) 

Comments 

Physical activity - 
objectively 
measured or self-
reported  

The translated weighted mean difference was 
1,297 steps per day (95% CI: 817; 1,753) with 

more steps in the intervention groups 

SMD 0.53 
(0.34; 0.73) in favour of 

the intervention 

20 studies (21 study 
comparisons and 

2,704 participants) 

ÅÅ¡¡1,2 

Low None 

Time spent 
sedentary 

The mean difference of weekly sedentary time 
was 44 minutes (37.1; 50.9) with the control 

group being more sedentary. 

SMD 0.40 (-0.27; 1.07) in 
favour of the 
intervention 

One study with 39 
participants 

Å¡¡¡4 

Very low None 

Moderate to 
vigorous physical 
activity - objectively 
measured or self-
reported  

The translated weighted mean difference was 
hence 5.5 minutes per day (95% CI: 2.4; 8.4) 
with more MVPA in the intervention groups 

SMD 0.34 
(0.15; 0.52) in favour of 

the intervention 

8 studies (1,686 
participants) 

ÅÅÅ¡1 

Moderate None 

Physical capacity 
measured with 
walking tests 

The translated weighted mean difference was 
15 meters (95% CI: -8; 38) with more meters 

walked on a 6MWT in the intervention groups. 

SMD 0.19 
(-0.10; 0.48) in favour of 

the intervention 

4 studies (754 
participants) 

ÅÅ¡¡1,3 

Low None 

Body mass index 
The translated weighted mean difference was 

0.72 kg/m2 (95% CI: -0.048; 1.5) with the 
control group having the lowest BMI. 

SMD 0.15 
(-0.01; 0.31) in favour of 
the control intervention 

3 studies (570 
participants) 

ÅÅÅ¡1 

Moderate None 

Self-reported 
HRQoL – assessed 
with questionnaires 

No mean value available as the studies used 
different outcome measures. 

SMD 0.01 
(-0.12; 0.14) in favour of 

the intervention 

5 studies (1,038 
participants) 

ÅÅ¡¡1,3 

Low 
None 
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Table 2. Summary of findings table from study I. 

Physical activity monitor interventions compared to control interventions in older adults 

Outcomes Anticipated absolute effects* 
(95% CI) 

Standardised mean 
difference 

(95% CI) 

№ of studies  
(participants) 

Certainty 
of the 

evidence 
(GRADE) 

Comments 

Meeting the study 
specific 
recommended level 
of physical activity 

No data No data No data No data No data 

Adverse events and 
withdrawals 

Calculated with 64 
withdrawals of 881 

participants in 
control groups 

Calculated with 63 
withdrawals of 1,149 

participants in 
intervention groups 

Relative risk for 
withdrawal due to illness 

or adverse events 
0.91 (0.66; 1.25) with 
higher risk in control 

group 

11 studies (1,927 
participants) 

ÅÅÅ¡3 

Moderate None 

*The absolute effects are calculated from the standardised mean differences and a relevant standard deviation according to the method section.  
Abbreviations: HRQoL: Health related quality of life CI: Confidence interval; SMD: Standardised mean difference. 
1: Downgraded by one level due to inconsistency (unexplained heterogeneity) 
2: Downgraded by one level due to publication bias 
3: Downgraded by one level due to imprecision of the results 
4: Sparse data 

GRADE Working Group grades of evidence 
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect. Moderate certainty: We are moderately 
confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially 
different. Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the 
effect. Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the 
estimate of effect  

Results of study II and study III, criterion validity of consumer available physical 

activity monitors and concurrent validity of physical activity questionnaires  

For interpretation purposes, results from study II and study III are reported together.  

Participants 

In study II, 103 older adults volunteered to participate. Thirty-three percent of the participants were 

male, and they were on average 81 years of age, had a BMI of 28 kg/m2 and 35 percent used a 

rollator to walk. They walked 255 meters in the six-minute test on average, equivalent to a self-

paced speed of 2.6 km/h. For a full detailed list of characteristics, see the full study report (135). In 

Study III, 67 participants were considered eligible for inclusion from study IV. Of these, 13 were 

excluded after having insufficient number of days wearing the devices, leaving 54 participants for 

inclusion in the study. Forty-four percent of the participants were male, and they were on average 

71 years of age, had a BMI of 27 kg/m2 and one participant used a cane to walk, while no participants 
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used rollators. On average, the participants reported their total PA to consist of 58% walking. Table 

3 reports participants’ number of daily steps, as well as IPAQ-SF and NPAQ-short results.  

Table 3. Modified table from study III. Objectively measured steps and instrument scores. 

Variable Total sample (n=54) 

 Mean (SD) Median [IQR]  

Daily steps 5,782.4 (3,005.4) 5,682.9 [3,422.4; 8,036.1]  

International Physical Activity Short Form 
Questionnaire Mean (SD) Median [IQR] 

Frequency of zero activity; n 
(%) 

IPAQ-SF Vigorous Intensity Minutes/Week 144.7 (390.9) 0.0 (0.0; 141.3) 30 (56%) 

IPAQ-SF Moderate Intensity Minutes/Week 185.4 (418.0) 25.0 [0.0; 232.5] 25 (46%) 

IPAQ-SF MET-Minutes/Week 2;972.1 (5;126.5) 1;410 [594.0; 3;318.8] 6 (11%) 

IPAQ-SF MVPA time/Week 330.0 (781.1) 62.5 [0.0; 350.0] 18 (33%) 

IPAQ-SF Sedentary Minutes/Day 329.4 (184.0) 300.0 [192.5; 465.0] 2 (4%) 

IPAQ-SF Walking Minutes/Week 325.3 (465.0) 180.0 [0.00; 420.0] 20 (37%) 

IPAQ-SF Physical Activity Categories 
Low activity level, n (%) 
Moderate activity level, n (%) 
High activity level, n (%) 

 
27 (50.0%) 
11 (20.4%) 
16 (29.6%) 

Nordic Physical Activity Short Questionnaire Mean (SD) Median [IQR] Frequency of zero activity, n (%) 

NPAQ-short Vigorous Physical Activity 
Minutes/Week 142.0 (183.7) 79.5 [0.00; 172.5] 18 (33%) 

NPAQ- short Moderate Physical Activity 
Minutes/Week 269.7 (399.7) 120.0 [0.0; 286.8] 15 (28%) 

NPAQ-short MVPA Time Minutes/Week 411.6 (447.4) 240.0 [122.5; 592.5] 6 (11%) 

NPAQ-short Physical Activity Categories 
Inactive 
Not sufficiently physically active 
Sufficiently physically active 
Optimally physically active 

 
6 (11.1%) 
7 (13.0%) 

10 (18.5%) 
31 (57.4%) 

NPAQ-short Compliance with WHO 
recommendations 

No 
Yes 

 
13 (24.1%) 
41 (75.9%) 

Abbreviations: SD: Standard Deviation, IQR: Inter Quartile Range, IPAQ: International Physical Activity Questionnaire, NPAQ: Nordic Physical Activity 
Questionnaire. MET: Metabolic Equivalent of Task, MVPA: Moderate to Vigorous Physical Activity, WHO: World Health Organization. Daily steps per 
day and height were found to be normally distributed. All other continuous variables were judged as having a non-normal distribution. Number of 
“zero” responses is defined as participants who reported no activity in a specific category. IPAQ-SF Categories: ‘Low activity level’ refers to 
participants who did not meet the criteria for moderate and vigorous intensity categories. ‘Moderate activity level’ refers participants who had a) 
three or more days of vigorous-intensity activity of at least 20 minutes per day, b) five or more days of moderate-intensity activity and/or walking of 
at least 30 minutes per day or c) 5 or more days of any combination of walking, moderate-intensity or vigorous intensity activities achieving a 
minimum total physical activity of at least 600 MET-minutes/week. ‘High activity level’ refers to participants who had a) vigorous-intensity activity on 
at least 3 days (20min minimum, achieving a minimum Total physical activity of at least 1500 MET-minutes/week or b) 7 or more days of any 
combination of walking, moderate-intensity or vigorous-intensity activities achieving a minimum total physical activity of at least 3000 MET-
minutes/week. NPAQ-short Categories: Inactive participants were defined as participants with no moderate or vigorous physical activity, not 
sufficiently physically active (moderate physical activity/150 + vigorous physical activity/75)<1.0 and ((moderate physical activity /150 + vigorous 
physical activity /75)>0), sufficiently physically active ((moderate physical activity /150 + vigorous physical activity /75) ≥ 1.0 and (moderate physical 
activity /150 + vigorous physical activity /75)<2.0), optimally physically active ((moderate physical activity /150 + vigorous physical activity /75) ≥ 2.0). 
Compliance with WHO recommendations included sufficiently and optimally physically active participants.  
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Figure 8. Histogram with density curve of the average step count from the 54 participants included in study III. The mean (standard deviation) step 

count was 5,782.4 (3,005.4) and the values range from 725 to 13,298.  
 

Criterion validity of physical activity monitors 

In study II, four consumer-grade PAMs currently on the market were identified as meeting the 

inclusion criteria: The Misfit Shine, Nokia GO, Jawbone UP Move and Garmin Vivofit 3. It proved 

impossible perform synchronisation between participants, and thus to extract data, for the Nokia 

Go, for which reason these PAMs were excluded from the study. Figure 9 below illustrates the 

percentage of excluded observations from the total available observations. Wrist measures were 

more likely to be excluded, p<0.001. There were significant differences in the number of deleted 

observations between the Garmin, Jawbone and Misfit PAMs, p<0.001. No between-group 

differences were found when comparing left and right measures, p=0.816. 
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Figure 9. Bar chart of excluded data points as percentage of total available data points for the Garmin Vivofit 3 (n=103), Jawbone UP Move (n=103) 

and the Misfit shine (n=37 for left-worn and n=99 for right-worn) included in study II. The observations are divided into hip/wrist and left/right 
categories. This figure is similar to the figure in study II.  

 
 

Comparing counts between the two testers found a good degree of interrater 

reliability (ICC(2,1) at 0.88 (95% CI 0.83; 0.92), with a mean difference of 4.42 steps (95% CI : 6.10; 

14.91)). Detailed results on criterion validity ICC(2,1), mean difference and percentage 

measurement error for all PAMs on all positions can be found in the full study report. For hip-worn 

PAMs, 10 out of 18 possible combinations of brand, position and use of a rollator fulfilled the a priori 

hypothesis (of moderate criterion validity for all participants, good validity for participants without 

a rollator and poor validity for participants with rollators). For wrist-worn monitors, only one 

combination fulfilled the a priori hypothesis. The hip-worn Misfit Shine fulfilled the a priori 

hypothesis in four out of six combinations. The hip-worn Garmin Vivofit 3 fulfilled the a priori 

hypothesis in five out of six combinations. The hip-worn Jawbone UP Move fulfilled the a priori 

hypothesis in one out of six combinations. For the wrist-worn PAMs, no combination fulfilled the a 

priori hypothesis for criterion validity, except the right-worn Garmin Vivofit 3 for participants with 

rollators.   

Figure 10 below illustrates the relationship between measurement error and the 

criterion (counted steps). The figures show negative slopes for all PAMs in participants without 

rollators and for hip-worn monitors for participants with rollators. For wrist-worn monitors in 
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participants with rollators, the slope is horizontal and has larger measurement error, compared to 

the hip-worn PAMs.  

 

   

 
 Figure 10 (a, b and c). Two-way scatter plots with logit link generalised linear models between absolute measurement error in % and observed 

steps of Misfit Shine (a), Garmin Vivofit 3 (b) and Jawbone UP Move (c) physical activity monitors. Each includes results from the left hip, right hip, 
left wrist and right wrist. Red digits “1” and lines equal participants with rollators and blue digits “0” and lines equal participants without rollators. 

Y-axis represents absolute measurement error in percentage as a response to the x-axis, which represents the number of observed steps. These 
figures are similar to the figures in study II. 

 

Concurrent validity of physical activity questionnaires 

Study III found that ‘moderate intensity minutes’, ‘MVPA’ and ‘sedentary time’ in IPAQ-SF had little 

or no correlation with daily steps (!<0.25). For the NPAQ-short, scores with little or no correlation 

included ‘vigorous activity’, ‘moderate activity’, ‘MVPA’ and ‘compliance with WHO 

recommendations’. IPAQ-SF scores with fair correlation (0.25<!>0.5) include ‘vigorous activity’, and 

‘walking’. IPAQ-SF ‘MET-minutes’ showed moderate to good correlation (0.5<!>0.75) with daily 

steps. Figure 11 reports the concurrent validity between daily steps and the PAQ scores. 



 52 

 
Figure 11. Performance of instrument scores expressed as the correlation between the instrument and objectively measured steps per day in study 

III. Light grey coloured bars represent IPAQ-SF constructs and dark grey coloured bars represent NPAQ-short constructs. Y-axis: Spearman’s rank 
correlation coefficient (rho). Reference lines: below the lowest line indicates little or no correlation (!<0.25), above the lowest line indicates a fair 
correlation (!>0.25), above the middle line indicates a moderate to good correlation (!>0.5) and above the top line indicates a good to excellent 
correlation (!>0.75). IPAQ-SF Sedentary construct is inverse, meaning the true value is the negative equivalent of the illustrated. Abbreviations; 

IPAQ: International Physical Activity Questionnaire, Vig: Vigorous, Mod: Moderate, MET: Metabolic Equivalent of Task, MVPA: Moderate to 
Vigorous Physical Activity, Sed: Sedentary, NPAQ: Nordic Physical Activity Questionnaire. This figure is similar to the figure in study III. 

 

As for the differences in daily steps between participants in the three IPAQ-SF 

categories, the study found that the mean step count in the ‘low’ category was 3,531 (95%CI: 1,565; 

5,497) lower than the mean in the ‘high’ category. The mean in the ‘low’ category was 2,561 (95%CI: 

332; 4,970) lower than the mean in the ‘moderate category’. Finally, the mean in the ‘moderate’ 

category was 970 (95%CI: -1,471; 3,410) lower than the mean in the ‘high’ category. A one-way 

analysis of variance revealed that not all of the means were similar, p<0.001. No differences 

between the four NPAQ-Short categories were found, p=0.240.  

An unpaired t-test revealed that the group adhering to WHO recommendations on average walked 

a further 1,628 steps per day (95%CI: 76; 3,180) compared to the non-adherent group. Distributions, 

means and 95% CIs are illustrated below in Figure 12. 
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Figure 12. Means, confidence intervals and distributions of average steps per day of the International Physical Activity Questionnaire Short Form 
categorical construct and the Nordic Physical Activity Questionnaire Short categorical constructs. NPAQ-short Categories: 0) Inactive participants 
were defined as participants with no moderate or vigorous physical activity, 1) not sufficiently physically active (moderate physical activity/150 + 

vigorous physical activity/75)<1.0 and ((moderate physical activity /150 + vigorous physical activity /75)>0), 2) sufficiently physically active 
((moderate physical activity /150 + vigorous physical activity /75) ≥ 1.0 and (moderate physical activity /150 + vigorous physical activity /75)<2.0), 3) 

optimally physically active ((moderate physical activity /150 + vigorous physical activity /75) ≥ 2.0). Compliance with WHO recommendations 
included sufficiently and optimally physically active participants. This figure is similar to the figure in study III. 
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Results of study IV, motivational interviewing and physical activity monitoring to 

increase the daily level of physical activity 

Out of 79 possible participants, nine refused to participate after reading the study material, and 70 

were included and randomised. Thirty-eight were allocated to the PAM group and 32 to the PAM+MI 

group. In the PAM group, 34 participants completed the 12 weeks and four participants 

discontinued. In the PAM+MI group, 28 participants completed the 12 weeks and four discontinued. 

Due to slow rate of inclusion and insufficient funding, the inclusion of participants was terminated 

in January 2020 and the trial did not reach the desired sample size of 128 participants. The CONSORT 

flow diagram is reported below in Figure 13.  

 
Figure 13. Consort flow diagram from study IV. This figure is similar to the figure in study IV. 

 

Baseline data 

Characteristics of the included participants are reported in full in Table 4.  

Assessed for eligibility (n= 79)

Excluded (n= 9)
•Declined to participate with no reason (n=1)
•Declined due to technical difficulties (n=3)
•Declined due to illness (n=1)
•Did not give informed consent (n=4)

Included in intention-to-treat analysis (n=32)
Included in per protocol analysis (n=28)

Lost to follow-up and discontinued (n=4) 
2 due to technical issues
1 due to anxiety from wearing the PAM
1 participant died

Allocated to PAM+MI intervention (n=32)
Received allocated intervention (n=32)

Lost to follow-up and discontinued (n=4) 
2 due to technical issues
2 participants discontinued with no reason

Allocated to PAM intervention (n=38)
Received allocated intervention (n=38)

Included in intention-to-treat analysis (n=38)
Included in per protocol analysis (n=34)

Allocation

Analysis

Follow-Up

Randomized (n= 70)

Enrollment

CONSORT 2010 Flow Diagram for the MIPAM trial
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Table 4. Modified table from study IV. Demographics and physical activity characteristics of included participants.  

 Overall 
(n=70) 

PAM group 
(n=38) 

PAM+MI group 
(n=32) p 

Age, median [IQR] 72.0 [70.0, 74.0] 71.0 [70.0; 74.3] 73.0 [71.0, 74.0] 0.134 
Sex, n male (%) 28 (40.0) 16 (42.1) 12 (37.5) 0.613 
BMI, mean (SD) 27.2 (4.4) 27.3 (4.9) 27.1 (3.9) 0.581 
In pain, n (%) 25 (37.3) 9 (25.0) 16 (51.6) 0.046 
Wants to be more physically active, n (%)    0.259 
Yes 56 (83.6) 28 (77.8) 28 (90.3)  

No 3 (4.5) 2 (5.6) 1 (3.2)  

Do not know 8 (11.9) 6 (16.7) 2 (6.5)  

Have used or uses physical activity monitor, n (%) 22 (32.8) 12 (33.3) 10 (32.3) 0.997 
UCLA Loneliness Scale Sum, mean (SD) 32.9 (8.6) 33.47 (9.51) 32.27 (7.46) 0.399 
EQ-5D-5L     

Problems with mobility, n (%) 27 (40.1) 13 (36.1) 14 (46.7) 0.373 
Problems with self-care, n (%) 4 (6.1) 2 (5.6) 2 (6.7) 0.995 
Problems with usual activities, n (%) 19 (28.8) 9 (25.0) 10 (33.3) 0.442 
Problems with pain and discomfort, n (%) 43 (65.2) 20 (55.6) 23 (76.7) 0.087 
Problems with anxiety and depression, n (%) 13 (19.7) 7 (19.4) 6 (20.0) 0.995 
EQ Visual Analogue Scale, median [IQR] 80.0 [70.0; 90.0] 85.0 [70.0; 90.0] 80.0 [70.0; 90.0] 0.438 

Outcome Expectancy for Exercise-2 Scale Sum, mean (SD) 51.6 (6.9) 50.3 (7.27) 53.1 (6.1) 0.074 
Self-Efficacy for Exercise Scale Sum, mean (SD) 60.5 (19.8) 59.4 (20.15) 61.8 (20.0) 0.442 
Baseline steps per day, mean (SD) 5881.1 (2948.9) 6029.4 (3009.58) 5705.2 (2913.0) 0.451 
International Physical Activity Questionnaire Short Form     

Minutes of vigorous activity per day, median [IQR] 0.0 [0.0; 24.1] 0.0 [0.0; 19.3] 0.0 [0.0; 24.1] 0.581 
Minutes of moderate activity per day, median [IQR] 0.0 [0.0; 24.1] 0.0 [0.0; 19.3] 0.0 [0.0; 24.1] 0.581 
Minutes of MVPA per day, median [IQR] 0.0 [0.0; 48.2] 0.0 [0.0; 38.6] 0.0 [0.0; 48.2] 0.581 
Minutes of walking activity per day, median [IQR] 27.9 [0.0; 327.9] 23.6 [0.0; 422.1] 31.1 [0.0; 214.3] 0.643 
MET-minutes per day, median [IQR] 316.9 [63.3; 1386.0] 394.1 [40.9; 1432.0] 254.6 [102.5; 850.5] 0.570 
Minutes of sedentary time per day, median [IQR] 303.0 [210.0; 480.0] 303.0 [240.0; 435.0] 316.0 [202.5; 480.8] 0.676 

IPAQ physical activity categories, n (%)    0.690 
High 18 (27.3) 10 (27.8) 8 (26.7)  

Low 26 (39.4) 14 (38.9) 12 (40.0)  

Moderate 22 (33.3) 12 (33.3) 10 (33.3)  

Nordic Physical Activity Questionnaire short     

Minutes of MVPA per day, median [IQR] 30.0 [12.9; 68.6] 38.6 [8.2; 82.5] 25.7 [17.5; 46.1] 0.227 
Minutes of moderate activity per day, median [IQR] 11.4 [0.0; 24.6] 7.9 [0.0; 34.3] 12.1 [0.0; 19.8] 0.651 
Minutes of vigorous activity per day, median [IQR] 17.1 [0.0; 34.3] 19.3 [0.0; 58.4] 13.6 [0.0; 21.4] 0.225 

NPAQ physical activity categories, n (%)    0.231 
Inactive 8 (12.1) 4 (11.1) 4 (13.3)  

Insufficiently physically active 10 (15.2) 7 (19.4) 3 (10.0)  

Sufficiently physically active 12 (18.2) 4 (11.1) 8 (26.7)  

Optimally physically active 36 (54.5) 21 (58.3) 15 (50.0)  

NPAQ compliance with WHO recommendations, n (%) 48 (72.7) 25 (69.4) 23 (76.7) 0.490 

Abbreviations: BMI: Body Mass Index, PAM: Physical Activity Monitor, EQ-5D: EuroQol Research Foundation Five Domains, UCLA: University of 
California Los Angeles, OEE: Outcome Expectancy for Exercise, SEE: Self Efficacy for Exercise. IPAQ-SF: International Physical Activity Questionnaire-
Short Form, NPAQ: Nordic Physical Activity Questionnaire-Short Form, MVPA: Moderate to Vigorous Physical Activity, SD: standard deviation, IQR: 
interquartile range, IPAQ-SF: International Physical Activity Questionnaire-Short Form, NPAQ: Nordic Physical Activity Questionnaire-Short Form, 
MVPA: Moderate to Vigorous Physical Activity. Test for between-group difference in normal distributed continuous variables (BMI, UCLA Loneliness 
Scale Sum Score, Outcome Expectancy for Exercise-2 Scale Sum Score, Self-Efficacy for Exercise Sum Score and Baseline Daily Steps) were performed 
with unpaired t-test, tests for between-group difference in non-normal distributed continuous (age, % of total activity from walking, EQ Visual 
Analogue Scale, all IPAQ and NPAQ scores) variables were performed with Mann-Whitney U test, test for between group difference in categorical or 
binary variables with Chi2 test, p-values comparing the PAM and the PAM+MI group ≤ 0.05 are considered significant. 

 

The median days of missing PA data was 5 [IQR: 1; 29], with 6 [IQR: 1; 32] days in the 

PAM group and 4.5 [IQR: 0.75; 26] days in the PAM+MI group. No significant between-group 
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difference was found, p=0.484. For all randomised participants, data for four were imputed for 

average daily steps. The IPAQ-SF ‘MVPA’ and ‘sedentary time’, NPAQ-Short ‘MVPA’, EQ-VAS, UCLA 

Loneliness Scale Sum Score, and SEE-DK Sum Score all had data for six participants imputed. For 

seven participants, data was imputed for IPAQ-Short minutes of walking per day and OEE2-DK Sum.  

The results of the adjusted multiple regression models can be found in Table 5 below, 

and Figure 14 illustrates per protocol scores for the two study arms through the study period.  

 

 

 

 
Figure 14. Unadjusted mean daily step counts throughout the 12-week intervention in study IV. Week 0: baseline week. Intervention period: week 1 
to week 12. Circles represent mean values and error bars represent 95% confidence intervals. Unimputed data are used. This figure is similar to the 

figure in study IV. 
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Table 5. End point scores and results from multiple regression models on outcomes from study IV. 

 End point scores Adjusted between group difference from 
multiple regression model 

Outcome PAM group (n=38) 
mean (95%CI) 

PAM+MI group (n=32) 
mean (95%CI) 

Coefficients 
(difference) 

 
95%CI 

 
p 

Average daily steps 5,837.7 (4,932.8; 6,742.6) 6,492.9 (5,472.5; 7,513.3) 909.0 (-71.0; 1889.0) 0.07 
IPAQ-SF 
    MVPA minutes per day 
    Minutes of walking per day 
    Minutes of sedentary time per day 

 
53.9 (15.3; 92.5) 

149.2 (59.1; 239.3) 
358.5 (303.6; 413.4) 

 
34.4 (5.2; 63.6) 

218.5 (111.5; 325.5) 
335.0 (273.0; 397.0) 

 
-0.2 
78.1 
-40.3 

 
(46.3; 45.8) 
(-6.1; 217.3) 

(-102.8; 22.1) 

 
0.992 
0.266 
0.201 

NPAQ-Short  
    MVPA minutes per day 

 
72.5 (41.0; 104.0) 

 
66.6 (40.1; 93.1) 

 
-3.8 

 
(-45.3; 37.7) 

 
0.856 

EQ-VAS 80.6 (76.0; 85.1) 81.6 (78.2; 85.1) 2.9 (-1.9; 7.7) 0.227 
UCLA Loneliness Scale Sum Score 32.8 (29.6; 36.0) 30.2 (27.4; 33.0) -2.3 (-4.5; -1.24) 0.04 
Self-Efficacy for Exercise Sum Score 52.5 (45.9; 59.1) 55.3 (45.9; 60.4) 3.5 (-4.3; 11.2) 0.375 
Outcome Expectancy for Exercise-2 Sum Score 51.3 (48.5; 54.2) 53.2 (50.5; 56.0) 2.0 (-2.0; 6.0) 0.320 
Abbreviations: IPAQ-SF: International Physical Activity Questionnaire Short Form, NPAQ-Short: Nordic Physical Activity Questionnaire Short, EQ-VAS: EuroQol 
Visual Analogue Scale, UCLA: University of California, Los Angeles. For four participants, data was imputed for average daily steps. Six participants had data 
imputed for IPAQ-SF MVPA and minutes of sedentary time per day, NPAQ-Short MVPA minutes per day, EQ-VAS, UCLA Loneliness Scale Sum Score, and SEE 
Sum Score. Seven participants had data imputed for IPAQ-Short minutes of walking per day and OEE-2 Sum. End point scores are unadjusted. The primary 
analysis is the multiple linear regression model adjusted for baseline score, baseline steps, and sex. Coefficients>0 means a higher value in the PAM+MI 
group. P-values<0.05 are considered significant.  
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Among the 28 PAM+MI complete case participants, 23 (82.1%) received all seven MI 

calls, four (14.3%) received six calls and one participant (3.6%) received only four calls. In total, 170 

calls with an average length of 18.4 minutes were delivered to the PAM+MI group. Six MI calls were 

audiotaped and coded by the two coders using the Motivational Interviewing Treatment Integrity 

Scale. The median Cultivating Change Talk global score was 3.5, the median Softening Sustain talk 

score was 4, the median Partnership score was 4, and the median Empathy score was 4. The ratio 

of Reflections to Questions was 1.3. 

The eight participants who discontinued the intervention differed significantly from 

the complete cases. They were older, at 78.5 years [IQR: 74.0; 81.5] versus 72.0 years [IQR: 70.0; 

74.0], p=0.035, exclusively female (54.8% female in complete case versus 100% female in 

discontinued participants, p=0.038), and had a different use of walking aids (one rollator user and 

no cane users in the complete cases versus one cane user and no rollator users in discontinued 

participants, p=0.006). No other significant or clinically relevant differences were found for other 

baseline variables.  

A post-hoc power calculation of the primary analysis revealed a power level of 24.6%. 

This analysis included 70 participants, an effect size of 909 steps, a SD of 2,948 steps, and an alpha 

level of 0.05.  

Two participants, both allocated to the PAM+MI group (6.3%), discontinued due to 

adverse events (one died and one had increasing anxiety from wearing the PAM, which triggered 

existing mental illness). There was no significant between group-difference in the proportions of 

adverse events in the groups (0% in the PAM group versus 6.3% in the PAM+MI group, p=0.400).  

Post-hoc sensitivity analyses and illustrations specifically conducted for the thesis 

As previously described, the thesis includes post-hoc analyses to allow for a deeper discussion of 

the study results. The illustrations are not included in the published paper of study IV.  

The likelihood of a participant having less than seven valid days of data in the 

intervention period and thus having their average step count imputed was investigated 

parametrically as well as non-parametrically. The participants with imputed data for PA were on 

average 8.5 years older (95% CI: 6.6; 10.7) than the participants who did not have their intervention 

step count imputed. Similarly, the number of missing days in the intervention period was found to 

be dependent on age, as the coefficient from a univariate linear model was 1.96 missing days per 
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added year of age (95%CI: 0.56; 3.36). However, the normality of the distribution of both variables 

in the univariate linear model (age and number of missing days), as illustrated in Figure 17, can be 

questioned, which favours a non-parametric analysis over the parametric analyses. A Kendall’s Tau 

coefficient was calculated to be 0.10, p=0.253. 

The number of missing days was not dependent on the probability of reporting 

adverse events, illness or similar. The 56 participants who completed the post-intervention survey 

without reporting any illness or other, similar adverse events had a median amount of missing days 

of 5. The eight participants who completed the post-intervention survey and did report an adverse 

event, illness or similar, had a median amount of missing days of 2.5. A Wilcoxon test revealed no 

significant difference between the groups, p=0.362.  

Between-group difference sensitivity analyses without multiple imputation revealed a 

between-group difference of 889 steps (95%CI: -99; 1877), p=0.077, for the complete case analysis 

and 825 steps (95%CI: -110; 1762), p=0.08, for the intention-to-treat analysis with last observation 

(baseline week) carried forward.  

 

 
Figure 15. Density plot illustrating the distribution of p-values for between-group differences obtained from the multiple regression model in study 
IV with 5000 multiple imputations with 5 iterations for predictive mean matching. The red line equals the alpha level on 0.05. The black line equals 

the median p-value on 0.061.  
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Figure 16. Scatter plots with best fitted lines and 95% confidence interval for average daily step count throughout the intervention period of study 

IV and A) EuroQol Visual Analogue Scale (EQ-VAS), b) University of California, Los Angeles (UCLA) Loneliness Scale Sum Score, c) Self-Efficacy for 
Exercise Sum Score, and D) Outcome-Expectancy for Exercise-2 Sum Score.  

 
 

 
Figure 17. Scatter plot with best fitted line, 95% confidence interval, and rug margin plots of the distributions for number of missing days extracted 

from the physical activity monitor and age of the participants in study IV. The regression coefficient was 1.96, (95%CI: 0.56; 3.36) and the non-
parametric equivalent (Kendall’s Tau) was 0.10, p=0.253.  
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Coef: 1.96, 95%CI(0.56; 3.36). Kendall's Tau: 0.10, p=0.253.
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DISCUSSION 

Summary of main findings 

Four different studies were conducted in the course of this PhD project. The main results are 

presented in Figure 18, which illustrates the flow of the thesis. The systematic review and meta-

analysis found a low quality of evidence for a moderate effect of PAM-based interventions on the 

daily PA level of older adults and a moderate quality of evidence for a small effect on daily MVPA 

time. The heterogeneity of results was not affected by anything apart from whether the 

comparisons were made between intervention groups and passive control groups, or active control 

groups. The criterion validity of consumer-grade PAMs in a population of older adults with and 

without rollators is mainly affected by the position, as the hip-worn PAMs were found to be superior 

to wrist-worn among the older adults in Study II. The hip-worn PAMs did not differ in terms of 

measurement error or validity, whereas the wrist-worn monitors were found to be associated with 

inadequate validity and a high degree of measurement error. The concurrent validity of the IPAQ-

SF and NPAQ-Short was found to be inadequate, as the PAQs did not reflect objectively measured 

PA, and hence their use cannot be supported among older adults. When adding MI to a PAM-based 

PA intervention among community-dwelling older adults, MI was found to be effective, however 

not significantly so, in increasing the daily step count by 909 steps and decreasing the degree of 

loneliness equivalent to a small to moderate effect.  

 
Figure 18. Illustration of the primary results of the four studies. Study I found a moderate effect of physical activity monitoring in general, study II 
found adequate criterion validity of hip-worn consumer-available physical activity monitors, study III found inadequate concurrent validity of the 

International Physical Activity Questionnaire Short Form and the Nordic Physical Activity Questionnaire Short among older adults, and study IV 
found a non-significant but clinically relevant effect of adding motivational interviewing to a physical activity monitor based intervention. Arrows 

illustrate how the results from study I was used in the design of the other studies and the results from study II and study III was used in the design 
and interpretation of study IV.  

Study I

Study II Study III

Study IV

How to use physical activity monitors to 
increase physical activity in older adults
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Discussion of main results 

In this section the results and findings of the four studies are discussed with what is already known 

about this area of research. This section includes a discussion of the inadequate validity of PAQs 

among Danish older adults, the validity of consumer-available PAMs, the effectiveness of PAMs 

among older adults in general, and finally how motivational interviewing can be used in combination 

with PAM-based interventions.  

Self-reported physical activity questionnaires among older adults 

As mentioned in the introduction, validity is often inversely associated with applicability in objective 

instruments. PAQs are thus often used as time- and cost-efficient alternative, even though they are 

limited by recall and social desirability bias (84–87). The correlation coefficients between self-

reported PA and objectively measured PA found in study III were lower than what has previously 

been reported in studies of older adults (90,93) while the validity of specifically the walking domain 

of the IPAQ-SF was found to be somewhat similar to a validation study reporting a strong correlation 

between the domain and daily steps (94). A possible explanation can lie in the use of objectively 

measured steps as the criterion, whereas two of the studies, those with higher correlation 

coefficients in most of the domains, used accelerometer counts or MVPA as their criterion, which 

might limit the comparison (90,213). Nevertheless, even though the walking domain of IPAQ-SF had 

a comparable level of validity with another study, 37% percent of the participants in study III 

reported zero walking activity. This highlights some of the issues with the instrument. No 

participants walked fewer than 725 steps per day, which is simply illustrated in the histogram with 

the density curve in Figure 8. Another explanation of lower correlations found in study III, could be 

that the other studies used younger participants (mean age of 65, 67 and 43 years respectively, 

compared with 71 years in study III) (214,90,93). However, despite what other studies might have 

found, the concurrent validity of the IPAQ-SF and the NPAQ-Short was inadequate and the number 

of zero responses was high. This suggests a problem with the ease of comprehension and face 

validity of the PAQs with this study population, and hence also the study population from study IV. 

In conclusion, the results of the IPAQ-SF and NPAQ-short, in the form of single domains and 

categories as used in study III and study IV, are not a suitable basis to draw conclusions about the 

PA level of the participants or even to distinguish between categories of activity levels among the 

participants. Future studies should validate the results of the questionnaires, rather than trusting 

self-reported PA alone. Furthermore, it may useful to include thorough guidance on how to answer 
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the questions with more detailed descriptions of the constructs or to adapt version of the 

questionnaires for the elderly and thus to accept that self-reported PA among older adults should 

not be compared directly to results from younger populations (215).  

Consumer-available physical activity monitors as outcome measurements 

PAMs that are used as outcome measurements in clinical trials should obviously be subject to the 

same standards as any other medical outcome instrument. As described in the background section, 

the COSMIN and COMET collaborations are initiatives to help clinicians and researchers navigate 

and choose the right outcome measurement instruments (142,172). As also described in the 

background, the criterion validity (whether the results reflect the gold standard measurement) is 

especially important when using consumer-available PAMs as outcome instruments (142,216). 

Study II evaluated four such consumer-available PAMs, as they had been found relevant to use 

among older adults. As reported in study II, the Nokia GO was excluded due to feasibility issues and 

the Jawbone UP Move, Misfit Shine and Garmin Vivofit 3 did not differ significantly in measurement 

error or criterion validity when worn on the hip. The criterion of choice was visually counted steps, 

which distinguishes this study from others that have tended to use research-grade accelerometers 

as their criterion measures (71–77). For free-living conditions and estimating MVPA, research-grade 

accelerometers should continue to be the gold standard and criterion measure. However, for step 

counting, visually counted steps should be considered the criterion of choice in validation studies as 

research-grade accelerometers, like consumer-available PAMS, rely on the software and step-

detection algorithms. One study with older adults even reported a consumer-available PAM to 

outperform a research-grade PAM in step detection (73). In addition to that, it should be noted that 

one can never be completely certain on the criterion measure. Study II chose the method of using 

two testers counting independently to limit measurement error. Even though even more careful 

and prodigious methods (e.g. video validation of all steps) could have been applied and would 

conceivably have increased the precision, the criterion measure arguably proved reliable because 

of its good interrater reliability, as reported in study II.  

 Study II also reported that the wrist-worn PAMs did not adequately measure the 

number of steps taken in populations including rollator users, which is illustrated in the logit link 

model from Figure 10. A nearly 100% measurement error in rollator users indicates that the lack of 

arm movement when using a rollator prevents the wrist-worn PAMs from detecting the steps. 

Furthermore, the negative slopes in the logit link models for all devices indicate that gait speed is 
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also associated with the validity of the devices, which is in line with previous studies that have 

reported a greater amount of measurement error in slower walking participants (77,78). A 

validation study by Thorup et al. even reported a minimum walking speed of 3.6 km/hour for a 

consumer-available PAM to adequately measure steps among adults. Even though the analyses 

from study II were not used to determine a specific lower limit for walking speed, researchers should 

carefully consider the expected gait speed and use of assistive devices before choosing a specific 

consumer-available PAM as outcome instrument and not assume that all PAMs or placements will 

be equally valid with all populations.  

 

Effectiveness of physical activity monitors as the facilitator for increasing physical activity levels 

Beyond their use as outcome measurements, PAMs also have the ability to facilitate and motivate 

behavioural change, as per the aim of the thesis. Study I was the first systematic review to pool the 

results of the available evidence investigating the effect of PAM-based interventions among older 

adults. The main finding of this systematic review was the low quality of evidence for a moderate 

effect equivalent to the intervention groups on average walked 1,297 steps more daily. This positive 

result is in line with the JAMA systematic review by Bravata et al. from 2007 that estimated the 

effect size to be 2,491 steps per day in a population 20 years younger than the one included in study 

I (36). Currently, no better or updated systematic review of Bravata et al. exists. As it should be 

expected that an innovative and emerging field will change in 13 years, large scale systematic 

reviews investigating the effect of PAM-based interventions among adults are encouraged (217).  

In study I it was not possible to explain any heterogeneity with pre-specified sub-group 

or sensitivity analyses. This resulted in a downgrading of the quality of evidence, but also meant 

that study I did not find any evidence to suggest that specific sub-populations experience fewer 

benefits than others. Hence, the recommendation about using PAMs for older adults to increase the 

level of PA applies to all older adults. Nevertheless, the studies with passive comparators had a 

significantly larger effect size compared to the studies with active comparators, indicating that PAM-

based interventions are indeed effective, but mainly when compared to no interventions. Passive 

comparators include, but are not limited to, no-treatment or waitlist groups and should only be used 

to investigate whether the intervention works at all (218). Notably, when considering how the effect 

size of a study is calculated, the results from the control groups contribute to the overall result of a 

meta-analysis equally as much as the results from the intervention group. It is important to perform 
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this type of sub-group analysis to obtain a transparent estimate of the effect of the PAM-based 

interventions and to avoid overestimated expectations of absolute effects (219). Nonetheless, the 

moderate effect size, equivalent to approximately 1,300 daily steps among older adults, is highly 

relevant as modest increments might have a substantial relevance when differences of 1,000 steps 

per day have been reported to lower the risk of all-cause mortality with as much as 11% (22).  

 

The feasibility and effectiveness of motivational interviewing in combination with physical activity 

monitors 

Study IV, the MIPAM trial, was the first study to investigate the effect of MI as an add-on 

intervention to a PAM-based, PA-promoting intervention among older adults. The main limitation 

of this study was the insufficient study sample and statistical power due to a lack of funding and a 

slow inclusion rate. Nevertheless, the PAM+MI group had a non-significant larger daily step count 

compared to the PAM group (909 steps, (95%CI: -71; 1889)). As is evident from the confidence 

interval, this suggests a high probability that MI is effective in increasing the daily PA level when 

added to a PAM-based intervention. This is in line with the findings of other randomised controlled 

trials investigating how MI can be used to increase PA levels (64,65) and the feasibility of MI in 

combination with PAMs (66). Unfortunately, not many high quality RCTs have been published with 

this focus, and as our general population of older adults differs from the populations of older 

patients (64,65,148), no conclusions about actual effect sizes can be drawn, which was also 

concluded in a recently published systematic review (220). MI among older adults appears 

efficacious in other research areas (smoking cessation, glycaemic control, blood pressure, 

cholesterol, and diet) and it would follow that MI can be used with good effect in older adults (55), 

similar to younger populations (221). However, naturally, with behavioural change interventions, 

heterogeneity exists among the individual study effects (55,148,220), and one size does not fit all, 

as this study made apparent. Study IV was designed as an add-on superiority study investigating the 

effect on PA. MI is a highly complex intervention where factors such as therapist skills, client change 

talk, personal- and relational factors might affect the delivery and effect of the intervention (222). 

The literature on PA behaviour change among older adults is lacking in MI studies, and at the 

moment, evidence from other research areas need to be used to evaluate the results. However, as 

only 32 participants were included in the intervention group, the results of study IV do not have the 

statistical power to allow for post-hoc analyses on MI call dose, stages of change of individual 
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participants or personal factors, such as baseline levels of self-efficacy or outcome expectancy. 

Consequently, the overall effect and between-group difference should be used to inform future high 

quality RCTs, and within-group participant level behaviours should not be extrapolated. 

 Previously studies have found associations between self-efficacy (223–225), outcome-

expectancy (223,226), loneliness (227), and HRQoL (228,229) with PA levels among older adults. As 

illustrated in the scatterplots in Figure 16, none of the above-mentioned variables were linearly 

associated with the PA level in the intervention period among the participants of study IV. Some 

associations had been expected in planning the study and selecting the secondary outcome 

measurements, which is partly why MI was expected to increase the effects of the PAMs. 

Furthermore, no between-group differences in secondary outcomes were found after the 

intervention apart from the level of loneliness, which was found to be 2.3 (95%CI: 1.24; 4.5) points 

lower in the PAM+MI group, equivalent to a small to moderate effect size (24). This could have been 

explained by the increased PA levels in the PAM+MI group and the association between loneliness 

and PA (227). However, as this association was not present in study IV, the finding could rather be 

accounted for either by the content of MI (supportive and emphatic listening and partnership with 

the counsellor) (147) or as a small difference occurring by chance in a secondary outcome. Either 

way, future research should seek to replicate both the findings on PA and loneliness to inform 

decision-makers considering how to implement PAM-based interventions in either preventive or 

rehabilitation programs among older adults.  

Methodological considerations 

This section presents a discussion of the methods of the four studies within the best practice 

guidelines and how their strength and limitations could potentially have affected the results.  

Technological literacy and readiness 

Assuming that the number of days with valid data (actual wear time of the PAM and correct 

synchronization) are proxy-measures of the technological readiness of the participants in study IV, 

the older participants were found to have lower technological readiness compared to the younger 

participants. In study IV, as previously mentioned, the participants who had their average daily step 

count imputed because they had less than seven valid days of data in the intervention period were 

older than the participants who had more than seven days of valid data. Similarly, the number of 

missing days in the intervention period increased with participant age. However, as illustrated in 
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Figure 17, both variables violate the assumption of normally distributed variables. This makes the 

non-parametric alternative a better fit for the data. As it happened, it did not show any significant 

correlation between the number of missing days and the participant age. Overall, the results do not 

allow simple conclusions to be drawn on the relationship between age and quality of the data, but 

as the linear correlation is positive, and the dichotomous analysis (less or more than seven days of 

data) did reveal an age difference, the results still highlight a need for future PAM-based studies to 

consider the level of technological readiness among the oldest participants. This problem has been 

raised, discussed, and investigated several times (230–237). Technology literacy and readiness 

among older adults are complex issues and while not being the main focus of the four included 

studies in the thesis, they are highly relevant for the applicability of the results. The relevant 

messages include, but are not limited to, that the use of consumer-available PAMs among older 

adults is feasible (232,235–237) but that initial positive attitudes of using the PAM does not 

guarantee adherence (232), that the need for age-relevant trackers designed for age-related 

impairments (vision, hearing, memory, and dexterity) is high (230) and that usability might be 

improved by targeting the older adults directly with simple paper-based manuals and easy 

synchronization with less-expensive smartphones (236). To account for these issues, study III and 

study IV (the only studies where participants had to use the PAMs themselves) included simple and 

thorough paper-based manuals made by the investigators to help with the set-up of the PAMs and 

telephone support to both groups, no matter the allocation. This support was also implemented by 

directly contacting the participants if no synchronization had been performed for seven consecutive 

days. However, the generalisability of the results might be affected by the selection of participants, 

as all participants were voluntary and all were able to use smartphones and e-mail systems, as per 

to the inclusion criteria. Furthermore, more than 84% of the participants included in study IV 

reported that they were motivated for increase their PA level, and 33% reported having used a PAM 

before. Hence, the sample of older adults might be too well-functioning in general to be 

representative for all older adults in need of PA-related behavioural change. Even though the results 

of study IV only hint at an association between missing days and increasing age, due to lower 

technological literacy and readiness, the issues should be thoroughly considered by researchers 

before conducting PAM-based research in older adults. Furthermore, as the results suggest, there 

were some issues around technological readiness and literacy in study III and study IV. Although the 

studies were not designed to investigate this topic specifically, it should still be considered. There is 

no direct evidence of attrition bias (difference in loss of data or participants between the groups), 
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which means that it applies for both groups and that the applicability of results from study IV might 

also be affected.  

As these issues are probably targeted best by qualitative or mixed-method 

investigations, the participant-perspective and feasibility of the experimental intervention should 

be included in the design of the studies, which was beyond the scope of present PhD project because 

of time constraints.  

Intervention reporting and replication 

The knowledge and results from the four studies can and should be used if implementing PAM based 

interventions to enhance PA levels among older adults. Even though the results of study IV are 

limited by statistical imprecision, the recommendations for clinical practice, described at the end of 

the thesis, are still valid. However, for future research, replication of study results and methods are 

important. Following the PREPARE checklist on conducting a RCT, the Better Reporting of 

Interventions: Template for Intervention Description and Replication (TIDieR) checklist and guide is 

recommended to describe the intervention (161,238). While the TIDieR checklist was used to 

describe the intervention content in study IV, an MI intervention is nevertheless personally tailored 

and highly dependent on the relationship between the individual participant and the MI counsellor 

(145). This increases the difficulty of direct replication, which is a limitation to the applicability of 

study IV. Nonetheless, adherence and fidelity of the MI intervention was assessed, and future 

investigations should use the results from the Motivational Interviewing Treatment Integrity Scale 

domains (cultivating change talk, softening sustain talk, partnership, and empathy) as well as the 

reflection to question ratio to compare the intervention fidelity between studies (186). The Trans 

Theoretical Model and the Stages of Change were assessed by the MI counsellor at every phone call. 

However, as these assessments were not performed systematically and only used to guide the MI 

counsellor, they should not be used to make comparisons between participants or with participants 

from other studies. In summary, the level of motivation and readiness for behaviour change among 

individual participants should not be compared between studies. Rather, what can be compared is 

the fidelity of the intervention, though only to the extent that the duration and frequency of the MI 

calls can be replicated. 
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Multiple imputations to account for missing data 

Because a PAM will only measure PA when being worn, no estimation of PA levels among a study 

sample will be complete and without missing data. Overall in study IV, the median days of missing 

data because of non-wear (<100 daily steps measured) was 5 days out of 84 possible; however, 25% 

of the participants had missing data for 29 or more days, which highlights presence of missing data 

in study IV, even though the amount of missing data did not differ between the groups. Compared 

to data cleaning, harmonisation, and imputation in accelerometery (239), data imputation in 

consumer-available PAMs is more simple. As the data were limited to daily step counts and the step 

detection algorithms in the PAMs were not accessible, the imputations of study IV focused on 

representative daily step counts and not on specific time slots of the day. Consequently, it was 

chosen to impute missing data from within-participant data, based on the principle that the 

individual average step count (if more than seven valid days were obtained during the intervention 

period) was the best method. The major limitation to this is situations where the participants 

experienced a period of lower levels of PA due to adverse events, illness or personal factors (as listed 

in the Harms section of study IV) and chose not to wear the PAM, despite having been instructed to 

wear it for all waking hours. This might be categorised and explained by social desirability bias and 

possible non-response bias. However, as seen in the results section of study IV, there was no 

difference in the number of missing days between the PAM+MI group and the PAM group. 

Furthermore, as seen in the post-hoc calculations section, there were no differences between 

participants who reported an adverse event, illness, or similar and the participants who did not. This 

means that the above-mentioned situation remains hypothetical and unlikely to have introduced a 

systematic bias in the multiple imputations and hence the main findings of study IV.   

 Intention-to-treat analyses have been reported to often be inadequately described 

and inadequately applied in RCTs (240). This principle was applied in study IV, which ensured that 

all randomised participants were included in the analysis by performing multiple imputations with 

predictive mean matching. The variables included in the multiple imputations were pre-specified 

and included step count in the baseline week, age, and sex. To avoid cherry-picking data, the first 

multiple imputations were used (out of the five runs). However, a limitation to this is the assumption 

that the missingness was completely random (241), which was later questioned as the participants 

included in the multiple imputation were older compared to the participants who were not included, 

and hence the missing data may not be missing at random (242). Consequently, and because the 

missing data only accounted for approximately 5% (4/70) of the total sample, a case could have 
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been made to use another approach to handle the data. After investigating these potential 

approaches, the complete-case analysis and the intention-to-treat with last observation carried 

forward were found to be similar to the results obtained from the multiple imputations. Thus, using 

a complete-case or a last observation carried forward intention-to-treat analysis would not have 

changed the conclusions of study IV, even if it would seem to have been an easier and more 

straightforward strategy in retrospect. Ultimately, the multiple imputation strategy was decided 

upon before enrolling any participants and should hence be used as the primary method. 

Accordingly, the main result of study IV was dependent on the multiple imputations. 

In simple terms, the approach imputes random values based on a Gaussian distribution, which 

means that the results will vary each time an imputation is run. It is unfortunately common to focus 

on whether a result is significant and after that, how large it is (243–245). The main finding of study 

IV was a between-group difference of 909 steps per day, p=0.07. This borderline significant result is 

highly dependent on multiple imputations. To illustrate the problem, Figure 15 illustrates the 

density of p-values derived from 5000 runs of the multiple imputations, where 34% of the obtained 

values fell below the alpha level of 0.05 and 62% fell below the first obtained p-value of 0.07. Thus, 

if the conclusion on study IV depended on the p-value alone, the conclusion would have varied a 

third of the times simply because of randomness. This highlights the problem with p-values, and 

following the recommendations of American Statistical Association, the conclusions should not be 

based on p-values and thresholds (245). The effect size should be interpreted with an indication of 

its estimation accuracy – in this case, 95% confidence intervals – to be transparently available for 

evaluation for its importance (244). From inspecting the confidence interval from the effect size, it 

is clear that with this imputation run, the effect most likely lies somewhere between 71 steps in 

favour of the PAM group and 1,889 steps in favour of the PAM+MI group. Consequently, the effect 

might be clinically relevant, but the imprecision of the results limits the applicability and hence no 

simple recommendation on the use of MI among older adults can be made without investigating 

this further and obtaining a more precise estimate.  
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Biases affecting the studies and physical activity monitoring in general 

The Hawthorne effect, social desirability, blinding and performance bias 

The Hawthorne effect refers to a proposed apprehension bias where people are expected to behave 

differently as a result of their awareness of being monitored (246). The original Hawthorne studies, 

initiated in 1924, reported changes in production among factory workers in Illinois in a study of how 

the lighting affected work practice that ultimately happened merely as a result of participation in 

the study, not because of the intervention itself (247). The Hawthorne effect has been proposed as 

an explanation of intervention effects in many research areas, and the general conception is that 

the study participants, reacting to their beliefs about the researchers’ expectations, will modify their 

behaviour similarly to how social desirability and conformity bias (where participants behave as how 

they expect the other participants to behave, instead of behaving as they would normally do) can 

affect study results (246). In the thesis, study IV could have been affected by the Hawthorne effect. 

However, the Hawthorne effect would have affected the behaviour of the participants in both 

groups, as both groups were being monitored by PAMs. This limits the possible bias in the results, 

as the primary analyses focused on the difference between groups that both received an 

intervention where participants in both groups knew they were being monitored. Furthermore, a 

systematic review by McCambridge et al. reports that the Hawthorne effect is a highly complex 

construct to evaluate and calls for new specific concepts, as the mechanisms and magnitudes of the 

Hawthorne effect in health sciences are not uniform (246). There is no simple explanation for the 

phenomenon, nor should we expect to observe a simple impact on the results in any one direction.  

As also discussed in Paper F, the full study report of study IV, PA research should use 

measures consequently throughout the period of interest in order to measure the average 

intervention behaviour of the participants, not only at the beginning and end of a study. The vast 

majority of experimental MI PA behaviour research in older adults uses a baseline and end-point 

week design (64–66,248,249). This type of design is more prone to bias such as those mentioned 

above, but also performance bias, as the nature of the interventions does not allow for blinding of 

the participants. However, performance bias due to knowledge of the allocation might also have 

affected the results of study IV and caused an overestimation of the effect. Although both groups 

received an intervention, the participants in the PAM group knew that they did not receive MI, as 

the study aim had been thoroughly explained in the informed consent material, which is a limitation 

of the study design. A systematic review by Savovic et al. investigated the effect of double blinding 
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(both researchers and participants) in 1,973 trials and reported an overestimation of effect size of 

approximately 13% in studies without double-blinding and that studies with subjective outcome 

assessments were more prone to bias (250). However, the design of most behavioural change 

interventions does not allow for participants to be blinded. In many cases, it is also not necessary to 

obtain a scientifically sound result, either because the participants are not expected to behave 

differently if the allocation concealment is broken, or if the financial cost of blinding would 

compromise other methodological aspects of the intervention (251). In sum, it was not possible to 

blind the participants of study IV because enforced blinding would have compromised the 

relationship between the participant and the MI counsellor. On the other hand, detection bias from 

the outcome assessor’s knowledge about allocation is not present in the primary outcome of study 

IV, as daily steps were objectively measured, handled automatically by the software and analysed 

by a blinded investigator, which is similar to most of the studies included in study I, and one of the 

strengths of using PAMs in behavioural change research. 

In Study III, participants also knew they were being monitored, and thus could have 

changed their behaviour. However, social desirability and recall bias could similarly have affected 

the response and completion of the PAQs, which together could explain some of the inadequate 

validity that was ultimately found. Studies have nevertheless reported social desirability not to 

affect self-reported PA per se (252), while recall bias is still suggested to be an important main 

barrier to the validity of self-reported PAQs (87,253). The data of Study III do not allow for 

investigation of how specific biases could affect the results. Either way, no matter what type of bias 

affected the results, the validity of the PAQs was inadequate, and the results and conclusion still 

apply, probably to some extent because of some of the mentioned biases.  

Minimal clinically important difference and statistical power 

When the power calculation for study IV was performed, no minimal clinically important difference 

was applied, as there was insufficient and no conclusive evidence to specify this. Consequently, the 

generic rule-of-thumb interpretation for effect sizes was used, with the limitations that apply for a 

generic statement (24). A priori, study IV was planned to be powered to investigate a moderate 

effect between the groups, equivalent to half a standard deviation. As previously mentioned, 

differences in 1,000 steps per day, especially in sedentary populations or in populations who do not 

meeting the global recommendations for PA, seem both clinically important (17,22,140) and 

especially relevant to this population of interest. Future MI studies should be powered to investigate 
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that effect size, as the effect of MI among older adults is still unclear. With the median standard 

deviation extracted from the results of the studies included in study I being 2,620 steps, future MI-

randomised controlled trials should aim to include 218 participants in total (to show a difference of 

1,000 steps between two groups of participants with an expected standard deviation of 2,620 steps, 

an alpha level of 0.05, and a power-threshold of 80%). In comparison, only four studies of the 21 

included in study I met that threshold (45,203,207,209). Even though the process of conducting 

such large-scale MI trials might be arduous, as this PhD project clearly shows, aiming for 218 

allocated participants should be considered best-practice for future projects to avoid wasting 

research on underpowered trials. 

 Considering the above, the results from study IV should rather guide future research 

than inform clinical decision-makers about whether or not to include an MI-intervention among 

older adults using PAMs for increasing their daily PA levels.  
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CONCLUSIONS 

As previously mentioned, population ageing and inadequate PA levels among many older adults 

highlight the need for interventions to promote PA to be upscaled. This PhD project included four 

main studies to answer how PA monitoring could be used to enhance PA levels among older adults. 

The systematic review and meta-analysis in study I found low quality of evidence for a clinically 

highly relevant, moderate effect from PAM-based interventions on PA among older adults, which 

highlights the potential in using PAMs as behavioural change facilitators. The validation studies, 

study II and study III, found hip-worn consumer-available PAMs to be valid as outcome instruments 

in a population of older adults with and without assistive devices and found PAQs to perform 

inadequately, as they did not reflect the objectively measured PA. Finally, study IV found MI to be 

potentially effective and feasible when added to a PAM-based intervention among Danish 

community-dwelling older adults. However, as study IV was underpowered, further research should 

be conducted to replicate the findings with adequate sample sizes. In summary, and to answer how 

PA monitoring can be used to enhance PA levels among older adults, PAMs seem to be effectively 

increasing the PA level among older adults with clinically relevant results. Consumer-available 

monitors can be used as outcome-measurements in clinical settings, but hip-worn monitors should 

be prioritised if the population of older adults includes users of assistive devices. PAQs should be 

used with caution among older adults and, to avoid problems with the validity of the results, only if 

the respondents are given adequate instructions about answering the surveys. The use of 

behavioural change interventions such as MI in combination with PAMs seems promising but should 

be investigated further to inform decision-makers on how to appropriately implement PAMs among 

older adults.  

IMPLICATIONS FOR FUTURE RESEARCH 

This project raised seven specific implications for future research: 

 

1. Future research should build upon the expected moderate effect size from PAMs on the PA 

level among older adults and avoid using passive comparators, such as waitlist control groups. 

Instead, future studies should either 1) compare PAM-based interventions with other 

behavioural change interventions directly, 2) use PAMs as an add-on intervention to investigate 
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if PAMs might increase the effect, or 3) use other behavioural change interventions to enhance 

the effect of PAMs among older adults.  
2. To avoid waste of research funds by conducting underpowered trials, future two-arm RCTs 

should include more than 218 participants to investigate differences in 1,000 daily steps with 

expected standard deviations of 2,620 daily steps. This applies to all studies investigating 

behavioural change related to PA measured by daily step counts. 
3. Consumer-available wrist-worn PAMs should only be used among older adults with normal gait 

patterns. If future studies include a broad and more general population of older adults, where 

slow gaits and use of assistive devices are to be expected, researchers should use hip-worn 

PAMs to increase validity.  
4. Future studies should avoid using general PAQs to measure PA levels among older adults 

without a thorough investigation of the feasibility and validity of the instruments in the 

population. Instead, future studies should rely on objectively measured PA or use PAQs that 

have been specifically adapted and validated among older adults.  

5. When using consumer-available PAMs among older adults, future studies should be mindful of 

the technological literacy among the study sample. Especially among the oldest participants, 

researchers should be ready to provide further guidance on the wear and synchronization of 

the PAMs.  

6. When investigating the effect of assignment to the intervention, researchers should use the 

most appropriate imputation method to account for the inevitable missing data, whether that 

means using within-participant data or applying multiple imputation methods. If multiple 

imputation methods are chosen, researchers should perform appropriate sensitivity analyses 

and be aware that the obtained result is dependent on random factors and will vary between 

every imputation run.  

7. MI serves as a relevant and feasible add-on intervention to PAM-based interventions. Future 

well-powered studies should replicate the design of the MIPAM intervention to obtain a more 

precise estimate of the effect size.  

IMPLICATIONS FOR PRACTICE 

This project has several implications for future health or social practice on how to use PA monitoring 

among older adults. Overall, PAMs are able to serve as effective, feasible facilitators of PA behaviour 
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change among older adults. If decision makers, health care professionals or social workers choose 

to use PAMs actively in preventive programs or in rehabilitation settings, the following should be 

considered: 

 

1. PAMs have shown to be effective in general. However, individual intervention participants 

might react differently to the feedback. Even though most users (on average) should react 

positively and use the feedback in goal setting to change their behaviour, some users might 

feel anxiety about receiving real time feedback from the PAMs, while others might have 

problems with usability due to low technological literacy. With this in mind, and as the latter 

might be associated with increasing age, PAMs should not be implemented in broader 

populations without proper instructions and follow up from health or social workers.  

2. Consumer-available PAMs can be used in similar ways as research-grade PAMs, as they both 

have been found to be reliable in measuring and quantifying steps among older adults. 

Furthermore, consumer-available PAMs might be favourable to some, as the devices are 

constantly renewed and updated to improve consumer-experience. However, if consumer-

available PAMs are used among users who are expected to use assistive devices, hip-worn 

PAMs are to be preferred.  

3. General PAQs should not be trusted as valid measurement instruments among older adults 

due to problems with the interpretation and completion of the surveys.  

4. Not all consumer-available PAMs are relevant for older adults. To avoid usability problems, 

PAMs with a long battery life, easy synchronization and simple feedback (e.g. on steps) 

should be chosen over advanced fitness or sports trackers.  

5. If steps are chosen as the PA construct of interest, users should be educated in the 

association between daily steps and healthy aging. Practitioners should explain the emerging 

evidence suggesting highly relevant health benefits of increasing activity levels even with 

1,000 daily steps, as unobtainable step counts (e.g. 10,000/day) might affect the users 

negatively.  

6. MI seems to be an effective and feasible way of increasing the effect from PAMs. However, 

as further research with adequately powered randomised controlled trials is needed to 

establish precise effect size estimates, MI might still be unnecessary and should not be 

implemented in combination with PAMs at this point to avoid gratuitous spending of limited 

funds. 
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Physical activity monitors to enhance the
daily amount of physical activity in
elderly—a protocol for a systematic review
and meta-analysis
Rasmus Tolstrup Larsen1* , Jan Christensen1,2, Carsten Bogh Juhl4,5, Henning Boje Andersen3
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Abstract

Background: To investigate the use of physical activity monitors (PAMs) for the elderly, the scientific literature
should be systematically reviewed and the effect quantified, as the evidence seems inconclusive.

Methods and design: Randomized controlled trials and randomized crossover trials, with participants with a
mean age above 65 years, comparing any PAM intervention with other control interventions or no intervention,
will be included. This protocol is detailed according to the recommendations of the Cochrane Handbook, and it
is reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols
statement.

Results: We will present results from the search in a flow diagram. The results from the analyses will include
regular meta-analyses, stratified analyses, and meta-regressions. The results on each outcome
of interest will be presented in a summary of findings table.

Discussion: This paper will explore and analyze the heterogeneity of the results and try to identify variables that
will enhance the effect of PAMs in elderly. The results will be useful to researchers working with elderly and/or
PAMs, health care professionals working with elderly, and relatives together with the elderly themselves.

Systematic review registration: PROSPERO CRD42018083648.

Keywords: Elderly, Physical activity, Walking, Physical activity monitors, Feedback, Motivation, Behavioral change,
Randomized controlled trials, Systematic review, Meta-analysis

Background
Rationale
According to the World Health Organization, elderly
who are physically active have lower rates of all-
cause mortality and exhibit higher levels of func-
tional health [1]. Even a small change in the daily
amount of physical activity may be beneficial on
hard outcomes such as all-cause mortality and life
expectancy [2]. The American College of Sports
Medicine describes walking as the most common

type of physical activity among elderly [3] and walk-
ing may play a key role in prevention of cardiovas-
cular disease [4].
Physical activity monitors (PAMs) were originally

used to quantify the level of physical activity
through the amount of steps taken [5] and have
been used in research since the 1960s [6]. However,
PAMs are also used effectively to motivate and fa-
cilitate to an enhanced level of physical activity, as
meta-analyses have reported PAM-based interven-
tions to reduce participant weight in weight loss
programs [7], increase the level of physical activity
[8], and reduce sedentary time significantly [9].
PAMs provide feedback on physical activity [5]. This
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feedback might facilitate result-driven behavioral
change and, hence, increase the level of physical ac-
tivity [10]. Especially in elderly, PAM-based inter-
ventions have been shown to be feasible and
effective in enhancing the level of physical activity
[11–16]. However, some studies report no significant
differences between PAM groups and control groups
[17–19]. This could be explained by the devices be-
ing difficult and troublesome for elderly to use, and
a survey has reported that a third of PAM con-
sumers have stopped using the devices after
6 months [20]. It seems very relevant to investigate
the use of PAMs, specifically in elderly as they are
expected to behave differently than younger adults.
To investigate the above, the scientific literature
should be systematically reviewed; the effect quanti-
fied and possible factors explaining differences in
effect size should be identified.

Research questions and objective
Research questions

1. What is the effect of a PAM-based intervention on
physical activity behavior in elderly?

2. What are the potential effects on other outcomes
such as changes in body mass index, physical
capacity, and health-related quality of life?

3. Which factors explain heterogeneity of the
results?

Objective
The objective of this systematic review and meta-
analysis is to review the literature and estimate the
effect on daily level of physical activity, when using
PAMs as an intervention, compared to control in-
terventions in participants aged 65 years and over.
Furthermore, to investigate if potential physical
activity effects can result in changes in secondary
outcomes such as body mass index, physical
capacity, and health-related quality of life. Lastly,
possible factors explaining heterogeneity will be
investigated.

Methods
This protocol is detailed according to the recommen-
dations of the Cochrane Handbook [21], and it is re-
ported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Protocols
(PRISMA-P) statement.

Eligibility criteria
Types of studies
Randomized controlled trials (RCTs) and randomized
crossover trials will be included.

Types of participants
Participants included in eligible studies must have a
mean age above 65 years. The participants must be inde-
pendent walkers with or without walking aids.

Types of interventions
For this review, we will include studies comparing
any PAM intervention with other control interven-
tions or no intervention. The PAMs may be portable
or wearable, electronic or mechanical, and driven by
accelerometers, pedometers, or global positioning
system (GPS).

Types of outcome measures
Studies must report at least one of the primary or sec-
ondary outcomes in order to be included.

Primary outcome The primary outcome is changed
in daily amount of physical activity. If more than
one relevant outcome is reported within a study,
the outcome will be extracted or calculated favor-
ing daily number of steps, followed by daily num-
ber of meters walked, daily amount of energy
expenditure measured as calories, daily metabolic
equivalent of task (minutes or hours), and finally, if
no objective measure is available, self-reported
physical activity.

Secondary outcomes Secondary outcomes include (a)
meeting the study-specific recommended level of
physical activity, (b) change in time spent sedentary,
(c) change in time spent in moderate activity, (d)
change in time spent in vigorous activity, (e) change
in physical capacity, (f ) changes in body mass index,
and (g) changes in self-reported outcomes. All
secondary outcomes (a to g) are independent from
each other and will be extracted and analyzed
accordingly.

a. Meeting the study-specific recommended level of
physical activity, measured objectively by PAMs will
be extracted from any study that provides results
on this.

b. Time spent sedentary will be extracted favoring
PAM measured behavior. If no PAM measured
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behavior exists, self-reported behavior will be
used.

c. Time spent in moderate activity will be extracted
favoring PAM measured behavior. If no PAM
measured behavior exists, self-reported behavior
will be used.

d. Time spent in vigorous activity will be extracted
favoring PAM measured behavior. If no PAM
measured behavior exists, self-reported behavior
will be used.

e. Change in physical capacity will be extracted
favoring outcomes measured by a cardiopulmonary
exercise test and secondly a walking test such as
6-min walking test or similar.

f. Changes in body mass index will be extracted from
any study that provides results on this.

g. Self-reported health-related quality of life will be
extracted from any study that provides results
on this by using questionnaires. The outcome
measurement prioritized in the study will be
extracted.

Timing of outcome assessment Data will be extracted
at post-intervention and follow-up.

Adverse outcomes All reported adverse events in the
eligible studies will be extracted.

Search methods for identification of studies
Electronic searches
Preliminary electronic searches, citation pearl grow-
ing, and reference searching have been undertaken
to identify relevant references and to screen the
papers for relevant search terms. An electronic
systematic search for eligible studies in the elec-
tronically databases MEDLINE [22], EMBASE [23],
SPORTDiscus [24], CINAHL [25], and CENTRAL
[26] will be undertaken in March 2018. The search
matrix will consist of a combination of relevant
keywords and MeSH/Thesaurus terms for (1) popu-
lation, (2) intervention, and (3) study design. RCTs
will be identified using the “The Cochrane highly
sensitive search strategies for identifying random-
ized trials” [27].
No restrictions on language or publication time will

be applied. If relevant studies are identified in other
language than Danish, English, Swedish, Norwegian,
and German, a relevant translator will be contacted.
The authors of unobtainable studies or studies with
missing data will be contacted.

Search strategy for the systematic search The follow-
ing search table is used to generate the search strings

Population Intervention Study design

“old adults”
[Title/Abstract]

“Step counter” [Title/
Abstract]

“randomized controlled
trial” [Title/Abstract]

elderly[Title/
Abstract]

“physical activity monitor”
[Title/Abstract]

“controlled clinical trial”
[Title/Abstract]

“Above 60 years”
[Title/Abstract]

“step monitor” [Title/
Abstract]

“cross-over trial” [Title/
Abstract]

Seniors [Title/
Abstract]

Pedometer [Title/Abstract] “cross over trial” [Title/
Abstract]

Aged [MeSH] Fitbit [Title/Abstract] “randomized” [Title/
Abstract]

Aged, 80 and
over [MeSH]

“activity monitor” [Title/
Abstract]

“clinical trial” [Title/
Abstract]

Frail elderly
[MeSH]

“nokia go” [Title/Abstract] “randomly” [Title/
Abstract]

‘older people’.
[Title/Abstract]

“misfit ray” [Title/Abstract]

‘older adults’
[Title/Abstract]

“moov now” [Title/Abstract]

“accelerometer-based
tracker” [Title/Abstract]

“xiaomi mi band” [Title/
Abstract]

“tomtom” [Title/Abstract]

“vivoactive” [Title/Abstract]

“jawbone” [Title/Abstract]

“movement counter” [Title/
Abstract]

“quantified movement”
[Title/Abstract]

“fitness tracker” [Title/
Abstract]

“activity monitoring device”
[Title/Abstract]
physic* AND activit* AND
monitor* [Title/Abstract]
PAM[Title/Abstract] AND
monitor*[Title/Abstract]

Search string for MEDLINE (((((((((“randomly” [Title/
Abstract]) OR “clinical trial” [Title/Abstract]) OR
“randomized” [Title/Abstract]) OR “cross over trial”
[Title/Abstract]) OR “cross-over trial” [Title/Abstract])
OR “controlled clinical trial” [Title/Abstract]) OR
“randomized controlled trial” [Title/Abstract])) AND
((((((((((((((((((((((PAM[Title/Abstract] AND monitor*
[Title/Abstract]))) OR ((physic* AND activit* AND
monitor* [Title/Abstract]))) OR “activity monitoring
device” [Title/Abstract]) OR “fitness tracker” [Title/
Abstract]) OR “quantified movement” [Title/Abstract])
OR “movement counter” [Title/Abstract]) OR “jawbone”
[Title/Abstract]) OR “vivoactive” [Title/Abstract]) OR
“tomtom” [Title/Abstract]) OR “xiaomi mi band” [Title/
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Abstract]) OR “accelerometer-based tracker” [Title/Ab-
stract]) OR “moov now” [Title/Abstract]) OR “misfit ray”
[Title/Abstract]) OR “nokia go” [Title/Abstract]) OR
“activity monitor” [Title/Abstract]) OR Fitbit [Title/Ab-
stract]) OR Pedometer [Title/Abstract]) OR “step moni-
tor” [Title/Abstract]) OR “physical activity monitor”
[Title/Abstract]) OR “Step counter” [Title/Abstract]))
AND (((((((((“older people” [Title/Abstract]) OR (“older
adults”[Title/Abstract]) OR (“old adults”[Title/Abstract])
OR (“residents”[Title/Abstract]) OR elderly[Title/Ab-
stract]) OR “Above 60 years” [Title/Abstract]) OR Seniors
[Title/Abstract]) OR Aged [MeSH]) OR frail elderly
[MeSH]) OR ((Aged, 80 and over [MeSH])))

Search string for CINAHL (AB “older adults” OR AB
“older people” OR “residents” OR “frail elderly” AB “old
adults” OR AB elderly OR AB “Above 60 years” OR AB
Seniors OR AB Aged OR AB (Aged, 80 and over)) AND
(AB “Step counter” OR AB “physical activity monitor”
OR AB “step monitor” OR AB Pedometer OR AB Fitbit
OR AB “activity monitor” OR AB “nokia go” OR AB
“misfit ray” OR AB “moov now” OR AB “accelerometer-
based tracker” OR AB “xiaomi mi band” OR AB “tom-
tom” OR AB “vivoactive” OR AB “jawbone” OR AB
“movement counter” OR AB “quantified movement” OR
AB “fitness tracker” OR AB “activity monitoring device”
OR AB (physic* AND activit* AND monitor*) OR AB
(PAM AND monitor*)) AND (AB “randomized con-
trolled trial” OR AB “controlled clinical trial” OR AB
“cross-over trial” OR AB “cross over trial” OR AB “ran-
domized” OR AB “clinical trial” OR AB “randomly”)

Search string for EMBASE
1. (old adults or elderly or seniors or residents or

older adults or older people or frail elderly).ab.
2. ((PAM and monitor*) or (physic* and activit* and

monitor*) or “activity monitoring device” or “fitness
tracker” or “quantified movement” or “movement
counter” or “jawbone” or “vivoactive” or “tomtom”
or “xiaomi mi band” or “accelerometer-based
tracker” or “moov now” or “misfit ray” or “nokia go”
or “activity monitor” or Fitbit or Pedometer or “step
monitor” or “physical activity monitor” or “Step
counter”).ab.

3. (randomized controlled trial or controlled clinical
trial or cross over trial or randomized or clinical
trial).ab.

4. aged/
5. controlled clinical trial/ or “randomized controlled

trial (topic)”/
6. 1 or 4
7. 3 or 5
8. 2 and 6 and 7

Search string for SPORTDiscus (AB “older adults” OR
AB “older people” OR “residents” OR “frail elderly” AB
“old adults” OR AB elderly OR AB “Above 60 years” OR
AB Seniors OR AB Aged OR AB (Aged, 80 and over))
AND (AB “Step counter” OR AB “physical activity
monitor” OR AB “step monitor” OR AB Pedometer OR
AB Fitbit OR AB “activity monitor” OR AB “nokia go”
OR AB “misfit ray” OR AB “moov now” OR AB
“accelerometer-based tracker” OR AB “xiaomi mi band”
OR AB “tomtom” OR AB “vivoactive” OR AB “jawbone”
OR AB “movement counter” OR AB “quantified move-
ment” OR AB “fitness tracker” OR AB “activity monitor-
ing device” OR AB (physic* AND activit* AND
monitor*) OR AB (PAM AND monitor*)) AND (AB
“randomized controlled trial” OR AB “controlled clinical
trial” OR AB “cross-over trial” OR AB “cross over trial”
OR AB “randomized” OR AB “clinical trial” OR AB
“randomly”)

Search string for CENTRAL
1. Mesh descriptor:[Aged] explode all trees
2. Mesh descriptor:[Frail Elderly] explode all trees
3. “old adults” or elderly or “older adults” or “older

people” or “frail elderly” or seniors: ti,ab,kw
4. (PAM and monitor*) or (physic* and activit* and

monitor*) or “activity monitoring device” or “fitness
tracker” or “quantified movement” or “movement
counter” or “jawbone” or “vivoactive” or “tomtom”
or “xiaomi mi band” or “accelerometer-based
tracker” or “moov now” or “misfit ray” or “nokia go”
or “activity monitor” or Fitbit or Pedometer or “step
monitor” or “physical activity monitor” or “Step
counter”:ti,ab,kw

5. (#1 or #2 or #3) and #4

Searching other resources
Searching references of eligible studies and relevant
journals by pearl growing will be conducted
independently by two reviewers (RTL and JC) in order
to include relevant articles not captured by the search
strings. The database Clinicatrials.gov will be used to
locate ongoing relevant studies.

Data collection and analysis
Data management
The technology platform, Covidence, will be used to
import citations from the literature searches, screening
of title and abstracts, screening of full text, assessing risk
of bias in included studies, and extracting the data. The
analyses will be conducted in Stata Statistical Software,
version 15.
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Selection of studies
The selection of studies will be done by merging search
results from the databases, removing duplicates,
examining the titles, and examining full-text reports ac-
cording to the inclusion criteria.
Two authors (RTL, JC) will independently screen titles

and abstracts and assess eligible articles in full text. Any
inconsistencies between authors will be discussed and
solved with consultation of a third author (CJ).

Data extraction and management
Data on the following items will be extracted from all
included studies.

Source Study ID, protocol ID, review author, citation,
and contact details

Methods Study design, aim of study, number of arms or
groups, funding source, informed consent obtained, and
ethical approval

Participants Total number of participants, setting,
possible diagnostic criteria, age, sex, country, co-
morbidities, education length, and marriage status

Interventions Duration of intervention, specific
intervention, and intervention details sufficient for
replication

Outcomes All outcomes specified in the “Types of
outcome measures” section and specific time points,
outcome definitions, and unit of measurement

Results Number of participants allocated to each group,
summary data for each intervention, and control groups
(as reported) including adverse events

Miscellaneous Funding sources, key conclusions,
miscellaneous comments from authors and if
correspondence was required

Assessment of risk of bias in included studies
Two review authors (RTL and JC) will independently
assess the risk of bias in included studies, using the RoB
2.0 tool [28]. Disagreement between review authors will
be solved by including a third reviewer (CJ). The risk of
bias assessment for each study will be presented using a
table with judgment and support for judgment.

Measures of treatment effect
Treatment effect, measured as continuous data, will
be expressed as mean difference with 95% confidence
intervals for outcomes measured with the same
outcome measurement instrument, or as standardized

mean difference with 95% confidence intervals, when
different measurement instruments are used in the
included studies. Dichotomous outcomes, such as
adverse events or meeting the recommended level of
physical activity, will be analyzed and expressed as
risk ratios with 95% confidence intervals.

Unit of analysis issues
Studies with multiple treatment groups If a study has
more than one intervention group and both seem
relevant for inclusion in the systematic review, the
intervention groups will be included as two separate
studies and the control group from the study will be
separated [29].

Assessment of heterogeneity
The heterogeneity of the study results will be examined
using Cochrane Q test and quantified with I2 values and
the between study variance tau2.

Assessment of small study bias
Small study bias will be assessed by calculating an
Egger’s test score and illustrated with a funnel plot. If
small study bias is found, by a positive Egger’s test, a
metatrim analysis will be conducted and an adjusted
effect size will be calculated.

Data synthesis
If two or more included studies allows for it, the effect
size will be calculated using a random-effects meta-
analysis adjusting to Hedges’ g. If the included studies
need network meta-analysis to be pooled this will be
performed, as described in Chapter 16.6.3 of the
Cochrane Handbook [30]. An alpha level of 0.05 will be
considered statistical significant. If it is not possible to
conduct a meta-analysis, we will describe the data narra-
tively specific to each outcome.

Subgroup analysis and investigation of heterogeneity
We will explore heterogeneity by conducting sub-group
analyses and stratified analyses on the following nominal
variables:

! Placement of PAM (ankle worn, wrist worn, hip worn)
! Type of PAM (pedometer versus accelerometer)
! Diagnoses (healthy, cancer patients, pulmonary patients,

cardiovascular patients, etc.)
! Feedback frequency (real time, daily, weekly or

monthly)

We will explore heterogeneity on continuous data by
performing univariate meta-regressions on the following
variables:
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! Mean age
! Sex distribution
! Number (or percent) of participants with walking

aids
! Intervention length
! Mean baseline physical activity

Sensitivity analysis
Sensitivity analyses will be performed on all outcomes of
interest by stratifying on overall risk of bias, defined by
the RoB 2.0 tool [28] (low/some concerns/high).
Furthermore, we will perform sensitivity analyses on
how the primary outcome has been extracted, by
performing meta-analyses with mean differences on (1)
change in daily number of steps, (2) change in daily
number of meters walked, (3) change in daily amount of
energy expenditure measured as calories, (4) change in
daily metabolic equivalent of task (minutes or hours),
and (5) self-reported physical activity.

Summary of findings table
We will create a Summary of findings table with effect
sizes on the outcomes earlier presented. Two reviewers
(RTL and JC) will independently rate the quality of the
evidence using the GRADE approach. Downgrading and
upgrading the quality of the evidence will be described
in the footnotes in the table. An empty example of a
summary of findings table is listed in Additional file 1.

Discussion
The aim of this systematic review and meta-analysis is
to systematically locate, evaluate, summarize, and
analyze available evidence regarding the use of PAMs to
enhance the level of physical activity in elderly. This
paper will explore and analyze the heterogeneity of the
results and try to identify variables that will enhance the
effect of PAMs in elderly. The discussion will contain a
cost-effective evaluation of the effect size of PAMs and
the expected prize of the monitors. We anticipate that
this review and the results will be useful to researchers
working with elderly and/or PAMs, health care profes-
sionals working with elderly, and relatives together with
the elderly themselves.

Strength of this systematic review and meta-analysis
We have not identified any systematic reviews investigating
the effect of PAM-based interventions in elderly. This paper
will be the first systematic review and meta-analysis directly
calculating the effect size and exploring heterogeneity of
the results. Furthermore, this systematic review and meta-
analysis will only include RCTs and randomized crossover
trials and hence, the level of evidence is likely to be high.

Additional file

Additional file 1: Table S1. Summary of findings. (DOCX 17 kb)

Abbreviations
GPS: Global positioning system; PAMs: Physical activity monitors; PRISMA-
P: Preferred Reporting Items for Systematic Reviews and Meta-Analyses Pro-
tocols; RCTs: Randomized controlled trials

Funding
The content presented within this paper was produced as part of the project
REACH: this project has received funding from the European Union’s Horizon
2020 research and innovation program under grant agreement no. 690425 [31].

Authors’ contributions
RTL has been the lead author on this protocol and has participated in all
steps if the writing process. JC has together with CJ and RTL designed the
search strategy and has participated in all steps of the writing process. CJ
together with RTL has designed the “Data collection and analysis” section
and has participated in all steps of the writing process. HBA and HL together
with RTL have participated in the preliminary design of the study and have
participated in all steps of the writing process. All authors read and approved
the final manuscript.

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1CopenRehab, Section of Social Medicine, Department of Public Health,
University of Copenhagen, Copenhagen, Denmark. 2Department of
Occupational and Physiotherapy, Copenhagen University Hospital,
Copenhagen, Denmark. 3DTU Management Engineering Inst., Technical
University of Denmark, Diplomvej 372 office 226, 2800 Lyngby, Denmark.
4Research Unit of Musculoskeletal Function and Physiotherapy, Institute of
Sports Science and Clinical Biomechanics, Faculty of Health Sciences,
University of Southern Denmark, Odense, Denmark. 5Department of
Rehabilitation, Copenhagen University Hospital, Herlev and Gentofte,
Denmark.

Received: 3 January 2018 Accepted: 13 April 2018

References
1. World Health Organization. Physical Activity and Older Adults. World Health

Organization; 2015. www.who.int/dietphysicalactivity/factsheet_olderadults/
en/. Accessed 18 Dec 2017.

2. Wen CP, Wai JPM, Tsai MK, Yang YC, Cheng TYD, Lee M-C, et al. Minimum
amount of physical activity for reduced mortality and extended life
expectancy: a prospective cohort study. Lancet Lond Engl. 2011;378:1244–53.

3. Chodzko-zajko WJ, Proctor DN, Singh MAF, Minson CT, Nigg CR, Salem GJ,
et al. Exercise and physical activity for older adults. Med Sci Sports Exerc.
2009;41:1510–30.

4. Murtagh EM, Murphy MH, Boone-Heinonen J. Walking: the first steps in
cardiovascular disease prevention. Curr Opin Cardiol. 2010;25:490–6.

5. Bassett DR, Toth LP, LaMunion SR, Crouter SE. Step counting: a review of
measurement considerations and health-related applications. Sports Med.
2017;47:1303–15.

6. Stunkard A. A method of studying physical activity in man. Am J Clin Nutr.
1960;8:595–601.

7. Richardson CR, Newton TL, Abraham JJ, Sen A, Jimbo M, Swartz AM. A
meta-analysis of pedometer-based walking interventions and weight loss.
Ann Fam Med. 2008;6:69–77.

Larsen et al. Systematic Reviews  (2018) 7:69 Page 6 of 7



8. Kang M, Marshall SJ, Barreira TV, Lee J-O. Effect of pedometer-based physical
activity interventions: a meta-analysis. Res Q Exerc Sport. 2009;80:648–55.

9. Qiu S, Cai X, Ju C, Sun Z, Yin H, Zügel M, et al. Step counter use and
sedentary time in adults. Medicine (Baltimore). 2015;94 https://doi.org/10.
1097/MD.0000000000001412.

10. Patel MS, Asch DA, Volpp KG. Wearable devices as facilitators, not drivers, of
health behavior change. JAMA. 2015;313:459–60.

11. Harris T, Kerry SM, Victor CR, Ekelund U, Woodcock A, Iliffe S, et al. A primary
care nurse-delivered walking intervention in older adults: PACE (pedometer
accelerometer consultation evaluation)-lift cluster randomised controlled
trial. PLoS Med. 2015;12:e1001783.

12. McMahon SK, Lewis B, Oakes M, Guan W, Wyman JF, Rothman AJ. Older
adults’ experiences using a commercially available monitor to self-track their
physical activity. JMIR MHealth UHealth. 2016;4:e35.

13. Kawagoshi A, Kiyokawa N, Sugawara K, Takahashi H, Sakata S, Satake M, et al.
Effects of low-intensity exercise and home-based pulmonary rehabilitation
with pedometer feedback on physical activity in elderly patients with chronic
obstructive pulmonary disease. Respir Med. 2015;109:364–71.

14. Nishiguchi S, Yamada M, Tanigawa T, Sekiyama K, Kawagoe T, Suzuki M,
et al. A 12-week physical and cognitive exercise program can improve
cognitive function and neural efficiency in community-dwelling older
adults: a randomized controlled trial. J Am Geriatr Soc. 2015;63:1355–63.

15. Peel NM, Paul SK, Cameron ID, Crotty M, Kurrle SE, Gray LC. Promoting
activity in geriatric rehabilitation: a randomized controlled trial of
accelerometry. PLoS One. 2016;11:e0160906.

16. Croteau KA, Richeson NE, Farmer BC, Jones DB. Effect of a pedometer-based
intervention on daily step counts of community-dwelling older adults. Res
Q Exerc Sport. 2007;78:401–6.

17. Nolan CM, Maddocks M, Canavan JL, Jones SE, Delogu V, Kaliaraju D, et al.
Pedometer step count targets during pulmonary rehabilitation in chronic
obstructive pulmonary disease. A randomized controlled trial. Am J Respir
Crit Care Med. 2017;195:1344–52.

18. Takahashi PY, Quigg SM, Croghan IT, Schroeder DR, Ebbert JO. Effect of
pedometer use and goal setting on walking and functional status in
overweight adults with multimorbidity: a crossover clinical trial. Clin Interv
Aging. 2016;11:1099–106.

19. McMurdo MET, Sugden J, Argo I, Boyle P, Johnston DW, Sniehotta FF, et al.
Do pedometers increase physical activity in sedentary older women? A
randomized controlled trial. J Am Geriatr Soc. 2010;58:2099–106.

20. Partners E. Inside wearables: how the science of human behavior change offers
the secret to long-term…. Endeavour partners. 2017. https://blog.endeavour.
partners/inside-wearable-how-the-science-of-human-behavior-change-offers-the-
secret-to-long-term-engagement-a15b3c7d4cf3. Accessed 7 Feb 2018.

21. Higgins J, Green S. Cochrane Handbook For Systematic Reviews Of
Interventions. 2011. http://handbook.cochrane.org/. Accessed 11 Apr 2016.

22. pubmeddev. MEDLINE database (pubmed). https://www.ncbi.nlm.nih.gov/
pubmed. Accessed 3 Oct 2016.

23. Embase database. http://www.embase.com.ez-jmk.statsbiblioteket.dk:2048/
#search. Accessed 3 Oct 2016.

24. Inc EIS. SPORTDiscus | Sports Medicine Database | EBSCO. EBSCO Information
Services, Inc. | www.ebsco.com. page url. Accessed 21 Nov 2017.

25. EBSCO. CINAHL plus with full text|full text nursing journals | EBSCO | EBSCO
health. 2016. https://health.ebsco.com/products/cinahl-plus-with-full-text.
Accessed 23 Nov 2015.

26. CENTRAL database. http://onlinelibrary.wiley.com/cochranelibrary/search.
Accessed 3 Oct 2016.

27. Lefebvre C, Manheimer E, Glanville J. Box 6.4.a: Cochrane highly sensitive
search strategy for identifying randomized trials in MEDLINE: sensitivity-
maximizing version (2008 revision); PubMed format. 2011.

28. Higgins J, Savovic J, Sterne JAC, Page M, Hróbjartsson A, Boutron A, et al. A
revised tool to assess risk of bias in randomized trials (RoB 2.0). 2016.
https://sites.google.com/site/riskofbiastool/20161020_RoB_2.0_template_
parallel_assignment.docx?attredirects=0&d=1.

29. Higgins, Green. 16.5.4 How to include multiple groups from one study.
2011. http://handbook-5-1.cochrane.org/chapter_16/16_5_4_how_to_
include_multiple_groups_from_one_study.htm. Accessed 4 Dec 2017.

30. Higgins JPT, Green S. 16.6.3 Multiple-treatments meta-analysis—Cochrane
Handbook for Systematic Reviews Of Interventions. 2011. http://handbook-
5-1.cochrane.org/. Accessed 19 Oct 2017.

31. REACH | HORIZON 2020. http://reach2020.eu/. Accessed 23 Nov 2017.

Larsen et al. Systematic Reviews  (2018) 7:69 Page 7 of 7



 

 

 

 

 

 

 

 

 

 

APPENDIX 2: PAPER B (STUDY I) 
 



REVIEW ARTICLE Open Access

Physical activity monitors to enhance
amount of physical activity in older adults
– a systematic review and meta-analysis
Rasmus Tolstrup Larsen1* , Jan Christensen2,6, Carsten Bogh Juhl4,5, Henning Boje Andersen3 and
Henning Langberg1

Abstract

Background: The body of evidence related to the effect of physical activity monitor-based interventions has grown
over the recent years. However, the effect of physical activity monitor-based interventions in older adults remains
unclear and should be systematically reviewed.

Objective: The objective of this systematic review was to estimate the effect of physical activity monitor-based
interventions on physical activity behavior in participants aged 65 and above. Subsequently we explored the effect
on body mass index, physical capacity, and health-related quality of life and finally the impact of patient- and
intervention characteristics.

Methods: Searches in MEDLINE, EMBASE, SPORTDiscus, CINAHL, and CENTRAL were performed on April 26, 2018.
No publication date filters were applied. References of eligible studies were scrutinized and relevant journals were
hand-searched. Randomized controlled trials and randomized cross-over trials investigating the effect of a physical
activity monitor-based intervention on physical activity were included. Studies were included if the mean age of
the participants was above 65 years, and participants could walk independently with or without walking aids. The
Cochrane handbook was used as a template for extracting data and the RoB 2.0 tool was used to assess risk of bias.
Random-effects meta-analysis using Hedges g, were used to pool the study results. The main outcome of this study
was physical activity.

Results: Twenty-one studies with 2783 participants were included. The median participant age in the studies was
70.5 years, the median percentage of male participants was 42%, and the median baseline daily step count was
5268. Physical activity monitor-based interventions had a moderate effect (SMD = 0.54, 95% CI: 0.34 to 0.73)
compared to control interventions, corresponding to an average increase of 1297 steps per day in the intervention
groups. No impact of patient and intervention characteristics on the effect estimates were found.

Short conclusion: Low quality of evidence was found for a moderate effect of physical activity monitor-based
interventions on physical activity compared with control interventions. More studies with higher research methodology
standards are required.
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Background
Physical inactivity is a growing worldwide problem and
it has been reported to cause 9% of all premature death
[1]. The amount of daily physical activity (PA) decreases
with age [2–5] and one in eight European adults age 55
or older never or hardly ever, engage in moderate to vig-
orous PA (MVPA) [6]. Functional decline is expected
and unavoidable in older adults, but regular exercise can
minimize the physiological effects of an otherwise seden-
tary lifestyle and thus increase life expectancy by im-
proving function of daily living and by slowing
progression of disease and disability [7].
An older systematic review reported that physical ac-

tivity monitor (PAM)-based interventions significantly
enhanced the amount of PA with an average of 2491
steps per day, compared to the control group interven-
tions, in adults [8]. Among older adults, the use of
PAMs has been reported to be feasible [9, 10] and sev-
eral recently published randomized controlled trials
(RCTs) report promising results [11–16]. However, these
studies differ with respect to sample characteristics,
intervention length and setting, which might have re-
sulted in the differences in the reported effect sizes be-
tween studies [11–16].
The body of evidence related to the effect of

PAM-based interventions has grown over the recent
years. However, the effect of PAM-based interventions
in older adults remains unclear and should be systematic-
ally reviewed. Further, patient and intervention character-
istics should be explored to understand their impact on
PA levels. This information may be used to inform future
research and provide guidance to clinical decision-makers
considering the use PAMs in PA programs.

Objective
The objective of this systematic review and meta-analysis
was to estimate the effect of PAM-based interventions on
amount of PA (e.g. daily step count) in participants aged
65 and above. Subsequently we aimed to explore the effect
on time spent sedentary, MVPA time, physical capacity
(e.g. measured by a cardiopulmonary exercise test or as a
walking test), body mass index (BMI), and health-related
quality of life (HRQoL) (e.g. by questionnaires). Finally, we
sought to investigate the impact of participant- (e.g. diag-
noses, age and sex distribution), intervention- (e.g. inter-
vention length, type of PA measure and feedback
frequency) and study (e.g. risk of bias) characteristics on
the results.

Methods
Protocol and registration
This systematic review and meta-analysis is detailed ac-
cording to the recommendations of the Cochrane Hand-
book [17] and it is reported according to the PRISMA

statement. The method is described in the published re-
view protocol as well as in the PROSPERO registration
(CRD42018083648) [18, 19]. Unless otherwise stated, the
methods used and reported in this systematic review
followed the review protocol.

Eligibility criteria
We included RCTs and randomized cross-over trials
comparing any PAM-based intervention where the par-
ticipants of the intervention group received any kind of
feedback on their physical activity level measured by
PAMs, and where the control intervention did not re-
ceive feedback from the PAMs. The mean age of the
participants should be above 65 years, and participants
should be able to walk independently with or without
walking aids.
The primary outcome was PA. If more than one type

of PA measure were reported, we extracted or calculated
it in the following order: daily number of steps, daily
number of meters walked, daily amount of energy ex-
penditure (calories), daily metabolic equivalent of task
(minutes or hours) and finally, if no objective measure
was available, self-reported PA. The secondary outcomes
included:

! Time spent as sedentary (measured objectively by
PAMs)

! Time spent in MVPA (measured objectively by
PAMs or secondly as self-reported behavior)

! Physical capacity (measured by a cardiopulmonary
exercise test or secondly as a walking test)

! BMI
! Self- reported HRQoL determined by questionnaires.

End-point scores were used to calculate treatment ef-
fects. To avoid unit-of-analysis error with cross-over tri-
als, the outcome was extracted at baseline and when the
first period ended, as recommended in the Cochrane
Handbook chapter 16.4.5 [20]. Reported adverse events
or withdrawals due to illness were extracted if possible.

Information sources
Preliminary searches and identification of relevant pa-
pers were performed to identify relevant search terms
and subject headings. The final systematic search for eli-
gible studies in MEDLINE, EMBASE, SPORTDiscus,
CINAHL, and CENTRAL was performed on April 26,
2018. Additional studies that met the inclusion criteria
were obtained through an independent review of article
references by two reviewers (RTL and JC). The Clinica-
trials.gov database was searched on February 13th 2018
to locate ongoing relevant studies.
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Search
The search string consisted of a combination of rele-
vant keywords and subject headings for: PAMs, older
adults, and randomized studies and can be found in
the study protocol [19]. No restrictions on language
or publication-time were applied. The authors of un-
obtainable studies or studies with missing data were
contacted to obtain missing information.

Study selection, data items and data collection process
Citations was imported into the technology platform,
Covidence. Two authors (RTL and JC) screened the titles
and abstracts independently and assessed full-text re-
ports. Any inconsistencies between authors was dis-
cussed and rectified in consultation with a third author
(CJ). Data extraction was performed independently by
two authors (RTL and JC).

Risk of bias in individual studies
Two review authors (RTL and JC) independently
assessed study quality using the Risk of Bias 2.0 tool [21]
on study outcome level. Disagreement was solved by dis-
cussion with a third reviewer (CJ).

Summary measures
Treatment effects, on continuous data, were expressed
as standardized mean differences (SMD) with 95% confi-
dence intervals. The SMD was translated back to a mean
difference in steps for the primary outcome, MVPA
time, meters on 6MWT for physical capacity and BMI
(kg/m2) respectively, using the method described by
Bliddal and Christensen [22]. The SDs used for translat-
ing the SMDs were extracted for each outcome from the
intervention group from largest study with the lowest
risk of bias, in which objectively measured values were
favored. The SDs used were 2402 steps per day [23],
16.2 min of daily MVPA [14], 80 m on a 6MWT [24]
and 4.8 kg/m2 on BMI [25]. When reported in text or
study flow diagrams, adverse event and participant with-
drawal rates were extracted and expressed as relative
risks with 95% confidence intervals. If a study reported
zero adverse events, the Der-Simonian & Laird method
was used and 0.5 was added as a value to enable random
effects meta-analysis [26].

Synthesis of results
The effect size was calculated using a random-effects
model adjusting to Hedges’ g, using end-point scores
only. In studies where no continuous data were available
for the outcomes, we used dichotomous data and con-
verted the odds ratios and the standard errors (log ES)
into the standard mean difference using the Chinn et al.
approach described in chapter 9.4.6 of the Cochrane
Handbook [27]. An alpha level of 0.05 was considered

statistically significant. Stata/IC 15.1 for Mac (64-bit
Intel), Copyright 1985–2017 StataCorp LLC was used
for all statistical analyses.

Unit of analysis issues
One study had two relevant intervention groups [11].
The intervention groups of the study were included as
two separate comparisons and the control group from
the study was separated according to guideline in the
Cochrane Handbook chapter 16.5.4 [28].

Additional analyses
The heterogeneity of the extracted results was examined
using the Cochrane Q test and quantified with I2 statis-
tic. We performed subgroup analyses to explore the im-
pact of characteristics of participants and intervention
and stratified the effect size on the following nominal
variables: type of PAM (accelerometer versus pedom-
eter), diagnoses of participants (none, cardiac patients,
COPD or osteoarthritis), feedback frequency (daily,
weekly or monthly) and overall risk of bias (low, some
concerns and high). We conducted three explorative
subgroup analyses: one analysis on control intervention
content (advice group, goal setting, maintain usual PA,
other training, rehabilitation program, and usual care),
one analysis on grouping the interventions into types
(gamification, incremental goals, monthly feedback and
reinforcement, ongoing counseling and pre-counseling),
and one analysis on active control interventions versus
non-active control interventions (maintain usual PA or
no intervention).
We chose to investigate how the method of physical ac-

tivity reporting (i.e., objective measurement, self-report,
interview) affected the results. This sensitivity analysis was
deemed more informative than the protocolled sensitivity
analysis on mean differences in daily number of steps,
daily number of meters walked, daily amount of energy
expenditure measured as calories, daily metabolic equiva-
lent of task, and self-reported physical activity.
Publication bias were assessed by Eggers test. If small

study bias was present, the Duval and Tweedie nonpara-
metric “trim and fill” analysis was conducted adjusting
the effect size [29, 30].
We performed univariate meta-regressions on con-

tinuous data on the following variables:
Age (years), sex distribution (percent), number (or per-

cent) of participants with walking aids, intervention
length (weeks), baseline PA (steps), and BMI.

Results
Study selection
Twenty-one studies were included in the review [11–16,
23–25, 31–42]. We identified one ongoing trial (Clinical-
trials.gov Identifier: NCT03086850), but we did not
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include this study as it was in the participant recruit-
ment phase. Citations and reasons for exclusion from
full text screening are listed in the Additional file 1:
Table S3. The study selection process is illustrated in
Fig. 1. A summary of the included studies is listed
in Table 1. Characteristics of the 21 included studies
(22 comparisons, 2783 participants) are listed in
Additional file 1: Table S2.

Study characteristics
Risk of bias within studies
The risk of bias summary and review authors’ judge-
ments about each risk of bias item are presented in
Fig. 2. Figure 3 illustrates the risk of bias as percentages
across all included studies for each risk of bias item.
Overall, five studies were considered as having a low risk
of bias [13, 14, 23, 25, 40], 10 studies were considered as
having some concerns [12, 15, 16, 24, 31, 34–36, 38, 39],
and six studies were considered as having a high risk of
bias [11, 12, 32, 33, 37, 41]. Judgements and support for
judgement about each item is presented for all studies in
characteristics of studies in Additional file 1.

In two studies the risk of bias assessment differed be-
tween outcomes. Kolt et al. and Nolan et al. were
assessed to have high risk of selective outcome report-
ing, on self-reported HRQoL (SF-36) [25, 31].

Synthesis of the results and effect of the interventions
Twenty studies (21 study comparisons and 2704 partici-
pants) evaluated the effect of PAM on PA. The random
effects meta-analysis is illustrated in Fig. 4. The overall
SMD was 0.54, (95% CI: 0.34 to 0.73), I2 = 79.2%, p <
0.001, favoring the PAM interventions. When using a
SD of 2402 steps per day, this corresponds to a weighted
mean difference of 1297 (95% CI: 817 to 1753) favoring
the intervention groups [23].

Secondary outcomes
Only one study (35 participants) reported the effect of
the intervention on time spent sedentary [13]. The SMD
of this study was calculated to be − 0.40 (95% CI: -1.07
to 0.27), favoring the PAM intervention. The difference
in weekly sedentary time was 44.0 min (95% CI: 37.1 to
50.9) with the control group being most sedentary.

Fig. 1 PRISMA flow diagram illustrating the inclusion process
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A total of eight studies (1686 participants) reported data
on effect of the interventions on MVPA time. The overall
SMD was 0.34 (95% CI: 0.15 to 0.52), I2 = 65.8%, p =
0.005, favoring the PAM interventions. When using a SD
of 16.2 of daily MVPA, this corresponds to a weighted
mean difference of 5.5 min per day (95% CI: 2.4 to 8.4)
with more MVPA in the intervention groups [14].

A total of four studies (754 participants) reported the
effect of the intervention on physical capacity. The over-
all SMD was 0.19 (95% CI: -0.10 to 0.48), I2 = 48.8%, p =
0.118, favoring the PAM intervention. When using a SD
of 80 m, this corresponds to a weighted mean difference
on 15 m (95% CI: -8 to 38) with more meters walked on
a 6MWT in the intervention groups [24].

Table 1 Summary of the characteristics of the included studies. Citations of studies that reported results on domains are listed after
the domain
Methods Number of studies (%)

RCT with parallel group design [11–16, 23–25, 31, 32, 34–42] 20 (95%)

RCT with cross over design [33] 1 (5%)

Setting Number of studies (%)

Europe [12, 13, 23, 24, 31, 32, 35, 38] 8 (38%)

Australia and New Zealand [14, 16, 25, 37] 4 (19%)

Asia [15, 36, 40, 41] 4 (19%)

North America [11, 33, 34, 39, 42] 5 (24%)

Participant diagnoses Number of studies (%)

Osteoarthritis [23] 1 (5%)

COPD [12, 31, 36] 3 (14%)

Cardiac patients [16, 40] 2 (10%)

None [11, 13–15, 24, 25, 32–35, 37–39, 41, 42] 15 (71%)

Participant characteristics Median (range)

Median age in studies (k = 21) 70.5 (65 to 81.5)

Median body mass index in studies [11, 12, 14, 15, 23, 25, 31, 35, 36, 39, 40, 42] 27.9 (21.1 to 31.82)

Median percentage of male participants in studies [11–16, 23–25, 31, 33–36, 38–42] 42 (0 to 88)

Median percentage of married participants [13, 16, 24, 25, 32, 35, 39] 61.4 (39 to 80.5)

Median baseline daily step count [11–13, 15, 23, 31, 33–35, 39, 41] 5268 (2420 to 7697)

Intervention Median (range)

Length median weeks (k = 21) 12 (4 to 52)

Physical activity monitor Number of studies (%)

Accelerometer [12, 14, 32, 36, 41] 5 (24%)

Pedometer [11, 13, 15, 16, 23–25, 31, 33–35, 37–40, 42] 16 (76%)

Frequency of feedback Number of studies (%)

Daily [11–13, 15, 16, 23–25, 32, 33, 35, 37–42] 17 (81%)

Weekly [14, 31, 33] 3 (14%)

Monthly [36] 1 (5%)

Outcomes Number of studies (%)

Reported results on physical activity [11–16, 23–25, 31–36, 38–42] 20 (95%)

Reported results on sedentary time [13] 1 (5%)

Reported results on MVPA time [14, 24, 25, 31, 35, 41, 42] 7 (33%)

Reported results on physical capacity [24, 36, 37, 41] 4 (19%)

Reported results on health-related quality of life [13, 24, 25, 31, 36] 5 (24%)

Reported results on body mass index [25, 36] 3 (14%)

Reported results on adverse events [13, 14, 16, 24, 31, 32, 35–37, 40] 10 (48%)

RCT Randomized Controlled Trial, COPD Chronic Obstructive Pulmonary Disease, MVPA Moderate to Vigorous Physical Activity, k number of studies. The reported
median of mean values are unweighted in relation to study size or reporting precision
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A total of three studies (570 participants) reported
data for effect of the interventions on BMI. The overall
SMD was 0.15, (95% CI: -0.01 to 0.31), I2 = 0%, p =
0.752, favoring the control intervention. When using a
SD of 4.8 kg/m2, this corresponds to a mean difference
on 0.72 kg/m2 (95% CI: -0.05 to 1.50) with the control
groups having the lowest BMI [25].
A total of five studies (1038 participants) reported data

for effect of the interventions on HRQoL. The overall
SMD was 0.01, (95% CI: -0.12 to 0.14), I2 = 0.0%, p =
0.541, favoring the PAM interventions.
A summary of the analyses on the secondary outcomes

are illustrated in Fig. 5.

Meeting the study specific recommended level of physical
activity
No studies reported data on this.

Additional analyses
Subgroup analyses on the type of PAM, diagnoses, feed-
back frequency, risk of bias judgement and type of PA
measure on the effect of the intervention on PA (Add-
itional file 1: Figure S6), MVPA time (Additional file 1:
Figure S7), physical capacity (Additional file 1: Figure
S8), BMI (Additional file 1: Figure S9), and HRQoL
(Additional file 1: Figure S10) are presented in the Add-
itional file 1. No significant differences in the subgroup
analyses were observed for any outcomes.
Additional file 1: Table S3 reports data from

sensitivity-analyses (univariate meta-regressions) on how
the SMD from all outcomes sere affected by the follow-
ing variables: age in years, sex distribution in percent
male, percent of participants with walking aids, interven-
tion length in weeks, baseline PA measured in steps per
day, BMI in kg/m2. None of the above-mentioned vari-
ables were significantly correlated with the effect size for
any outcomes, nor did any variable reduce Tau2 statistic.
There were insufficient observations to analyze the cor-
relation between effect size and percent of participants
with walking aids for all outcomes.
Egger’s test showed significant small study bias for the

effect on PA (p = 0.036), indicating that the analyzes are
overestimating the effect on PA (Additional file 1: Figure
S11). The bias adjusted (trimmed and filled) analysis
with random effects revealed an adjusted SMD on 0.37,
(95% CI: 0.15 to 0.59) after filling the analysis with three
fictive studies. Analyzing the effect on time spent in
MVPA, physical capacity, BMI, and HRQoL, no small
study bias was found using Egger’s test.

Adverse events
A total of 11 studies (1927 participants) reported data for
adverse events. The overall relative risk for adverse events
was 0.91, (95% CI: 0.66 to 1.25), I2 = 0.0% p = 0.942, with

Fig. 2 Risk of bias summary: review authors’ judgements about each
risk of bias item for each included study. +: Low risk of bias,?:Some
concerns, %: High risk of bias
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Fig. 3 Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies

Fig. 4 Random effects meta-analysis with effect of the interventions on physical activity using Hedges g. N: Number of participants; SMD;
standardized mean difference. For each study, the diamond represents the standardized mean difference of the intervention effect with
the horizontal line representing 95% confidence intervals. The large diamonds represent the pooled standardized mean difference between the
intervention groups and the control groups
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more adverse events and withdrawals due to illness in the
control groups. The random effects meta-analysis for the
adverse events is shown in Additional file 1: Figure S12.

Explorative post-hoc subgroup analyses
Additional file 1: Figure S13, illustrates an explorative ana-
lysis of effect of interventions on PA sorted on type of
control intervention and Additional file 1: Figure S14, il-
lustrates an explorative analysis of effect of interventions
on PA sorted on groupings of intervention types. How-
ever, none of the findings were significant. Additional file 1:
Figure S15, illustrates an explorative analysis of effect of
interventions on PA sorted on active control interventions
versus non-active control interventions. The 11 study
comparisons (1219 participants) with non-active control
interventions had a significantly larger effect compared to
the 10 study comparisons (1485 participants) with an ac-
tive control intervention.

Discussion
The objective of this systematic review was to investigate
the effect of PAM-based interventions on older adults.
Our primary outcome of interest was PA and the main

results include a moderate effect, equivalent to a larger
increase on 1297 more steps per day in the intervention

groups and the small to moderate effect on MVPA time
equivalent to a larger increase on 8 more minutes per
day in the intervention groups. As we were not able to
explain the heterogeneity of the results with any of our
sub- or sensitivity analyses, the effect of the interven-
tions may be applicable to the broadly defined older
adult population. However, further potential influences,
such as medication and disease specific treatments need
to be considered.
In terms of translating the effect on 1297 more steps

per day, there is a lack of evidence on how much is clin-
ically relevant change in general, for older adults. The
WHO recommends that older adults are equally
physically active as their younger counterparts but if
co-morbidities limits their ability to be physically active,
they should be as active as their conditions allow [43]. A
systematic review suggests that the WHO-recommended
30min of MVPA per day is equivalent to 7000 to 10,000
steps per day in older adults [43, 44]. According to
Table 1, the median baseline daily step count in the
studies was 5268 which makes the effect on 1297 steps
equivalent to a 25% increase in daily number of steps. If
the effect size is added to the median baseline daily step
count, the average older adult will get close to 7000
steps per day. This highlights the clinical relevance of

Fig. 5 Summary of random effects meta-analyses with effect of the interventions on secondary outcomes. K: number of studies; N: Number of
participants; SMD: standardized mean difference; HRQoL: health-related quality of life. For each analysis, the diamond represents the standardized
mean difference of the pooled intervention effect with the horizontal line representing 95% confidence intervals
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the results. Other more invasive exercise interventions
may be more effective in increasing the amount of daily
PA in older adults, but as PAM based interventions are
not very invasive, they could be implemented in large
scale projects as well.
This review provides evidence for the use of PAMs as

an intervention to promote PA among older adults. Our
finding of a moderate effect is in line with a former sys-
tematic review by Bravata et al. that estimated the effect
size to be 2491 steps per day (95% CI: 1098 to 3885) in a
population with a mean age on 49 years [8]. The popula-
tion of interest in the Bravata et al. systematic review is
more than 20 years younger than the median mean age
in the included studies from this review [8]. As the level
of physical activity decrease with age [2–5], a younger
population is expected to be more active which may ex-
plain why the effect in steps per day is almost twice as
large in the Bravata et al. systematic review [8]. However,
as the effect sizes are not significantly different from
each other, the above-mentioned explanation is only
relevant if future systematic reviews find a significant ef-
fect modification from age, which we did not find in this
review.
Even though we only included one study with results

on sedentary time [13], this study was also included in a
recent published systematic review from Qui et al. that
reports PAM usage to be significantly associated with re-
duced sedentary time among adults [45].
Among older adults, level of PA is associated with,

age, BMI and sex [46]. Contrary to this we were not able
to explain the variance in the effect of the interventions
through participant age, BMI or sex. However, this also
means that we did not find any specific subgroup of
older adults that may not benefit from using PAMs to
enhance the level of physical activity.
The prevalence of frailty and chronic diseases are high

in older adults [47, 48]. At first glance, our results could
be limited to older adults with a higher function and a
lower disease prevalence as the majority of the included
studies included community dwelling older adults without
specific diseases [11, 13–15, 24, 25, 32–35, 37, 38, 41, 42].
However, among these studies, several samples were in-
active or did not meeting PA recommendations [11, 13,
32, 38]. One study was conducted in a post-acute care re-
habilitation setting [14] and other studies included pa-
tients with hypertension [24], osteoarthritis [34], cancer
[34], and other chronic diseases [35]. Four studies did not
describe the disease characteristic of the participants [15,
24, 41, 42]. The broad range of participant characteristics
across studies is a strength of this systematic review as it
increases the generalizability of the findings to the general
population.
None of the subgroup analysis showed any significant

impact of risk of bias on the effect. We did however find

an overestimation of the effect size on the PA caused by
small study bias. Publication bias will normally overesti-
mate the effect of the published interventions due to
type 1 errors or selective outcome reporting [49]. In
summary, we have chosen to downgrade the overall
quality of the evidence due to publication bias.
We conducted three additional analyses to investigate

the impact of intervention and control intervention con-
tent. PAM-based interventions had a significant greater
effect in studies with non-active control interventions
compared to studies with active control interventions.
No other effects were significant. This analysis is recom-
mended to obtain a meaningful estimate of the effect of
the interventions and to avoid a confused picture of ab-
solute intervention effects [50]. Using non-active con-
trols will by nature give a larger effect size, as most
interventions (also control interventions) will have some
effect. Thus, future studies should use direct compari-
sons to investigate if PAMs can be an effective add-on
intervention, or if other types of behavior change strat-
egies can effectively increase the effect from the PAMs.
A Hawthorne-effect, meaning that the participants in

control groups could be expected to increase their level of
PA, simply due to participation in a PA study may be
present in the included studies. This was also discussed in
the systematic review published by Bravata et al. [8].
When comparing a PAM-based intervention where the
participants receive feedback to a control group that are
aware that they are being measured, the effect size might
be slightly underestimated when compared to PAM-based
walking programs with no control groups. This has been
addressed systematically by Waters et al., who found a
similar effect in both control and intervention groups in
eight of 29 PA trials [51]. This is in line with our explora-
tive results from Additional file 1: Figure S13 that illustrates
a larger effect in studies that includes control groups who
were asked to maintain usual PA and Additional file 1: Fig-
ure S15 that illustrates a larger effect size in studies that
uses non-active control interventions. This may be ex-
plained by participants who volunteer for trials because
they wish to increase their level of PA, participants being
refractory or nonadherent after being allocated to a control
group and several other factors which should be kept in
mind when interpreting results from PA trials or reviews.

Limitations
There were some deviations from the published study
protocol [19]. Firstly, there were insufficient data to de-
termine if participants met the study-specific recom-
mendation for level of physical activity. We proposed to
study this outcome in our protocol; however, none of
the studies included in this review reported on this out-
come. Secondly, we chose to pool the moderate and vig-
orous activity as most of the included studies did not
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distinguish between these intensity categories in their
reporting.
We performed a wide and comprehensive literature

search across several relevant databases, and used a pearl
growing strategy where two reviewers independently lo-
cated relevant references through journal sites and refer-
ence lists of included studies. Additionally, we obtained
relevant references by using forward and backwards ref-
erence searches. Despite this wide and robust search
strategy, it is possible that not all relevant studies were
included in this systematic review.
In terms of translating the SMDs back to number of

steps, MVPA time, meters walked in a 6MWT and BMI,
the translation should only be read as a way of making
our results easier to interpret and comes with limitations
to generalizability. Firstly, we assume that the SMD can
be used to extrapolate results, but some studies used dif-
ferent scales and outcome measures which might bring
some problems. Secondly, the true SD of the population
is impossible to estimate. However, when choosing the
SDs from the largest study with the lowest risk of bias
rating we have tried to be transparent and avoid bias in
the selection. It should be noted that interpretation must
happen with caution as it basically only represents the
study from which the SD was chosen.
This systematic review is focused on older adults

above the age of 65 years. As reported in Table 1, some
of the studies will include results from participants
younger than 65 which might bring some bias to our ex-
ternal validity. However, according to Additional file 1:
Table S3, the association between study mean age and
the effect size was clearly not significant for all outcomes
and the study mean age explained almost no effect size
heterogeneity. We hereby acknowledge the limitation
that some included studies would have had younger par-
ticipants, but we find no evidence for affecting the exter-
nal validity to the population of interest.

Body of evidence
We found that the quality of the body of evidence of
PAM-based interventions was low to moderate. Our
results were affected by unexplained heterogeneity,
publication bias and imprecision. The pooled effects
for time spent sedentary, physical capacity, BMI and
self-reported HRQoL were not significant. Further-
more, the confidence interval for the effect size of the
primary outcome, PA, suggests that the overall effect
is small to moderate. However, a moderate quality of
evidence was found on the risk of adverse events be-
ing the same in the intervention and the control
groups. PAMs seem useful for public health interven-
tions as it seems to be safe and effective to include
them in PA programs for old adults. The grading of

the body of evidence for each outcome is reported in
the summary of findings table (Additional file 2).

Conclusion
General interpretation of results
This review demonstrates low quality of evidence for a
moderate effect on PA, equivalent to a larger increase at
1297 more steps per day, when comparing PAM-based in-
terventions with control interventions in 21 studies. Fur-
thermore, this review demonstrates moderate quality of
evidence for a small to moderate effect on MVPA time
equivalent to 8 more minutes per day. This review did not
find an effect on physical capacity, BMI or HRQoL. Given
the heterogeneity of the study samples, the results are likely
to be applicable to a broad older population, but medica-
tion and disease specific treatments need to be considered.

Implications for future practice and research
It seems safe and feasible to use PAMs in PA interven-
tions in older adults. To avoid publication bias and un-
explained heterogeneity, more randomized studies with
high methodological quality and large sample sizes, are
needed to determine possible participant characteristics
associated with the adherence to and effect of the inter-
ventions. Furthermore, future studies should investigate
if PAMs should be included as add-on interventions, or
if other types of behavior change strategies should be ap-
plied to PAM-based interventions. The evolution of
Internet of Things in medicine will emerge and have a
great impact on how clinical decision making, preventive
medicine and rehabilitation will take place in the future
[52, 53]. To ensure that the costs and expenses are used
correctly, it seems highly important to have ongoing
reviewing of the literature and to include recent pub-
lished RCTs in updated version of systematic reviews in
this area of behavioral intervention research.

Summary box (bullets)

! PAM-based interventions seem to be safe and
effective in enhancing the level of PA in older
adults.

! Low quality of evidence exists for PAM-based
interventions having a moderate effect on PA,
equivalent to 1297 more steps per day.

! Moderate quality of evidence exists for PAM-based
interventions having a small to moderate effect on
MVPA time equivalent to 8 more minutes per day.

! This review could not demonstrate an effect of PAM
intervention on physical capacity, BMI or HRQoL.

! Future studies should not use non-active control
interventions but instead compare PAM-based
interventions with other active interventions or
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conduct add-on designs to investigate if the effect
size of the PAM-intervention can be increased.

Additional files

Additional file 1: Figure S6. Subgroup analysis on effect of the
interventions on physical activity sorted on type of physical activity
monitor, diagnoses, feedback frequency, risk of bias judgement and type
of physical activity measure. Results are from random effects model using
Hedges g. K: Number of studies; SMD: standardized mean difference;
PAM: physical activity monitor; COPD: chronic obstructive pulmonary
disease. For each analysis, the diamond represents the standardized
mean difference of the pooled intervention effect with the horizontal line
representing 95% confidence intervals. Figure S7. Subgroup analysis on
effect of the interventions on moderate to vigorous physical activity,
sorted on type of physical activity monitor, diagnoses, feedback
frequency, and risk of bias judgement. Results are from random effects
model using Hedges g. K: Number of studies; SMD: standardized mean
difference; PAM: physical activity monitor; COPD: chronic obstructive
pulmonary disease. For each analysis, the diamond represents the
standardized mean difference of the pooled intervention effect with the
horizontal line representing 95% confidence intervals. Figure S8.
Subgroup analysis on effect of the interventions on physical capacity,
sorted on type of physical activity monitor, diagnoses, feedback
frequency, and risk of bias judgement. Results are from random effects
model using Hedges g. K: Number of studies; SMD: standardized mean
difference; PAM: physical activity monitor; COPD: chronic obstructive
pulmonary disease. For each analysis, the diamond represents the
standardized mean difference of the pooled intervention effect with the
horizontal line representing 95% confidence intervals. Figure S9.
Subgroup analysis on effect of the interventions on body mass index,
sorted on type of physical activity monitor, diagnoses, feedback
frequency, and risk of bias judgement. Results are from random effects
model using Hedges g. K: Number of studies; SMD: standardized mean
difference; PAM: physical activity monitor; COPD: chronic obstructive
pulmonary disease. For each analysis, the diamond represents the
standardized mean difference of the pooled intervention effect with the
horizontal line representing 95% confidence intervals. Figure S10.
Subgroup analysis on effect of the interventions on health-related qualify
of life, sorted on type of physical activity monitor, diagnoses, feedback
frequency, and risk of bias judgement. Results are from random effects
model using Hedges g. K: Number of studies; SMD: standardized mean
difference; PAM: physical activity monitor; COPD: chronic obstructive
pulmonary disease; HRQoL: Health-related quality of life. For each
analysis, the diamond represents the standardized mean difference of the
pooled intervention effect with the horizontal line representing 95%
confidence intervals. Positive values favor the intervention. Figure S11.
Funnel plot with Eggers line illustrating risk of publication bias in the
analysis of effect of the interventions on physical activity. SMD:
standardized mean difference. Figure S12. Random effects meta-analysis
on withdrawals due to illness and adverse events. For each study, the
diamond represents the specific relative risk of withdrawing with the
horizontal line representing 95% confidence intervals. Results are from
random effects model with relative risks. RR: Relative risk. The large
diamond represents the pooled relative risk. Values below one equals
more events in the intervention groups. Figure S13. Explorative
subgroup analyses of effect of interventions on physical activity sorted on
control intervention. For each study, the diamond represents the
standardized mean difference of the intervention effect with the
horizontal line representing 95% confidence intervals. Results are from
random effects model using standardized mean difference (SMD)
adjusted to Hedges g. PA: physical activity. The large diamonds represent
the pooled standardized mean difference between the intervention
groups and the control groups. Positive values favor the intervention.
Figure S14. Explorative subgroup analyses of effect of interventions on
physical activity sorted on additional intervention content. Results are
from random effects model using standardized mean difference (SMD)
adjusted to Hedges g. For each study, the diamond represents the
standardized mean difference of the intervention effect with the

horizontal line representing 95% confidence intervals. The large diamonds
represent the pooled standardized mean difference between the
intervention groups and the control groups. Positive values favor the
intervention. Figure S15. Figure S15. Explorative subgroup analyses of
effect of interventions on physical activity sorted on active control
intervention or non-active control intervention. Results are from random
effects model using standardized mean difference (SMD) adjusted to
Hedges g. For each study, the diamond represents the standardized
mean difference of the intervention effect with the horizontal line
representing 95% confidence intervals. The large diamonds represent the
pooled standardized mean difference between the intervention groups
and the control groups. Table S1. Characteristics of included studies.
Table S2. Univariate meta-regressions between standardized mean
differences from all outcomes and age, gender distribution, number of
participants with walking aids, intervention length, baseline physical
activity and body mass index. Table S3. Citations and reasons for
exclusion from full text screening. (DOCX 4040 kb)

Additional file 2: Summary of findings table. (DOCX 17 kb)
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Criterion validity for step counting in four
consumer-grade physical activity monitors
among older adults with and without
rollators
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Abstract

Background: Few studies have investigated the measurement properties of consumer-grade physical activity
monitors (PAMs) in older adults. Therefore, we investigated the criterion validity of consumer-grade PAMs in older
adults and whether the measurement properties differed between older adults with and without rollators and
whether worn on the hip or at the wrist.

Methods: Consumer-grade PAMs were eligible for inclusion in this study if they: 1) could be fastened at the hip as
well as on the wrist, 2) were simple in function and design and thus easy to use for participants with minimal
technical skills, 3) included step-counting as outcome measure and 4) were powered by a button cell battery.
Participants performed self-paced walking for six minutes while two physiotherapists counted their steps with a
click-counter. The average of the two counts was used as criterion. The participants wore 16 monitors, four located
bilaterally on both hips and wrists. Our prior expectation was that all monitors would have at least moderate
criterion validity for all participants, good criterion validity for participants walking without a rollator and poor
criterion validity for participants walking with a rollator.

Results: Four physical activity monitors were included in this study; Misfit Shine, Nokia GO, Jawbone UP Move and
Garmin Vivofit 3. A total of 103 older adults participated.
Nokia GO was excluded from this study due to technical issues. Therefore, we present results on the frequency of
data loss, ICC (1, 2) and percentage measurement error for Misfit Shine, Garmin Vivofit 3 and Jawbone UP Move
located on four different positions.

Conclusions: The hip-worn PAMs did not differ significantly in terms of measurement error or criterion validity.
Wrist-worn monitors cannot adequately measure number of steps in a population of older adults using rollators.
The hip-worn PAMs were superior to wrist-worn PAMs among older adults with and without rollators.
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Background
Functional decline is related to aging. Still, older adults
who engage in exercise or physical activity regularly can,
to some extent, maintain their physical function, have
lower all-cause mortality, are less disabled, and have a
lower prevalence of several non-communicable diseases
[1–4]. Walking is the favourite activity among
community-dwelling cognitively-intact older adults [5].
Furthermore, walking programmes have in several sys-
tematic reviews been shown to be effective in increasing
physical activity in the short term in older adults [6].
However, to ensure long-lasting effects and adherence of
walking programs, they should be individualised and
based on behavioural theories, as well as include goals to
maintain acceptable levels of PA [6].
To use goal setting in the individualisation of walking

programs, individual feedback on PA is crucial. The
consumer-grade physical activity monitors (PAMs) hold
the potential of being a facilitator for increased PA as
they provide timed feedback, notifications and can be
adjusted with individual goals [7]. For these reasons,
PAMs are now frequently used with good effect to in-
crease physical activity in older adults [8, 9]. However,
before using consumer-grade PAMs in clinical research,
the measurement properties, including criterion validity
in particular, of specific PAMs should be evaluated [10].
Measurement properties for specific PAMs may differ
between different populations of older adults. Thus, it
has been shown that adults suffering from knee pain or
those who depend on a walker have different gait char-
acteristics compared with normal older adults [11].
Within the population of older adults, a large heterogen-
eity exists in gait speed, stride length, joint movement,
and use of assistive devices, all of which have been found
to affect the validity of PAMs [11, 12].
Furthermore, consumer-grade PAMs differ from

research-grade PAMs because the algorithms for step
detection cannot be modified and thus the definition of
a step might differ between PAMs. Hence, there is no
transparency in the use of algorithms. Besides, most
modern consumer-grade PAMs are designed to be worn
on the wrist as watches, which might lead to inaccurate
measurement as hip-worn PAMs have been reported to
outperform wrist-worn PAMs for step accuracy [13].
To our knowledge, few studies have investigated the

measurement properties of consumer-grade PAMs in older
adults, and none of these has studied the measurement
properties of a given PAM model worn on the hip and
wrist [12, 14–20]. Therefore, the present study aimed to in-
vestigate (a) the criterion validity of four consumer-grade
PAMs in older adults performing a self-paced indoor walk-
ing test and (b) whether the measurement properties of the
PAMs differed between older adults with and without rolla-
tors and comparing wrist-worn and hip-worn positions.

Methods
Participants
We included older adults from five community activity
centres in the municipality of Copenhagen, Denmark.
The participants were recruited at the ‘morning meet-
up’ where our research team presented the study. Partic-
ipants were eligible if they were 65 years or above,
community-dwelling, living at home and able to walk in-
dependently with or without a rollator or cane. Mild and
more severe cognitive impairment was an exclusion cri-
terion, since participants had to be able to understand
the study aims and fill out themselves the baseline
questions.

Ethics
Oral and written information was given before partici-
pants gave informed consent to participate. The study
was approved by the Danish Ethics Committee (Journal
nr.:H-17033310).

Physical activity monitors
As we could not investigate all available PAMs, we chose
those who were most relevant for older adults and those
who allowed us to investigate whether the placement of
the specific PAM affected the validity. Thus, consumer-
grade PAMs were eligible for inclusion in this study if
they: 1) could be fastened at the hip as well as on the
wrist, 2) were simple in function and design and requir-
ing no technical skills to be operated, 3) included step-
counting as the outcome measure and 4) powered by a
button cell battery providing a battery life for more than
three months. If the included PAMs did not have a dis-
play, they were paired with an iPod Touch 5th gener-
ation, model A1421, operating with iOS 9.3.5. We
performed pilot testing of all the eligible consumer-
grade PAMs within the research team before conducting
the present study.

Procedures and measures
Participants were included between March and June
2018. In the five activity centres, participants were asked
to perform self-paced walking for six minutes. To secure
the external validity of our results, we asked the partici-
pants were asked to walk at their normal gait speed, in-
stead of a maximal walking test.
An unobstructed 15- or 30-m flat track was used for

testing, at each end a cone was positioned indicating
where participants should make a 180-degree turn. The
participants decided themselves whether they performed
right or left turns. If the participants were interrupted
during the testing or became tired, they were allowed to
rest standing or sitting and the time was stopped until
they continued. A chair was provided upon request. The
participants received no verbal feedback on gait speed
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from the testers. The participants were fitted with 16
PAMs (four models located bilaterally on both hips and
wrists). The hip-worn monitors were fitted to the belt of
the participant or to front pocket sewing, the wrist-worn
monitors were fitted with the rubber straps provided,
and in both cases testers assisted with fitting.
The order of the PAMs was changed between every

participant to ensure a balanced order throughout the
study. Anthropometric measures of weight and height
and demographic data and information of health-related
behaviors were obtained prior to the test session. During
each test walks, two physiotherapists were positioned by
each cone and, blinded from the other physiotherapist’s
counting, counted the steps with a click-counter. The
testers were the same for all participants.

Statistical analysis
Normal distributions of continuous data (steps, age,
height, body mass index, meters walked in 6 min, and
self-paced speed) were evaluated by quantile-quantile
plots and histograms of the standardised residuals. Nor-
mally distributed continuous data were summarised by
means and 95% confidence intervals. Continuous data
without a normal distribution were summarised by me-
dians and interquartile ranges. Categorical data were
summarised with frequencies and percentage of the total
score. The average of the visually counted steps from
tester A and tester B was defined as the actual steps
taken and hence the criterion. For every participant, four
measures for each type of PAM were taken (left hip,
right hip, left wrist, and right wrist). The frequency of
excluded data points was reported and evaluated
between groups with a Chi [2] test.
Interclass correlation coefficients (ICC) were calcu-

lated based on a two-way random effects analysis of vari-
ance model examining the absolute agreement of a
single measure (ICC2,1) [21, 22]. We chose ICC2,1 as
the raters were the same, and each participant was rated
only once (average between the two testers). The model
was chosen to examine the agreement between observed
steps and the steps counted by the PAM. ICC (2,1)
values of < 0.5, =0.5- < 0.75, =0.75- < 0.9, and ≥ 0.90
were interpreted as the PAM having, respectively, poor,
moderate, good, and excellent criterion validity [21, 23].
Interclass correlation coefficients of mean difference in
steps between observed steps and measured steps as well
as percent measurement error were reported for 1) all
participants, 2) participants without a rollator and 3)
participants with a rollator. Our prior expectation was
that each of the PAMs, would have at least moderate cri-
terion validity for all participants (but with a low preci-
sion of the estimate because of the heterogeneity of the
population), a good criterion validity for participants
walking without a rollator and a poor criterion validity

for participants walking with a rollator (as a previous
study has shown that some PAMs have lower measure-
ment properties among rollator users [12]). We expected
a better criterion validity in participants without rolla-
tors because they were expected to walk faster and more
similar to younger adults, compared with participants
with rollators.
Visualisation of the absolute percentage measurement

errors for each PAM was presented with a scatter plot
and analysed with a generalised linear logit link model.
StataCorp. 2017. Stata Statistical Software: Release 15.

College Station, TX: StataCorp LLC, was used for all
statistical analyses and visualisations. An alpha level on
0.05 was considered the threshold for statistical
significance.

Results
We identified four consumer-grade wearable PAMs
available on the commercial market that met our eligi-
bility criteria: Misfit Shine, Nokia GO, Jawbone UP
Move and Garmin Vivofit 3. Below, Fig. 1 a and b show
the four included monitors as they were used in this
study. Only the Garmin Vivofit 3 included a regular dis-
play. The other monitors used light or illustrations to
show how close the user is to the step goal of the day.
Thus, the Garmin Vivofit 3 was the only monitor that
could be operated without a smartphone device for this
study.
A total of 103 older adults volunteered to participate

in this study. Anthropometric, demographic data and in-
formation on health-related behaviour are presented in
Table 1.

Deleted observations due to missing data and technical
issues
The frequencies of excluded data points due to technical
issues are listed in Table 2. We were unable to perform
the necessary synchronization of the Nokia GO between
each participant; thus, it was not possible to extract data
for individual participants from the devices as the Nokia
GO does not provide on the PAM itself the number of
steps taken. Hence, the Nokia GO devices were excluded
from the study. After April 1, 2018, an update to the
Misfit iOS application, resulted in a malfunction in the
synchronization between the iPod Touch and the Misfit
monitors. As a result of this we had to excluded two of
the Misfit monitors from that date. The remaining two
monitors were positioned on the dominant side of the
participants. In total, 103 data points were available for
the Garmin and Jawbone monitors, 37 for the left-worn
Misfit monitors and 99 for the right-worn Misfit
monitors.
Fig. 1 and 2 illustrates the percentage of excluded data

points. In total, there were 175 excluded data points
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(16.0%), corresponding to 48 excluded hip measures
(27.4%) and 127 excluded wrist measures (72.57%). A
Chi [2] test revealed that wrist measures were more
likely to be excluded (p < 0.001). In total, 8.0% of the
Garmin Vivofit 3 measures, 28.2% of the Jawbone UP
Move measures, and 9.6% of the Misfit Shine measures
were excluded. A Chi [2] test revealed a significant
between-group difference (p < 0.001). In total, 16.3% of
the left-side measures and 15.7% of the right-side mea-
sures were excluded. A Chi [2] test revealed a no
between-group difference (p = 0.816).
Table 2, reports results on criterion validity ICC (2,1),

mean difference and percentage measurement error for
all PAMs on all positions. For the hip-worn monitors, 10
out of 18 possible combinations (brand, left/right, and
with or without rollator) fulfilled the a priori hypothesis
of criterion validity. For the wrist-worn monitors, only
one combination fulfilled the a priori hypothesis of cri-
terion validity. The hip-worn Misfit Shine fulfilled four
out of six possible combinations of criterion validity
(left/right for all participants, participants with rollators
and participants without rollators). The hip-worn Gar-
min Vivofit 3 fulfilled five out of six combinations for
criterion validity. The hip-worn Jawbone UP Move ful-
filled one out of six combinations for criterion validity.
For the wrist-worn PAMs, no combination fulfilled the a
priori hypothesis for criterion validity except the right-
worn Garmin Vivofit 3 for participants with rollators.
Good interrater reliability, ICC (2,1) was found between
the two testers 0.88 (95% CI 0.83 to 0.92), with a mean
difference on 4.42 steps 95% CI (− 6.10 to − 14.91), (103
measures).

Measurement error
Fig. 3 a, b and c illustrates the relationship between
measurement error in percent and observed steps. The

Fig. 1 a and b From left to right: Misfit Shine, Nokia GO, Jawbone
UP Move and Garmin Vivofit 3 on paper with 10-mm grid lines.
Figure a shows the hip-worn physical activity monitors and below
figure b shows the wrist-worn physical activity monitors

Table 1 Participants characteristics (n = 103)
Sex, male, n (%) 35 (34.0%)

Age, mean (95%CI) 81.3 years (79.8 to 82.8)

Height, mean (95%CI) 164.0 cm (162.2 to 165.9)

Body mass index, mean (95%CI) 28.0 kg/m [2] (27.0 to 29.0)

Self-paced meters walked in 6 min, mean (95%CI) 255.0 m (238.5 to 271.4)

Self-paced speed over the 6 min, mean (95%CI) 2.6 km/t (2.4 to 2.7)

Walking without aid, n (%) 52 (50.5%)

Walking with a cane, n (%) 15 (14.5%)

Walking with a rollator, n (%) 36 (35.0%)

Never smoked, n (%) 44 (42.7%)

Stopped smoking, n (%) 48 (46.6%)

Current smoker, n (%) 11 (10.7%)

Abbreviations: 95%CI: 95% Confidence interval; IQR Interquartile Range
Normal distributed continuous data: Age, Height, Body Mass Index, Meters walked in 6 min, Self-paced speed over the 6min
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Table 2 A priori hypothesis for criterion validity, criterion validity, mean difference between measured steps and observed steps,
and mean percentage measurement error for each physical activity monitor separately for each position
Position and type of monitor A priori hypothesis

ICC(2,1)
ICC(2,1)
(95%CI)

Mean difference
(95%CI)

Mean % measurement error (95%CI)

Hip-worn Misfit Shine, left

All (34 measures) 0.5 to 0.75 0.52 (0.21 to 0.73) −61.99 (− 104.50 to − 19.50) −12.46% (− 21.09 to − 3.83)

Rollator (11 measures) < 0.5 0.56 (0.04 to 0.86) −73.00 (− 163.94 to 17.94) −15.87% (− 35.30 to 3.55)

Without rollator (23 measures) ≥ 0.75 0.49 (0.13 to 0.75) −56.71 (− 107.56 to − 5.88) − 10.83% (− 20.76 to − 0.90)

Hip-worn Misfit Shine, right

All (88 measures) 0.5 to 0.75 0.64 (0.47 to 0.75) −48.35 (− 74.47 to − 22.24) −8.75% (− 14.10 to − 3.40)

Rollator (31 measures) < 0.5 0.44 (0.08 to 0.69) − 110.19 (− 169.15 to − 51.24) − 20.44% (− 31.87 to − 9.02)

Without rollator (57 measures) ≥ 0.75 0.78 (0.66 to 0.87) −14.72 (− 36.11 to 6.65) − 2.38% (− 7.39 to 2.61)

Hip-worn Garmin Vivofit 3, left

All (100 measures) 0.5 to 0.75 0.67 (0.53 to 0.78) −41.49 (− 64.21 to − 18.76) − 9.74% (− 15.16 to − 4.33)

Rollator (36 measures) < 0.5 0.57 (0.19 to 0.78) −87.5 (− 131.23 to − 43.83) −20.61% (− 31.02 to − 10.18)

Without rollator (64 measures) ≥ 0.75 0.71 (0.56 to 0.81) −15.59 (− 39.88 to 8.71) −3.63% (− 9.42 to 2.16)

Hip-worn Garmin Vivofit 3, right

All (102 measures) 0.5 to 0.75 0.80 (0,72 to 0,87) −22,61 (− 37.50 to − 7.72) − 5.18% (− 9.01 to − 1.36)

Rollator (35 measures) < 0.5 0.74 (0.45 to 0.87) −44.11 (− 70.02 to − 18.21) − 10.12% (− 16.60 to − 3.64)

Without rollator (67 measures) ≥ 0.75 0.83 (0.73 to 0.89) −11.38 (− 29.46 to 6.70) −2.61% (− 7.35 to 2.13)

Hip-worn Jawbone UP Move, left

All (84 measures) 0.5 to 0.75 0.61 (0.34 to 0.76) −63.75 (− 87.94 to − 39.56) −13.11% (− 18.24 to − 7.98)

Rollator (23 measures) < 0.5 0.40 (0.00 to 0.72) − 101.65 (− 144.66 to − 58.64) −19.21% (− 27.48 to − 10.94)

Without rollator (61 measures) ≥ 0.75 0.64 (0.44 to 0.78) −49.45 (− 78.44 to − 20.48) − 10.81% (− 17.19 to − 4.43)

Hip-worn Jawbone UP Move, right

All (92 measures) 0.5 to 0.75 0.47 (0.21 to 0.65) −85.79 (− 116.65 to − 54.95) −16.57% (− 23.02 to − 10.12)

Rollator (31 measures) < 0.5 0.24 (0.00 to 0.54) − 193.83 (− 258.89 to − 128.78) −38.28% (− 51.73 to − 24.84)

Without rollator (61 measures) ≥ 0.75 0.68 (0.51 to 0.80) − 30.89 (− 54.96 to − 6.83) −5.53% (− 10.86 to − 0.20)

Wrist-worn Misfit Shine, left

All (36 measures) 0.5 to 0.75 0.18 (0.00 to 0.46) −238.43 (−313.06 to − 163.81) −44.21% (− 57.66 to − 30.78)

Rollator (12 measures) < 0.5 0.00 (0.00 to 0.07) − 486.5 (− 568.45 to − 404.55) −91.03% (− 95.79 to − 86.27)

Without rollator (24 measures) ≥ 0.75 0.37 (0.00 to 0.68) − 114.40 (− 170.90 to − 57.89) − 20.80% (− 31.65 to − 9.96)

Wrist-worn Misfit Shine, right

All (88 measures) 0.5 to 0.75 0.23 (0.00 to 0.47) − 220.38 (− 266.13 to −174.64) − 41.91% (− 50.49 to − 33.34)

Rollator (30 measures) < 0.5 0.02 (0.00 to 0.09) − 462.83 (− 518.31 to − 407.34) −89.03% (− 97.04 to − 81.02)

Without rollator (58 measures) ≥ 0.75 0.55 (0.10 to 0.77) − 94.97 (− 124.91 to − 65.03) − 17.55% (− 23.39 to − 11.71)

Wrist-worn Garmin Vivofit 3, left

All (88 measures) 0.5 to 0.75 0.31 (0.06 to 0.52) − 139.71 (−186.39 to − 93.05) − 27.17% (− 36.14 to − 18.20)

Rollator (22 measures) < 0.5 0.00 (0.00 to 0.08) − 455.78 (− 524.28 to − 387.27) −88.31% (− 98.97 to − 77.67)

Without rollator (66 measures) ≥ 0.75 0.67 (0.51 to 0.79) −34.36 (− 61.45 to − 7.28) −6.79% (− 12.43 to −1.15)

Wrist-worn Garmin Vivofit 3, right

All (89 measures) 0.5 to 0.75 0.33 (0.08 to 0.53) − 132.98 (− 179.05 to − 86.91) − 26.47% (− 35.62 to − 17.33)

Rollator (23 measures) < 0.5 0.01 (0.00 to 0.08) − 455.17 (− 519.00 to − 391.34) −88.98% (− 98.99 to − 78.96)

Without rollator (66 measures) ≥ 0.75 0.76 (0.63 to 0.84) −20.70 (− 42.4786 to 1.069512) −4.69% (− 10.21 to 0.82)

Wrist-worn Jawbone UP Move, left

All (65 measures) 0.5 to 0.75 0.30 (0.03 to 0.52) − 121.52 (−166.86 to − 76.19) −21.87% (− 30.14 to − 13.61)

Rollator (7 measures) < 0.5 0.01 (0.00 to 0.23) − 480.86 (− 640.08 to − 321.64) −84.97% (− 110.58 to − 59.38)
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logit link models reveal a negative slope for all PAMs in
participants without rollators and for hip-worn monitors
for participants with rollators. The models for wrist-
worn monitors in participants with rollators differ from
for the other models as the slope is more horizontal and
has larger measurement error. There is no visual differ-
ence between any left and right measures.

Discussion
The aim of this study was to investigate the criterion val-
idity of four types of consumer-grade PAMs in older
adults. The loss of data due to technical issues is more
likely to happen with wrist-worn monitors. The Garmin
Vivofit 3 showed the lowest frequency of lost data data-
points and the Nokia GO was excluded from the study

being incapable of synchronizing data. This means that
we cannot rule out the Nokia GO as a PAM with accept-
able measurement properties, as it might work very well
with other devices. However, to be as transparent as pos-
sible, we chose to describe the Nokia GO with the same
detail as the other PAMs. Hip-worn PAMs were superior
to wrist-worn PAMs across all participants, participants
without and with rollators in terms of criterion validity,
absolute difference in steps, absolute measurement error
in percentage and difference in steps.
Loss of data due to technical issues is often reported

among consumer-grade PAMs [20]. In this study, none
of the investigated PAMs was free from data loss but
some of the PAMs were clearly more affected by this
problem than others. Excluding lost data and zero

Table 2 A priori hypothesis for criterion validity, criterion validity, mean difference between measured steps and observed steps,
and mean percentage measurement error for each physical activity monitor separately for each position (Continued)

Position and type of monitor A priori hypothesis
ICC(2,1)

ICC(2,1)
(95%CI)

Mean difference
(95%CI)

Mean % measurement error (95%CI)

Without rollator (58 measures) ≥ 0.75 0.47 (0.18 to 0.68) −78.15 (− 112.13 to − 44.18) −14.25% (− 20.81 to − 7.70)

Wrist-worn Jawbone UP Move, right

All (55 measures) 0.5 to 0.75 0.29 (0.02 to 0.53) − 105.05 (−148.00 to − 62.11) −18.89% (− 26.65 to − 11.13)

Rollator (3 measures) < 0.5 0.00 (0.00 to 0.88) − 386.0 (− 1157.00 to 384.91) − 66.17% (− 195.37 to 63.01)

Without rollator (52 measures) ≥ 0.75 0.38 (0.06 to 0.61) −88.84 (− 126.23 to − 51.46) −16.16% (− 23.13 to − 9.19)

Criterion validity calculated using a two-way random, single measures, absolute agreement model end expressed as interclass correlation coefficient
Abbreviations; ICC Interclass Correlation Coefficient (bold equal fulfilling the a priori hypothesis), MD Mean Difference: 95% Confidence intervals
Measurement error in % were evaluated as being not normally distributed and are presented with median and interquartile range. ICC (2, 1) values that meet the
a priori hypothesis are marked with bold

Fig. 2 Excluded data points as a percentage of total data points sorted on brand and position. Higher percentage equals more excluded data.
Chi [2]-tests revealed a significant difference between brands (p < 0.001) hip and wrist positions (p < 0.001) but not between left and right
positions (p = 0.816)
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Fig. 3 (See legend on next page.)
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counts will affect the criterion validity and cause a sys-
tematically higher interclass correlation compared to
analysis with included zero counts. The interpretation of
the ICC (2,1) value cannot stand alone and when evalu-
ating the measurement properties of a PAM, results on
data loss should be interpreted as well. Fig. 2 illustrates
the problem in each brand, position and body side. The
Garmin Vivofit 3 monitor and the Misfit Shine monitor
had the lowest affection of data loss, but we had to ex-
clude two of the Misfit monitors halfway, reducing the
precision of our results. It also illustrates that wrist mea-
sures were more likely to be excluded, as many of the
measures did not count when participants were using a
rollator, and similarly, that there was no difference in ex-
clusion of data between left and right-side measures.
The logit link models from Fig. 3 illustrate the rela-

tionship between measurement error and observed
steps among participants with and without rollators.
For the hip-worn PAMs among all participants and
for wrist-worn PAMs among participants without
rollators, the relationship was similar. In line with
several other studies of consumer-grade PAMs in
older adults, we found a higher accuracy in faster
walking older adults [17, 19, 20, 24]. As described in
the introduction, walkers with assistive devices are
more likely to have alternative gait pattern compared
to walkers using no assistive device. For participants
using a rollator, the horizontal logit link models
showed close to 100% absolute measurement error in
wrist-worn PAMs indicating lack of arm movement
among rollator users.
In terms of statistical methods, we chose to analyse

the primary outcome using the two-way random effects
model with absolute agreement and single measures,
ICC (2, 1). In this model, each tester measures each par-
ticipant, and testers are considered representative of a
larger population of testers. Previously studies have ei-
ther used Pearson correlation coefficients [19], unspeci-
fied ICC [17, 18] or ICC (2, 1) [12, 14, 15]. Agreement
between two continuous outcomes should be reported
using ICC values [25], and future studies should as a
minimum report the specific sub-type of ICC as well as
difference (percentage or mean) allowing the results to
be compared between studies.
The criterion represents the actual true number of

steps taken. When visually counting the steps, we
avoided technical solutions of counting steps for the cri-
terion. Other papers have often used research-grade

accelerometers to validate consumer-grade PAMs [12,
14–19] which is the best option for free-living condi-
tions. However, strictly for walking, the validity of
research-grade PAMs can be questioned in this popula-
tion as consumer-grade PAMs have been reported to
have greater validity in trials comparing them to
research-grade PAMs against visually counted steps [15].
With complex gait patterns in populations containing
participants with and without walking aids the visually
counted number of steps must serve as the most valid
criterion, which was why we chose this method and in
contrast to other studies with visual counts, we tried to
reduce counting bias by having two testers instead of
only one [15]. To exclude all error from the criterion,
we could have combined more testers but it was not
possible in this setting. However, all methods will have
flaws and since there was no significant difference be-
tween the counts of the testers, we should be able to
trust the average as a true criterion.
This study holds several limitations in the interpret-

ation of the results. Firstly, the results are only generalis-
able to self-paced indoor walking in older adults. A
study by Grant et al. reported large differences between
counts from some research-grade PAMs in indoor tread-
mill walking and outdoor walking, but only in the slow-
est walking speeds [26]. To our knowledge, no published
similar comparison has been made in free walking and
using consumer-grade PAMs, but this highlights the lack
of evidence in this area. Furthermore, the approach used
for this study was general and covers only cyclic gait.
The outcome of interest was step count when walking
and did not include specific movements such as turning
or squatting. Thus, our results only cover validity in cyc-
lic gait and these results cannot be generalised and
should not be extrapolated to conclude upon accelerom-
etery vector counts in more specific movements. To in-
vestigate this, the raw data from the consumer-grade
PAMs must be available for researchers, and until then,
consumer-grade PAMs still remain as “black boxes” with
hidden filtering software.
Secondly, we cannot rule out the possibility of existing

PAMs, fulfilling our inclusion criteria that we were not
aware of. We searched the literature and the web pages
of all the major brands for relevant PAMs, but in the
end our results do not apply other PAMs than the four
devices we included in this study.
Another limitation is the possible systematic error

in our dataset due to different track lengths (15 or

(See figure on previous page.)
Fig. 3 a, b and c Two-way scatter plots with logit link generalized linear models between absolute measurement error in % and observed steps
(criterion) of Misfit Shine (a), Garmin Vivofit 3 (b) and Jawbone UP Move (c) physical activity monitors. Each figure includes results from the left
hip, right hip, left wrist and right wrist. Red digits “1” and lines equal participants with rollators and blue digits “0” and lines equal participants
without rollators. Y-axis represent absolute measurement error in % as a response to the x-axis which is number of observed steps
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30 m) in the five different test locations. We cannot
control for this in our model as it was not noted.
Furthermore, the opportunity for participants to rest
during the six minutes, could also produce a bias as
resting in a chair, leaning against the wall or merely
standing could be measured differently by the PAMs.
As we do not have the data to distinguish between
and investigate these possible types of error further,
we cannot investigate the magnitude or direction of
this possible systematic error.
Lastly, this study did not investigate intra-model test-

retest reliability, but in terms of methodology, this type
of reliability is almost impossible to investigate in PAMs
as the same walking pattern and hence the individual
participant cannot be repeated completely. However,
despite the within-individual variation in gait pattern, it
would be beneficial to do an intra-person reliability test-
retest study of physical activity monitors in the future.
This study also holds several strengths. To our

knowledge, this study includes the largest sample size
reported in the literature on validation of consumer-
grade PAMs in older adults. Furthermore, this is the
first study that reports results on three different
models, in two different positions, and it is with an-
other study the only one with results on subgroups
using different assistive devices [12, 14–20]. The latter
makes the results of this study relevant to all popula-
tions that include both older adults with and without
assistive devices. The results of this validation study
are easily interpreted and the conclusion should be
easily transferred to research groups planning to con-
duct clinical studies with PAMs as an outcome meas-
ure in older adults with different use of assistive
devices.
Consumer-grade PAMs can potentially replace

more expensive research-grade PAMs in situations
where the level of physical activity should be mea-
sured or enhanced in older adults [20]. PAMs need
not have excellent validity and reliability to serve as
facilitators, but if they are to be used in research
settings and serve as outcome measurements, validity
and reliability are key to trust the results. Clinical
studies that use consumer-grade PAMs as outcome
measures should use hip-worn devices, especially if
the target group holds older adults with and without
rollators.

Conclusion
Three of the four included consumer-grade PAMs
were analysed and they showed varying measurement
properties related to criterion validity among older
adults performing a self-paced walking task. Our re-
sults show that wrist-worn PAMs cannot measure the
number of steps in a population of older adults using

rollators. The hip-worn PAMs were not significantly
different in terms of measurement error or criterion
validity, but when selecting a PAM for a clinical
study, investigators should consider both the criterion
validity and the rate of data loss as this also varied
between monitors.

Abbreviations
ICC2,1: Interclass correlation coefficient 2,1; PAMs: Physical activity monitors
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Concurrent Validity Between Electronically Administered Physical
Activity Questionnaires and Objectively Measured Physical Activity

in Danish Community-Dwelling Older Adults
Rasmus T. Larsen, Christoffer B. Korfitsen, Carsten B. Juhl, Henning Boje Andersen,

Henning Langberg, and Jan Christensen

Aim: To investigate the concurrent validity of the International Physical Activity Questionnaire-short form (IPAQ-SF) and the
Nordic Physical Activity Questionnaire-short (NPAQ-short) when compared with objectively measured daily steps among older
adults. Methods: Spearman’s ρ between IPAQ-SF and NPAQ-short and objectively measured steps using Garmin Vivofit 3
physical activity monitors. Results:A total of 54 participants were included. The IPAQ-SF subscales’moderate physical activity
(PA), moderate to vigorous PA (MVPA), and sedentary time showed little or no correlation with daily steps. The NPAQ-short
subscales’ vigorous PA, moderate PA, and MVPA showed little or no correlation. The IPAQ-SF subscales’ vigorous PA and
walking showed fair correlation. Only the IPAQ-SF metabolic equivalent of task minutes showed moderate to good correlation
with daily steps. The IPAQ-SF categories and NPAQ-short categorization of World Health Organization compliance were
significantly different, but the magnitudes were small and distributions indicated problems with the categorization. Conclusion:
The concurrent validity is low, as the scores did not reflect objectively measured daily steps.

Keywords: IPAQ, NPAQ, physical activity monitoring

Background and Objectives
Staying physically active while aging is a key factor in a healthy
lifestyle, as physically active older adults, compared with those
who are inactive, have a higher physical and cognitive function,
intrinsic capacity, and mobility and lower rates of pain, falls,
fractures, depression, and disability (Bangsbo et al., 2019). Fur-
thermore, inactivity among older adults is associated with an
increased risk of premature all-cause mortality (Bangsbo et al.,
2019). Therefore, public health recommendations and initiatives
have been developed and communicated to the public to address
insufficient physical activity levels. Nevertheless, 12.5% of older
adults in Europe never or almost never engage in moderate or
vigorous physical activity and are thus considered inactive (Gomes
et al., 2017). Monitoring of physical activity levels may support
health policies and public health initiatives and allow researchers to
investigate patterns and changes over time (Bangsbo et al., 2019;
Blair, 2009; Carnethon, 2009; Ekelund et al., 2016; Haennel &
Lemire, 2002; Knuth & Hallal, 2009; Lear et al., 2017; Lee et al.,

2012; Messerli, Ketelhut, & Ketelhut, 1999; Morris, Heady, Raffle,
Roberts, & Parks, 1953; Wen et al., 2011).

Doubly labeled water is considered the gold standard for
measuring total energy expenditure (Westerterp, 2009). However,
it is rarely feasible to use total energy expenditure in large-scale
studies, and consequently, accelerometry and pedometers are often
used to measure physical activity objectively (Doherty et al., 2017;
Pedišić & Bauman, 2015). Accelerometer-based measurement of
moderate to vigorous physical activity (MVPA), with research-
grade monitors, is preferred when feasible, but includes challenges
with device selection and placement, measurement error, and
compliance from participants, including variability in wear time
(Karas et al., 2019; Westerterp, 2009). Quantifying daily steps
using pedometers is a relevant alternative to accelerometry, as both
measures have been shown to be associated with important out-
comes, such as mortality (Lee et al., 2019; Tudor-Locke et al.,
2013). Consumer-available wearables, often measuring steps by
accelerometry, have shown acceptable validity when compared
with visually counted number of steps (Larsen et al., 2020). They
are an applicable and feasible outcome measure in health behavior
research in older adults (Lyons, Swartz, Lewis, Martinez, &
Jennings, 2017; Tedesco, Barton, & O’Flynn, 2017).

An alternative method for assessing physical activity is by
using participant-reported outcome measures, a widely used alter-
native to objectively measured methods, as this is a time- and cost-
efficient way to conduct the assessments (Epstein, Miller, Stitt, &
Morris, 1976; Sallis & Saelens, 2000). However, the psychometric
properties, and thus the applicability, of these participant-reported
physical activity measurements are challenged by several forms of
bias, including recall and social desirability bias, that ultimately
can result in less precise assessments (Colley, Butler, Garriguet,
Prince, & Roberts, 2018; Helmerhorst, Brage, Warren, Besson, &
Ekelund, 2012; Lee, Macfarlane, Lam, & Stewart, 2011; Prince
et al., 2008, 2020; Sagelv et al., 2020; Silsbury, Goldsmith, &
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Rushton, 2015). Because of this, the investigation of concurrent
validity of participant-reported physical activity measurements and
thus the ability to reflect objectively measured physical activity,
including daily steps, provides knowledge of the applicability of
the measurements, which in turn, is crucial for guiding researchers
and clinicians in designing studies and interpreting results.

Several participant-reported physical activity measurements
have been developed, with slightly different purposes. Among
these are the International Physical Activity Questionnaire-short
form (IPAQ-SF) and the Nordic Physical Activity Questionnaire-
short (NPAQ-short). IPAQ-SF is widely used in research projects
and in population-level assessments and is utilized as an easy tool
to evaluate self-reported MVPA, walking activity, and sedentary
behavior (Cleland, Ferguson, Ellis, & Hunter, 2018; Craig et al.,
2003; Lee et al., 2011; Loyen et al., 2016). NPAQ-short was
developed to be utilized on a population level by the Danish
National Health Profile in 2017 (Danish Health Authority, 2018;
Danquah, Petersen, Skov, & Tolstrup, 2018). Nevertheless, the
psychometric properties, including the criterion and concurrent
validity of IPAQ-SF and NPAQ-short among older adults, is
unclear (Danquah et al., 2018; Lee et al., 2011; Silsbury et al.,
2015).

Thus, the aim of this study was to investigate the concurrent
validity of electronically and self-administered IPAQ-SF and
NPAQ-short when compared with objectively measured daily
steps, and, subsequently, to investigate response patterns to assess
the applicability of IPAQ-SF and NPAQ-short among community-
dwelling older adults.

Methods
This study was conducted using baseline data from the Motiva-
tional Interviewing and Physical Activity Monitoring (MIPAM)
randomized controlled trial to enhance the daily level of physical
activity among older adults. The MIPAM trial and this study were
conducted with waivers from the Danish Ethics Committee of the
Capital Region of Denmark (journal number: 18004960). The
Danish Data Protection Agency approved the handling of data
(reference number: 514-0268/18-3000). Informed consent from the
participants was collected electronically via SurveyXact (Copen-
hagen, Denmark). Prior to agreeing and signing the consent survey,
the participants received written information about the study.

Procedures and Measures
Before randomization, the participants received the hip-worn
physical activity monitor (PAM; Garmin Vivofit 3; Garmin Inter-
national, Inc., Olathe, KS) by e-mail and were asked to wear it for a
week, which would become the baseline week. The participants
received the necessary instruction and support in using the PAM
and the application. After the baseline week, the participants
received an electronic survey containing the participant-reported
physical activity questionnaires.

Participants
Older adults were recruited through social media and with adver-
tisements in local activity centers. Participants were considered
eligible for inclusion in theMIPAM trial if they (a) were retired and
community dwelling, (b) were at least 70 years of age by the day
of enrollment in the trial, (c) owned a smartphone or tablet and
were able to install the Garmin Connect application (Olathe, KS),

(d) had an active e-mail account and were able to complete the
electronic study survey, and (e) had hearing ability sufficient to
participate in a telephone interview. Participants were excluded if
they suffered from a moderate or severe decline in mental ability
(e.g., from Alzheimer’s disease), were undergoing active chemo-
therapy or palliative care for cancer, or had a major mobility
impairment preventing them from walking. Furthermore, to be
considered eligible for inclusion in the present study, the partici-
pants had to provide daily step data for at least 4 days and should
have completed the electronic survey.

Daily Steps as Objectively Measured Physical
Activity
In a sample of older adults, our research group has investigated the
criterion validity of four commercially available PAMs and found
that the hip-worn Garmin Vivofit 3 showed acceptable validity in
relation to counting steps (Larsen et al., 2020). Hence, in this study,
daily steps obtained from the PAM is considered the construct
of interest, using the average number of daily steps during the
baseline week.

Physical Activity Questionnaires
International Physical Activity Questionnaire-Short Form. The
IPAQ-SF consists of seven items and assesses the amount of
MVPA, metabolic equivalent of task minutes (MET-minutes),
walking time, and sedentary time, with a recall frame of “the
last 7 days.” From the IPAQ responses, three physical activity
levels can be derived: “low activity level,” “moderate activity
level,” and “high activity level” (Craig et al., 2003). An interna-
tional validation study of the IPAQ-SF assessment has reported
acceptable test−retest reliability and recommends the use of the
“last 7 days” version of the measurement (Craig et al., 2003).
However, a more recent systematic review reports low criterion
validity between IPAQ-SF and objectively measured physical
activity (Lee et al., 2011).

Nordic Physical Activity Questionnaire-Short. The two-item
NPAQ-short (Danquah et al., 2018) is a short revised version of
the original NPAQ. It was developed to monitor MVPA time and
compliance with the World Health Organization (WHO) recom-
mendations on physical activity in a typical week in population-
based surveys (Danquah et al., 2018; World Health Organization,
2010). NPAQ-short has shown a fair correlation with objectively
measured MVPA (Spearman’s ρ = .33) in a Danish adult popula-
tion (Danquah et al., 2018). From NPAQ-short, the following
four physical activity categories can be calculated: “inactive,” “not
sufficiently physically active,” “sufficiently physically active,” and
“optimally physically active.” NPAQ-short’s definition of compli-
ance with WHO’s recommendations included sufficiently and
optimally physically active participants.

Statistical Analyses
Distributions of continuous data were evaluated by quantile−
quantile plots and histograms of the standardized residuals. For
a description of measurement response patterns, continuous data
from the measurements were summarized, using both parametric
and nonparametric statistics. Categorical data were summarized
with frequencies and percentages of the total score. The number
of participants reporting zero activity were summarized as binary
variables. Spearman’s rank correlation coefficients between the
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measurement scores and daily steps were calculated. We used the
following interpretation of Spearman’s rank correlation coeffi-
cients for concurrent validity: 0−.25 = little or no correlation;
.25−.50 = fair correlation; .50−.75 = moderate to good correlation;
and above .75 = good to excellent correlation (Portney & Watkins,
2014, p. 535). A priori, we hypothesized the IPAQ-SF and
NPAQ-short scores to have at least a fair correlation with
daily steps. However, for “IPAQ-SF Walking” and “NPAQ-short
Moderate Physical Activity,” we expected to find a moderate to
good correlation with daily steps as the description of the specific
questions including walking. Finally, for “IPAQ-SF Moderate
Activity,” we expected to find little or no correlation with daily
steps as the description of the specific question specifically ex-
cludes walking activities (Portney & Watkins, 2014, p. 535). For
IPAQ-SF categories and NPAQ-short categories, we investigated
the relationship with one-way analysis of variance models and
unpaired t tests. The results of these were presented as means and
95% confidence intervals (95% CIs) and were visualized by
scatterplots of instrument scores and daily steps and a bar chart
of correlation scores between instrument scores and daily steps.
The IPAQ-SF can be categorized into three activity levels. The low
activity level includes participants who did not meet the criteria for
moderate- and vigorous-intensity categories. The moderate activity
level includes participants who had (a) 3 or more days of vigorous-
intensity activity of at least 20 min/day, (b) 5 or more days of
moderate-intensity activity and/or walking of at least 30 min/day,
or (c) 5 or more days of any combination of walking and moderate-
or vigorous-intensity activities, achieving a minimum total physi-
cal activity of at least 600 MET-min/week. The high activity level
includes participants who had (a) vigorous-intensity activity on at
least 3 days (20 min minimum, achieving a minimum of total
physical activity of at least 1,500 MET-min/week) or (b) 7 or more
days of any combination of walking and moderate- or vigorous-
intensity activities achieving aminimum total physical activity of at
least 3,000 MET-min/week. NPAQ-short is likewise categorized
into four activity categories: inactive participants, not sufficiently
physically active participants, sufficiently physically active parti-
cipants, and optimally physically active participants.1

RStudio (version 1.1.463; 2016, Integrated Development for
R; RStudio, Inc., Boston, MA) was used for all statistical analyses,
and visualizations were created with the “ggplot2” package. An
alpha level of .05 was considered the threshold for statistical
significance.

Results
A total of 67 eligible participants answered the baseline survey. Of
these, 13 were excluded for having fewer than 4 days of objectively
measured steps per day during the baseline week, leaving 54
participants included in the study. Thirty (56%) of the included
participants were women, the median age was 71.5 years, and the
median self-reported percentage of physical activity that consisted
of walking was reported to be 70.0%. Table 1 reports the char-
acteristics of the 54 included participants, number of daily steps,
and IPAQ-SF and NPAQ-short scores. Supplementary Figures S1
and S2 (available online) illustrate the distributions of the IPAQ-SF
and NPAQ-short scores, as well as the association with daily steps
for the participants, using scatterplots, best-fitted lines, and CIs.

Table 2 reports the concurrent validity between daily steps
and the IPAQ-SF and NPAQ-short scores. Figure 1 presents the
correlation coefficients for concurrent validity (presented in
Table 2) and lines for the interpretation of Spearman’s rank

correlation coefficients. IPAQ-SF moderate-intensity minutes,
MVPA time, and sedentary time had little or no correlation with
daily steps. The NPAQ-short scores with little or no correlation
include vigorous activity, moderate activity, MVPA, and compli-
ance with theWHO’s recommendations. The IPAQ-SF scores with
fair correlation include vigorous activity and walking. Only the
IPAQ-SF MET-minutes showed moderate to good correlation with
daily steps. Only the IPAQ-SF vigorous activity, MET-minutes,
and walking had a significant correlation with daily steps.

For the categorical constructs of the questionnaires, one-way
analysis of variance revealed a difference in daily steps between the
IPAQ-SF categories (p < .001). The difference between the means
in the low and high categories was −3,531 steps/day (95% CI
[−5,497, −1,565]), the difference between the means in the low and
moderate categories was −2,561 steps/day (95% CI [−4,970,
−332]), and the difference between the means in the moderate
and high categories was −970 steps/day (95% CI [−3,410, 1,471]).
One-way analysis of variance revealed no differences in daily steps
between the four NPAQ-short categories (p = .24). An unpaired
t test revealed that the mean daily steps of the two categories in the
NPAQ-short compliance with WHO recommendations were dif-
ferent (p = .04). The participants who, according to the NPAQ-
short, were categorized to comply with theWHO recommendations
walked on average 1,628 steps/day (95% CI [76, 3,180]) more than
the participants who were categorized not to comply. The distribu-
tions, means, and 95% CI are illustrated in Figure 2.

Discussion
To our knowledge, this is the first study to investigate the ability of
electronically administered IPAQ-SF and NPAQ-short to reflect
objectively measured daily steps among Danish older adults. In this
study, the electronically administered IPAQ-SF and NPAQ-short
did not adequately reflect objectively measured daily steps and,
thus, is not recommended to be used to predict physical activity
levels among older adults. Compared with previous studies on
older adults for the IPAQ-SF and adults for the NPAQ-short, we
found lower correlation coefficients for validity (Danquah et al.,
2018; Deng et al., 2008; Kolbe-Alexander, Lambert, Harkins, &
Ekelund, 2006). This might be explained by the fact that the
previous IPAQ-SF and NPAQ-short results were obtained in
younger samples (mean age of 65, 67, and 43 years, respectively)
and/or as a consequence of IPAQ-SF being administered by
interview (Danquah et al., 2018; Deng et al., 2008; Kolbe-
Alexander et al., 2006). However, when interpreting our results,
it should be taken into account that the NPAQ-short study used
accelerometer counts and, thus, MVPA, as the construct of interest
(Danquah et al., 2018), which may explain why the authors found
results that differ from those of the present study, which used daily
steps. Nevertheless, the IPAQ-SF seems to perform slightly better
than the NPAQ-short, especially when comparing the IPAQ-SF
MET and IPAQ-SF Walking with the findings from the NPAQ-
short. This might be explained by several factors. First, IPAQ-SF
recalls the past 7 days of the participants, whereas the NPAQ-short
recalls a typical week. So, if the participants were affected by the
Hawthorne effect and thus changed their behavior when enrolled
into the study, this might have caused some bias in the results. On
the other hand, previous findings have shown that two different
versions of the IPAQ-SF using two different recall frames, “usual
week” and “last 7 days,” perform similarly, even though the recall
bias might be introduced using recall participant-reported physical
activity measurements. Second, identifying a criterion of interest
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Table 1 Demographics, Daily Steps, and Instrument Scores

Variable Total sample (N = 54)

Gender
Women, n (%) 30 (55.6%)

Walking aid
None, n (%) 53 (98.1%)
Cane, n (%) 1 (1.9%)

Mean (SD) Median (IQR)

Age (years) 73.1 (3.9) 71.5 (70−74.0)
Height (cm) 171 (9.5) 171.5 (165.0−177.8)
Weight (kg) 80.3 (14.9) 79.0 (70.3−86.8)
Body mass index (kg/m2) 27.4 (4.4) 26.8 (24.3−29.1)
Walking as percent of total reported PA 58.4% (31.3%) 70.0% (40.0%−80.0%)
Daily steps 5,782.4 (3,005.4) 5,682.9 (3,422.4−8,036.1)

Mean (SD) Median (IQR) Frequency of zero activity, n(%)

IPAQ-SF
Vigorous PA (min/week) 144.7 (390.9) 0.0 (0.0−141.3) 30 (56%)
Moderate PA (min/week) 185.4 (418.0) 25.0 (0.0−232.5) 25 (46%)
MET (min/week) 2,972.1 (5,126.5) 1,410 (594.0−3,318.8) 6 (11%)
MVPA (min/week) 330.0 (781.1) 62.5 (0.0−350.0) 18 (33%)
Sedentary (min/day) 329.4 (184.0) 300.0 (192.5−465.0) 2 (4%)
Walking (min/week) 325.3 (465.0) 180.0 (0.00−420.0) 20 (37%)
PA categories
Low activity level, n (%) 27 (50.0%)
Moderate activity level, n (%) 11 (20.4%)
High activity level, n (%) 16 (29.6%)

Mean (SD) Median (IQR) Frequency of zero activity, n(%)

NPAQ-short
Vigorous PA (min/week) 142.0 (183.7) 79.5 (0.00−172.5) 18 (33%)
Moderate PA (min/week) 269.7 (399.7) 120.0 (0.0−286.8) 15 (28%)
MVPA (min/week) 411.6 (447.4) 240.0 (122.5−592.5) 6 (11%)
PA categories
Inactive 6 (11.1%)
Not sufficiently physically active 7 (13.0%)
Sufficiently physically active 10 (18.5%)
Optimally physically active 31 (57.4%)

NPAQ-short compliance with WHO’s recommendations
No 13 (24.1%)
Yes 41 (75.9%)

Note. Daily steps per day and height were considered as normally distributed. All other continuous variables were judged as having a nonnormal distribution. Number of
“zero” responses is defined as participants who reported no activity in a specific category. IPAQ-SF categories: Low activity level refers to participants who did not meet the
criteria for moderate- and vigorous-intensity categories. Moderate activity level refers to participants who had (a) 3 or more days of vigorous-intensity activity of at least
20 min/day, (b) 5 or more days of moderate-intensity activity and/or walking of at least 30 min/day, or (c) 5 or more days of any combination of walking and moderate- or
vigorous-intensity activities achieving a minimum total PA of at least 600 MET-min/week. High activity level refers to participants who had (a) vigorous-intensity activity
on at least 3 days (20 min minimum, achieving a minimum total PA of at least 1,500MET-min/week) or (b) 7 or more days of any combination of walking and moderate- or
vigorous-intensity activities achieving a minimum total PA of at least 3,000MET-min/week. NPAQ-short categories: Inactive participants were defined as participants with
no moderate or vigorous PA, not sufficiently physically active (moderate PA/150 + vigorous PA/75) < 1.0 and (moderate PA/150 + vigorous PA/75) > 0, sufficiently
physically active (moderate PA/150 + vigorous PA/75) ≥ 1.0 and (moderate PA/150 + vigorous PA/75) < 2.0, and optimally physically active (moderate PA/150 + vigorous
PA/75) ≥ 2.0. Compliance with WHO’s recommendations included sufficiently and optimally physically active participants. IQR = interquartile range; PA = physical
activity; IPAQ-SF = International Physical Activity Questionnaire-short form; MET =metabolic equivalent of task; MVPA =moderate to vigorous physical activity;
NPAQ-short = Nordic Physical Activity Questionnaire-short; WHO =World Health Organization.
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Figure 1 — Performance of instrument scores expressed as the correlation between the instrument and objectively measured steps per day. Light gray-
colored bars represent IPAQ-SF constructs, and dark gray-colored bars represent NPAQ-short constructs. y-axis: Spearman’s rank correlation coefficient
(ρ). Reference lines: below the lowest line indicates little or no correlation, above the lowest line indicates a fair correlation, above themiddle line indicates
a moderate to good correlation, and above the top line indicates a good to excellent correlation. IPAQ-SF sedentary construct is inverse, meaning the true
value is the negative equivalent of the illustrated. IPAQ = International Physical Activity Questionnaire; Vig. = vigorous; Mod. = moderate;
MET =metabolic equivalent of task; MVPA =moderate to vigorous physical activity; SF = short form; Sed. = sedentary; NPAQ =Nordic Physical
Activity Questionnaire.

Table 2 Concurrent Validity as Spearman’s Rank Correlation Coefficients Between Instrument Scores and
Objectively Measured Daily Steps

Physical activity questionnaire Correlation as Spearman’s ρ p Interpreted correlation A priori expected correlation

IPAQ-SF
Vigorous PA (min/week) .29 .04 Fair Fair
Moderate PA (min/week) .12 .41 Little or no Little or no
MVPA (min/week) .24 .08 Little or no Fair
MET (min/week) .50 <.01 Moderate to good Fair
Sedentary (min/day) −.08 .59 Little or no Fair
Walking (min/week) .45 <.01 Fair Moderate to good

NPAQ-short
Vigorous PA (min/week) .12 .40 Little or no Fair
Moderate PA (min/week) .15 .29 Little or no Moderate to good
MVPA (min/week) .22 .11 Little or no Fair

Note. Interpretation of Spearman’s rank correlation coefficients for concurrent validity: 0−.25 = little or no correlation; .25−.50 fair correlation; .50−.75 = moderate to good
correlation; and above .75 = good to excellent correlation. IPAQ-SF = International Physical Activity Questionnaire-short form; PA = physical activity; MVPA =moderate
to vigorous physical activity; MET =metabolic equivalent of task; NPAQ-short = Nordic Physical Activity Questionnaire-short.
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that reflects a multidimensional construct such as physical activity
is a difficult task, as multiple factors could be considered (Sylvia,
Bernstein, Hubbard, Keating, & Anderson, 2014). Research-grade
accelerometers have been found to measure MET-minutes and
MVPA time with acceptable validity (Prince et al., 2008), which is
considered the gold standard of physical activity measurement
(Westerterp, 2009). However, steps per day can similarly serve as a
relevant construct of physical activity in older adults for many
reasons. First, older adults rate walking as their favorite physical
activity (followed by gardening and playing sports; Szanton et al.,
2015), which is supported by our results of self-reported walking at
70%. Second, the recommendations to older adults of relevant
physical activity by the WHO, the American College of Sports

Medicine, and the American Heart Association mainly consist of
stepping activities (Elsawy & Higgins, 2010; Nelson et al., 2007;
World Health Organization, 2011). Finally, emerging evidence
suggests that the number of daily steps, not the intensity of the
walking activity, is a predictor for all-cause mortality in older
adults (Lee et al., 2019). This underpins the proposition that the
number of daily steps is a reasonable criterion measure of physical
activity in older adults and is practically applicable via easy and
low-cost capture by consumer-grade PAMs (Larsen et al., 2020).
However, the term “criterion validity” was not chosen to be used
in this study because of the multidimensionality of the physical
activity questionnaires. Instead, we conservatively framed this
study to investigate concurrent validity of the physical activity

Figure 2 — Means, confidence intervals, and distributions of average steps per day of the IPAQ-short form categorical construct and the NPAQ-short
categorical constructs. NPAQ-short categories: (a) inactive participants were defined as participants with nomoderate or vigorous physical activity, (b) not
sufficiently physically active (moderate physical activity/150 + vigorous physical activity/75) < 1.0 and (moderate physical activity/150 + vigorous
physical activity/75) > 0, (c) sufficiently physically active (moderate physical activity/150 + vigorous physical activity/75) ≥ 1.0 and (moderate physical
activity/150 + vigorous physical activity/75) < 2.0, and (d) optimally physically active (moderate physical activity/150 + vigorous physical activity/
75) ≥ 2.0. Compliance with WHO’s recommendations included sufficiently and optimally physically active participants. IPAQ = International Physical
Activity Questionnaire; NPAQ =Nordic Physical Activity Questionnaire; WHO =World Health Organization.
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questionnaires and whether they reflected objectively measured
daily steps, a highly relevant construct of physical activity among
older adults.

The individual response patterns of both the IPAQ-SF and the
NPAQ-short show that participant-reported outcome measures
tend to follow response patterns (i.e., floor effect) that challenge
the feasibility of using the IPAQ-SF and the NPAQ-short for older
adults. Thirty-seven percent of the participants reported no walking
activities exceeding 10 min. This is also relevant to the NPAQ-
short, as 28% of the participants reported no moderate physical
activity, a construct that specifically includes stepping activities
such as walking. This is illustrated by histograms in the
Supplementary Figures S1 and S2 (available online). The dis-
crepancy between daily steps and the “zero” response in the
physical activity measurements indicates that some of the parti-
cipants included in this study did not understand the examples in
the physical activity measurements or had issues with the report-
ing or the administration. Furthermore, the results from the
analyses of the categorical constructs and the illustrations in
Figure 2 also highlight the problem. Even though the one-way
analysis of variance of the IPAQ-SF categories and the unpaired t
test of the NPAQ-short dichotomic construct revealed significant
differences among the sample means, the magnitudes of the
differences and the distributions from Figure 2 indicate a problem
with the questionnaires, as the categories fail to differentiate
sufficiently between the participants. Findings from cognitive
interviews of older community-dwelling adults suggest that there
is a need for caution in administering the IPAQ among older
adults, as difficulties occurred in most stages of answering the
questions and errors resulted in both under- and overreporting
(Heesch, van Uffelen, Hill, & Brown, 2010). The reason for the
“zero” response in our study is unknown. This might be related to
the findings from the cognitive interviews (Heesch et al., 2010),
but could also be related to the electronic administration of the
measurements. Whatever the reason for the “zero” responses, it
leads to the question of whether participant-reported physical
activity measurements should be used among older adults. More
detailed descriptions in the measurements, an adapted and vali-
dated version of the IPAQ specifically for older adults (Rubio
Castañeda, Tomás Aznar, & Muro Baquero, 2017), and alter-
natives to administering the forms electronically should be con-
sidered (Cleland et al., 2018).

Strength and Limitations
This is the first study to investigate the ability of the two electroni-
cally administered physical activity questionnaires, the IPAQ-SF
and the NPAQ-short, to validly reflect objectively measured daily
steps. As mentioned earlier, daily steps serves as a highly relevant
physical activity construct among older adults (Hansen et al., 2020;
Lee et al., 2019). However, the physical activity questionnaires do
not estimate step counts. Because of this, this study was framed as a
concurrent validity study instead of a criterion validity study
(Mokkink, Terwee, Patrick, et al., 2010; Portney &Watkins, 2014).

Despite a limited sample size of 54 participants, the sample size
is considered to be “very good” to investigate concurrent validity
(Mokkink, Terwee, Knol, et al., 2010). Furthermore, our findings
are in line with previous research on IPAQ-SF (Danquah et al.,
2018; Lee et al., 2011; Silsbury et al., 2015), and we believe that our
results indicate that caution must be exercised in using these self-
reported physical activity questionnaires by electronic administra-
tion for community-dwelling older adults. We have identified a

problematic response pattern for both questionnaires, but cannot
identify the sources of these in the way of response administra-
tion, nor in the study setup. Therefore, future research should
investigate response patterns to assess whether self-reported
physical activity measurements can be applied to older adults.
Furthermore, for emphasizing specific walking activities that
otherwise might be ignored by older adults, examples such as
walking to the grocery store, walking the dog, or walking for
exercise should be listed in the physical activity questionnaires.
The generalizability of our results might be threatened by our
inclusion criteria, that participants had to own a smartphone and
a valid e-mail address, and thereby represent a selected group.
The general population of Danish older adults might have even
lower technological competencies and the way of administering
the questionnaires might cause even larger problems in the
background population. Finally, as Figure 2 illustrates, the physi-
cal activity categories did not adequately distinguish between
activity levels of the participants. However, this finding might
have changed if we included a large sample with more inactive
participants, and thus, the risk of having an underrepresentation
of inactive participants could exist. Nonetheless, as the mean
daily step count was similar to the median daily step count, the
distribution of daily steps was not skewed in either direction, and
the abovementioned consideration did, therefore, not affect our
results directly.

Conclusions
The concurrent validity was found to be inadequate, as the elec-
tronically administered IPAQ-SF and NPAQ-short did not reflect
objectively measured daily steps. There was a lack of understand-
ing of the physical activity questionnaires among the participants,
as an investigation of the response patterns revealed that a consid-
erable number of the participants reported “zero” physical activity
despite the objective data suggesting otherwise. The IPAQ-SF
vigorous score and the IPAQ-SF MET-minutes fulfilled our prior
hypothesis of a fair concurrent validity. The IPAQ-SF walking
construct also had a fair concurrent validity, but was expected to
perform better, with at least a moderate to good criterion validity.
The results from electronically administered IPAQ-SF and NPAQ-
short should be interpreted with caution due to low concurrent
validity and inconsistency when reporting physical activity.

Note
1. Inactive participants were defined as participants with no moderate or
vigorous physical activity, not sufficiently physically active participants
(moderate physical activity/150 + vigorous physical activity/75) < 1.0 and
(moderate physical activity/150 + vigorous physical activity/75) > 0, suffi-
ciently physically active participants (moderate physical activity/150 +
vigorous physical activity/75) ≥ 1.0 and (moderate physical activity/150 +
vigorous physical activity/75) < 2.0, and optimally physically active partici-
pants (moderate physical activity/150 + vigorous physical activity/75) ≥ 2.0.
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STUDY PROTOCOL Open Access

The MIPAM trial: a 12-week intervention
with motivational interviewing and physical
activity monitoring to enhance the daily
amount of physical activity in community-
dwelling older adults – a study protocol for
a randomized controlled trial
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Jan Christensen6,7 and Henning Langberg8

Abstract

Background: Physical Activity Monitors (PAMs) have been shown to effectively enhance level of physical activity
(PA) in older adults. Motivational interviewing is a person-centred model where participants are guided using self-
reflection and counselling, and addresses the behavioural and psychological aspects of why people initiate health
behaviour change by prompting increases in motivation and self-efficacy. The addition of motivational interviewing
to PA interventions may increase the effectiveness of PAMs for older adults.

Methods: This motivational interviewing and PA monitoring trial is designed as an investigator-blinded, two arm
parallel group, randomized controlled superiority trial with primary endpoint after 12 weeks of intervention. The
intervention group will receive a PAM-based intervention and motivational interviewing and the control group will
only receive the PAM-based intervention. The primary outcome is PA, objectively measured as the average daily
number of steps throughout the intervention period. Secondary outcome measures include self-reported PA health-
related quality of life, loneliness, self-efficacy for exercise, outcome expectancy for exercise, and social relations. The
outcomes will be analysed with a linear regression model investigating between-group differences, adjusted for
baseline scores. Following the intention to treat principle, multiple imputation will be performed to handle missing
values.
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(Continued from previous page)

Discussion: A moderate effect of daily PA measured using PAMs is expected in this superiority RCT investigating
the effect of adding motivational interviewing to a PAM intervention. According to the World Health Organization,
walking and cycling are key activities in regular PA and should be promoted. To increase the general public health
and lower the burden of inactivity in older adults, cost-beneficial solutions should be investigated further. If this RCT
shows that motivational interviewing can enhance the effect of PAM-based interventions, it might be included as
an add-on intervention when appropriate. No matter what the results of this study will be, the conclusions will be
relevant for clinicians as the dependence on technology is increasing, especially in relation to public health
promotion.

Trial registration: NCT03906162, April 1, 2019.

Background
Twenty-seven percent of older adults in Denmark (65–
74 years) and 39–46% of very old adults (age above 75)
do not meet the World Health Organization’s (WHO)
recommendations for minimum physical activity (PA)
[1] and the motivation for increasing PA is low for both
age groups [2]. Physical inactivity and low PA levels have
a major impact on global public health [3]. Physical in-
activity among older adults is associated with disability
and premature death and is one of the main barriers to
healthy aging [4, 5]. Increased PA levels among older
adults, including the ones living with chronic diseases,
are associated with longevity benefits and healthy aging
no matter the previous level of PA [5, 6].
Overall, PA promoting interventions do seem wo work

well among older adults [7, 8] and furthermore, a review
of reviews by Olanrewaju et al. found that behavioural
and cognitive interventions are effective for increasing
short-term PA in older adults [9]. Walking is the pre-
ferred form of PA among community-dwelling older
adults [10], and participation in walking programs is an
effective [9] means of increasing PA levels among this
population. In order to maintain long-term participation
in PA programs, individualized interventions based on
theories of health behaviour change may be required [4,
9]. Social support may be important for increasing PA in
older adults as social support and social networks influ-
ence health behaviours [11]. Lack of motivation for, or
adherence to, exercise in older adults may be due to low
self-efficacy or perceived barriers [12–15]. Physical activ-
ity monitors (PAMs) used to provide user feedback can
facilitate motivational behavioural change and are often
used in interventions to increase the average number of
daily steps in older adults [16, 17].
However, PAMs might not be adequate or optimal for

all older adults, as individualized goal-setting and social
support have been reported as important factors in PA in-
terventions [18]. A strategy including PA monitoring, goal
setting [18] and Motivational Interviewing (MI) has been
shown to promote maintenance of increased PA behav-
iour 6 months after intervention [19]. MI is a person-

centred model where participants are guided using self-
reflection and counselling [20]. MI addresses the behav-
ioural and psychological aspects of why people initiate
health behaviour changes by prompting increases in mo-
tivation and self-efficacy [21, 22]. In Denmark, MI is
already well established among municipality health work
with older adults or general practitioners’ counselling of
patients [23–29]. Furthermore, studies within older adults
have reported MI to increase PA levels among patients
with heart failure [30] and hip fracture [31]. Finally, older
adults have reported the combination of PAMs and MI to
be acceptable in a feasibility study aimed to keep people
active after a fall management intervention, which to our
knowledge is the only study that combines a PAM-based
intervention with MI in older adults [32] Thus, MI shows
potential for increasing PA levels and seems especially
relevant to include and investigate in combination with a
PAM-based intervention among Danish community-
dwelling older adults [33, 34].

Objective
The objective of this RCT is to investigate the effect of
MI as an add-on intervention to a PAM-based interven-
tion measured by the average daily step count in
community-dwelling older adults above the age of 70. It
is hypothesized that: 1) MI will enhance the average
daily step count among participants, 2) that MI will
affect self-reported PA and quality of life, and 3) that
self-efficacy and outcome expectancy for exercise will
mediate this effect and explain heterogeneity in the
results.

Trial design
The MIPAM trial is designed as an investigator-blinded,
two arm parallel group, superiority RCT with primary
endpoint after 12 weeks of intervention.

Methods
This protocol is reported according to the Standard
Protocol Items: Recommendations for Interventional
Trials (SPIRIT statement) [35].
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Participants, interventions, and outcomes
Study setting
This RCT will be conducted nationwide among the
community-dwelling older adults in Denmark.

Eligibility criteria
Participants will be considered eligible for inclusion if
they: 1) are retired and community-dwelling, 2) are at
least 70 years of age at the time of enrolment, 3) own a
smartphone or tablet able to install the Garmin Connect
application, 4) have an e-mail address and are able to
correspond and complete the study survey, and 5) have
hearing abilities sufficient to receive a telephone
interview.
Participants will not be considered eligible for inclu-

sion, and hence excluded, if: 1) they have cognitive im-
pairment from moderate to severe dementia or
Alzheimer’s disease, 2) they are undergoing active
chemotherapy or palliative care for cancer, and 3) or
have a major mobility impairment preventing them from
walking (e.g. from paralysis, amputations, severe arthro-
sis or arthritis, multiple sclerosis or Parkinson’s disease).

Interventions
The control group will receive the PAM intervention
and the experimental group will receive both the PAM
intervention and a telephone-based MI intervention in-
cluding goal setting for PA.

Physical activity monitor intervention
In a recent systematic review including 21 RCTs, PAMs
has been shown to effectively enhance the daily number
of daily steps in older adults [16, 17]. The PAM inter-
vention consists of a PAM for everyday use in the inter-
vention period and a pamphlet with information about
Danish recommendations on PA in aging populations.
The PAM will be the hip-worn Garmin Vivofit 3 moni-
tor linked to a pre-specified Garmin Connect account.
The participants will receive the PAMs and an installa-
tion guide, and will be asked to install the Garmin Con-
nect application on their smartphone using a pre-
specified ID/password in the app. The Garmin Connect
application (https://connect.garmin.com/) allows partici-
pants to track, view and explore their daily step data. It
allows for individual goal-setting on PA or other health
related variables e.g. weight management, and it also al-
lows the participants to connect with friends or relatives
and create challenges with these. The participants will
only be asked to install the application and use the auto-
mated goal-setting for daily steps, but they will be
allowed to explore and use other functions of the appli-
cation. Participants with installation difficulties will re-
ceive support by telephone from the research team. The
participants will be asked to wear the monitor for all

waking hours, except when bathing, every day for the
12-week intervention period.

Experimental intervention
The experimental intervention combines the PAM inter-
vention with a MI-intervention, delivered by MI-trained
physiotherapists (PT). During the 12-week intervention
period, the participants will receive seven telephone
calls. Using an intervention schedule inspired by the
work of King et al. to facilitate initiation and mainten-
ance of behaviour change, calls are delivered in the first,
second, third, fifth, seventh, ninth and last intervention
week [36].
In this person-centred intervention model, participants

are guided through self-reflective counselling consistent
with the MI approach [20]. They will receive feedback
on their PA and health behaviours in relation to the na-
tional recommendations. Consistent with the original
MI approach [20], this feedback will also highlight the
discrepancy between their health goals and their current
health behaviours.
The underlying theoretical perspective used to

motivate the participants is derived from the Social
Cognitive Theory (SCT) and the Transtheoretical
Model (TTM) [37–40]. SCT proposes that to promote
individuals’ health behaviours, individuals must believe
in their ability to carry out the specific behaviour,
and they must also believe in its benefit [41, 42].
Self-efficacy and outcome expectations are key con-
structs and seen as direct predictors of PA behav-
iours, and they operate through indirect pathways
affecting goal setting and the perception of socio-
structural factors [37]. TTM was developed by Pro-
chaska and DiClemente and posits that behaviour
change follows a series of stages, which will be
assessed by the counsellor; 1) precontemplation (indi-
viduals are not participating in any PA and have no
intention to do so in the future), 2) contemplation
(individuals are not participating in any PA but in-
tend to start doing so in the next 6 months), 3) prep-
aration (individuals intend to start participating in
regular PA in the next 6 months and are starting to
make small changes in their activity behaviour), 4) ac-
tion (individuals meet defined criteria for PA but have
done so for less than 6 months), and 5) maintenance
(individuals have met defined criteria for PA for more
than 6 months) [38–40]. A number of factors deter-
mine movement through the stages, including cogni-
tive and behavioural processes of change, self-efficacy,
and outcome expectancies.
Several theoretical constructs from the SCT and the

TTM are addressed by the MI intervention. Personal
factors and self-efficacy, in this setting for exercise,
will be operationalized by coaching with realistic and
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measurable goal setting. Self-efficacy as a construct
will be measured by the self-efficacy for exercise scale
(SEE) [43]. Behavioural factors and outcome expectan-
cies will be operationalized through discussion of ben-
efits and barriers to health behavioural change, which
should lead to increased perception of benefits and
decreased perception of barriers [13]. Further, discus-
sion of problem-solving approach to address behav-
iours will lead to an improved ability to do so.
Outcome-expectancies will be measured by the
Outcome-Expectancies for Exercise-2 scale (OEE-2)
[44]. In the SCT, social support is an important con-
struct for behavioural change. Environmental factors
and social support will be operationalized through identifi-
cation of supports for maintenance of health behavioural
change, and specific goal setting for using supports, which
will lead to increase level of support for the participant’s
health behavioural change. Participants will be encouraged
to use a variety of supports including family and friends,
as well as neighbourhood and community supports. In
collaboration with local community partners, a commu-
nity reference guide has been compiled that enables the
counsellor to refer participants to specific community re-
sources (e.g., walking groups).

Fidelity
The intervention (and the actual content of the
motivational interviews) will be tailored to individual
participants, but the number and timing of calls will not
be adjusted. The project telephone counsellors are PTs
with additional training and education in the MI ap-
proach to telephone health behaviour counselling. Train-
ing involved a four-day course, with reading materials,
discussions with other study investigators and roleplay-
ing exercises. During this study, with participants’ verbal
consent, telephone MI sessions will be audiotaped on a
regular basis to ensure fidelity of intervention delivery
and to provide counsellor feedback. Fidelity monitoring
will be conducted by two coders that agree on a global
score for each coded MI-session using the Motivational
Interviewing Treatment Integrity Scale version 4 (MITI
4) [45]. The MITI 4 consists of four global ratings (Cul-
tivating Change talk, Softening Sustain Talk, Partnership,
and Empathy), and 10 individual behaviour counts
(Questions, Simple Reflections, Complex Reflections,
Persuade with Permission, Giving Information, Affirma-
tions, Emphasize Autonomy, Seeking Collaboration, Per-
suade and Confront) which are counted in the time
frame of the interview [45]. A median global score in
each domain of four and a reflection to question ratio of
more than one will be considered decent MI proficiency.
Call completion, duration of the call, type of MI-
intervention and stage of change will be noted after each
telephone call (Fig. 1).

Outcomes
Primary outcome measure
The average number of steps per day during the first
baseline week and the 12-week intervention period is the
primary study outcome. The hip-worn Garmin Vivofit 3
tri-axial accelerometer will serve as the PAMs and thus
measure the primary outcome. The commercially avail-
able Garmin Vivofit 3 has, to the best of our knowledge,
only been validated in older adults by our own research
group. The Garmin Vivofit 3 was validated with three
other monitors and the hip-worn PAMs were found to
be superior to wrist-worn PAMs among older adults
with and without rollators [46].

Secondary outcome measures
Secondary outcome measures will include self-reported
information from the participants on PA, health-related
quality of life, loneliness, self-efficacy for exercise, out-
come expectancy for exercise, and social relations. All
secondary outcomes will be collected at baseline, at end-
point, and at six- and 12-month follow up.
The baseline self-report questionnaire will be com-

pleted before the intervention group receives the first
motivational interview and the endpoint questionnaire
will be distributed after 12 weeks of intervention and
after the last motivational interview.

International physical activity questionnaire-short form
(IPAQ-SF)
The seven-item IPAQ-SF assesses the amount of moder-
ate to vigorous physical activity (MVPA), VPA, walking
time and sedentary time, that has been performed in the
past 7 days [47]. The score is categorized into three
levels of PA; low, moderate and high [48]. A review of
16 international studies of the measurement properties
of the IPAQ-SF assessment demonstrated acceptable re-
liability (Spearman’s rho: 0,32-0,88) [47] and low to
moderate concurrent validity compared to accelerometer
with a pooled correlation coefficient of 0.30 (Spearman’s
rho range: 0,09-0,38) [49]. The Danish version has previ-
ously been used in a Danish population of older adults
[50]. MVPA, walking time and sedentary time will be
used as outcomes from the IPAQ-SF.

Nordic physical activity questionnaire short (NPAQ-short)
The two-item NPAQ-short [51] is a short revised ver-
sion of the original NPAQ, a survey tool based on tele-
phone interviews designed for the assessment of MVPA.
It was developed to monitor compliance with the WHO
recommendations on PA [52] and has showed moderate
correlation with objectively measured MVPA (Spear-
man’s rho: 0.33) in a Danish population with an average
age of 43 (range: 17–85) [51]. Besides MVPA, the
NPAQ-short produces four categories of PA according
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to the WHO recommendations (inactive, insufficient
physically active, sufficient physically active and opti-
mally physically active). MVPA will be used as an out-
come from the NPAQ-short.

The 5-level EuroQol-5 domain (EQ-5D-5L) quality of life
questionnaire
The EQ-5D-5L is a generic Health-Related Quality of
Life (HRQoL) measurement tool developed as a non-
disease-specific instrument for HRQoL [53, 54]. EQ-5D-
5L comprises of five dimensions (mobility, self-care,
usual activities, pain/discomfort and anxiety/depression),
each of which has five levels (no problems, slight prob-
lems, moderate problems, severe problems or unable to),
and a visual analogue scale (EQ VAS) [54]. The EQ VAS

records the patient’s self-rated health on a vertical visual
analogue scale, where the endpoints are labelled ‘The
best health you can imagine’ and ‘The worst health you
can imagine’. The EQ-5D-5L has shown general feasibil-
ity for measuring HRQoL in a population sample of
older adults [55]. The test-retest reliability have been
evaluated for the EQ-5D-3L index (correlation: 0.67) and
the EQ-5D-3L VAS (0.53) [56] but not for the EQ-5D-
5L. The EQ-5D-3L has shown fair to moderate conver-
gent validity by correlations with five related domains of
the WHO-5 (Spearman’s rho: 0.29–0.61) [57]. The EQ-
5D-5L is adapted to Danish [58] but no psychometric
evaluation of the Danish version has been published.
The EQ VAS score will be used as an outcome from the
EQ-5D questionnaire.

Fig. 1 SPIRIT participant timeline
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UCLA loneliness scale
The 20-item UCLA loneliness scale (third version) is
a self-report measure of loneliness and social isolation
[59]. The scale consists of 11 positive and nine nega-
tive items and the total score is calculated as the sum
of 20 items (0–60), with a higher score indicating
more loneliness. The negative items (one, five, six,
nine, 10, 15, 16, 19 and 20) are reversed before the
scores are summed (i.e. high score equals less loneli-
ness). The scale is adapted to Danish (translation
found in Additional file 2) and has shown high
internal consistency (Cronbach’s Alpha: 0.92) and
moderate convergent validity with other measures of
emotional loneliness (r: 0.69) and social loneliness
(r: 0.73). In addition, the scale has showed moderate
discriminant validity in relation to self-esteem (r: − 0.58),
depression (r: 0,59), extraversion (r: 0.57) and neuroticism
(r: 0,58). In a population of older adults, the scale has
shown good internal consistency (Cronbach’s Alpha: 0.87)
[60]. The total score will be used as an outcome from the
UCLA loneliness scale.

Self-efficacy for exercise
The nine-item SEE addresses confidence to engage in
regular exercise [43], when challenged by known barriers
to exercise [61]. The scale was initially developed for
sedentary adults living in the community who partici-
pated in an outpatient exercise program [62] and was re-
vised to be applicable to older adults [43]. Response
categories range from 0 (no confidence) to 10 (very
confident) [43]. Item scores are used to calculate a total
score (0–90), with higher scores indicating higher confi-
dence, or self-efficacy, related to exercise. The SEE-DK
has been translated and adapted to Danish community-
dwelling older adults by our research group (translation
found in Additional file 4). The average score will be
used as an outcome from the SEE-DK.

Outcome expectancy for Exercise-2
The 13-item OEE-2 scale was developed from the ori-
ginal 9-item Outcome Expectations for Exercise (OEE)
scale that focused on measuring the positive outcome
expectations for exercise (POEE). Based on qualitative
findings [61, 63], the original OEE was revised to include
four items that focused on negative outcome expecta-
tions for exercise (NOEE) [44]. It was initially developed
for older adults [64, 65]. To complete the OEE2-DK
scale the participants are asked, using a Likert scale, to
strongly agree, agree, neither agree nor disagree, disagree,
or strongly disagree with each statement of exercising.
The POEE and NOEE subscales are scored by calculat-
ing the average score on each scale (1–5) and the items
three, six, nine and 12 (NOEE subscale) are reversed be-
fore the scores are summed [44]. The OEE2-DK has

been translated and adapted to Danish community-
dwelling older adults by our research group (translation
found in Additional file 3). The average score will be
used as an outcome from the OEE2-DK.
These secondary outcomes be completed as will be

completed as follow-up measures six and 12months
after ending the intervention. They will be conducted as
online surveys.

Social- and demographic baseline variables
The 42-item Copenhagen Social Relations Question-
naire (CRSQ), will be used to describe participants in
terms of structural and social relations. CRSQ was
originally developed in Danish in 1999 [66] and
measures the structural aspects of social relations,
with a focus on frequency and diversity of social con-
tact, and functional aspects with focus on perceived
social support. CSRQ has been used in several Danish
population-based surveys including in the Copenhagen
Aging and Midlife Biobank (CAMB) [67]. In a sample
of 38- to 69-year-old adults, the CSRQ showed
acceptable face and content validity and good test-
retest reliability, with 41% of the items achieving
substantial to almost perfect agreement (kappa: 0.65–
0.97) and the rest showing moderate agreement
(kappa: 0.41–0.60) [68]. The CRSQ will be used to re-
port if the participants are living alone.
Table 1, including socio-demographics of included

participants, and Table 2, including PA characteristics,
will be used to report relevant baseline information on
the participants.

Sample size and power considerations
The estimated number of participants required is 128.
This number will be sufficient to show a 0.5 standard
deviation difference between groups, equal to a moder-
ate effect size, on the primary outcome (steps per day).
The number of participants will yield a power on 80%
with a significance level of 0.05. To account for partici-
pation attrition, this study will enrol 20% more partici-
pants than required, for total of 154 participants divided
into two comparison groups.

Recruitment
We will recruit participants through online advertise-
ments on Facebook and LinkedIn, in non-profit organi-
zations working with older adults (such as activity
organizations) and at activity centres and other commu-
nities of older adults. Participants eligible for inclusion
will receive the information necessary for participation
by mail and complete online questionnaires. The partici-
pants will only have contact with the research team via
phone or e-mail correspondence.
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Assignment of interventions
Allocation

Sequence generation and allocation concealment
mechanism Participants will be randomly assigned to
either the intervention or the control group, with a
1:1 allocation. After completion of the one-week

baseline period, eligible participants will be random-
ized into blocks consisting of a minimum four par-
ticipants, stratified on sex (M/F) and average daily
baseline step count for the baseline period.
Randomization of participants will be performed
every week, except for weeks with less than four
new participants.

Table 1 Socio-demographics of included participants
Characteristics Overall (n=) Control group (n=) Intervention group (n=) p

Age in years, mean (95% CI) – – – ⨂
Male, n (%) – – – ⊠

BMI, mean (95%CI) – – – ⨂
Education – – – ⊠

No education, n (%) – – –

Primary or secondary education, n (%) – – –

Tertiary education, n (%) – – –

Master’s degree, n (%) – – –

Living alone, n (%) – – – ⊠

Long-term illness, injuries or disability more than 6 months, n (%) – – – ⊠

Smoking – – –

Smokes, n (%) – – – ⊠

Quit smoking, n (%) – – –

Never smoked, n (%) – – –

Wants to be more physically active – – –

Yes, n (%) – – – ⊠

No, n (%) – – –

Do not know, n (%) – – –

Uses a PAM before enrolment, n (%) – – – ⊠

Walking aids

No walking aids, n (%) – – – ⊠

Cane user, n (%) – – –

Rollator user, n (%) – – –

Reports to be in pain, n (%) – – – ⊠

EQ-5D – – –

Mobility – reporting problems n (%) – – – ⊠

Self-Care – reporting problems n (%) – – – ⊠

Usual Activity – reporting problems n (%) – – – ⊠

Pain/Discomfort – reporting problems n (%) – – – ⊠

Anxiety/Depression – reporting problems n (%) – – – ⊠

EQ VAS, mean (95%CI) – – – ⨂
UCLA Loneliness Scale, mean n (%) – – – ⨂
OEE average score, mean (95% CI) – – – ⨂
SEE average score, mean (95% CI) – – – ⨂
BMI: Body Mass Index, PAM: Physical Activity Monitor, EQ-5D: EuroQol Research Foundation Five Domains, UCLA: University of California Los Angeles, OEE:
Outcome Expectancy for Exercise, SEE: Self Efficacy for Exercise. IPAQ-SF: International Physical Activity Questionnaire-Short Form, NPAQ: Nordic Physical Activity
Questionnaire-Short Form, MVPA: Moderate to Vigorous Physical Activity, SD: standard deviation, 95% CI: 95% confidence intervals, IQR: interquartile range, ⨂ Test
for between-group difference with unpaired t-test, ⨀ Test for between group difference with Mann-Whitney U test, ⊠ Test for between group difference with Chi2

test, p values for between group difference ≤.05 are considered significant
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Participants will be randomized using the statistical
software package STATA. Allocation concealment will
be ensured, as the allocation will not be available until
the patient has been recruited into the trial, which takes
place after the baseline step count measurements have
been completed.
One investigator will oversee the randomization. That

investigator will receive a list of participant IDs every
week and randomize the participants according to the
above method. This investigator will not have any role
in recruitment or in statistical analyses. The data-
analysis-responsible investigator will be blinded for par-
ticipant allocation. As the primary outcome is objectively
measured steps per day, the outcome assessor of the pri-
mary outcome can be considered blinded. As the sec-
ondary outcome measures are self-reported, the
outcome assessor is not blinded.
Due to the nature of the intervention, both partici-

pants and staff conducting the motivational interview
in the intervention group will not be blinded to allo-
cation. However, they will be strongly encouraged to
not disclose the allocation status of the participants
with the principal investigator who will conduct the
analyses. The group names of the intervention and
the control group will be anonymized before the data
will be analysed to ensure blinding of the principal
investigator.

Data collection, management, and analysis
Data collection methods
This section includes plans for assessment and collection
of outcomes.

Primary outcome The primary outcome (average steps
per day in the 12-week intervention period) will be ex-
tracted from the data management software program
Fitrockr. Participants will be asked to synchronize their
PAMs and their Garmin Connect application daily, en-
suring daily storage of the step counts. Every week, par-
ticipants who fail to synchronize their PAM will be
reminded via e-mail or by telephone. The PAMs have
the capacity to store the step counts for 30 days; there-
fore, no data loss is anticipated, even if the participants
fail to synchronize their PAM for longer periods of time.
Fitrockr will extract the data from Garmin Connect and
make daily step counts available for export through their
service. When the participant has completed the 12-
week intervention, the daily totals will be extracted as 84
variables (12*7). After the data extraction, the average
daily step count will be calculated.

Secondary outcomes All secondary outcomes are
participant-reported and administered through the on-
line survey platform SurveyXact. All participants will re-
ceive an email with an electronic SurveyXact invitation

Table 2 Physical activity characteristics of included participants
Characteristics Overall (n=) Control group (n=) Intervention group (n=) p

Baseline Physical Activity
Average daily step count, mean (95% CI)

– – – ⨂

IPAQ-SF – – –

MVPA, mean (95% CI) – – – ⨂
MPA, mean (95% CI) – – – ⨂
VPA, mean (95% CI) – – – ⨂
Walking time, mean (95% CI) – – – ⨂
Sedentary time, mean (95% CI) – – – ⨂
Low activity level, n (%) – – –

Moderate activity level, n (%) – – – ⊠

High activity level, n (%) – – –

NPAQ – – –

MVPA, mean (95% CI) – – – ⨂
VPA, mean (95% CI) – – – ⨂
Physically inactive, n (%) – – –

Insufficient physically active, n (%) – – –

Sufficient physically active, n (%) – – – ⊠

Optimally physically active, n (%) – – –

IPAQ-SF: International Physical Activity Questionnaire-Short Form, NPAQ: Nordic Physical Activity Questionnaire-Short Form, MVPA: Moderate to Vigorous Physical
Activity, SD: standard deviation, 95% CI: 95% confidence intervals, IQR: interquartile range, ⨂ Test for between-group difference with unpaired t-test, ⨀ Test for
between group difference with Mann-Whitney U test, ⊠ Test for between group difference with Chi2 test, p values for between group difference ≤.05 are
considered significant
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on the day of randomization. On the last day of inter-
vention (day 84), the participants will receive a similar
SurveyXact invitation with the end-point questionnaire.
The six- and 12-month follow up assessments will be
administered in similar ways as the end-point
assessment.

Demographic and other baseline items Non-outcome
variables will be included in the baseline questionnaire
and thus be self-reported. These variables include: sex
(male/female), age in years, height in cm, weight in kg,
highest completed education (no education, primary
education, secondary education, tertiary education),
marital status (married, widow/widower, single, di-
vorced), smoking habits (never smoked, former smokers,
smoker), present pain (yes/no), long-term illness or dis-
ability from injury (more than 6 months yes/no), felt
limited in performing daily activities because of health
issues (seriously limited, somewhat limited, not limited),
use of walking aids (no walking aids, cane or rollator),
use of PAMs before enrolment (yes/no), would like to be
more physically active (yes, no, do not know).
Reasons for dropout will be collected from each dis-

continued participant by the primary investigator after
discontinuation.

Data management
All outcomes data will be collected and stored electron-
ically. No personal data will be exported from Fitrockr
or SurveyXact without pseudonymization. Complete
anonymization of all data will be performed after the last
follow-up period. Data protection agency approval Refer-
ence number: 514–0268/18–3000.
Steps per day will be stored each time the participant

synchronizes the PAM. The data-handling-responsible

program Fitrockr will extract data from the Garmin ap-
plications and store these data according to the agree-
ments. When a participant completes the intervention
period, their data will be exported from the Fitrockr
database and stored securely at the University of
Copenhagen server.

Statistical methods
Distributions of continuous data will be evaluated by
inspecting Quantile-Quantile plots of the standardized
residuals and histograms with normal distribution
curves. Continuous data with normal distributions will
be analysed with parametric statistics. Continuous data
with non-normal distributions will be analysed as ordinal
data with non-parametrical statistics. Categorical data
will be presented as frequencies.
The primary outcome, average daily step count, will be

analysed with a linear regression model investigating the
between-group differences, adjusted for sex (M/F) and
baseline daily step count. Following the intention to treat
principle, the Gaussian normal regression method will
be used to impute missing values (multiple imputation
on baseline step count, gender and age).
The same procedure will be used to analyse between

group differences on secondary outcomes and all sec-
ondary outcomes will be adjusted for baseline score,
baseline daily step count and sex (M/F). Harms will be
evaluated by calculating the relative risk (RR), separately
for serious and non-serious adverse event between the
intervention and control group.
In calculating the average daily step count, days with

less than 100 steps will be handled as “days of non-wear”
and excluded assessing the mean step count.
Table 3 is the outline table for the reporting of end-

point values for primary and secondary outcomes.

Table 3 End-point values for primary and secondary outcomes, adjusted for sex, baseline scores and baseline daily step count
Characteristics Control group (n=) Intervention group (n=) P

Primary outcome
Average daily step count, mean (95% CI)

– – –

Secondary outcomes – – –

EQ VAS, mean (95% CI) – – –

UCLA Loneliness Scale, mean n (%) – – –

OEE average score, mean (95% CI) – – –

SEE average score, mean (95% CI) – – –

IPAQ-SF MVPA, mean (95% CI) – – –

IPAQ-SF Walking time, mean (95% CI) – – –

IPAQ-SF Sedentary time, mean (95% CI) – – –

NPAQ MVPA, mean (95% CI) – – –

BMI: Body Mass Index, PAM: Physical Activity Monitor, EQ-5D: EuroQol Research Foundation Five Domains, UCLA: University of California Los Angeles, OEE:
Outcome Expectancy for Exercise, SEE: Self Efficacy for Exercise. IPAQ-SF: International Physical Activity Questionnaire-Short Form, NPAQ: Nordic Physical Activity
Questionnaire-Short Form, MVPA: Moderate to Vigorous Physical Activity, SD: standard deviation, 95% CI: 95% confidence intervals, IQR: interquartile range,
between-group differences calculated from linear regression model, adjusted for baseline scores, sex and baseline daily step count, using imputed values from the
Gaussian normal regression method (baseline step count, sex and age). p values for between group difference ≤.05 are considered significant
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Monitoring
Data monitoring
Not applicable/relevant.

Harms
In our study, adverse events will be defined as any unin-
tended negative consequences in a participant without
regard to the possibility of a causal relationship with the
intervention. Adverse event rates will be measured after
the subject has provided consent and enrolled in the
study. All adverse events occurring after entry into the
study will be recorded. The participants will be asked at
the end-point questionnaire if they experienced any ad-
verse events in terms of using the PAMs or trying to en-
hance their daily amount of PA.

Auditing
No auditing has been protocolled.

Ethics and dissemination
Research ethics approval
According to written correspondence with the Danish
Ethics Committee in the Capital Region of Denmark,
this trial was not subject to the current laws on research
ethics in Denmark due to the non-invasive behavioural
change intervention. Thus, this study was pre-approved
and can be conducted without further approval from the
Danish Ethics Committee of the Capital Region of
Denmark (Journal-nr.:18004960).

Protocol amendments
Any modifications to the protocol which may affect the
study procedure, potential benefit to participants, or
may affect safety, including changes of study objectives,
study design, sample population, sample size, study pro-
cedures, or significant administrative aspects will require
a formal amendment to the protocol that will be revised
and re-uploaded to Clinicaltrials.gov.

Consent or assent
Informed consent will be collected electronically via Sur-
veyXact. Prior to agreeing and signing the consent sur-
vey, the participant will receive written information
about the study by email. If the participant has any ques-
tions they may contact the study-responsible researcher.
The participant is informed orally and in writing that
they can withdraw their consent at any time without af-
fecting current or future treatment in the Danish health-
care system. The translated version of the informed
consent material can be found in Additional file 1.

Confidentiality
All study-related information and collected data on par-
ticipants will be stored securely on a server at University

of Copenhagen. All extractions from this server will be
followed by immediately anonymization of the dataset.

Discussion
Implications
We expect a clinically relevant moderate effect on PA
from the experimental intervention in this RCT. Accord-
ing to the World Health Organization, walking and cyc-
ling are key activities in regular PA and should be
promoted among older adults [69–71]. To increase the
general public health and lower the burden of inactivity
in older adults, the efficacy of cost-beneficial solutions
should be investigated further [70]. If this RCT shows
that MI can enhance the effect of PAM-based interven-
tions, it might be included as a cost-benefit add-on
intervention when appropriate. The conclusions from
this study will be relevant for clinicians as the depend-
ence on technology is increasing, especially in relation to
public health promotion.

Methodology
Several recommendations for conducting clinical trials
have been published [72, 73] and following the SPIRIT
[35] reporting framework does not mean that the trial
will be effective. In this section, the most relevant pitfalls
in conducting this particular RCT will be discussed.
Unclear hypotheses and multiple objectives often hin-

der clinical trials as they may confuse readers and lower
the applicability [73]. To answer the specific research
question about adding MI to PAM-based interventions,
this RCT uses a simple design to increase the
generalizability of findings outside of the trial context.
If clinically irrelevant outcomes are used, the trail may

not reflect the real world concerns of clinicians, which
may affect applicability of the trial [74]. Often, surrogate
outcomes are used to show an effect if the intervention
fails to change the real and clinically relevant outcomes
[74]. Thus, HRQoL, outcome-expectancy and self-
efficacy of the participants may improve among the
intervention group participants and might be considered
as positive changes. However, because of the primary
outcome of interest, daily PA, is a distinct construct, the
secondary outcomes will only be used to explain the ef-
fect (or heterogeneity of) in the primary outcome. Daily
steps have been shown to be a critical construct as it is
highly associated with longevity and health status among
older adults [75, 76]. In this study, daily steps will be val-
idly measured by the Garmin Vivofit 3 [46], and thus
able to serve as a critical outcome relevant to both clini-
cians and decision makers.
When selecting eligibility criteria for study participa-

tion, researchers should consider whether to strive for a
homogeneous or heterogenous sample. For study enrol-
ment purposes, achieving a homogenous sample is more
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challenging, but may also result in a more precise effect
estimate. A heterogenous sample is expected to increase
the generalizability of results in exchange for less precise
effect estimates and reduced ability to draw conclusions
from results [73]. In this RCT, we have chosen eligibility
criteria that allow for a quite heterogenic group of study
participants, as we expect our results to be most affected
by self-efficacy for exercise and outcome expectancy, ra-
ther than participant demographics factors [12, 77]. Our
study participants may react differently to the behav-
ioural change intervention, but this will most likely re-
flect the real-life situations where a single approach may
not apply equally [4]. In summary, we have chosen
generalizability of the results in favour of effect estimate
precision.
When choosing the comparator, the control group

intervention content, should be relevant and active. Both
the PREPARE guideline, CONSORT statement and the
SPIRIT checklist suggest building the intervention and
control intervention content on a recent published sys-
tematic review [35, 72, 78]. Our study group recently
published a systematic review that found that PAM-
based interventions are effective and that future com-
parison studies should not use passive control groups to
investigate the effect any further [16]. Instead, future
studies should investigate the right and relevant ques-
tions, such as “does PAM-based interventions work bet-
ter than …? ” or “can we enhance the effect of a PAM-
based intervention by? ” [16]. This RCT stands as a su-
periority trial investigating if MI should be added to
PAM-based interventions among older adults.
Selecting an appropriate study timeline to measure an

effect, and in this trial, long-term behavioural change, is
critical in trial design [72]. We considered both the prac-
tical possibilities and the optimal intervention length
and arrived on a 12-week intervention period. If the
intervention, and thus exposure to MI is too short the
intervention is unlikely to demonstrate positive out-
comes. However, a prolonged intervention may hinder
implementation in a real-world setting. Among the 21
PAM-based intervention studies included in the previ-
ously mentioned systematic review, the median interven-
tion time was also 12 weeks (range 4 to 52). More
importantly, the intervention length was not associated
with effect size [16]. However, researchers must also in-
clude follow-up time to ensure long-term adherence to
the health behaviour change, which is ultimately the de-
sired outcome of MI [79]. This RCT will use self-
reported measures to investigate long-term adherence to
the behaviour change after six- and 12-months after the
intervention. Results from these long-term follow up pe-
riods will also be published and are expected to be rele-
vant. This is because it is hypothesized that participants
who received MI will develop more effective strategies

to ensure long-term adherence, compared to the partici-
pants who only received the PAM-based intervention.

Conclusions
PAMs has been shown to effectively enhance PA-levels
among older adults and passive comparisons are there-
fore not encouraged. Future research should investigate
whether the effect of PAMs can be enhanced by adding
relevant behavioural change content, such as MI, in pop-
ulations of older adults. This RCT will be conducted ac-
cording to current best practice guidelines and will help
future clinicians and decision makers to decide if MI
should be included in PAM-based interventions among
older adults.
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Abstract 

Background 

One in four older adults in Denmark and almost half of the very old above 75 do not meet the 

WRUOd HHaOWK OUJaQL]aWLRQ¶V UHcRPPHQdaWLRQV IRU a PLQLPXP RI SK\VLcaO acWLYLW\ (PA). A cRVW-

efficient and effective way to increase focus on and motivation for daily walking might be to use 

Physical Activity Monitors (PAMs) in combination with behavioural change intervention. Thus, the 

objective of this randomized controlled study was to investigate the effect of Motivational 

Interviewing (MI) as an add-on intervention to a PAM-based intervention measured in community-

dwelling older adults. 

 

Methods 

This two-arm parallel group randomized controlled trial compared a 12-weeks PAM-based 

intervention with additional MI (PAM+MI group) with a PAM-based intervention alone (PAM 

group). The primary outcome, average daily step count, was analysed with a linear regression 

model, adjusted for sex and baseline daily step count. Following the intention-to-treat principle, 

multiple imputation based on baseline step count, sex and age was performed.  

 

Results 

In total, 38 participants were randomized to the PAM intervention and 32 to the PAM+MI 

intervention arm. During the intervention period, PAM+MI participants walked on average 909 

more steps per day than PAM participants, however insignificant (95%CI: -71; 1889) and reported 

2.3 points less on the UCLA Loneliness Scale (95%CI: -4.5; -1.24). 

 

Conclusion 

The use of MI, in addition to a PAM-based intervention among older adults in PA promoting 

interventions hold a potential clinically relevant effect on physical activity and should thus be 

investigated further with adequately powered RCTs.  
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Introduction 

Background and objectives 
More than 50 percent of the European older adults are insufficiently physically active 1. Higher 

levels of physical activity (PA) among older adults are associated with positive health-related 

outcomes, including lower levels of frailty 2 and lower levels of all-cause mortality 3. Furthermore, 

inactivity among 1 older adults are associated with higher levels of non-communicable diseases, 

lower functional health, higher risk of depression and cognitive decline 4±6. Thus, physical inactivity 

is one of the leading causes of major non- communicable diseases 7. Furthermore, strong evidence 

also exists on the positive effects of PA on several chronic diseases including dementia, type 2 

diabetes, coronary heart disease, chronic obstructive pulmonary disease, osteoarthritis and several 

cancers 8. 

 

The GORbaO AcWiRQ POaQ RQ Ph\VicaO AcWiYiW\ ³MRUe acWiYe PeRSOe fRU a heaOWhieU WRUOd´ published 

by the WHO in 2018 states: ³gORbaO SURgUeVV WR iQcUeaVe Sh\VicaO acWiYiW\ haV beeQ VORZ, OaUgeO\ 

dXe WR OacN Rf aZaUeQeVV aQd iQYeVWPeQW´ 9. Especially in older adults, easy access to effective PA 

programs can benefit societies by allowing older adults to maintain an active life and independent 

living 9. As walking has been shown to be the most frequent PA modality among older adults 10 and 

daily step counts to be highly associated with all-cause mortality and cardiovascular disease-

morbidity 11, large scale PA programs should include focus on increasing the level of walking in 

exercising and the amount of walking in ambulant activities.  

 

A cost-efficient way to increase focus on and motivation for a higher level of daily walking is to use 

Physical Activity Monitors (PAMs) in PA interventions among older adults. A recent systematic 

review and meta-analysis concluded that the use of feedback from PAMs among older adults was 

safe, feasible and moderately effective, equivalent to an additional 1300 daily steps, in increasing 

the daily level of PA 12,13. The Internet-Of-Things and wearables in medicine are here to stay 14,15, 

and future studies should not investigate effectiveness from the PAMs themselves, but use active 

comparisons to clarify how Behaviour Change Theories (BCTs) can support wearable devices and 

self-monitoring of behaviour 12,13,16,17.  

 

Self-monitoring, goal setting, action planning, information about behaviour-health links and the 

consequences of inactivity are important BCTs in PA-interventions 17±21. Motivational Interviewing 
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(MI) guides the participants using empathic listening, self-reflection and counselling 22, and aims to 

facilitate positive behavioural change through increased motivation and increased self-efficacy 23,24. 

MI alone has been shown to be short-term effective in increasing PA among older adults with heart 

failure 25 and hip fracture 26. Furthermore, older adults have found the combination of MI and 

PAM-interventions acceptable 27. 

 

While passive comparisons with PAM-based interventions are no longer needed, clarification on the 

effectiveness of PAM-based interventions in combination with  BCT-interventions is needed 12,13. 

Thus, the objective of this study was to investigate the short-term effect of MI as an add-on 

intervention to a PAM-based intervention on average daily step count in community-dwelling older 

adults. 

 

Methods 

Trial design 

The MIPAM trial was conducted as a 12-week, investigator-blinded, two-arm parallel-group, 

superiority randomized controlled trial. This manuscript has been reported according to the 

CONsolidated Standards of Reporting Trials (CONSORT) 2010 guideline 28. The allocation ratio 

between the groups was 1:1 and the only changes to the study protocol 29 was the inability in 

reaching the desired sample size in the available time period. The methods of this study are 

described in detail in the study protocol 29. 

 

Ethics 
The National Committee on Health Research Ethics informed the authors that the trial, being a non-

invasive intervention, is not subject to the Danish laws on research ethics (Journal-nr.:18004960). 

The plan for managing personal and health information of the trial was approved by The Danish 

Data Protection Agency (Reference number: 514-0268/18-3000). Prior to agreeing and signing the 

consent survey, the participants received written information about the study. Informed consent 

from the participants was collected electronically before filling out the baseline questionnaire.   
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Participants 

Participants were considered eligible for inclusion if they: 1) were retired from the labour market 

and community-dwelling, 2) were at least 70 years old by the day of enrolling the trial, 3) owned a 

smartphone or tablet able to install the Garmin Connect application, 4) had an active e-mail address 

5) were able to fulfil the electronic study survey, and 6) had hearing abilities sufficient to receive 

oral information about the study and to receive a telephone-based MI intervention. The retirement 

age in Denmark is currently 65.5 years and is gradually increasing. The age criterion of 70 years 

was used to avoid including participants between 65 and 70 years who are still fully or partially 

employed and thus to increase generalizability.  

 

Participants were excluded, if the : 1) had cognitive impairment or mild to severe dementia, 2) were 

undergoing active chemotherapy or palliative care for cancer, or 3) had a major mobility 

impairment preventing them from walking. 

 

 

Interventions 

The PAM group received a PAM-based PA promoting intervention and the PAM+MI group 

received the PAM-based PA promoting intervention and an MI-intervention as an add-on 

intervention.  

 

Physical activity monitor intervention (PAM) 

Participants received a PAM for everyday use in the intervention period and a pamphlet with the 

national recommendations on PA in aging populations. The specific PAM used in this study is the 

hip-worn Garmin Vivofit 3 device linked to a pre-specified Garmin Connect account set up with an 

automatically adjusting daily goal-setting. The participants were asked to wear the PAM for all 

waking hours, except when bathing, every day for the 12-week intervention period. Participants 

who experienced installation difficulties received telephone support from the research team not 

including the blinded primary investigator.  

 

Physical activity monitor intervention plus Motivational interviewing (PAM+MI) 

The experimental intervention consisted of the PAM intervention in combination with an MI 

intervention. During the 12-week intervention period, the participants were scheduled to receive 
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seven telephone calls from trained and certified MI-counsellors in intervention week 1, 2, 3, 5, 7, 9 

and 12. The MI-intervention was person-centred and participants were guided with self-reflective 

counselling and received feedback on their health behaviours in relation to the national 

recommendations 22. The Social Cognitive Theory and The Transtheoretical Mode were the 

theoretical frameworks that guided the intervention content to each individual 30,31. Self-efficacy 

and outcome expectations are key constructs and are, among other factors, significant predictors of 

PA behaviours 31. Self-efficacy, in this setting for exercise, was operationalized by facilitating 

confidence when facing barriers to PA, self-monitoring including behavioural goal setting and 

action planning. Outcome expectancies was operationalized by providing information about 

behaviour-health link, providing information about consequence and discussion of benefits of and 

barriers to health behavioural change, which should lead to increased perception of benefits and 

decreased perception of barriers. Social support was operationalized by identification of supports 

for maintenance of health behavioural change, and specific goal setting for using supports, which 

VKRXOd OHad WR LQcUHaVH OHYHO RI VXSSRUW IRU WKH SaUWLcLSaQW¶V KHaOWK bHKaYLRXUaO cKaQJH.  

 

In this study, participants in the PAM+MI group were encouraged to use a variety of significant 

supports including family and friends, as well as neighbourhood and specific community resources 

(e.g., walking groups proposed by the MI-counsellor). 

 

Fidelity  

The project MI counsellors were physiotherapists with additional training and education in the MI 

approach to telephone-based health behaviour counselling. During the study, with participants' 

verbal consent, telephone MI sessions were audiotaped on a regular basis to ensure fidelity of 

intervention delivery and to provide counsellor feedback. Based on a review of these recordings a 

random segment of 20 minutes was selected for rating with the Motivational Interviewing 

Treatment Integrity Scale version 4 (MITI 4) 32, by two independent coders. The MITI 4 is a 

reliable measure of proficiency in MI practice as defined by Moyers et al 32. The MITI 4 consists of 

four global ratings (Cultivating Change talk, Softening Sustain Talk, Partnership, and Empathy), 

which are scored on a Likert-type scale from 1 (low) to 5 (high), and 10 individual behaviour 

counts (Questions, Simple Reflections, Complex Reflections, Persuade with Permission, Giving 

Information, Affirmations, Emphasize Autonomy, Seeking Collaboration, Persuade and Confront), 

which are counted within the time frame of the interview 32. The MI-coders individually coded and 
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reached consensus on MI-behaviour. A median global score in each domain of 4 and a Reflection to 

Question ratio of >1 were considered adequate MI proficiency. 

 

Outcomes 

Primary Outcome Measure:  

The average number of steps per day throughout the 12-week intervention period, measured daily 

and objectively by the hip-worn Garmin Vivofit 3 tri-axial accelerometer, was the primary study 

outcome. The Garmin Vivofit 3 has been validated along with three other monitors and the hip-

worn PAMs were found to be superior to wrist-worn PAMs in terms of measurement properties 

among older adults with and without rollators 33. 

 

Secondary Outcome Measures:  

Secondary outcome measures included self-reported information from the participants on PA, 

health-related quality of life, loneliness, self-efficacy for exercise, outcome expectancy for exercise, 

and social relations. According to the protocol the categories MVPA, walking time and sedentary 

time were estimated with The International Physical Activity Questionnaire-Short Form (IPAQ-SF) 34±

37, MVPA was estimated with The Nordic Physical Activity Questionnaire short (NPAQ-short) 38,39, the 

HRQoL score (EQVAS) was estimated with The EuroQol-5 Domain (EQ-5D-5L) Quality of life 

questionnaire 40±43, the total score was estimated with The UCLA Loneliness Scale 44,45 to measure 

loneliness, the sum score was from the Self-Efficacy for Exercise (SEE-DK) 46 to used to measure self-

efficacy, and the sum score was from the Outcome Expectancy for Exercise-2 (OEE2-DK) 47 to used to 

measure outcome-expectancy . Secondary outcome measures are described in greater detail in the study 

protocol 29. The Copenhagen Social Relations Questionnaire (CRSQ) 48,49 was used only to inform the 

MI-counsellors and to determine whether the participants lived alone.  

 

All secondary outcomes were collected at baseline and at post-intervention. The baseline 

measurement took place before randomization and thus before the PAM+MI group received their 

first motivational interview; the post-intervention questionnaire was distributed immediately after 

the 12-weeks of intervention. 
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Sample size 

To show a moderate effect difference (0.5*standard deviation between group difference) with 80% 

power and a 0.05 significance level, 128 completed participants were needed. To account for 

attrition, a 20 percent dropout was expected and thus, 154 participants (77 in each group) were 

needed to be allocated to each of the two groups.   

 

Randomization 

Participants were randomly assigned to either the intervention or the PAM group, with a 1:1 

allocation ratio. Eligible participants who completed the baseline period of one week were 

randomized in blocks of minimum four participants, stratified on sex and average daily baseline 

step count for the baseline period. STATA statistical software was used to conduct the stratified 

randomization. Allocation was concealed for the primary investigator. One investigator (JC) was 

responsible for the randomization process and had no role in the recruitment of participants nor in 

the statistical analyses.  

 

Blinding 

The primary investigator (RTL), who was responsible for analyses and data-management, was 

blinded for participant allocation until the last participant completed the post-intervention 

questionnaire. As the secondary outcome measures are self-reported, outcome assessor cannot be 

considered blinded. Due to the nature of the intervention neither participants nor physiotherapists 

conducting the motivational interviews could be blinded to allocation. 

 

Data collection and management 

Information about data collection management can be found in the study protocol. No deviations 

from the protocol occurred on this matter 29.  

 

Statistical methods 

Distributions of continuous data was evaluated by inspecting Quantile-Quantile plots of the 

standardized residuals and histograms with normal distribution curves. Continuous data with 

normal distributions was analysed with parametrical statistics and summarized with means and 

standard deviations. Continuous data without normal distribution was analysed as ordinal data with 
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non-parametrical statistics and summarized with medians and interquartile ranges. Categorical or 

binary data were summarized with frequencies and percentage of total.  

The primary outcome, average daily step count, was analysed with a linear regression model 

investigating the between-group differences, adjusted for sex and baseline daily step count.  

Following the intention-to-treat principle, Gaussian normal regression method with predictive mean 

matching was used to impute missing values (multiple imputation based on baseline step count, sex 

and age) where less than seven days of step counts were available for the intervention period. The 

same procedure was used to analyse between group differences on secondary outcomes. All 

secondary outcomes were adjusted for baseline score of the specific outcome, baseline daily step 

count and sex. Harms, as defined in the study protocol 29, were evaluated by calculating the relative 

risk (RR), separately for serious and non-serious adverse event between the intervention and PAM 

group 50. In calculating the average daily step count, days with less than 100 steps were handled as 

³da\V RI QRQ-ZHaU´ aQd H[cluded. A post-hoc power calculation was performed with number of 

participants, effect size of the between group difference from the primary analysis on daily steps 

and the baseline overall standard deviation on daily steps.  

 

RStudio version 1.1.463 for Mac OS X was used for all statistical analyses and illustrations 51.  

TKH CRAN µPLcH¶ SacNaJH ZaV XVHd WR SHUIRUP WKH SUHdLcWLYH PHaQ PaWcKLQJ PXOWLSOH LPSXWaWLRQV 

aQd WKH µJJSORW2¶ SacNaJH ZaV XVHd WR JHQHUaWH a VcaWWHUSORW ZLWK PHaQV aQd HUURU baUV IRU daLly 

steps throughout the intervention and box plots of secondary outcomes. An alpha level on 0.05 was 

considered the threshold for statistical significance.   
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Results 

Participant flow and information on discontinued participants 
Between May 1, 2019 and January 4, 2020, 79 participants were considered eligible for inclusion 

and received the trial content. After nine eligible participants refused to participate, 70 participants 

were included and randomized to one of the two intervention. Of these, 38 were allocated to the 

PAM intervention arm and 32 to the MIPAM intervention arm. In the PAM intervention arm, 34 

participants completed the 12 weeks and four participants discontinued (figure 1). In the MIPAM 

intervention arm, 28 participants completed the 12 weeks and four persons discontinued their 

participation (figure 1). Due to low inclusion rate and insufficient funding to extend the inclusion 

period, it was decided, to stop inclusion of participants to the trial in January 2020. This resulted in 

an underpowered trial that did not reach the desired sample size of 128 participants excluding 

dropouts.  

 

 
Figure 1. Consort flow diagram.  

Assessed for eligibility (n= 79)

Excluded (n= 9)
•Declined to participate with no reason (n=1)
•Declined due to technical difficulties (n=3)
•Declined due to illness (n=1)
•Did not give informed consent (n=4)

Included in intention-to-treat analysis (n=32)
Included in per protocol analysis (n=28)

Lost to follow-up and discontinued (n=4) 
2 due to technical issues
1 due to anxiety from wearing the PAM
1 participant died

Allocated to PAM+MI intervention (n=32)
Received allocated intervention (n=32)

Lost to follow-up and discontinued (n=4) 
2 due to technical issues
2 participants discontinued with no reason

Allocated to PAM intervention (n=38)
Received allocated intervention (n=38)

Included in intention-to-treat analysis (n=38)
Included in per protocol analysis (n=34)

Allocation

Analysis

Follow-Up

Randomized (n= 70)

Enrollment

CONSORT 2010 Flow Diagram for the MIPAM trial
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Baseline data 
Socio-demographics and PA characteristics of included participants are reported in table 1. There 

were no between-group differences on any variables, except for a higher rate of participants in the 

PAM+MI group reporting pain (51.6% vs 25.0%). The median age of the participants was 72 years, 

28 of 70 participants were male (40.0%), 22 reported to have used a PAM before (32.8%) and the 

mean baseline daily step count was 5,881.
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Table 1. Socio-demographics and physical activity characteristics of included participants  
 Overall 

(n=70) 
PAM group 

(n=38) 
PAM+MI group 

(n=32) p 

Age, median [IQR] 72.0 [70.0, 74.0] 71.0 [70.0, 74.3] 73.0 [71.0, 74.0] 0.134 
Sex, n male (%) 28 (40.0) 16 (42.1) 12 (37.5) 0.613 
BMI, mean (SD) 27.2 (4.4) 27.3 (4.9) 27.1 (3.9) 0.581 
Education, n (%)    0.522 
No education 1 (1.5) 1 (2.8) 0 (0.0)  

Upper secondary education 11 (16.4) 5 (13.9) 6 (19.4)  

BacKHORU¶V dHJUHH RU HTXLYaOHQW WHUWLaU\ education level 39 (58.2) 21 (58.3) 18 (58.1)  

MaVWHU¶V dHJUHH, HTXLYaOHQW WHUWLaU\ HdXcaWLRQ OHYHO, RU abRYH 16 (23.9) 9 (25.0) 7 (22.6)  

Lives alone, n (%) 26 (39.4) 13 (36.1) 13 (43.3) 0.507 
Smoking, n (%)    0.509 
Never smoked 33 (49.3) 19 (52.8) 14 (45.2)  

Stopped smoking 29 (43.3) 14 (38.9) 15 (48.4)  

Smokes 5 (7.5) 3 (8.3) 2 (6.5)  

In pain, n (%) 25 (37.3) 9 (25.0) 16 (51.6) 0.046 
Long-term chronic disease or disability, n (%) 33 (49.3) 16 (44.4) 17 (54.8) 0.379 
Limited in usual activities due to disability, health or pain (%)    0.388 
Not limited 35 (52.2) 20 (55.6) 15 (48.4)  

Limited to some extend 26 (38.8) 14 (38.9) 12 (38.7)  

Seriously limited 6 (9.0) 2 (5.6) 4 (12.9)  

Walking aids (%)    0.253 
None 65 (97.0) 35 (97.2) 30 (96.8)  

Cane 1 (1.5) 0 (0.0) 1 (3.2)  

Rollator 1 (1.5) 1 (2.8) 0 (0.0)  

% of total activity from walking, median [IQR] 69.5 [30.8, 80.0] 64.0 [20.0, 80.0] 69.5 [40.0, 79.5] 0.363 
Wants to be more physically active, n (%)    0.259 
Yes 56 (83.6) 28 (77.8) 28 (90.3)  

No 3 (4.5) 2 (5.6) 1 (3.2)  

Do not know 8 (11.9) 6 (16.7) 2 (6.5)  

Have used or uses physical activity monitor, n (%) 22 (32.8) 12 (33.3) 10 (32.3) 0.997 
UCLA Loneliness Scale Sum, mean (SD) 32.9 (8.6) 33.5 (9.5) 32.3 (7.5) 0.399 
EQ-5D-5L     

Problems with mobility, n (%) 27 (40.1) 13 (36.1) 14 (46.7) 0.373 
Problems with self-care, n (%) 4 (6.1) 2 (5.6) 2 (6.7) 0.995 
Problems with usual activities, n (%) 19 (28.8) 9 (25.0) 10 (33.3) 0.442 
Problems with pain and discomfort, n (%) 43 (65.2) 20 (55.6) 23 (76.7) 0.087 
Problems with anxiety and depression, n (%) 13 (19.7) 7 (19.4) 6 (20.0) 0.995 
EQ Visual Analogue Scale, median [IQR] 80.0 [70.0, 90.0] 85.0 [70.0, 90.0] 80.0 [70.0, 90.0] 0.438 
Outcome Expectancy for Exercise-2 Scale Sum, mean (SD) 51.6 (6.9) 50.3 (7.27) 53.1 (6.1) 0.074 
Self-Efficacy for Exercise Scale Sum, mean (SD) 60.5 (19.8) 59.4 (20.15) 61.8 (20.0) 0.442 
Baseline steps per day, mean (SD) 5881 (2948) 6029 (3009) 5705 (2913) 0.649 
International Physical Activity Questionnaire Short Form     

Minutes of vigorous activity per day, median [IQR] 0.0 [0.0, 24.1] 0.0 [0.0, 19.3] 0.0 [0.0, 24.1] 0.581 
Minutes of moderate activity per day, median [IQR] 0.0 [0.0, 24.1] 0.0 [0.0, 19.3] 0.0 [0.0, 24.1] 0.581 
Minutes of MVPA per day, median [IQR] 0.0 [0.0, 48.2] 0.0 [0.0, 38.6] 0.0 [0.0, 48.2] 0.581 
Minutes of walking activity per day, median [IQR] 27.9 [0.0, 327.9] 23.6 [0.0, 422.1] 31.1 [0.0, 214.3] 0.643 
MET-minutes per day, median [IQR] 316.9 [63.3, 1386.0] 394.1 [40.9, 1432.0] 254.6 [102.5, 850.5] 0.570 
Minutes of sedentary time per day, median [IQR] 303.0 [210.0, 480.0] 303.0 [240.0, 435.0] 316.0 [202.5, 480.8] 0.676 

IPAQ physical activity categories, n (%)    0.690 
High 18 (27.3) 10 (27.8) 8 (26.7)  

Low 26 (39.4) 14 (38.9) 12 (40.0)  

Moderate 22 (33.3) 12 (33.3) 10 (33.3)  
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Nordic Physical Activity Questionnaire short     

Minutes of MVPA per day, median [IQR] 30.0 [12.9, 68.6] 38.6 [8.2, 82.5] 25.7 [17.5, 46.1] 0.227 
Minutes of moderate activity per day, median [IQR] 11.4 [0.0, 24.6] 7.9 [0.0, 34.3] 12.1 [0.0, 19.8] 0.651 
Minutes of vigorous activity per day, median [IQR] 17.1 [0.0, 34.3] 19.3 [0.0, 58.4] 13.6 [0.0, 21.4] 0.225 

NPAQ physical activity categories, n (%)    0.231 
Inactive 8 (12.1) 4 (11.1) 4 (13.3)  

Insufficiently physically active 10 (15.2) 7 (19.4) 3 (10.0)  

Sufficiently physically active 12 (18.2) 4 (11.1) 8 (26.7)  

Optimally physically active 36 (54.5) 21 (58.3) 15 (50.0)  

NPAQ compliance with WHO recommendations, n (%) 48 (72.7) 25 (69.4) 23 (76.7) 0.490 
BMI: Body Mass Index, PAM: Physical Activity Monitor, EQ-5D: EuroQol Research Foundation Five Domains, UCLA: University of California Los Angeles, OEE: 
Outcome Expectancy for Exercise, SEE: Self Efficacy for Exercise. IPAQ-SF: International Physical Activity Questionnaire-Short Form, NPAQ: Nordic Physical Activity 
Questionnaire-Short Form, MVPA: Moderate to Vigorous Physical Activity, SD: standard deviation, IQR: interquartile range,  IPAQ-SF: International Physical Activity 
Questionnaire-Short Form, NPAQ: Nordic Physical Activity Questionnaire-Short Form, MVPA: Moderate to Vigorous Physical Activity. Test for between-group difference 
in normal distributed continuous variables (BMI, UCLA Loneliness Scale Sum Score, Outcome Expectancy for Exercise-2 Scale Sum Score, Self-Efficacy for Exercise Sum 
Score and Baseline Daily Steps) were performed with unpaired t-test, test for between group difference in non-normal distributed continuous (age, % of total activity from 
walking, EQ Visual Analogue Scale, all IPAQ and NPAQ scores) variables were performed with Mann-Whitney U test, test for between group difference in categorical or 
binary variables with Chi2 test, p-YaOXHV � 0.05 aUH cRQVLdHUHd VLJQLILcaQW. 

 

Numbers analysed 

The median days of missing PA data during the 12 weeks of intervention was 6 [IQR: 1, 32] days in 

the PAM group and 4.5 [IQR: 0.75, 26] in the PAM+MI group. Data for four participants were 

imputed for average daily steps. Data for six participants were imputed for IPAQ-SF MVPA and 

minutes of sedentary time per day, NPAQ-Short MVPA minutes per day, EQ-VAS, UCLA 

Loneliness Scale Sum Score, and SEE-DK Sum Score. Data for seven participants were imputed for 

IPAQ-Short minutes of walking per day and OEE2-DK Sum.  
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Outcomes and estimation 

For the primary outcome, the PAM+MI group increased by 909 steps daily throughout the 

intervention period compared to the PAM group, but insignificantly (95%CI: -71; 1889). For the 

secondary outcomes, the participants in the PAM+MI group reported 2.3 UCLA Loneliness Scale 

Sum Score points less compared to the PAM group (95%CI: -4.5; -1.2). No relevant or significant 

differences were found in the other secondary outcomes. 

 
Table 2. Results from multiple regression models on outcomes 
Outcome Post-intervention scores Adjusted between group difference from multiple 

regression model 
 PAM group (n=38) 

mean (95%CI) 

PAM+MI group 
(n=32) 

mean (95%CI) 

 Between group 
difference 95%CI p 

Average daily steps 5,837 (4,932; 6,742) 6,492 (5,472; 7,513) 909 (-71; 1889) 0.07 
IPAQ-SF 
    MVPA minutes per day 
    Minutes of walking per day 
    Minutes of sedentary time per day 

 
53.9 (15.3; 92.5) 

149.2 (59.1; 239.3) 
358.5 (303.6; 413.4) 

 
34.4 (5.2; 63.6) 

218.5 (111.5; 325.5) 
335.0 (273.0; 397.0) 

 
-0.2 
78.1 
-40.3 

 
(-46.3; 45.8) 
(-6.1; 217.3) 
(-102.8; 22.1) 

 
0.992 
0.266 
0.201 

NPAQ-Short  
    MVPA minutes per day 

 
72.5 (41.0; 104.0) 

 
66.6 (40.1; 93.1) 

 
-3.8 

 
(-45.3; 37.7) 

 
0.856 

EQ-VAS 80.6 (76.0; 85.1) 81.6 (78.2; 85.1) 2.9 (-1.9; 7.7) 0.227 
UCLA Loneliness Scale Sum Score 32.8 (29.6; 36.0) 30.2 (27.4; 33.0) -2.3 (-4.5; -1.2) 0.04 
Self-Efficacy for Exercise Sum Score 52.5 (45.9; 59.1) 55.3 (45.9; 60.4) 3.5 (-4.3; 11.2) 0.375 
Outcome Expectancy for Exercise-2 Sum 
Score 51.3 (48.5; 54.2) 53.2 (50.5; 56.0) 2.0 (-2.0; 6.0) 0.320 

Abbreviations: IPAQ-SF: International Physical Activity Questionnaire Short Form, NPAQ-Short: Nordic Physical Activity Questionnaire Short, EQ-VAS: 
EuroQol Visual Analogue Scale, UCLA: University of California, Los Angeles, Data for four participants were imputed for average daily steps. Data for six 
participants was imputed for IPAQ-SF MVPA and minutes of sedentary time per day, NPAQ-Short MVPA minutes per day, EQ-VAS, UCLA Loneliness Scale 
Sum Score, and SEE Sum Score. Data for seven participants was imputed for IPAQ-Short minutes of walking per day and OEE-2 Sum. End point scores are 
unadjusted. Primary analysis is the multiple linear regression model adjusted for baseline score, baseline steps, age and sex. Coefficients > 0 means higher value in 
the PAM+MI group. Negative coefficients for IPAQ-SF Sedentary Time and UCLA Loneliness Scale Sum Score means less sedentary time and loneliness in the 
PAM+MI group. P-values < 0.05 is considered significant.  

 

 

Figure 2 illustrates unadjusted steps per day for the two study arms through the study period. In the 

appendix, figure 3 and figure 4 illustrates box plots of other secondary outcomes at baseline and end 

point for both treatment arms.  
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Figure 2. Unadjusted mean daily step counts throughout the 12-week intervention. W0: baseline week. Intervention 

period: w1 to w12. Circles represent mean values and error bars represent 95% confidence intervals. 

 

 

Fidelity  

Each participant in the PAM+MI group was scheduled to receive seven MI calls. Among the 28 

complete case PAM+MI group participants, 23 (82.1%) received all seven calls, four (14.3%) 

received six calls and one participant (3.6%) received four calls. In total, 170 calls with an average 

length of 18.4 minutes were delivered to the PAM+MI group. Six MI calls were audiotaped and 

coded by the two coders using the Motivational Interviewing Treatment Integrity Scale. The median 

cultivating-change talk global score was 3.5, the median softening sustain talk was 4, the median 

partnership score was 4, and the median empathy score was 4. The median number of Giving 

Information was 3.5, the median of Simple Reflections was 3, the median of Questions and 

Complex Reflections was 7, the median of Affirm and Seek was 1 and 1.5 respectively and the 

median number of Persuade, Persuade with Permission, Emphasize Autonomy and Confront was 0. 

The ratio of Reflections to Questions was 1.3. 
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Ancillary analyses 

The eight participants who discontinued the intervention differed significantly from the complete 

cases as they were older 78.5 years [IQR: 74.0, 81.5] compared with 72.0 years [IQR: 70.0, 74.0], 

p=0.035, only female (54.8% female in complete case versus 100% female in discontinued 

participants, p=0.038), and had a different use of walking aids (one rollator user and no cane users 

in the complete case versus with a cane user and no rollator users in discontinued participants, 

p=0.006). No other significant or clinically relevant differences were found on other baseline 

variables.  

 

A post-hoc power calculation of the primary analysis, showed a level of power on 24.6%. This 

analysis included 70 participants, an effect size on 909 steps, the standard deviation of the daily step 

count of 2948 and an alpha level of 0.05.  

 

Harms 

The frequencies of dropouts from the two groups were similar with four dropouts in the PAM+MI 

group (12.5%) and four dropouts in the PAM group (10.5%). Two participants, both allocated to the 

PAM+MI group (6.3%), discontinued due to adverse events, as judged by the investigators. One 

participant died and one participant had increasing anxiety of wearing the PAM triggering existing 

mental illness. There was no significant between group difference between the proportions of 

adverse events in the groups (0% in the PAM group versus 6.3% in the PAM+MI group, p=0.400).  
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Discussion 
To our knowledge, the MIPAM trial is the first study to investigate the effect of adding MI to a 

PAM-based PA intervention among community-dwelling older adults aged 70 or above. As this 

study had insufficient power no final conclusions can be drawn about the true effect of the 

intervention. However, the PAM+MI group walked on average 909 (95%CI: -71; 1889) steps more 

per day compared to the PAM group. Even though this finding is non-significant, the confidence 

interval suggest that MI might possible increase the average level of PA when adding it to a PAM-

based PA intervention.  

 

The research team chose objectively measured PA as the primary outcome of interest as the aim of 

trial was to investigate behaviour change related to PA. However, the real-world interest of 

clinicians and healthcare workers might not be focused on the PA levels among older adults but on 

hard outcomes such as disease prevalence and mortality. Thus, daily PA might not be categorized as 

critical for decision making 52 and the results of this trial cannot be extrapolated to conclude upon 

the associations between the measured behavioural change and critical outcomes. However, PA 

levels among older adults are associated with levels of non-communicable diseases, functional 

health, risk of depression and cognitive function 4±6. As physical inactivity remains one of the 

leading causes of major non-communicable diseases 7, daily PA levels serve as a highly relevant 

construct to measure and as one of the most important surrogate outcomes for critical outcomes 

among older adults 53,54. Evidence suggests that a PA level of 7,100 steps per day (if averaged over 

a week) is enough for older adults to meet WHO recommendations for PA 55. Additionally, for each 

increment of 1,000 steps per day, the risk of all-cause mortality decreases with 11% even after 

being adjusted for several confounding factors 56. In summary, MI might hold the potential of 

keeping older adults more physically active over a 12-week intervention study, and the difference 

between the MI plus PAM and the PAM alone group is clinically relevant for older adults.  

This trial failed to reach a sample size of 128 participants and consequently should be categorized 

as underpowered. The post-hoc power calculation revealed a 24.6% power in this specific study, for 

being able to reject the null hypothesis, when it should be rejected. Thus, the between group 

difference on 909 (95%CI: -71.; 1889) steps per day may be an overestimation. However, when 

inspecting the confidence interval for the primary analysis, the between-group difference lies 

between 71 steps in favour of the PAM group and 1,889 steps in favour of the PAM+MI group. 



BioMed Central European Review of Aging and Physical Activity 

 18 

Hence, it seems very plausible that the PAM+MI group had a higher daily step count in the 

intervention period.  

 Physical activity is a difficult construct to measure with many considerations about 

practicality, feasibility and validity 57. The existing literature on randomized controlled MI-based 

studies investigating physical activity in older adults uses different measures of physical activity 

including objectively measurement of subgroups of the study, comparing accelerometer measured 

baseline weeks with end-point weeks, recall questionnaires and physical activity diaries 25±27,58,59. 

Physical activity is a behaviour that should be measured consequently over the period of interest, 

especially in intervention research as the changes and between group differences might occur 

during the trial, and not before and after the trial. This problem also exists in the observational 

literature linking disease, morbidity and mortality with physical activity in older adults or in general 
3,56,60,61, and even though these observational studies includes large samples which leads to precise 

estimates, the Hawthorne effect, defined as immediate behavioural change expected from research 

participation, cannot be ruled out and might impose different types of bias 62. Especially in 

moderately sized experimental behavioural change studies, physical activity should be measured 

consecutively and conclusions should be drawn on accumulated or average physical activity and not 

on point estimates. When inspecting the means of figure 2, it comes clear that a high degree of 

variability exists from week to week and if one of these weeks were used as end-point outcome 

alone, different conclusions could be drawn. However, the variability could also be explained by the 

large variation in the data and the relatively few samples, but as a methodological consideration it 

comes clear that behavioural change studies should include consecutively measured constructs, 

which is a strength of this study.  

The secondary outcomes assessed in this study include self-reported PA, health related 

quality of life, loneliness, self-efficacy for exercise and outcome-expectancy for exercise. Besides 

UCLA Loneliness Scale, none of the secondary outcomes were significantly different between the 

groups at endpoint. The UCLA Loneliness Scale Sum Score was 2.3 points (95%CI -4.5; -1.24) 

lower in the PAM+MI group. Because the literature lacks a minimal clinically important differences 

on the UCLA Loneliness scale among older adults, this can also be interpreted as a small to 

moderate effect size (Cohens d: 0.38) 63. However, this can easily be explained by the nature of the 

intervention, as MI uses active empathic listening, self-reflection and counselling 22, which 

naturally affects some of the items used in the UCLA Loneliness scale. Furthermore, some of the 

difference can also be explained by a small insignificant difference between the groups at baseline 
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and extrapolation of these results should not be done on this secondary outcome, but on future well-

powered studies using Loneliness as the primary outcome. In summary, with all the limitations to 

the finding on loneliness, it is still a relevant difference, and as loneliness has been reported to 

affect self-reported health and PA negatively this finding might be associated with a higher activity 

level in the PAM+MI group 64.  

To our knowledge, most studies published on MI interventions among older adults targeting 

PA behaviour directly include intervention lengths from 8 weeks to 6 months 25±27,59. Furthermore, a 

systematic review and meta-analysis reported the median length of PAM-based interventions 

among older adults to be 12 weeks, ranging from 4 to 52 weeks 12. Hence, the intervention length 

on 12 weeks of this study is in line with former studies. It is possible that the exposure to MI was 

too short to demonstrate an actual effect within the 12 weeks and that the results of this trial only 

reflects the initial and short-term behavioural changes and thus not the long-term effects. To 

investigate the long-term effects of this 12-week intervention, 6 and 12-month follow-ups will be 

conducted as it is hypothesized that the MI intervention will help the participants develop more 

effective strategies to ensure long-term adherence to healthy PA behaviour. Even so, the quality of 

the MI calls was considered adequate as our results on global ratings of the content ranged from 3.5 

to 4 out of 5 (where higher scores indicate higher integrity of the content) and the reflection to 

question ratio was 1.3. As previously described, MI has been reported to be effective on short-term 

outcomes, but a recently published study with 1,742 participants did not report any effect of either 

group-based or individual-based MI 65. Thus, MI might be effective in some populations, and not in 

others.  

 

Limitations 
This study and the results come with several limitations. Firstly, as previously discussed, the sample 

size was not large enough to ensure adequate power for this study. Secondly, the inclusion and 

exclusion criteria for this trial were only ensured by telephone or e-mail by the primary investigator. 

Thus, it is possible for participants to fall under one or more of the exclusion criteria and still 

participate in the study, if they (willingly or unwillingly) withheld pertinent information from the 

primary investigator. Nevertheless, even though this is possible, this potential problem should be 

balanced between groups, as the randomization occurred after the baseline period. Thirdly, the 

study participants were not blinded for group allocation and consequently performance bias could 

have been introduced. This type of problem is common in PA intervention studies, and might cause 
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for an exaggeration of study effects 66. However, a more recent published meta-analysis of more 

than 1,100 trials reports found no evidence for an average difference in effect sizes between 

adequately blinded studies and studies that lack blinding of either participants, healthcare providers 

or outcome assessors 67. This trial tried to control for this by using an objectively measured primary 

outcome that neither participants nor healthcare providers could affect.  

 

Interpretation and reflections from the motivational sessions 

Limitations related to the MI-sessions also exists. Reflections from these MI-sessions were not 

systematically collected and thus should only be used for researchers and health care workers 

planning to conduct MI among older adults.  

Firstly, the first telephone calls were mainly used to form the relationship between the 

counsellor and the participant and rarely for actual MI-content. Secondly, the participants included 

in this trial were mainly well-educated, active and resourceful older adults with high levels of health 

literacy, which might affect the generalizability to the background population of older adults, as 

previous research has shown that exercise and physical activity adherence are associated with 

resources such as social support and the ability to understand the benefits of physical activity 68±70. 

Lastly, using the Garmin application or navigating the smartphone in general, were 

frustrating to many participants, however, feedback related to the automatic goal-setting was useful 

for many. In general, participants were motivated to be committed and pushed to plan more 

challenging goals, thus these sessions were primarily coaching rather than MI that are normally 

used among less motivated individuals. 

 

Conclusion 

This RCT found a clinically relevant but insignificant difference of 909 (95%CI: -71.; 1889) daily 

steps in favour of the PAM+MI group. The use of MI, in addition to a PAM intervention, among 

older adults in PA promoting interventions should be investigated further in sufficiently powered 

RCTs.  
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Appendix 

 
Figure 3. Box plots of secondary self-reported physical activity outcomes at baseline and 

postintervention endpoint. Red boxes showed the PAM+MI group values and green boxes showed 

the PAM group values. Thick vertical lines are medians, box size represent interquartile range from 

25th to 75th percentile. Notches represent median r 1.57*IQR/√𝑛, and dots represent samples 

outside this range. Abbreviations: IPAQ-SF: International Physical Activity Questionnaire Short 
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Form, MVPA: Moderate to vigorous physical activity, NPAQ-Short: Nordic Physical Activity 

Questionnaire Short. Unimputed data are presented in the boxplot.  

 

 

 

 

 
Figure 4. Box plots of secondary self-reported outcomes at baseline and post-intervention. Red 

boxes showed the PAM+MI group values and green boxes showed the PAM group values. Thick 

vertical lines are outcome medians, box size represent interquartile range from 25th to 75th 
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percentile Notches represent median r 1.57*IQR/√𝑛, and dots represent samples outside this range. 

Abbreviations: EQ-VAS: EuroQol Visual Analogue Scale, UCLA: University of California Los 

Angeles, SEE: Self-Efficacy for Exercise, OEE: Outcome Expectancy for Exercise-2. Unimputed 

data are presented in the boxplot. 

 


