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Introduction: Regular physical activity provides many health benefits to older
adults. As a well-known form of physical activity, cycling can be an appropriate
means for older people to meet WHO recommendations and to improve their
health. In addition, cycling can help to protect the environment and reduce
greenhouse gas emissions. The primary aim of this scoping review is to identify
the currently available scientific evidence and gaps of research in this field.
Methods: A systematic search in seven databases resulted in 7,192 studies. After
the exclusion of duplicates, studies were screened by two independent
reviewers in a two-stage process. Based on previously defined inclusion criteria,
123 studies were included. Data extraction was based on a descriptive analytical
method, and seven categories for the main topics of studies were developed.
Data were extracted by three reviewers to analyze different characteristics of
included articles such as age range, study design, data type, gender, type of
bicycle, and country of origin.

Results: The included studies covered the following topics: (1) traffic safety, (2)
cycling as physical activity or for transport, (3) health benefits, (4) environmental
factors, (5) facilitators and barriers, (6) application of technology and (7)
promotion of cycling. Results show that the majority of studies were performed
in both younger (60-79 years) and older (80+ years) adults. Most studies had an
observational study design, used conventional bicycles, and were based on
quantitative methods. Researchers from the United States, Netherlands, and
Japan published the highest number of studies related to cycling.

Discussion: Traffic safety was the most prevalent focus of the included studies.
Gaps were identified with regard to studies focusing on the promotion of
cycling, application of technology, as well as facilitators and barriers of cycling.
While research on traffic safety should continue to be a high priority for public
health, potentially more research should focus on how to get older people to
bicycle more. This is warranted by the proven individual and planetary health
benefits of cycling and the urgency of combating climate change.
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1. Introduction

Regular physical activity (PA) provides many health benefits to older adults that affect
all-cause mortality, cardiovascular diseases, hypertension, cancer, diabetes mellitus type 2,
anxiety, depression, cognitive conditions, sleep, the risk of falls and falls-related injuries,
bone density, and functional abilities (1). Due to these important health benefits, the
World Health Organization (WHO) and national health authorities have adopted
evidence-based recommendations on the volume and intensity of PA for different age
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groups, including older adults (1-3). Despite the well-proven
health benefits of PA in older adults, study results from 122
countries show that, across WHO regions, physical inactivity in
this age group is more prevalent in comparison to other age
groups (4). In addition, according to a systematic review most
studies show that between 20% and 60% of older adults fulfill
WHO’s PA recommendations (5).

As part of PA recommendations, cycling is often recommended
for older adults (1, 2). Scientific evidence shows that cycling can be
an appropriate training to reduce the fear of falling (6), fat mass,
high blood pressure, and cholesterol in older populations (7). It
also leads to fitness benefits (8) while improving the overall
quality of life (9). From a functional point of view, cycling
enhances skeletal muscle power and endurance, gait parameters,
general functional performance (10), stepping times, one leg
stance, and step response times (11). For achieving these benefits,
interventions can use regular (outdoor) or stationary (indoor)
bikes. In this review, we focus only on regular bikes and use the
term cycling only in this context.

According to available studies, cycling has multiple benefits.
For example, a bicycle-based intervention was shown to
positively affect metabolic parameters, such as physical fitness
level, total fat-free mass, and fasting plasma insulin levels, in
rural Indian men (12). Other studies proved that increasing the
level of cycling caused a reduction in the total number of road
accidents (13, 14). It has also been shown that cycling can reduce
the risk of falls (6, 15) and improve the mental health score in
older adult populations (16). Furthermore, studies indicate that
cycling in older adults can significantly improve participants’
happiness, associated with
maintaining quality of life (17).

does not cause pain, and is

Despite these benefits, there is still potential to increase the
number and proportion of older adults cycling. According to a
study, 6% of overall urban transportation globally is currently
carried out by bicycle, but this percentage could be increased to
over 15% by 2050 (18). Another study showed specifically for older
adults that 12%-24% of trips are made by bicycle in Germany,
Denmark, and the Netherlands (19). In the United States, however,
the overall percentage of bicycle use is comparatively low (1%), and
older adults are the age group least likely to use a bicycle (20).
Another study asserted that there is currently an increasing trend
towards bicycle use in the United States (21).

A primary concern for older individuals has been the safety of
cycling in order to avoid injuries and crashes (22), particularly as
older populations have higher rates of cycling accidents (23).
Some authors (24, 25) have highlighted safety and traffic as the
most important concerns regarding cycling in older adults. Both
cycling infrastructure (26, 27) and the built environment in
general (28-33) have been shown to affect cycling behavior in
older adults. Although cycling is generally highly recommended
and is considered an advantageous way of transportation, most
individuals choose other types of transportation. This holds true
even in the Netherlands, a country with a highly developed
cycling infrastructure and well-known tradition of cycling (34).

It has been suggested that psychological (35, 36), personal, and
social (37) factors may facilitate or hinder cycling in older adults.
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To overcome such barriers, active strategies to promote cycling
among older adults need to be developed. This is particularly
important as cycling is not only a way to improve public health
(8) but also a means to reduce pollution and greenhouse gases
(38) and to support climate action (39, 40). The WHO’s Global
Action Plan on PA describes cycling as a “key means of
transportation” that enables “regular PA on a daily basis” (1).
Several interventions to promote cycling have been shown to be
effective (41), and public transport policies, such as the
development of infrastructures and active travel programs, can
(42). This
complemented by success stories from cities that managed to

increase population PA levels research is
increase bicycle use, for instance by integrating cycling into
public transport, increasing the cost of car use, and clarifying
cyclists” legal rights (43, 44).

However, there is currently a limited understanding of what
research in the interdisciplinary field of cycling looks like in its
entirety and how well it aligns with the potential of cycling as a
means of PA promotion. Therefore, we conducted a scoping
review that intends to complement existing reviews that focus on
specific aspects of cycling, such as the links between the physical

environment and active travel in older adults (45).

2. Method

This scoping review was conducted based on the framework
developed by Arksey and O’Malley (46) and expanded by Levac
et al. (47). The review included five key stages: (1) Identifying the
research question, (2) identifying relevant studies, (3) study
selection, (4) charting the data, and (5) collating, summarizing, and
reporting the results. The optional sixth stage “consulting with
stakeholders to inform or validate study findings” was not conducted.

2.1. Identifying the research question

This review aims (a) to scope the available evidence on cycling in
older adults to identify its main topic as well as potential gaps in this
field of research and (b) to analyze the included articles in terms of age
range, study design, data type, gender, type of bicycle, and country of
origin. The review focuses solely on general/outdoor cycling, as
stationary indoor cycling is substantially different in terms of
safety,
feasibility, and physiological or psychological response (48-52).

environmental conditions, biomechanics of pedaling,

2.2. ldentifying the relevant studies

We searched for studies related to cycling in older adults
published in English and German before December 22nd, 2021.
The search for relevant studies was performed in seven
databases: PubMed, Web of Science, Scopus, Cochrane library,
SportDiscus, CINAHL, and PsychInfo. The search strategy was
developed by all authors and consulted with a librarian. The
search strategy included the following keywords related to
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Imported studies identified through data-
bases searching Duplicate studies removed
n= 7192 n= 1383
Titles and abstract screened for eligibility Irrelevant studies
n= 5809 n=5516
Full-text articles excluded
n=170
Full-text articles assessed for eligibility [E— Reason for exclusion:
n=293 Related to stationary cycling (93),
not related to cycling (19),
published in other languages (15),
duplicates (12),
wrong population (9),
cycling is not a key component of study (8),
Articles included in the review not available full text (S),
n=123 wrong study design (4),
not reported age range for older population
(3),
wrong publication type (2).
FIGURE 1
Study selection

cycling in older adults: (“old people” or “older people” or “elderly”
or “elders” or “aging” or “ageing” or “old men” or “old women” or
“older persons” or “older adults” or “seniors”) and (“bicycling” or
“cycling” or “biking” or “bike” or “bicycle”). A combination of
different MeSH terms and free text was used to search databases.

2.3. Study selection

Records were managed in the Covidence systematic review

software  (www.covidence.org). Duplicates were removed
automatically. The screening process involved two stages based
on inclusion and exclusion criteria. In the first stage, articles
were screened by title and abstract, while the second stage
included selection of studies by reading the full texts. The

inclusion criteria were:

The study includes human subjects aged 60 years and/or older.
2. Cycling is one of the main components of the study or the

study objective is related to cycling (general/outdoor cycling).
3. The study investigates one or more of the following:

- the health effects of cycling,

- injuries and/or risk of injuries caused by cycling (aspects of safety),

- factors that determine if a person bicycles outdoors and/or

the prevalence of cycling,
- the promotion of cycling for health reasons.
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4. The study was published in a peer-reviewed journal (study
protocols, letters, commentaries, and conference abstracts
were excluded).

5. Cycling was not used as a means to investigate a different
purpose of study, e.g., to test endurance, heart rate, the
training effects of cycling, or as a warm-up.

Figure 1 shows the stages of the search and retrieval processes of this
study. The database search resulted in 7,192 studies. After removing
duplicates, 5,809 studies remained. Three reviewers screened titles
and abstracts, and each study was screened independently by two
reviewers (MK, TA, & ME). Disagreements between the reviewers
were discussed until a consensus was reached.

After title and abstract screening, the full texts of 293 references
were further screened to determine their eligibility for inclusion.
Each study was screened independently by two reviewers (MK &
TA), and conflicts were discussed until a consensus was reached.
internet-based software

To avoid bias, reviewers used the

Covidence, which provides random access to articles for reviewers.

2.4. Charting the data

A descriptive analytical method (53) was used as a basis for
developing categories to structure the included studies according

to their main topic. Categories were developed by a
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multidisciplinary group consisting of all authors (with expertise in

sociology, political science, physiotherapy, medicine, and
psychology) through regular meetings and discussions. Studies
could be assigned to more than one category. Data extraction
included the following items: title, author name, year of
publication, country of origin, gender of population, study design
(observational studies, interventional studies, reviews), main topic
of study, type of bicycle (conventional outdoor bicycle, e-bike,
pedelec), type of data gathering and analysis (qualitative,

quantitative, or mix of both), and age range of the population.

3. Results
3.1. Reviews

One review was identified. In this systematic review and meta-
analysis, the neighborhood physical environment and active travel
in older adults were analyzed based on 42 quantitative studies. The
results show that there are strong links between the neighborhood’s
physical environment and active travel in older adults. In particular,
the review identified positive associations with total walking for
residential density/urbanization, walkability, street connectivity,
access to destinations/services, land use mix, pedestrian-friendly
features and access to several types of destinations (45).

3.2. Single studies

The study characteristics of the 122 single studies are presented
in Table 1. Out of these studies, 107 (87.70%) focused on all older

TABLE 1 Characteristics of 122 included studies.

Characteristics of studies Number of studies (n),
percentage (%)

Age range

Only younger older adults (60-79 years 15 (12.30%)
old)

Only older older adults (80 years old 0 (0.00%)
and over)

All older adults 107 (87.70%)

Study design

Observational studies 114 (93.44%)

Interventional studies 8 (6.56%)
Data type

Quantitative 109 (89.34%)
Qualitative 7 (5.74%)
Mixed method 6 (4.92%)
Gender

Both genders 113 (92.62%)
Women only 6 (4.92%)
Men only 3 (2.46%)

Type of bicycle
Only conventional bicycle
Only e-bike

Both conventional and e-bike/pedelec

109 (89.34%)
4 (3.28%)
9 (7.38%)
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adults (60 years old and over) and 15 (12.30%) on the lower age
range of this population (60-79 years old). There were three
(2.46%) studies focusing specifically on men, six (4.92%) on
women, and 113 (92.62%) on both genders. 114 studies (93.44%)
were based on an observational study design and eight (6.56%)
were interventional (experimental). 109 studies (89.34%) were
based on quantitative data, seven (5.74%) on qualitative data, and
six (4.92%) mixed quantitative and qualitative data. 109 studies
(89.34%) were related to only conventional outdoor bicycles, four
(3.28%) to only e-bikes/pedelecs, and nine (7.38%) to both
conventional outdoor bicycles and e-bikes/pedelecs.

Figure 2 shows the main topics of studies. The majority of
publications were related to traffic safety, including the use of
cycling helmets with 68 studies (55.74%), followed by cycling as
PA and a means of transport with 34 studies (27.87%), the
health Dbenefits of 14 (11.48%),
environmental factors with eleven studies (9.02%), facilitators
(5.74%), the
application of technology with two studies (1.64%), and the

cycling  with studies

and barriers of cycling with seven studies

promotion of cycling with one study (0.82%).

Figure 3 illustrates the growing number of publications over
time. For each category, the highest number of new publications
was identified for the period 2013-17 or 2018-21. Across all
categories, 99 (81.15%) of the included studies were published in
the last decade (2013-2021).

Figure 4 shows the number of published studies by country.
The United States (24 studies), the Netherlands (21 studies), and
Japan (twelve studies) had the highest number of publications,
followed by Canada and Sweden (eight studies each), Belgium
(seven studies), Germany (six studies), Australia and South Korea
(five studies each), Taiwan (four studies), Denmark (three
studies), China, Italy, and Spain (two studies each), and Austria,
Brazil, Croatia, England, Finland, Greece, Iran, Israel, Norway,
Poland, Singapore, Switzerland, and Thailand (one study each).

Table 2 shows the main topics of studies for the top three
countries (United States, The Netherlands, Japan) in terms of
quantity and contents of publications. The highest number of
published studies in the United States and the Netherlands were
related to traffic safety, while the highest number of studies from
Japan was related to cycling as PA or for transport. The United
States and the Netherlands had four and three studies on health
benefits, respectively, while Japan had no study on this topic.
The Netherlands had three studies related to environmental
factors affecting cycling, and the United States and Japan had

Categorization according to main topic of study

uuuuuuuuuuuuu

FIGURE 2
Categorization of studies on base of main topics of study.
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TABLE 2 Main topics of studies published in United States, The
Netherlands, and Japan.

Main topic of study United The Japan
States Netherlands
14 11 5

Traffic safety

Cycling as physical activity or for 5 5 7
transport

Health benefits of cycling 4 3 0
Environmental factors 1 3 1
Facilitators and barriers of 1 0 0
cycling

Application of technology 0 2 0
Promotion of cycling 0 0 0

one study each focusing on this topic. Regarding facilitators and
barriers, there was one study from the United States and no
studies from the Netherlands and Japan. With regards to the
application of technology, the Netherlands had two studies, while
the United States and Japan had no studies on this topic.
Moreover, none of the three countries had a study focusing on
the promotion of cycling.

4. Discussion
4.1. Summary

The primary objective of this scoping review was to identify studies
dealing with cycling in older adults. Overall, 123 studies were
identified, most of which used observational designs, while there
were few intervention studies and only one review. The studies could
be categorized as pertaining to seven main topics, with more than
two-thirds focusing on traffic safety. Other topics investigated more
frequently include cycling as PA or for transport, health benefits,
and environmental factors. By country, almost half the studies were
conducted by research teams located in the United States, the
Netherlands, and Japan. Time series analysis indicates that research
interest in cycling among older people increased markedly after 2007.

4.2. Research perspectives on cycling
among older adults

We observed a heightened interest in the safety aspects of
cycling (24, 25, 54). By contrast, only one of the included studies
dealt with the promotion of cycling among older people. This is
surprising, especially when one considers that active transport
(cycling and walking) has been shown to have numerous health
benefits (1, 6, 7, 10, 11) and can contribute to people reaching
recommended PA levels (1, 2). In addition, cycling has
important environmental co-benefits (38, 40). People who engage
in active transport rather than using a motorized vehicle help
reduce air pollution in cities (38). Cycling in cities has also been
associated with making cities safer and improving the self-
reported quality of life of residents (9, 14). Likewise, from an
economic point of view, a study focusing on the European Union
showed each kilometer driven by car causes external costs of
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€0.11, while cycling represents benefits of €0.18. Also, the costs
of automobility are about €500 billion per year, while the
positive health effects of cycling amount to external benefits
worth €24 billion per year (55).

Evidence has shown a positive association between the extent
paths  and (56).
Environmental factors such as presence of cycling routes or

of cycling non-recreational  cycling
paths, separation of cycling from other traffic, high population
density, short trip distance, and proximity of cycling paths or
green spaces are positively associated with cycling (57). These
studies suggest that cycling can be promoted as a cheap way of
transportation by investing in infrastructures.

Currently, prevalence rates of cycling among older people are
quite low in many countries, and even in bike-friendly countries
only a minority of older people report to cycle regularly (34). In
France, it has been demonstrated that increasing the uptake of
cycling among older people would support efforts to lower
carbon emissions and adherence to the Paris Agreement (58). It
can be assumed that the same might hold true for other nations.
As such, the results presented here serve as a call to increase
research efforts on how to promote cycling among older people.
While research on safety issues should continue to be a high
priority for public health, this should not deter scholars from
conducting more research on how to get older people to cycle
more. After all, research has shown that, the more people use
bicycles, the safer cycling becomes for everybody involved (14).

4.3. Country differences in research on
cycling among older adults

The majority of studies were conducted in high-income
countries such as the United States, the Netherlands, or Japan.
Among these three, the Netherlands is most prominently
associated with being a “bicycling country” (59), hinting that the
rate of cycling in a given country might not be able to fully
explain who is engaging in research on this topic. Notably in this
regard, two other countries often named as cycling-friendly
countries—Denmark and Germany—have produced only a
limited amount of research on this topic.

However, it seems to be highly relevant to conduct more research
on cycling among older adults in low- and middle-income countries.
It is a general problem of PA-related research that there is a large gap
in the number of publications between high- and low-income
countries (60). From a global health perspective (61, 62) this raises
the question whether the available evidence is even applicable to
low- and middle-income countries, which might not necessarily
have an appropriate cycling infrastructure. Furthermore,
geographical, political, or cultural differences might require specific
research on cycling in these countries.

4.4. Policy context

The results indicate that research on safety issues regarding
cycling is important. Also, from a political perspective, the
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importance of road safety in the context of PA promotion is
reflected in documents such as WHO’s Global Action Plan on
Physical Activity (WHO 2018) and its European Physical
Activity Strategy (WHO 2016). These documents call for the
implementation of policy actions to improve the safety of cyclists
(WHO 2018) and for identifying linkages between PA promotion
and road safety strategies (WHO 2016). In addition, policy
documents highlight the importance of a cycling network
infrastructure (WHO 2016, 2018), pre- and in-service training of
professionals in the transport sector on PA promotion (WHO
2018), and the removal of barriers for disadvantaged groups
(WHO 2016). An in-depth analysis of the identified studies on
facilitators and barriers of cycling for older adults could help to
identify target group-specific barriers for cycling and develop
appropriate strategies to remove them.

4.5. Limitations

This study was limited to published studies in English or
German, and including studies written in other languages might
have changed the nature of the results. Also, we acknowledge
that the categorization of the identified studies by research topic
was not always easy, since some studies covered more than just
one topic (e.g., environmental factors and facilitators/barriers).
Furthermore, this review focused exclusively on scientific studies
and did not include other types of publications, such as policies
and intervention reports, that may also serve to promote cycling
among older adults.

4.6. Conclusion

To our knowledge, this is the first scoping review in the field of
cycling in older adults which covers a broad range of articles in
order to identify the state of the evidence on cycling in older
adults. Traffic safety was the most prevalent topic of the included
studies. The number of studies being published has increased
over time, but the rate of increase for each main study topic was
different. For some topics, such as the promotion of cycling and
health benefits, only a few published studies were identified
despite their well-documented importance. The majority of
studies were conducted in a small number of countries. Studies
from additional countries and world regions may be required to
account for different geographical, infrastructural and cultural
contexts. Moreover, for some study topics, such as environmental
factors, facilitators and barriers, application of technology, and
promotion of cycling, only a few published studies were
identified, warranting further attention to these topics in future
research. The growing tendency towards ownership and use of e-
bikes, pedelecs, and recumbent bicycles, also seems to call for
conducting more research in these fields. In addition, given the
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very low numbers of qualitative and review study designs
identified in this paper, further research using non-quantitative
designs may enrich the evidence on how to promote cycling.
Finally, most studies had observational study designs, while only
a few interventional studies were conducted. The urgent need to
promote cycling requires more interventional studies to produce
evidence on how to provide ideal conditions for cycling and
maximize the desired effects.

Author contributions

All authors contributed to study conceptualization and design.
MK, TA, and MI conducted the literature search and title/abstract
screening. MK and TA screened the full texts. MK analyzed and
interpreted the results. MK, TA, and MI wrote the original
manuscript draft. AT, SM, PG, and KA-O critically revised the
manuscript. All the authors contributed to the article and
approved the submitted version.

Funding

We  acknowledge financial

Forschungsgemeinschaft

support by  Deutsche
and  Friedrich-Alexander-Universitit
Erlangen-Niirnberg within the funding programme “Open Access
Publication Funding”.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material
The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fspor.2023.
1157503/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fspor.2023.1157503/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fspor.2023.1157503/full#supplementary-material
https://doi.org/10.3389/fspor.2023.1157503
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Kardan et al.

References

1. World Health Organization. WHO guidelines on physical activity and sedentary
behaviour: Web annex: Evidence profiles. Geneva: World Health Organization (2020).

2. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, et al. The
physical activity guidelines for Americans. JAMA. (2018) 320(19):2020-8. doi: 10.
1001/jama.2018.14854

3. Sims J, Hill K, Hunt S, Haralambous B. Physical activity recommendations for
older Australians. Australas ] Ageing. (2010) 29(2):81-7. doi: 10.1111/j.1741-6612.
2009.00388.x

4. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, et al. Global
physical activity levels: surveillance progress, pitfalls, and prospects. Lancet. (2012) 380
(9838):247-57. doi: 10.1016/S0140-6736(12)60646-1

5. Sun F, Norman IJ, While AE. Physical activity in older people: a systematic
review. BMC Public Health. (2013) 13(1):1-17. doi: 10.1186/1471-2458-13-1

6. Batcir S, Melzer L. Daily bicycling in older adults may be effective to reduce fall risks—a
case-control study. ] Aging Phys Act. (2018) 26(4):570-6. doi: 10.1123/japa.2017-0263

7. Verney ], Kadi F, Saafi MA, Piehl-Aulin K, Denis C. Combined lower body
endurance and upper body resistance training improves performance and health
parameters in healthy active elderly. Eur J Appl Physiol. (2006) 97(3):288-97.
doi: 10.1007/s00421-006-0175-z

8. Oja P, Titze S, Kokko S, Kujala UM, Heinonen A, Kelly P, et al. Health benefits of
different sport disciplines for adults: systematic review of observational and
intervention studies with meta-analysis. Br ] Sports Med. (2015) 49(7):434-40.
doi: 10.1136/bjsports-2014-093885

9. Smart NA, Dieberg G, Giallauria F. Functional electrical stimulation for chronic heart
failure: a meta-analysis. Int ] Cardiol. (2013) 167(1):80-6. doi: 10.1016/j.ijjcard.2011.12.019

10. Nadeau A, Lungu O, Duchesne C, Robillard M-E, Bore A, Bobeuf F, et al. A 12-
week cycling training regimen improves gait and executive functions concomitantly in
people with Parkinson’s disease. Front Human Neurosci. (2017) 10(690):1-10. doi: 10.
3389/fnhum.2016.00690

11. Rissel C, Passmore E, Mason C, Merom D. Two pilot studies of the effect of
bicycling on balance and leg strength among older adults. ] Environ Public Health.
(2013) 2013:1-6. doi: 10.1155/2013/686412

12. Madsen C, Mogensen P, Thomas N, Christensen D, Bygbjerg I, Mohan V, et al.
Effects of an outdoor bicycle-based intervention in healthy rural Indian men with
normal and low birth weight. ] Dev Orig Health Dis. (2015) 6(1):27-37. doi: 10.
1017/52040174414000609

13. Elvik R. The non-linearity of risk and the promotion of environmentally
sustainable transport. Accid Anal Prev. (2009) 41(4):849-55. doi: 10.1016/j.aap.2009.
04.009

14. Jacobsen PL. Safety in numbers: more walkers and bicyclists, safer walking and
bicycling. Inj Prev. (2015) 21(4):271-5. doi: 10.1136/ip.9.3.205rep

15. Batcir S, Melzer I. Daily outdoor cycling by older adults preserves reactive
balance behavior: a case-control study. J Aging Phys Act. (2022) I1(aop):1-11.
doi: 10.1123/japa.2021-0378

16. Leyland L-A, Spencer B, Beale N, Jones T, Van Reekum CM. The effect of
cycling on cognitive function and well-being in older adults. PLoS One. (2019) 14
(2):0211779. doi: 10.1371/journal.pone.0211779

17. Cotnam V. Exploring the effects of the cycling without age program on older
adults living in long-term care. Canada: The University of Western Ontario (2020).

18. Mason J, Fulton L, McDonald Z. A global high shift cycling scenario: the
potential for dramatically increasing bicycle and e-bike use in cities around the
world, with estimated energy, Co2, and cost impacts (2015).

19. Pucher J, Buehler R. At the frontiers of cycling. Policy innovations in the
Netherlands, Denmark, and Germany. (2007):1-74. https://backend.orlis.difu.de/
server/api/core/bitstreams/212¢3f96-40bd-479a-a16d-a8db781b16fb/content

20. Nehme EK, Pérez A, Ranjit N, Amick BC, Kohl HW. Sociodemographic factors,
population density, and bicycling for transportation in the United States. J Phys Act
Health. (2016) 13(1):36-43. doi: 10.1123/jpah.2014-0469

21. Wang R, Liu C. Bicycle-transit integration in the United States, 2001-2009.
J Public Transp. (2013) 16(3):6. doi: 10.5038/2375-0901.16.3.6

22. Fishman E, Schepers P, Kamphuis CBM. Dutch cycling: quantifying the health
and related economic benefits. Am ] Public Health. (2015) 105(8):e13-5. doi: 10.2105/
AJPH.2015.302724

23. Martinez-Ruiz V, Jiménez-Mejias E, Amezcua-Prieto C, Olmedo-Requena R, de
Dios Luna-del-Castillo J, Lardelli-Claret P. Contribution of exposure, risk of crash and
fatality to explain age-and sex-related differences in traffic-related cyclist mortality
rates. Accid Anal Prev. (2015) 76:152-8. doi: 10.1016/j.aap.2015.01.008

24. Boufous S, Beck B, Macniven R, Pettit C, Ivers R. Facilitators and barriers to
cycling in older residents of New South Wales, Australia. J Transp Health. (2021)
21:101056. doi: 10.1016/j.jth.2021.101056

Frontiers in Sports and Active Living

10.3389/fspor.2023.1157503

25. Van Cauwenberg J, Clarys P, De Bourdeaudhuij I, Ghekiere A, De Geus B, Owen
N, et al. Environmental influences on older adults’ transportation cycling experiences:
a study using bike-along interviews. Landsc Urban Plann. (2018) 169:37-46. doi: 10.
1016/j.Jandurbplan.2017.08.003

26. Velasco L, Rojo M, Gonzalo-Orden H, Diez JM, editors. Safety issues with elderly
cyclists and barriers to cycling. Proceedings of the institution of civil engineers-municipal
engineer. Thomas Telford Ltd (2015).

27. Winters M, Sims-Gould J, Franke T, McKay H. “I grew up on a bike”: cycling
and older adults. J Transp Health. (2015) 2(1):58-67. doi: 10.1016/j.jth.2014.06.001

28. Kemperman A, Timmermans H. Influences of built environment on walking
and cycling by latent segments of aging population. Transp Res Rec. (2009) 2134
(1):1-9. doi: 10.3141/2134-01

29. Rosenkvist J, Svensson H, Wretstrand A, editors. How usable is the city for older
bicyclists? Universal design 2014; June 16-18, 2014; Lund, Sweden. IOS Press (2014).

30. Takahashi PY, Baker MA, Cha S, Targonski PV. A cross-sectional survey of the
relationship between walking, biking, and the built environment for adults aged over
70 years. Risk Manage Healthc Policy. (2012) 5:35. doi: 10.2147/RMHP.S30221

31. Van Cauwenberg J, Clarys P, De Bourdeaudhuij I, Van Holle V, Verté D, De
Witte N, et al. Physical environmental factors related to walking and cycling in
older adults: the belgian aging studies. BMC Public Health. (2012) 12(1):1-13.
doi: 10.1186/1471-2458-12-142

32. Van Cauwenberg J, De Bourdeaudhuij I, Clarys P, De Geus B, Deforche B. Older
adults” environmental preferences for transportation cycling. J Transp Health. (2019)
13:185-99. doi: 10.1016/.jth.2019.03.014

33. Zhang Y, Li C, Ding C, Zhao C, Huang J. The built environment and the
frequency of cycling trips by urban elderly: insights from Zhongshan, China.
J Asian Archit Build Eng. (2016) 15(3):511-8. doi: 10.3130/jaabe.15.511

34. en Waterstaat MV'V. Mobiliteitseffecten lokale fietsmaatregelen [mobility effects of
local bike actions]. Rotterdam: Ministerie van Verkeer en Waterstaat [MinVenW] (2004).

35. Cousins SOB. My heart couldn’t take it” older women’s beliefs about exercise
benefits and risks. ] Gerontol B Psychol Sci Soc Sci. (2000) 55(5):P283-94. doi: 10.
1093/geronb/55.5.P283

36. Zander A, Passmore E, Mason C, Rissel C. Joy, exercise, enjoyment, getting out:
a qualitative study of older people’s experience of cycling in Sydney, Australia.
] Environ Public Health. (2013) 2013:1-6. doi: 10.1155/2013/547453

37. Grimes A, Chrisman M, Lightner J. Barriers and motivators of bicycling by
gender among older adult bicyclists in the midwest. Health Educ Behav. (2020) 47
(1):67-77. doi: 10.1177/1090198119879731

38. Woodcock J, Edwards P, Tonne C, Armstrong BG, Ashiru O, Banister D, et al.
Public health benefits of strategies to reduce greenhouse-gas emissions: urban land
transport. Lancet. (2009) 374(9705):1930-43. doi: 10.1016/S0140-6736(09)61714-1

39. Abu-Omar K, Gelius P, Messing S. Physical activity promotion in the age of
climate change. FI000Res. (2020) 9:1-9. doi: 10.12688/f1000research.23764.2

40. Prins RG, Van Lenthe F. The hour-to-hour influence of weather conditions on
walking and cycling among Dutch older adults. Age Ageing. (2015) 44(5):886-90.
doi: 10.1093/ageing/afv103

41. Yang L, Sahlqvist S, McMinn A, Griffin SJ, Ogilvie D. Interventions to promote
cycling: systematic review. Br Med ]. (2010) 341:1-10. doi: 10.1136/bmj.c5293

42. Zukowska J, Gobis A, Krajewski P, Morawiak A, Okraszewska R, Woods CB,
et al. Which transport policies increase physical activity of the whole of society? A
systematic review. J Transp Health. (2022) 27:101488. doi: 10.1016/j.jth.2022.101488

43. Mateu G, Sanz A. Public policies to promote sustainable transports: lessons from
valencia. Sustainability. (2021) 13(3):1141. doi: 10.3390/su13031141

44. Pucher ], Buehler R, Seinen M. Bicycling renaissance in North America? An
update and re-appraisal of cycling trends and policies. Transp Res Part A Policy
Pract. (2011) 45(6):451-75. doi: 10.1016/j.tra.2011.03.001

45. Cerin E, Nathan A, Van Cauwenberg J, Barnett DW, Barnett A. The
neighbourhood physical environment and active travel in older adults: a systematic
review and meta-analysis. Int ] Behav Nutr Phys Act. (2017) 14(1):1-23. doi: 10.
1186/512966-016-0456-9

46. Arksey H, O’Malley L. Scoping studies: towards a methodological framework. Int
] Soc Res Methodol. (2005) 8(1):19-32. doi: 10.1080/1364557032000119616

47. Levac D, Colquhoun H, O’Brien KK. Scoping studies: advancing the
methodology. Implement Sci. (2010) 5(1):1-9. doi: 10.1186/1748-5908-5-69

48. Bertucci W, Grappe F, Groslambert A. Laboratory versus outdoor cycling
conditions: differences in pedaling biomechanics. ] Appl Biomech. (2007) 23
(2):87-92. doi: 10.1123/jab.23.2.87

49. Blake OM, Wakeling JM. Muscle coordination during an outdoor cycling
time trial. Med Sci Sports Exerc. (2012) 44(5):939-48. doi: 10.1249/MSS.
0b013e3182404eb4

frontiersin.org


https://doi.org/10.1001/jama.2018.14854
https://doi.org/10.1001/jama.2018.14854
https://doi.org/10.1111/j.1741-6612.2009.00388.x
https://doi.org/10.1111/j.1741-6612.2009.00388.x
https://doi.org/10.1016/S0140-6736(12)60646-1
https://doi.org/10.1186/1471-2458-13-1
https://doi.org/10.1123/japa.2017-0263
https://doi.org/10.1007/s00421-006-0175-z
https://doi.org/10.1136/bjsports-2014-093885
https://doi.org/10.1016/j.ijcard.2011.12.019
https://doi.org/10.3389/fnhum.2016.00690
https://doi.org/10.3389/fnhum.2016.00690
https://doi.org/10.1155/2013/686412
https://doi.org/10.1017/S2040174414000609
https://doi.org/10.1017/S2040174414000609
https://doi.org/10.1016/j.aap.2009.04.009
https://doi.org/10.1016/j.aap.2009.04.009
https://doi.org/10.1136/ip.9.3.205rep
https://doi.org/10.1123/japa.2021-0378
https://doi.org/10.1371/journal.pone.0211779
https://backend.orlis.difu.de/server/api/core/bitstreams/212c3f96-40bd-479a-a16d-a8db781b16fb/content
https://backend.orlis.difu.de/server/api/core/bitstreams/212c3f96-40bd-479a-a16d-a8db781b16fb/content
https://doi.org/10.1123/jpah.2014-0469
https://doi.org/10.5038/2375-0901.16.3.6
https://doi.org/10.2105/AJPH.2015.302724
https://doi.org/10.2105/AJPH.2015.302724
https://doi.org/10.1016/j.aap.2015.01.008
https://doi.org/10.1016/j.jth.2021.101056
https://doi.org/10.1016/j.landurbplan.2017.08.003
https://doi.org/10.1016/j.landurbplan.2017.08.003
https://doi.org/10.1016/j.jth.2014.06.001
https://doi.org/10.3141/2134-01
https://doi.org/10.2147/RMHP.S30221
https://doi.org/10.1186/1471-2458-12-142
https://doi.org/10.1016/j.jth.2019.03.014
https://doi.org/10.3130/jaabe.15.511
https://doi.org/10.1093/geronb/55.5.P283
https://doi.org/10.1093/geronb/55.5.P283
https://doi.org/10.1155/2013/547453
https://doi.org/10.1177/1090198119879731
https://doi.org/10.1016/S0140-6736(09)61714-1
https://doi.org/10.12688/f1000research.23764.2
https://doi.org/10.1093/ageing/afv103
https://doi.org/10.1136/bmj.c5293
https://doi.org/10.1016/j.jth.2022.101488
https://doi.org/10.3390/su13031141
https://doi.org/10.1016/j.tra.2011.03.001
https://doi.org/10.1186/s12966-016-0456-9
https://doi.org/10.1186/s12966-016-0456-9
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1186/1748-5908-5-69
https://doi.org/10.1123/jab.23.2.87
https://doi.org/10.1249/MSS.0b013e3182404eb4
https://doi.org/10.1249/MSS.0b013e3182404eb4
https://doi.org/10.3389/fspor.2023.1157503
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Kardan et al.

50. Jeffries O, Waldron M, Patterson SD, Galna B. An analysis of variability in
power output during indoor and outdoor cycling time trials. Int J Sports Physiol
Perform. (2019) 14(9):1273-9. doi: 10.1123/ijspp.2018-0539

51. Joerger J. Muscle activity and power output between stationary and outdoor
cycling (2016).

52. Mieras ME, Heesch MW, Slivka DR. Physiological and psychological responses
to outdoor vs. laboratory cycling. J Strength Cond Res. (2014) 28(8):2324-9. doi: 10.
1519/JSC.0000000000000384

53. Colquhoun HL, Levac D, O’Brien KK, Straus S, Tricco AC, Perrier L, et al.
Scoping reviews: time for clarity in definition, methods, and reporting. J Clin
Epidemiol. (2014) 67(12):1291-4. doi: 10.1016/j.jclinepi.2014.03.013

54. Safarpour H, Khorasani-Zavareh D, Mohammadi R. The common road safety
approaches: a scoping review and thematic analysis. Chin J Traumatol. (2020) 23
(02):113-21. doi: 10.1016/j.cjtee.2020.02.005

55. Gossling S, Choi A, Dekker K, Metzler D. The social cost of automobility, cycling
and walking in the European union. Ecol Econ. (2019) 158:65-74. doi: 10.1016/j.
ecolecon.2018.12.016

56. Frondel M, Vance C. Cycling on the extensive and intensive margin: the role of paths
and prices. Transp Res Part A Policy Pract. (2017) 104:21-31. doi: 10.1016/j.tra.2017.06.018

Frontiers in Sports and Active Living

09

10.3389/fspor.2023.1157503

57. Fraser SD, Lock K. Cycling for transport and public health: a systematic review
of the effect of the environment on cycling. Eur ] Public Health. (2011) 21(6):738-43.
doi: 10.1093/eurpub/ckq145

58. Barban P, de Nazelle A, Chatelin S, Quirion P, Jean K. Quantifying the
health benefits of physical activity due to active commuting in a French
transition scenario: a health impact assessment of the negawatt scenario.
medRxiv. (2022). doi: 10.3389/ijph.2022.1605012

59. Pucher J, Buehler R. Cycling for everyone: lessons from Europe. Transp Res Rec.
(2008) 2074(1). doi: 10.3141/2074-08

60. Ramirez Varela A, Cruz GIN, Hallal P, Blumenberg C, da Silva SG, Salvo D, et al.
Global, regional, and national trends and patterns in physical activity research since
1950: a systematic review. Int | Behav Nutr Phys Act. (2021) 18(1):1-15. doi: 10.
1186/512966-021-01100-3

61. Koplan JP, Bond TC, Merson MH, Reddy KS, Rodriguez MH, Sewankambo NK,
et al. Towards a common definition of global health. Lancet. (2009) 373(9679):1993-5.
doi: 10.1016/S0140-6736(09)60332-9

62. Chen X, Li H, Lucero-Prisno DE, Abdullah AS, Huang J, Laurence C, et al. What
is global health? Key concepts and clarification of misperceptions. Glob Health Res
Policy. (2020) 5(1):1-8. doi: 10.1186/s41256-016-0001-z

frontiersin.org


https://doi.org/10.1123/ijspp.2018-0539
https://doi.org/10.1519/JSC.0000000000000384
https://doi.org/10.1519/JSC.0000000000000384
https://doi.org/10.1016/j.jclinepi.2014.03.013
https://doi.org/10.1016/j.cjtee.2020.02.005
https://doi.org/10.1016/j.ecolecon.2018.12.016
https://doi.org/10.1016/j.ecolecon.2018.12.016
https://doi.org/10.1016/j.tra.2017.06.018
https://doi.org/10.1093/eurpub/ckq145
https://doi.org/10.3389/ijph.2022.1605012
https://doi.org/10.3141/2074-08
https://doi.org/10.1186/s12966-021-01100-3
https://doi.org/10.1186/s12966-021-01100-3
https://doi.org/10.1016/S0140-6736(09)60332-9
https://doi.org/10.1186/s41256-016-0001-z
https://doi.org/10.3389/fspor.2023.1157503
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Cycling in older adults: a scoping review
	Introduction
	Method
	Identifying the research question
	Identifying the relevant studies
	Study selection
	Charting the data

	Results
	Reviews
	Single studies

	Discussion
	Summary
	Research perspectives on cycling among older adults
	Country differences in research on cycling among older adults
	Policy context
	Limitations
	Conclusion

	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


