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Abstract

Background: It is known that regular physical activity (PA) is associated with improvements in physical, psychological,
cognitive, and functional health outcomes. The World Health Organization recommends 150 min of moderate exercise
per week for older adults to achieve these health benefits. However, only 20–60 % of adults aged 60 years and above
currently meet these recommendations for exercise. The widespread use of the internet and mobile phones among
older adults may open new opportunities to promote PA in this population. Findings of previous reviews suggest that
eHealth interventions are effective in promoting PA in adults of various ages. However, to date, none of these reviews
have provided a differentiated picture of engagement in such interventions and effects on PA among older
adults. Also, we are unaware of any studies comparing effects of participation in eHealth vs. traditional paper-and-pencil
interventions on PA in this population. The aim of this systematic review and meta-analysis is to compare the
effectiveness of eHealth interventions promoting PA in older adults aged 55 years and above with either a non-eHealth
PA intervention or a group that is not exposed to any intervention.

Methods: Eight electronic databases (MEDLINE, EMBASE, CINAHL, CENTRAL, PEI, PsycINFO, Web of Science, and
OpenGrey) will be searched to identify experimental and quasi-experimental studies examining the effectiveness of
eHealth interventions for PA promotion in adults aged 55 years and above. Two authors will independently select and
review references, extract data, and assess the quality of the included studies by using the Cochrane Collaboration’s risk
of bias tool. Disagreements between authors will be resolved by discussion involving a third author. If feasible, a
meta-analysis will be conducted. Narrative synthesis using harvest plots will be performed, should a meta-analysis
not be feasible.

Discussion: The proposed systematic review will be the first review that compares the effectiveness of eHealth
interventions promoting PA in older adults aged 55 years and above with control groups exposed to a non-eHealth
intervention or to no intervention. The results of this review will provide new information regarding the question
whether eHealth interventions are an effective intervention vehicle for PA promotion in this population.

Systematic review registration: PROSPERO CRD42015023875
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Background
Regular physical activity (PA) and the reduction of
sitting time or a predominantly sedentary lifestyle are
associated with improvements in physical, psychological,
cognitive, and functional health [1–3]. The World Health
Organization (WHO) recommends a weekly moderate
exercise time of 150 min per week for older adults to ob-
tain health benefits [4]. Percentages of older adults aged
60 years and above meeting the recommended PA levels
ranged from 2 - 83 %, depending on the study. In 45 of
the 53 studies included in the systematic review by
Sun and colleagues that reported PA levels for adult
populations, 20 - 60 % of older adults met the rec-
ommendations [5].
Determinants of PA initiation and maintenance can

be categorized into personal, psychological, social, and
environmental factors. Personal determinants playing a
role in the uptake and maintenance of PA include age
(i.e., older adults become less active with increasing age),
gender (i.e., men tend to be more active than women), and
overall health status (i.e., good overall physical health is
predictive of higher levels of PA) [6, 7]. Psychological and
social determinants of PA include self-efficacy, perceived
benefits, enjoyment, intention, and readiness to change
behavior. Specifically, persons who report high levels of
self-efficacy and have developed an intention (or readiness)
to engage in the behavior, who perceive PA to be beneficial
to their health, and who report enjoying PA tend to engage
more frequently in the behavior. Determinants concerning
the social or physical environment include the availability
of a social network (i.e., having a good social network and/
or a sports partner is associated with PA initiation and
maintenance) and social support (e.g., receiving social sup-
port from significant others is associated with an initiation
of PA), perceived safety of the environment, and perceived
access to sports/exercise facilities [6]. Thus far, a multitude
of studies addressing the above mentioned determinants of
PA to varying degrees have demonstrated the effectiveness
of PA interventions.
Furthermore, interventions providing information on

PA as print versions or face-to-face have a long tradition
[8–10]. However, the increased use of the internet and
mobile technologies in recent years may open new op-
portunities to promote PA in adult populations, includ-
ing older adults [11]. eHealth is defined as “the transfer
of health resources and health care by electronic means”
[12]. This includes, among other things, the delivery of
health information through the internet and mobile tech-
nologies. In the elderly population, a growing number of
individuals use electronic devices, such as computers,
smartphones, or tablets [13]. Results of previous system-
atic reviews and meta-analyses indicate that eHealth inter-
ventions are an effective intervention vehicle to promote
PA among adults of various ages [14–18]. However, in the

majority of the studies included in these reviews, PA inter-
ventions were combined with other intervention compo-
nents, such as recommendations for lifestyle changes,
either for weight loss or the management of type 2 dia-
betes. Furthermore, the evidence for the effectiveness of
these interventions in regard to PA promotion among
older adults is mixed. While some studies suggest that
eHealth approaches effectively promote PA [19–21], other
studies report no beneficial effect of eHealth PA interven-
tions compared to non-eHealth interventions [22, 23].
The aim of this systematic review and meta-analysis is to
compare the effectiveness of eHealth interventions solely
promoting PA in older adults aged ≥55 years with either a
no intervention or a non-eHealth intervention. This sys-
tematic review protocol will adhere to the reporting guide-
lines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocols (PRISMA-P) state-
ment [24]. The completed PRISMA-P checklist can be
found in the Additional file 1.

Methods
Study registration
This systematic review is registered at PROSPERO
(registration number: CRD42015023875; http://www.
crd.york.ac.uk/PROSPERO).

Types of studies
Experimental (randomized controlled trial (RCT)) or quasi-
experimental study designs that compare an eHealth PA
intervention targeting older adults (≥55 years old) with
either a non-eHealth PA intervention or a group that is
not exposed to any intervention will be included.

Types of participants
Studies including older adults of both sexes without severe
pre-existing chronic medical conditions (e.g., cancer, cor-
onary heart disease, cognitive impairment) aged ≥55 years
will be included in our review.

Types of interventions
Our review will include studies of eHealth interventions
promoting PA in older adults. eHealth interventions en-
compass interventions accessible via computer, smart-
phone, or tablet. Studies will be included if the main
intervention component is delivered via computer (i.e.,
website, e-mail, physical activity tracker) or smartphone/
tablet (i.e., mobile app, text messaging, telephone calls,
physical activity tracker). The interventions can be deliv-
ered to groups or individuals. Interventions can involve
one-time or repeated online contacts with research
and/or intervention teams. Intervention contacts can
include counseling or advice or both, self-directed or
prescribed exercise or both, home-based or facility-
based exercise or both, and the provision of written

Muellmann et al. Systematic Reviews  (2016) 5:47 Page 2 of 5

http://www.crd.york.ac.uk/PROSPERO
http://www.crd.york.ac.uk/PROSPERO


education or motivational support materials or both.
eHealth mass media interventions, DVD-based inter-
ventions, and interventions delivered using gaming
consoles (e.g., Nintendo Wii) will be excluded.

Types of comparators
Comparator conditions will include participation in (a) a
non-eHealth intervention (e.g., paper-and-pencil interven-
tion without eHealth component and face-to-face consult-
ation, e.g., prescription of PA by a physician or exercise in
groups or with personal trainer) or (b) no intervention.

Types of outcomes
PA can be assessed using objective (e.g., pedometer,
accelerometer) or subjective methods (e.g., PA diary,
questionnaires).

Search methods for the identification of studies
Data collection and analyses
The following databases will be searched:

➢ MEDLINE (via PubMed, 1946 to present),
➢ PsycINFO (via Ovid, 1806 to present),
➢ Web of Science including Social Sciences Citation
Index and Science Citation Index Expanded (1900 to
present),
➢ Cumulative Index to Nursing & Allied Health
Literature (CINAHL) (via EBSCO Host, 1981 to present),
➢ Excerpta Medica Database (EMBASE) (via Ovid,
1974 to present),
➢ Cochrane Central Register of Controlled Trials
(CENTRAL) (via Cochrane Library, 1948 to present),
➢ Physical Education Index (PEI) (via ProQuest, 1970
to present),
➢ and OpenGrey (1980 to present).

The search is restricted to studies published in English
or German. Keywords will be related to PA, older adults,
and eHealth interventions, using MeSH terms and other
index terms, as well as appropriate synonyms. The
keywords will be combined using the Boolean oper-
ation OR and AND. Validated RCT filters will be used
for the searches in MEDLINE, PsycINFO, Web of Science,
CINAHL, and EMBASE. For PEI and OpenGrey, no vali-
dated RCT filters are available. Therefore, appropriate
keywords to identify studies using an experimental or
quasi-experimental study design will be employed. For the
search in CENTRAL, no RCT filter is necessary because
the database only includes controlled trials. The search
strategy is illustrated in Additional file 2 using the
MEDLINE search as an example. References of the in-
cluded studies will be searched to identify additional
potentially relevant studies.

Selection of studies
One author will conduct the database search. First, titles
and abstracts of studies identified using the search strategy
outlined above will be screened independently by two
authors to select the relevant studies. Any disagreements
between the two authors will be discussed until consensus
is reached. A third author will be involved in this discus-
sion and will facilitate the process when necessary. In a
second step, full texts of potentially relevant studies will
be obtained and reviewed independently by two authors.
Any disagreements between the two authors will be re-
solved by consensus and/or discussion with a third author.
Screening of titles, abstracts, and full texts will be per-
formed by uploading citations to the online systematic
review software “Covidence” by Alfred Health.

Data extraction
Data extraction will be conducted independently by two
authors. In case of disagreements that cannot be resolved
by discussion, a third author will be involved. The follow-
ing information will be extracted from the included studies:
publication details (first author, year, title, country of study,
funding source), study design, information regarding
study methods (aim of study, inclusion/exclusion cri-
teria for study participation, recruitment of partici-
pants, randomization procedure, statistical analyses,
study limitations), participant characteristics (number
of participants, number of withdrawals/excluded par-
ticipants, mean/median age, age range, sex, ethnicity,
existing risk factors for chronic diseases (e.g., type 2
diabetes)), intervention details (name of intervention,
aim of intervention, number of intervention/control
groups, intervention components and levels, delivery
of intervention, intervention setting, duration of inter-
vention, duration of follow-up, underlying theory), pri-
mary and secondary outcomes, outcome measurement,
time points when data were collected, intervention
effects on primary and secondary outcomes, and authors’
conclusions.

Assessment of risk of bias in included studies
Two authors will independently assess the risk of bias in
the included studies by using the Cochrane Collaboration’s
risk of bias tool [25]. Potential disagreements will be re-
solved as outlined above.

Data synthesis
A narrative synthesis of all relevant studies will be provided
with tables of study and participants’ characteristics, details
regarding intervention components and levels, outcomes,
results, and authors’ conclusions. If feasible, a quantitative
synthesis (i.e., meta-analysis) will be performed by using the
random effects model because it is expected that the
included studies will be heterogeneous in terms of
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intervention components and levels, physical activity as-
sessment, and the comparator groups (i.e., non-eHealth
intervention, no intervention). Heterogeneity will be
assessed by visual inspection and calculating the I2 statis-
tics [26]. Sensitivity analysis based on study quality and
study design will be performed to determine the robust-
ness of our results (i.e., studies considered as “low risk of
bias” compared with studies considered as “high risk of
bias”, RCTs compared with quasi-experimental studies). If
a meta-analysis is not feasible, narrative synthesis for sum-
marizing the evidence with regard to intervention effects,
using harvest plots, will be performed [27].

Subgroup analyses
If the selected data permit, a narrative and quantitative
synthesis will be provided for the following subgroups
and subsets of studies: subjective or objective assessment
of PA, intervention access (computer, smartphone, or tab-
let), and intervention components and levels (e.g., informa-
tion regarding recommendations for PA and benefits of
regular PA, skills training/instructions, social comparison/
social support, individual level vs. interventions incorporat-
ing or targeting features of the social or physical context).

Discussion
This systematic review will be performed to compare the
effectiveness of eHealth interventions for the promotion
of PA in older adults aged ≥55 years with non-eHealth
interventions or no exposure to any interventions. This
review is important because many European countries
are currently facing significant demographic change and
population-based strategies to promote PA which are
needed to improve older adults’ health, in general, and
to prevent frailty and/or the progression of chronic disease
risk factors to chronic diseases which pose a significant bur-
den on European Union health-care systems. A major ad-
vantage of eHealth interventions is that such interventions
are easily accessible and usable (possibly only with little as-
sistance of intervention or research teams) and that seg-
ments of populations can be reached by who may not
otherwise get in contact with traditional health promotion
or PA interventions [28]. Once these interventions are de-
veloped and adequately tested and tailored to individual
needs of older adults, technology-based interventions
may be more cost-effective than person-based interven-
tions for PA promotion.
To our knowledge, this will be the first review that

synthesizes information on the effectiveness of eHealth
interventions promoting PA in older adults aged 55 years
and above. We also hope to find evidence regarding the
impact of different intervention components and the
role of social or environmental changes incorporated in
interventions addressing individual PA behavior. How-
ever, we expect that the studies identified for this review

will be very heterogeneous in terms of intervention com-
ponents and levels, health outcomes assessed, and the
number of comparator groups. Should we find a suffi-
cient number of studies with comparable interventions
and similar assessments of health outcomes, we aim to
synthesize the evidence in a meta-analysis. We are also
aware that our findings will depend on the number of
eligible studies identified and the quality of these studies.
Also, eight databases which are relevant to our topic will
be searched, but it is possible that not all relevant stud-
ies are included in these databases. Furthermore, assum-
ing that the core body of evidence will be covered, our
search will be restricted to studies published in English
and German.

Additional files

Additional file 1: PRISMA-P 2015 checklist: recommended items to
address in a systematic review protocol. (PDF 212 kb)

Additional file 2: MEDLINE search. (PDF 193 kb)

Abbreviations
CENTRAL: Cochrane Central Register of Controlled Trials; CINAHL: Cumulative
Index to Nursing & Allied Health Literature; EMBASE: Excerpta Medica
Database; PA: physical activity; PEI: Physical Education Index; PRISMA-
P: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Protocols; RCT: randomized controlled trial; WHO: World Health Organization.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
SM, HZ, and CRP conceived the idea for this study. SM developed the search
strategy. SM, SF, and TM will independently select, review and extract data,
and assess risk of bias. SM wrote the first draft of the protocol. SF, TM, HZ,
and CRP provided comments on the first draft and all subsequent versions.
All authors read and approved the final version of the manuscript.

Acknowledgements
The publication of this article was funded by the Open Access fund of the
Leibniz Association. This systematic review will be conducted as part of a
dissertation. The research for the dissertation will be conducted in the
“AEQUIPA — Physical Activity and Health Equity: Primary Prevention for
Healthy Ageing” project, a regional prevention research project and network
funded by the German Federal Ministry of Education and Research (grant
number: 01EL1422A). We would like to thank our research librarian Lara
Christianson (BIPS, Bremen) for providing feedback on the search strategy
and the selected databases.

Author details
1Department Prevention and Evaluation, Leibniz Institute for Prevention
Research and Epidemiology–BIPS, Achterstrasse 30, Bremen 28215, Germany.
2Health Sciences Bremen, University of Bremen, Bremen, Germany.

Received: 16 December 2015 Accepted: 8 March 2016

References
1. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the

evidence. CMAJ. 2006;174(6):801–9.
2. Hong SY, Hughes S, Prohaska T. Factors affecting exercise attendance and

completion in sedentary older adults: a meta-analytic approach. J Phys Act
Health. 2008;5(3):385–97.

3. Hupin D, Roche F, Gremeaux V, Chatard JC, Oriol M, Gaspoz JM et al. Even a
low-dose of moderate-to-vigorous physical activity reduces mortality by

Muellmann et al. Systematic Reviews  (2016) 5:47 Page 4 of 5

dx.doi.org/10.1186/s13643-016-0223-7
dx.doi.org/10.1186/s13643-016-0223-7


22 % in adults aged ≥60 years: a systematic review and meta-analysis. Br J
Sports Med. 2015. doi:10.1136/bjsports-2014-094306.

4. WHO. Global recommendations on physical activity for health. Geneva:
World Health Organization; 2010.

5. Sun F, Norman IJ, While AE. Physical activity in older people: a systematic
review. BMC Public Health. 2013;13:449.

6. Van Stralen MM, De Vries H, Mudde AN, Bolman C, Lechner L. Determinants
of initiation and maintenance of physical activity among older adults: a
literature review. Health Psychol Rev. 2009; doi:10.1080/17437190903229462.

7. Koeneman MA, Verheijden MW, Chinapaw MJ, Hopman-Rock M.
Determinants of physical activity and exercise in healthy older adults: a
systematic review. Int J Behav Nutr Phys Act. 2011;8:142.

8. Noar SM, Benac CN, Harris MS. Does tailoring matter? Meta-analytic review
of tailored print health behavior change interventions. Psychol Bull.
2007;133(4):673–93.

9. Short CE, James EL, Plotnikoff RC, Girgis A. Efficacy of tailored-print
interventions to promote physical activity: a systematic review of
randomised trials. Int J Behav Nutr Phys Act. 2011;8:113.

10. Richards J, Hillsdon M, Thorogood M, Foster C. Face-to-face interventions
for promoting physical activity. Cochrane Database Syst Rev. 2013;9,
CD010392.

11. Bank W. The little book on information and communication technology.
Washington DC: World Bank; 2013.

12. WHO. E-Health. World Health Organization, Geneva. 2015. http://www.who.
int/trade/glossary/story021/en/. Accessed 28.09.2015.

13. Smith A. Older adults and technology use. PewResearchCenter. 2014. http://
www.pewinternet.org/2014/04/03/older-adults-and-technology-use/.
Accessed 28.09.2015.

14. Norman GJ, Zabinski MF, Adams MA, Rosenberg DE, Yaroch AL, Atienza AA.
A review of eHealth interventions for physical activity and dietary behavior
change. Am J Prev Med. 2007;33(4):336–45.

15. Krebs P, Prochaska JO, Rossi JS. A meta-analysis of computer-tailored
interventions for health behavior change. Prev Med. 2010;51(3–4):214–21.

16. Davies CA, Spence JC, Vandelanotte C, Caperchione CM, Mummery WK.
Meta-analysis of Internet-delivered interventions to increase physical activity
levels. Int J Behav Nutr Phys Act. 2012;9:52.

17. Foster C, Richards J, Thorogood M, Hillsdon M. Remote and web 2.0
interventions for promoting physical activity. The Cochrane Database Syst
Rev. 2013;9, CD010395.

18. Aalbers T, Baars MA, Rikkert MG. Characteristics of effective Internet-
mediated interventions to change lifestyle in people aged 50 and older: a
systematic review. Ageing Res Rev. 2011;10(4):487–97.

19. Ammann R, Vandelanotte C, de Vries H, Mummery WK. Can a website-
delivered computer-tailored physical activity intervention be acceptable,
usable, and effective for older people? Health Educ Behav. 2013;40(2):160–70.

20. King AC, Hekler EB, Grieco LA, Winter SJ, Sheats JL, Buman MP, et al.
Harnessing different motivational frames via mobile phones to promote
daily physical activity and reduce sedentary behavior in aging adults. PloS
One. 2013;8(4), e62613.

21. Silveira P, van de Langenberg R, van Het Reve E, Daniel F, Casati F, de Bruin
ED. Tablet-based strength-balance training to motivate and improve
adherence to exercise in independently living older people: a phase II
preclinical exploratory trial. J Med Internet Res. 2013;15(8), e159.

22. Peels DA, Bolman C, Golsteijn RH, de Vries H, Mudde AN, van Stralen MM, et al.
Long-term efficacy of a printed or a web-based tailored physical activity
intervention among older adults. Int J Behav Nutr Phys Act. 2013;10:104.

23. Mouton A, Cloes M. Efficacy of a web-based, center-based or combined
physical activity intervention among older adults. Health Educ Res. 2015;
30(3):422–35.

24. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred Reporting Items for Systematic Review and Meta-analysis Protocols
(PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;349:g7647.

25. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ. 2011;343:d5928.

26. Higgins JPT, Green S (editors). Cochrane handbook for systematic reviews of
interventions version 5.1.0 [updated March 2011]. The Cochrane Collaboration;
2011. Available from www.cochrane-handbook.org.

27. Ogilvie D, Fayter D, Petticrew M, Sowden A, Thomas S, Whitehead M, et al.
The harvest plot: a method for synthesising evidence about the differential
effects of interventions. BMC Med Res Methodol. 2008;8:8.

28. Dietzel G. E-Health und Gesundheitstelematik. Herausforderungen und
Chancen. Dt Ärztebl. 2001;98(4):A158.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Muellmann et al. Systematic Reviews  (2016) 5:47 Page 5 of 5

http://dx.doi.org/10.1136/bjsports-2014-094306
http://dx.doi.org/10.1080/17437190903229462
http://www.who.int/trade/glossary/story021/en/
http://www.who.int/trade/glossary/story021/en/
http://www.pewinternet.org/2014/04/03/older-adults-and-technology-use/
http://www.pewinternet.org/2014/04/03/older-adults-and-technology-use/
http://www.cochrane-handbook.org

	Abstract
	Background
	Methods
	Discussion
	Systematic review registration

	Background
	Methods
	Study registration
	Types of studies
	Types of participants
	Types of interventions
	Types of comparators
	Types of outcomes

	Search methods for the identification of studies
	Data collection and analyses
	Selection of studies
	Data extraction
	Assessment of risk of bias in included studies
	Data synthesis
	Subgroup analyses

	Discussion
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



