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Abstract
The primary aim of this scoping review was to identify the predominant modes of 
physical activity (PA) in each Blue Zone and to explore the influences that environ-
ment and culture have on PA. A research team of three Doctor of Physiotherapy 
students completed a systematic search using five online databases and cross refer-
enced each reviewer in the study selection process. The study selection was based 
on eligibility criteria comprised of population autonomy/independence, > 80 years, 
Blue Zone resident, specified mode of physical activity, and utilized all research 
designs except for case studies and literature reviews. The databases retrieved a total 
of 236 articles, and 18 of which, met the inclusion criteria. Data synthesis revealed 
that 81% of the activities engaged by Blue Zone centenarians are moderate intensity 
activities. Blue Zone centenarians represent a significantly high physical functioning 
and high levels of activity through labouring occupations, outdoor hobbies and in-
home activities. The most predominant mode represented through the included stud-
ies was agricultural activities. Overall, Blue Zones Centenarians are highly active, 
perform continuous and consistent movements daily, maintain daily hobbies, and 
work beyond the expected age of retirement. The key findings represent a significant 
effect on PA by environmental and cultural influences of each region.
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Introduction

The worldwide interest in aging science continues to grow due to the increas-
ing numbers of Baby Boomers entering retirement. The implementation of health 
research into longevity and health span is extending the capabilities of older adult 
populations by promoting physical, social, spiritual and cognitive activity, allowing 
them to maintain autonomy, independence and in some cases, restore physical func-
tioning and robustness (Cochrane et al., 2016; Marzetti et al., 2017).

Society’s understanding of life-long physical activity to combat disease, disability 
and dependence weighs heavily as researchers continue to divulge the implications 
of physical activity (PA) and old age (Marzetti et al., 2017; Vaughan et al., 2016). 
Regular PA distances the process of requiring institutionalization in old aged-care 
facilities, lengthening the time as community-dwellers and/or ambulators (Bauman 
et  al., 2016; Vaughan et  al., 2016). As a result, the social implications offered to 
older adults and family support reduce the impact of depression and loneliness, pro-
ducing significantly fewer functional limitations in daily movement (Prieto-Flores 
et al., 2011; Vaughan et al., 2016). Unfortunately, the ability for an older adult or 
“oldest old” (> 80 years) to live independently is becoming an unreachable notion 
(Cochrane et  al., 2016), as worldwide trends demonstrate that PA was reduced in 
more than a quarter of the world’s population in 2016 (Guthold et al., 2018). Refer-
rals to old age-care facilities are becoming utilized as our society’s new ‘normal’ 
process of aging. The United States has seen a 35% increase in prevalence of dis-
ability of ages 65 and older associated with overall decreases of PA (Vaughan et al., 
2016). Consequently, these statistics represent a growing health burden in the aging 
population, highlighting the importance of PA for society. On the contrary, asso-
ciated benefits of PA are known to improve self-efficacy, motor control, balance, 
cognitive health, psychological health, quality of life (QOL) (Awick et  al., 2017; 
Bauman et al., 2016) and mitigate the onset of sarcopenia, frailty, cognitive decline, 
mental health illnesses, and incidences of falls and delayed mortality (Awick et al., 
2017; Elavsky et al., 2005; Marzetti et al., 2017). These findings establish a demand 
for research into regions of the world that have adapted to life-long PA, potentially 
serving as a contributing factor to extreme longevity (Deiana et al., 1999; Pes et al., 
2013; Poulain et al., 2021).

To date, there has been no research investigating the modes and frequencies of 
PA engaged by the “oldest old” (> 80 years), nonagenarians (> 90 years), cente-
narians (> 100 years) and supercentenarians (> 110 + years) populations in Blue 
Zone regions that are living longevous and independent lives. However, emer-
gence of anecdotal, observational evidence and more recent studies examining 
culture, environment, and lifestyle have fascinated world leaders in longevity 
sciences. There are five geographical regions that surpass general civilization’s 
expectations of old age and do so remarkably by delaying the appearance and 
effect of disease and disability (Poulain et al., 2021). These regions termed “Blue 
Zones” include Loma Linda, CA, USA; Nicoya, Costa Rica; Sardinia, Italy; Ika-
ria, Greece; and Okinawa, Japan (Beuttner & Skemp, 2016; Poulain et al., 2021). 
How these centenarian populations are thriving in a world marred by chronic 
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disease and age-related decline have been investigated. In these investigations, the 
Blue Zones have been categorized by their unique commonalities of the impacts 
that geographic isolation of the land, terrain, environment, and culture have on 
their lifestyles and health status (Poulain et al., 2021).

Although studies have been conducted with a primary focus on the following 
domains: sociodemographic, anthropology, psychology, epidemiology, nutri-
tion, and genetics, there remains a paucity of literature investigating the types of 
PA, movement and hobbies participated in by centenarians (Pes et al., 2018; Pou-
lain et  al., 2021). Amongst the extant literature, it is suggested that centenarians 
engage in continuous movement throughout the day, which could cause challenges 
for extracting all modes, durations, and frequencies of activities in a 24-h period 
(Pes et al., 2018). These are the limitations of the several observational study meth-
ods utilized to analyze Blue Zone populations resulting in literature gaps amongst 
the modes and influences of PA. To advance the knowledge on this topic, more 
research is deemed necessary to explore the activity engagement of the oldest 
old demographic including the geographical and cultural influences of movement 
within each Blue Zone.

Insight into types of physical activities may help researchers develop optimal 
movement sequences and models that can be easily undertaken by aging adults. 
Furthering this knowledge could be used as advice from health practitioners to 
their patients to improve overall health and quality of life. This review may prompt 
researchers to expand their investigation regarding robust centenarians and their 
forms of physical activity in each Blue Zone. This could result in fostering a mastery 
of longevity and advancing preventative frameworks of early morbidity and disabil-
ity of older adults. Therefore, this review was guided by the following research ques-
tions: 1) What are the modes of PA that predominate the Blue Zone? 2) How does 
geography and culture influence PA within the Blue Zones?

Objective

To the author’s knowledge, there are no current publications being explored or con-
ducted, specifically regarding the types of PA engaged in by centenarians in each 
Blue Zone, including the different influences such as environment, culture, social 
community, work, and agriculture. The objectives of this investigation are to: 1) 
explore modes of PA that predominate the Blue Zones and 2) determine the environ-
mental and cultural influences on physical activity in the Blue Zones.

Methods

Protocol and Registration

A protocol was developed based on the PRISMA Extension for Scoping Reviews 
(PRSMA-ScR): Checklist and Expansion (Tricco et  al., 2018). Protocol registra-
tion was submitted to Open Science Framework (OSF) on 08/12/2021, where the 
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registration information can be accessed via the OSF website (https:// doi. org/ 10. 
17605/ OSF. IO/ RA5M8).

Eligibility Criteria

The Population-Concept-Context (PCC) framework from the Joanna Briggs Institute 
(JBI) Reviewers manual, were the building blocks for the eligibility criteria (Peters 
et al., 2020). These included studies containing categorized values between age of 
population, the geographical region and data for  > 80 years of age groups relating 
to physical activity or environment. If a study examined different regions, it had to 
include categories specifying values for an individual Blue Zone or signified data 
separate from the other regions to be an eligible study.

Exclusion criteria were agreed upon on the premise of maintaining integrity of 
the scoping review by excluding case study papers, and all literature reviews. To 
maintain literature with an independent and ambulatory demographic, exclusion 
of old age-care facility settings was applied. Articles that were written in other 
languages than English or did not have accessible full text were automatically 
excluded.

Population

Population demographics included any individual that are amongst the oldest 
old and/or octogenarians (> 80  years), nonagenarians (> 90  years), centenarians 
(> 100 years), and super centenarians (> 110 + years) that are living independently 
in the defined Blue Zones.

Concept

There were four main concepts studied in the regions of the five Blue Zones: 1) 
physical activity, 2) environment, 3) centenarians and 4) longevity. Blue Zones 
were defined as geographically identified areas with high concentrations of cen-
tenarians that have reached the age of 100  years at a rate 10 times greater than 
the United States (Beuttner & Skemp, 2016). Each region had commonalities that 
promoted physical activity, which included landscape, community, social, and 
occupational environments (Beuttner & Skemp, 2016; Panagiotakos et al., 2011; 
Poulain et al., 2021).

Physical activity was coined as an umbrella term defined as any voluntary move-
ment elicited by the musculoskeletal system that required energy expenditure 
(Dasso, 2019). Blue Zone centenarians were defined as being 100 years and older, 
studies pertaining to Blue Zones have examined octogenarians or oldest old (80 and 
over) and nonagenarians (90 and over), while longevity included long-lived persons 
starting at the age of 90 years (Legrand et al., 2019; Panagiotakos et al., 2011; Pou-
lain et al., 2021). Considering the following, this review explored the 80 and over 
demographic in Blue Zones due to the delay of age-related chronic disease com-
mencing with the oldest old (Willcox et al., 2006).

https://doi.org/10.17605/OSF.IO/RA5M8
https://doi.org/10.17605/OSF.IO/RA5M8
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Context

Contextual factors of the study included all periods of time and geographical loca-
tions inclusive of the five defined Blue Zones; Ikaria, Greece; Okinawa, Japan; 
Sardinia, Italy; Nicoya Peninsula, Costa Rica; and Loma Linda, California. Addi-
tionally, centenarians within the Blue Zones, both male and female who have main-
tained independence, autonomy, and were active participants in their community 
were included in the current study. Studies including populations of centenarians 
that were cared for in an age care facility were excluded.

Information Sources & Search Strategy

An initial rapid search was completed by three researchers (CH, RD and MH) on 
the date of 03/11/2021, through PubMed to conceptualize and develop key terms, 
research questions, population, concepts, and context of this review. The preliminary 
search through five selected databases (PubMed, Web of Science, CINAHL, Pro-
Quest Dissertation & Theses Global, and Google Scholar) was completed to capture 
10 data-rich articles to correspondingly develop a search strategy that would result 
in inclusion of these specific references. Multiple search strategies were designed 
before the research team decided on the final strategy, which included three out 
of the four main concepts. ‘Environment’ was not inserted into the search strategy 
as the search results produced irrelevant references in the databases, so exclusion 
of the term was deemed appropriate (see Table 1). The Bond University Librarian 
was consulted to refine the search strategy and provided guidance on formatting to 
translate the search strategy into the databases. The use of Yale MeSH Analyzer 
improved the search precision to pull key terms from relevant articles to insert into 
the search strategy (Hocking, 2017). Following the consultation and a meeting with 
the research team, the following terms were added: “longest lived” and “motor 
activity,” as both terms associated with the aims of the study and made the search 
strategy more concise. Guidance with modified search strategies for ProQuest Dis-
sertations and Theses Global, and Google Scholar databases was also provided to 
exclude the “MeSH terms” function and to use the “Title/Abstracts” instead. The 
following search strategy for ProQuest Dissertations & Theses Global and Google 
Scholar were entered directly into the databases and are included in the appen-
dices (Appendix A) along with the search strategies for each database. The most 
recent search strategy was conducted on Dec 1, 2021, identifying references in each 
database and screening for new publications. The sum of articles identified did not 
change (see Table 1, and sum of articles in Table (7) included in the Appendix).

Study Selection

The final search results were exported into EndNote (Clarivate Analytics, version 
20, 2020) to create a reference library that was exported to Systematic Review 
Accelerator (SRA) for removal of duplicate articles by one reviewer (RD) (Clarke 
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et al., 2020). Screening of articles was completed by two reviewers (CH and MH) 
independently, reviewing the title and abstracts against the eligibility criteria. The 
screening process was finalized in Disputatron (SRA) to settle differences in results 
with a third reviewer for consolidation (RD) (Clarke et  al., 2020). Full texts were 
obtained by one reviewer (CH) and additional exclusion between each reviewer was 
completed based on the agreed methods during screening to maintain consistency. 
Any uncertainty was referred to the research partners (MH and RD), including a col-
lective decision made on the excluded articles. The complete study selection process 
was documented in the PRISMA-ScR flow diagram.

Data Extraction

Following inclusion by the eligibility criteria, categories entailing concepts and 
themes were created in tables on Excel by the research team. The initial data extrac-
tion table items were formed by the research team (MH, RD, and CH). A piloted 
data extraction process took place with a research supervisor (KKS) for guidance 
and refinement of categorization, themes, and main findings. Data extraction was 
processed by two reviewers (MH and RD) with extraction into individual Excel 
spreadsheets. The research team cross-checked the results to consolidate the find-
ings. A third reviewer (CH) was referred to, to warrant consensus and contribute to 
data collection of missing data.

Table 1  Search terms used to 
develop the search strategies 
with the list of databases used

a Concept not included in search terms due to irrelevant search 
results.

Concepts Terms Databases

Physical Activity Exercise
Leisure Activities
Activities of Daily Living
Movement
Motor Activity

PubMed
CINAHL
Web of Science
Google Scholar
ProQuest Disserta-

tion & Theses 
Global

Centenarians 80 years and older
90 years and older
Octogenarian
Nonagenarian
Oldest Old
Longest Lived

Environmenta Blue Zones
Sardinia
Ikaria
Nicoya
Loma Linda
Okinawa

Longevity
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The key items for data extraction consisted of study characteristics (e.g., author/year 
of publication, study design, study aims/objectives, level of evidence and setting), par-
ticipant characteristics (e.g., location/country, sample size, age, and sex) and PA data 
characteristics (e.g., outcome measures, outcome values, types of physical activity, 
environment/location of the PA, frequencies of PA, and activity participation sample 
size), and the main findings. Additional items were documented for qualitative studies, 
excluding outcome measures and outcome values. The items included phenomena of 
interest, methods, methodological frameworks, themes, descriptions, illustrations, and 
main findings.

The current scoping review identified knowledge gaps through conceptualiza-
tion and mapping of relevant research. Determining the quality of the research 
included did not align with the current aims of the review, so a critical appraisal 
was not required. While a formal evaluation of the quality of individual study 
types was not necessary, each study’s level of evidence was determined based on 
the National Health and Medical Research Council (NHMRC, 2009) evidence 
hierarchy consistent with the study type and methodology employed. Levels of 
evidence for prognosis were selected, as the aim of this study entailed analyzing 
the forecast of achieved benefits over time while the “oldest old” implemented 
active lifestyles (Hoffman et al., 2013). Level IV in the hierarchy table was modi-
fied to include cross-sectional study designs, consistent with the levels of evidence 
for aetiology, as it was included in the lowest level along with case series (McNair 
& Lewis, 2012). The addition was considered to draw strengths in relevant stud-
ies involving ‘prevalence’ of factors that were concluded in cross sectional study 
designs (Hoffman et al., 2013).

Data Synthesis

Once data was extracted, the collected data was divided in terms of general study 
characteristics, study design characteristics, quantitative data, qualitative data, and 
prevalent modes of PA within the studies. Study design characteristics included the 
total number of studies examined per Blue Zone, the levels of evidence, study designs 
utilized, settings/context, author and year. Additionally, general study characteristics 
categorized year of publication, country of publication, study design, and population 
studied.

Themes were quantitatively categorized by: 1) outcome measures, 2) outcome 
values, 3) modes of PA, 4) frequencies of activity and 5) the main findings. When 
extracting the outcome measures and values, it is important to note that some 
authors administered various measurement tools resulting in heterogeneous out-
come values. Therefore, the individual measurement tools were not categorized, 
rather, they were broadly categorized as “outcome measures” and are contained 
within the appendices (Appendix B). The two qualitative studies presented the 
following: 1) descriptions of themes and/or participants, 2) illustrations of cul-
tural and environmental influences, 3) main findings of modes and/or frequencies 
of PA.
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To represent the prevalence of modes of PA that were reported, activities were catego-
rized into the following groups: 1) agricultural activities (e.g. gardening, farming, shep-
herd work), 2) in-home activities (e.g. house-keeping, basho-fu weaving), 3) outdoor 
hobbies (e.g. sports, social/cultural activities, nature engagement, swimming, horseback 
riding, and dancing), 4) walking (e.g. hiking in the mountains), 5) other labour occupa-
tions (e.g. sailors, fishermen, craftsmen, tradesmen, and coalminers), and 6) n/a (e.g. no 
modes of PA identified in reference). These themes were included in a visual portrayal 
per individual activity to provide an understanding of prevalent modes reported in stud-
ies. Sample sizes of specific activity engagement by participants were extracted from all 
studies, but only obtained by eight studies in total. In cases where sample sizes were not 
reported, two processes were followed: 1) if sample size percentages of activity partici-
pation were reported, the activity sample size (n) was calculated by multiplying the per-
centage (%) by the overall sample size (N) in the study, 2) if the percentages for partici-
pation of individual activities were not reported, sample sizes of that that study were not 
included in the synthesis of percentages of activities engaged in low, moderate and high 
intensity activities. Considering this, there were limitations in summarizing the sample 
size population percentages and identifying the most prevalent mode of PA relative to 
the sample sizes due to each study not consistently reporting the same activities through-
out. As an alternative, each activity was categorized into three levels of intensities: low, 
moderate, and high.

The following activity was categorized as low intensity: Basho-fu weaving 
which was described as the most labour-intensive activity as it was a continuous 
task completed throughout 20 days, however, it involved hand dexterity, fine gross 
motor skills and precision (Willcox et  al., 2007b). Moderate intensity activities 
were categorized in studies as the following: swimming, dancing and walking that 
were identified as modes of aerobic moderate intensity (Legrand et  al., 2021); 
shepherd work had been labeled as constant and continuous energy expenditure 
walking long distances in the mountainous terrain (Pes et  al., 2013); outdoor 
hobbies and nature engagement are broader terms that have been categorized as 
moderate intensity activities relating to swimming and gardening outdoor tasks 
using both upper and lower limbs which were identified as such by Legrand et al. 
(2019) and Nicklett et  al. (2016); housekeeping pertaining to household chores 
that involve vacuuming, mopping, washing windows, etc., have met the metabolic 
equivalent value of 3.0 equating to moderate intensity activities (Manini et  al., 
2006). High intensity was categorized between the remaining activities, farming, 
and other labour occupations. Pes et al. (2013) suggested farming to be labouring 
in concentrated periods and described other labour occupational demands in simi-
lar terms as farming.

Results

Selection of Sources of Evidence

Reference identification, screening, and eligibility processes enforced in this 
scoping review can be viewed in the PRISMA flow diagram (Fig.  1). Through a 
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multi-database search, a total of 236 articles were identified through PubMed, Web 
of Science, ProQuest Dissertations & Theses Global, CINAHL, and Google Scholar. 
There were no other articles identified through additional sources. Following the 
removal of duplicates, 169 articles were screened by two reviewers. After viewing 
titles and abstracts against the eligibility criteria, consensus was made to exclude 
127 articles. Exclusion was made on the grounds of articles not including PA values 
categorized for participants > 80 years old, not extracting PA data, areas not in Blue 
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Fig. 1  PRISMA-ScR flow chart. Source: Tricco, A. C., Lillie, E., Zarin, W., O’Brien, K. K., Colquhoun, 
H., Levac, D., Moher, D., Peters, M. D., Horsley, T., Weeks, L., & Hemple, S. (2018). PRISMA exten-
sion for scoping reviews (PRISMA-ScR): checklist and explanation. Annals of Internal Medicine, 169(7), 
467–473. doi:10.7326/M18-0850
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Zone regions, not written in English, and any study designs (literature review and 
full text) not available. Retrieval of full texts were conducted for 42 articles, with 24 
articles being further excluded due to their inaccessibility or lack of eligibility, leav-
ing 18 articles in total to be studied in this review. This comprised 16 quantitative 
and two qualitative studies. Exact sum and process of selection can be found in the 
PRISMA flow diagram (Fig. 1).

Study Characteristics

Of the 18 articles that were included, all were reviewed for data extraction and syn-
thesis. A summary of the study design characteristics can be found in Table 2, dis-
playing the number of studies explored for each Blue Zone, the methods utilized and 
the levels of evidence according to the study type.

General study characteristics were extracted to provide a synthesized understand-
ing of periods of publication, countries of publication, study designs and populations 
studied (Table 3). Analysis of these themes was drawn from the increased number of 
studies in certain categories, with a significant portion of studies conducted in the 
last five years (Fastame et al., 2018; Legrand et al., 2019, 2021; Madrigal-Leer et al., 
2020; Nieddu et al., 2020; Pes et al., 2018, 2020, 2021; Spencer-Hwang et al., 2018) 
and being primarily of a cross sectional design and published in the United States 
(Chan et al., 1997; Legrand et al., 2019; Panagiotokos et al., 2011; Pes et al., 2018, 
2020; Spencer-Hwang et al., 2018; Willcox et al., 2007b, 2008) with cross-sectional 
study designs (11 out of 18, level IV evidence) utilizing questionnaires were the 
most common research tool (Akisaka et al., 1996; Chan et al., 1997; Deiana et al., 
1999; Fastame et  al., 2018; Legrand et  al., 2019; Legrand et  al., 2021; Madrigal-
Leer et  al., 2020; Nieddu et  al., 2020; Panagiotakos et  al., 2011; Pes et  al., 2013, 
2018). Populations that were investigated most commonly were Okinawan resident 
centenarians (Akisaka et al., 1996; Chan et al., 1997; Willcox et al., (2007a)) and 
centenarian residents of municipalities in Sardinia (Deiana et al., 1999; Pes et al., 
2013; Poulain et al., 2004).

Summary of Outcome Measures and Findings Across Study Themes

Assessment measures of Blue Zone participants found in the Appendix B reveal 
the level of function of the “oldest old” (i.e., those over 80 years of age) in Ikaria, 
Sardinia, Okinawa, Nicoya through outcome measures and values (Akisaka et al., 
1996; Chan et al., 1997; Deiana et al., 1999; Legrand et al. 2019, 2021; Madri-
gal-Leer et  al., 2020; Nieddu et  al., 2020; Panagiotakos et  al., 2011; Pes et  al., 
2018, 2020, 2021; Willcox et  al., (2007a, 2008). The outcome values include 
the following: Activities of Daily Living (ADL) scores, Instrumental Activities 
of Daily Living (IADL) scores, Basic Activities of Daily Living (BADL) scores, 
International Physical Activity Questionnaire (IPAQ) results, and grip strength. 
Whereas frequencies values in Table 4 represent a summarization of motor activ-
ity index values, MET measurements, durations, intensities, volumes, and levels 
of physical activity engaged in by the oldest old. The main findings indicate that 
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the frequencies of PA and moderate to high levels of physical functioning (Aki-
saka et  al., 1996; Chan et  al., 1997; Deiana et  al., 1999; Legrand et  al., 2019, 
2021; Madrigal-Leer et al., 2020; Nieddu et al., 2020; Panagiotakos et al., 2011; 
Pes et al., 2018, 2020, 2021; Willcox et al., 2007a, 2008) enable the oldest old to 
engage in long-term community activities that result in moderate to high levels of 
PA (Legrand et al., 2019, 2021; Panagiotakos et al., 2011; Pes et al., 2013, 2018) 
and moderate to high levels of autonomy and independence (Akisaka et al., 1996; 
Chan et  al., 1997; Legrand et  al., 2019; Neiddu et  al., 2020; Pes et  al., 2018, 
2020, 2021; Willcox et al., 2008).

Pertaining to the analysis of specific activity frequencies engaged in by partici-
pants, there was a high heterogeneity in values limiting overall population compari-
son. However, data was summarized from six quantitative (Fastame et  al., 2018; 
Legrand et al., 2021; Madrigal-Leer et al., 2020; Pes et al., 2013, 2018, 2020) and 
two qualitative studies (Spencer-Hwang et al., 2018; Willcox et al., 2007b). In rela-
tion to agricultural activities, the majority of oldest old Sardinians reported gardening 
1–4 days per week, with 1.7–2.3 hours on average allocated for outdoor hobbies per 
week (Fastame et  al., 2018), while centenarians working as shepherds would walk 
a mean distance of 12.4  km to and from work and on an average slope of 15.2% 
daily (Pes et al., 2013). Parameters around walking frequency values that were not 
directly linked to a specific activity included the Sardinian ≥ 90 years of age engaging 
in 12,110 steps per day for men and 12,799 steps per day for women on average (Pes 
et al., 2018) and engaging in PA or walking ≥ 3 times per week (Pes et al., 2020). This 
is relative to the percentage of participant’s total energy expenditure (TEE) of  ≥ 3 
METs which is the corresponding threshold for moderate physical activity which 
exceeds 40% of participants (Pes et al., 2018).

A qualitative summary of studies is presented in Table 5, depicts the activities 
within culture and environment that illustrates the relationships between hob-
bies, work and outdoor activities. The illustrations provided by Loma Linda cen-
tenarians introduce themes of resiliency factors, kinetic lifestyle, nature engage-
ment, and resting reset. Specific activities that were reported include daily walks 
for 2–3 hours to school or around the community, dusk-to-dawn activities, farm-
ing, outdoor activities, horseback riding, and gardening. “Sabbath afternoon” 
involved one weekly day of “rest” where participants would engage in enjoyable 
lower intensity activities in contrast with their more labouring weekly activi-
ties (Spencer-Hwang et al., 2018). The following is an illustration expressing PA 
established early in life and had 100% agreement of the following statement that 
reported that.

“Going to school consisted of walking 2 miles… We spent a lot of time in 
nature, and [we would go] up in the mountains and swim in the lake… There 
was always a place to go outside” (Spencer-Hwang et al., 2018).

The illustrations in Table 5, of oldest old women living in the Okinawan region 
reflect, that despite their age, they each engage in Basho-fu weaving and have done 
so throughout their lives. Basho-fu weaving, also known as, spooling was catego-
rized with the in-home activities as a low intensity activity that is one of the most 
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labour-intensive activities, in which women will spool for 20 days until completion 
for either income or as a hobby. The women also describe the detail and fine motor 
skills it takes to complete spooling, which is the one thing they believe keeps them 
sharp and still alive (Willcox et al., 2007b). Information about the oldest old men in 
Okinawa was not provided. The following as an illustration of an Okinawan woman in 
her early 80’s that goes by, Toshiko Taira was quoted saying that.

“There was one year when we made up to 100 rolls of [textile] material” (Willcox 
et al., 2007b).

Contrasting data on durations of rest was represented to provide an alternative 
understanding of the Blue Zone population’s continuous movement throughout 
the day. In contrast with the PA continuous scores (average 1533 MET min/week) 
reported by Legrand et al. (2021), the average time spent sitting per day for Ikar-
ian residents ≥ 90  years of age is 90  min per day. Similar results with a different 
form of measurement were reported for the Sardinian participants ≥ 90 years of age 
regarding productive rest. The total daily resting time was measured by the partici-
pant’s duration of night’s sleep and time spent in supine in the waking day, which 
resulted in only 8.5 hours for men and 7.4 hours of total daily rest on average out of 
a 24-hour period (Pes et al., 2018).

Modes of PA reported in each study per Blue Zones region are synthesized in 
Table 6, along with the categorized activities, including a categorization for studies 
that did not specify modes of activity. The most common mode of PA found across 
12 studies was agricultural activities (Fastame et  al., 2018; Nieddu et  al., 2020; 
Legrand et al., 2019, 2021; Panagiotakos et al., 2011; Pes et al., 2013, 2018, 2020, 
2021; Poulain et  al., 2004; Spencer-Hwang et  al., 2018; Willcox et  al., 2007b), 
whereas, seven studies reported no specific modes of PA (Akisaka et  al., 1996; 
Chan et al., 1997; Deiana et al., 1999; Madrigal-Leer et al., 2020; Nieddu et al., 
2020; Willcox et al., 2007a, 2008). The prevalent modes of PA that are represented 
in the included studies were synthesized for visual analysis in Fig. 2, including the 
number of studies that reported a mode of PA and the corresponding Blue Zone. 
Throughout the studies conducted on Sardinia, four studies reported agricultural 
activities (Nieddu et al., 2020; Pes et al., 2018, 2020; Poulain et al., 2004) and four 
studies reported farming as predominant modes within the Sardinian literature (Pes 
et al., 2013, 2018, 2020, 2021).

Due to cases of participants reporting to engage in more than one activity, a 
population percentage was not able to be synthesised with activity sample sizes, 
however, Fig. 3 includes the percentage amount of the predominant intensity that is 
engaged in by the oldest old. It is significant to note that more than 60% of activi-
ties engaged in by the Ikarian, Sardinian and Loma Linda’s regions are moderate 
intensity activities (Fastame et al., 2018; Legrand et al., 2019, 2021; Panagiotakos 
et al., 2011; Pes et al., 2018, 2020; Spencer-Hwang et al., 2018), while Okinawan 
centenarians reflect that 83% of their activities engaged in are low intensity activi-
ties (Willcox et  al., 2007b). Considering Nicoya studies did not provide activity 
sample sizes, nor a mode of PA, an activity intensity synthesis could not be com-
pleted for this region.
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Discussion

Key Findings

Throughout eighteen papers in this scoping review, there are significant findings 
across the  five Blue Zones. Findings in this current scoping review consolidate 
the following for the first time in research: 1) Overall, centenarians are perform-
ing consistent and continuous movements daily that are predominantly moderate 
intensity activities, 2) their modes of PA are influenced by environment, geogra-
phy, and culture. The main findings of our study conclude that the homogeneous 
environment in Blue Zones creates a demand for living a traditional lifestyle. For 
example, walking to commute, working labour-intensive occupations, participat-
ing in outdoor hobbies, and navigating complex terrain with constant  exposure to 
uneven surfaces.

By maintaining traditional lifestyles, many of the Blue Zone regions rely on  
traditional economic activities that are centered around highly physical occupa-
tions such as  farming, shepherd work, and agriculture  (Pes et al., 2018, 2020). Pes 
et al., (2013) highlights that shepherd work was the most common occupation in 
the Sardinian Blue Zone region and the average daily walking distances of 12.4 
± 7.8 (km) at an average slope of 15.2 ± 6.6 (%)  is demanding and most likely 
apply to shepherd workers in these mountainous regions. This  type of physical 
occupation is considered moderate intensity that is maintained constantly through-
out the year. This would involve walking long distances up and downhill on steep 
and narrow paths (Pes etal., 2013). Whereas past researchers have found that only 
6 % of Australian workers, 65 years and older, are full-time and 5% are part-time 
workers (Foskey et  al., 2005). In parallel to centenarians working beyond the 
expected age of retirement, the Blue Zone populations are showing a low level of 
rest throughout the day. Legrand et al., (2021) reports that nonagenarians (90 yrs. 
and older) in Ikaria, Greece show remarkably little  time spent sitting (minutes/
day):90 ± 120 (males), 60 ± 240 (females). This is a significant finding as prior-
research revealed that participants > 60 years of age spent between 5-9 hours sed-
entary per waking day; where these adults reported 3.3 hours in leisure sitting and 
3.3 hours watching T.V (Harvey et al., 2015). The continuous activity, work life, 
and total rest  time in Blue Zonecentenarians was an unexpected finding in this 
scoping review. This pattern of results reflects the predominantly moderate levels 
of physical activity preformed throughout the dayand is exceeding The American 
College of Sports Medicine (ACSM)  recommendations of > 30 mins moderate 
intensity exercise for ages 65 years and older (Nelson etal., 2007).

The lower socio-economic status found across all Blue Zones reflects thela-
bour-intensive occupations and the high levels of PA engaged in by centenar-
ians (Legrand et  al., 2019, 2021; Nieddu et  al., 2020; Wilcox et  al., 2007b). 
These findings are interesting as previous research as sociate low socioeco-
nomic status with health risk behaviours in older adults, however, does not 
specify whether this applies to rural areas or cities (Shankar et  al., 2010). 
Health risk behaviours consisted of smoking, alcohol consumption and low 
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levels of physical activity, where the combination of all three is high (Shankar 
et al., 2010). This has the opposite effect on the Blue Zone population as low 
socioeconomic status and traditional lifestyle drive continuous PA through 
work life and hobbies (Pes et al., 2013).  

While an interpretation was provided on the continuous levels of physical activ-
ity, the environment and cultural influences of these Blue Zone regions play a key 
part in centenarian’s movements through physical occupations, commuting, andle-
isure-time primarily outdoors. Each Blue Zone region is in a geographical location 
that is isolated yet condensed with endless opportunity for community members 
to be encouraged to engage in the outdoors (Pes et  al., 2018; Spencer-Hwanget 
al., 2018). It can be hypothesized that the nature of their small communities, and 
advanced social and cultural networks that provide a safety net is a significant fac-
tor that allows the oldest old the prospect of being outdoors. A study conducted 
by Tucker-Seeley et al. (2009), reports on the perceived safety of an older adult’s 
neighborhood as a barrier for engagement in leisure-time physical activity. In addi-
tion to perceived safety, the following were shown to determine the participation 
in outdoor PA for older adults:1) pedestrian infrastructure, 2) access to facilities, 
3) aesthetics and 4) environmental conditions (Moran et  al., 2014). Interestingly, 
amongst these factors such as pedestrian infrastructure, which includes sidewalk 
quality, maintenance and obstacles, the Blue Zone region’s infrastructures are 
not kept to the same standard. Although, in Western society, the street and side-
walk quality may in  still motivation and ease the fear of falls (Moran et al., 2014), 

Table 6  Summary of prevalent modes of physical activity in Blue Zones referenced in studies

Modes of Physical 
activity

Numbers 
of Stud-
ies

References

Agricultural Activities 
(gardening, farming, 
shepherd work)

12 Fastame et al. (2018); Nieddu et al. (2020); Legrand et al. (2019, 
2021); Panagiotakos et al. (2011); Pes et al. (2013, 2018, 2020, 
2021); Poulain et al. (2004); Spencer-Hwang et al. (2018); Willcox 
et al. (2007b)

In-home Activities 
(housekeeping, 
basho-fu weaving)

3 Legrand et al. (2019); Panagiotakos et al. (2011); Willcox et al. 
(2007b)

Outdoor Hobbies 
(sports, social/cul-
tural, nature engage-
ment, swimming, 
horseback riding, 
dancing)

3 Fastame et al. (2018); Legrand et al. (2021); Spencer-Hwang et al. 
(2018)

Walking (i.e. hiking in 
the mountains)

6 Legrand et al. (2019, 2021); Panagiotakos et al. (2011); Pes et al. 
(2013, 2020); Spencer-Hwang et al. (2018)

Other Labour Occupa-
tions

2 Legrand et al. (2019); Panagiotakos et al. (2011)

N/A (Modes not speci-
fied)

7 Akisaka et al. (1996); Chan et al. (1997); Deiana et al. (1999); 
Madrigal-Leer et al. (2020); Nieddu et al. (2020); Willcox et al. 
(2007a, 2008)
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however, the quality of walkways is not the reality of these small cobble-stoned 
villages in often mountainous regions (Legrand et al., 2019, 2021; Pes et al., 2013; 
Poulain et al., 2004). 

Limitations

Considering the high heterogeneity of values and tests measured across all 
studies included in this scoping review, there were limitations in synthe-
sizing comparative representations and statistical summary. While a range 
of different activities were reported in each study, a comparative popula-
tion summarization was not able to be synthesized due to the potential of 
underrepresenting certain activity populations. Exclusively, the studies 
investigating the Nicoya population did not report modes of physical activ-
ity, despite referring to lifestyle practices of participants. This can be attrib-
uted to the limitations of this study’s inclusion criteria. An article would 
still be included based on referring to environment and physically active life-
styles, without specifically referring to the modes of PA engaged in. This 
resulted in the inclusion of multiple studies that did not provide modes of 
PA but offered other supplemental information. Another drawback was the 
population sizes for Blue Zone studies with reported modes of PA, such as, 

0 1 2 3 4 5 6 7 8

N/A (no modes iden
fied)
Other Labour Occupa
on

Basho-fu Weaving
Horseback riding

Hiking in Mountains
Nature Engagement

Gardening
Dancing

Swimming
Farming

Shepherd work
Walking

House-Keeping
Agricultural Ac
vi
es

Outdoor Hobbies

Number of Studies Grouped by Ac
vity 

M
od

es
 o

f P
A

Prevalent Modes of PA Reported in Blue Zone Studies

Ikaria Loma Linda Okinawa Sardinia Nicoya

Fig. 2  The prevalence of modes of PA in Blue Zones that are identified in each study, including the num-
ber of studies that did not identify a mode
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Fig. 3  The engagement preva-
lence of low, moderate, and high 
intensity activities overall and 
for each individual Blue Zone 
identified in eight studies. Note 
a) In Ikaria, 68% of the activities 
engaged in were moderate inten-
sity activities (Legrand et al., 
2019, 2021; Panagiotakos et al., 
2011). b) In Okinawa, 83% of 
activities engaged in were low 
intensities activities (Willcox 
et al., 2007b). c) In Sardinia, 
93% of activities engaged in 
were moderate intensity activi-
ties (Fastame et al., 2018; Pes 
et al., 2018, 2020). d) In Loma 
Linda, 67% of activities engaged 
in were moderate intensity 
activities (Spencer-Hwang et al., 
2018). e) Overall, throughout 
Ikaria, Okinawa, Sardinia and 
Loma Linda, 81% of activities 
engaged moderate intensity 
activities (Fastame et al., 2018; 
Legrand et al., 2019, 2021; 
Panagiotakos et al., 2011; Pes 
et al., 2018, 2020; Willcox et al., 
2007a, b; Spencer-Hwang et al., 
2018)

a) The percentage of activities in Ikaria engaged in a specific intensity.

b) The percentage of activities in Okinawa engaged in a specific intensity.

c) The percentage of activities in Sardinia engaged in a specific intensity. 

Low 0%

Moderate
68%

High
32%

Ikaria

Low Moderate High

Low
83%

Moderate
17%

High 0%
Okinawa

Low Moderate High

Low 0%

Moderate
93%

High
7%

Sardinia

Low Moderate High

Low 0%

Moderate
67%

High
33%

Loma Linda 

Low Moderate High

d) The percentage of activities in Loma Linda engaged in a specific intensity

e) Overall percentages of intensities engaged in throughout 4 Blue Zones 

Low
1%

Moderate
81%

High
18%

Overall

Low Moderate High
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Loma Linda, and Okinawa. The overall conclusion and findings of these two 
regions potentially contain skewed data as there would be an overrepresenta-
tion of the specific activities reported in the Loma Linda (Spencer-Hwang 
et al., 2018) and Okinawa study (Willcox et al., 2007b). Lastly, this scoping 
review was not able to draw the conclusion that PA correlated with longev-
ity, as this would require comparative national health data, and the inclusion 
of biological and genetic studies for comparison of other contributing factors 
of longevity within Blue Zones. Despite these limitations, the present study 
has significantly enhanced the understanding of the relationship between 
modes of PA, environment, and cultural influences of centenarians residing 
in the five Blue Zones.

Future Directions

The present study can be utilized as a tool for researchers to carry further investiga-
tion into Loma Linda, Nicoya and Okinawa regions. These were Blue Zones with 
either small sample sizes or did not provide specification to modes of PA, which 
requires further research. Future studies are encouraged to report sample sizes along 
with the specific mode of activity for an overall population synthesis of predominant 
modes of PA.

The clinical implications of this review involve providing Allied Healthcare 
professionals with lifestyle models that can easily be undertaken by older adults. 
By providing older adults with outdoor lifestyle prescriptions, Allied Healthcare 
practitioners can ensure activities that offer greater adherence and an increase 
in functional capacity compared to indoor exercise (Lacharité-Lemieux et  al., 
2015).

Conclusion

Overall, the centenarians in Blue Zones are a highly physically active popula-
tion performing continuous and consistent movements daily, maintaining daily 
hobbies, and working beyond the expected age of retirement. The predominant 
modes of PA for centenarians across the studies included in the present scoping 
review were agricultural activities including, gardening, farming, and shepherd 
work, while the predominant level of intensity for PA was found to be moder-
ate. The key findings represent a significant effect on PA by environmental and 
cultural influences of each region, where the more isolated land, extended on-
foot commutes, diverse walking terrain, social life, and the maintenance of tra-
ditional meals and occupations each play an integral role of centenarian’s active 
lifestyles.



 C. Herbert et al.

1 3

A
pp

en
di
x

Ta
bl

e 
7 

 S
ea

rc
h 

str
at

eg
y 

pr
oc

es
se

s u
se

d 
fo

r e
ac

h 
el

ec
tro

ni
c 

da
ta

ba
se

D
at

ab
as

e
D

at
e 

Se
ar

ch
ed

Se
ar

ch
 S

tra
te

gy
# 

of
 R

es
ul

ts

Pu
b 

M
ed

D
ec

 1
, 2

02
1

("
B

lu
e 

Zo
ne

*"
[ti

ab
] O

R
 S

ar
di

ni
a*

[ti
ab

] O
R

 Ik
ar

ia
*[

tia
b]

 O
R

 N
ic

oy
a*

[ti
ab

] O
R

 "L
om

a 
Li

nd
a*

"[
tia

b]
 O

R
 

O
ki

na
w

a*
[ti

ab
])

 A
N

D
 (C

en
te

na
ria

n*
[ti

ab
] O

R
 "8

0 
ye

ar
s a

nd
 o

ld
er

"[
tia

b]
 O

R
 "O

ld
es

t O
ld

*"
[ti

ab
] O

R
 

"9
0 

ye
ar

s a
nd

 o
ld

er
"[

tia
b]

 O
R

 O
ct

og
en

ar
ia

n*
[ti

ab
] O

R
 N

on
ag

en
ar

ia
n*

[ti
ab

] O
R

 "A
ge

d,
 8

0 
an

d 
ov

er
"[

M
es

h]
 

O
R

 "L
on

ge
st 

Li
ve

d"
[ti

ab
])

 A
N

D
 ("

Ph
ys

ic
al

 a
ct

iv
ity

"[
tia

b]
 O

R
 E

xe
rc

is
e[

M
es

h]
 O

R
 E

xe
rc

is
e*

[ti
ab

] O
R

 "L
ei

-
su

re
 A

ct
iv

iti
es

"[
M

es
h]

 O
R

 "A
ct

iv
iti

es
 o

f D
ai

ly
 L

iv
in

g"
[M

es
h]

 O
R

 M
ov

em
en

t[M
es

h]
 O

R
 M

ov
em

en
t*

[ti
ab

] 
O

R
 L

on
ge

vi
ty

[ti
ab

] O
R

 L
on

ge
vi

ty
[M

es
h]

 O
R

 "M
ot

or
 A

ct
iv

ity
”)

11
4

W
eb

 o
f S

ci
en

ce
D

ec
 1

, 2
02

1
("

B
lu

e 
Zo

ne
*"

 O
R

 S
ar

di
ni

a*
 O

R
 Ik

ar
ia

* 
O

R
 N

ic
oy

a*
 O

R
 "L

om
a 

Li
nd

a*
" O

R
 O

ki
na

w
a*

) A
N

D
 (C

en
te

na
ria

n*
 

O
R

 "8
0 

ye
ar

s a
nd

 o
ld

er
" O

R
 "O

ld
es

t O
ld

*"
 O

R
 "9

0 
ye

ar
s a

nd
 o

ld
er

" O
R

 O
ct

og
en

ar
ia

n*
 O

R
 N

on
ag

en
ar

ia
n*

 
O

R
 "A

ge
d,

 8
0 

an
d 

ov
er

" O
R

 "L
on

ge
st 

Li
ve

d"
) A

N
D

 ("
Ph

ys
ic

al
 a

ct
iv

ity
" O

R
 E

xe
rc

is
e 

O
R

 E
xe

rc
is

e*
 O

R
 "L

ei
-

su
re

 A
ct

iv
iti

es
" O

R
 "A

ct
iv

iti
es

 o
f D

ai
ly

 L
iv

in
g"

 O
R

 M
ov

em
en

t O
R

 M
ov

em
en

t*
 O

R
 L

on
ge

vi
ty

 O
R

 L
on

ge
vi

ty
 

O
R

 "M
ot

or
 A

ct
iv

ity
")

93

Pr
oQ

ue
st 

D
is

se
rta

-
tio

ns
 &

 T
he

se
s 

G
lo

ba
l

D
ec

 1
, 2

02
1

(T
I,A

B
("

B
lu

e 
Zo

ne
*"

) O
R

 T
I,A

B
(S

ar
di

ni
a*

) O
R

 T
I,A

B
(I

ka
ria

*)
 O

R
 T

I,A
B

(N
ic

oy
a*

) O
R

 
TI

,A
B

("
Lo

m
a 

Li
nd

a*
")

 O
R

 T
I,A

B
(O

ki
na

w
a*

))
 A

N
D

 (T
I,A

B
(C

en
te

na
ria

n*
) O

R
 T

I,A
B

("
80

 y
ea

rs
 

an
d 

ol
de

r"
) O

R
 T

I,A
B

("
O

ld
es

t O
ld

*"
) O

R
 T

I,A
B

("
90

 y
ea

rs
 a

nd
 o

ld
er

")
 O

R
 T

I,A
B

(O
ct

og
en

ar
ia

n*
) 

O
R

 T
I,A

B
(N

on
ag

en
ar

ia
n*

) O
R

 T
I,A

B
("

A
ge

d,
 8

0 
an

d 
ov

er
")

 O
R

 T
I,A

B
("

Lo
ng

es
t L

iv
ed

")
) A

N
D

 
(T

I,A
B

("
Ph

ys
ic

al
 a

ct
iv

ity
")

 O
R

 T
I,A

B
(E

xe
rc

is
e*

) O
R

 T
I,A

B
("

Le
is

ur
e 

A
ct

iv
iti

es
")

 O
R

 T
I,A

B
("

A
ct

iv
iti

es
 o

f 
D

ai
ly

 L
iv

in
g"

) O
R

 T
I,A

B
(M

ov
em

en
t*

) O
R

 T
I,A

B
(L

on
ge

vi
ty

) O
R

 "M
ot

or
 A

ct
iv

ity
")

1

C
IN

A
H

L
D

ec
 1

, 2
02

1
((

TI
 "B

lu
e 

Zo
ne

*"
 O

R
 A

B
 "B

lu
e 

Zo
ne

*"
) O

R
 (T

I S
ar

di
ni

a*
 O

R
 A

B
 S

ar
di

ni
a*

) O
R

 (T
I I

ka
ria

* 
O

R
 A

B
 Ik

ar
ia

*)
 

O
R

 (T
I N

ic
oy

a*
 O

R
 A

B
 N

ic
oy

a*
) O

R
 (T

I "
Lo

m
a 

Li
nd

a*
" O

R
 A

B
 "L

om
a 

Li
nd

a*
")

 O
R

 (T
I O

ki
na

w
a*

 O
R

 A
B

 
O

ki
na

w
a*

))
 A

N
D

 ((
TI

 C
en

te
na

ria
n*

 O
R

 A
B

 C
en

te
na

ria
n*

) O
R

 (T
I "

80
 y

ea
rs

 a
nd

 o
ld

er
" O

R
 A

B
 "8

0 
ye

ar
s 

an
d 

ol
de

r"
) O

R
 (T

I "
O

ld
es

t O
ld

*"
 O

R
 A

B
 "O

ld
es

t O
ld

*"
) O

R
 (T

I "
90

 y
ea

rs
 a

nd
 o

ld
er

" O
R

 A
B

 "9
0 

ye
ar

s a
nd

 
ol

de
r"

) O
R

 (T
I O

ct
og

en
ar

ia
n*

 O
R

 A
B

 O
ct

og
en

ar
ia

n*
) O

R
 (T

I N
on

ag
en

ar
ia

n*
 O

R
 A

B
 N

on
ag

en
ar

ia
n*

) O
R

 
(M

H
 "A

ge
d,

 8
0 

an
d 

ov
er

" +
) O

R
 (T

I "
Lo

ng
es

t L
iv

ed
" O

R
 A

B
 "L

on
ge

st 
Li

ve
d"

))
A

N
D

 ((
TI

 "P
hy

si
ca

l a
ct

iv
ity

" O
R

 A
B

 "P
hy

si
ca

l a
ct

iv
ity

")
 O

R
 (M

H
 E

xe
rc

is
e +

) O
R

 (T
I E

xe
rc

is
e*

 O
R

 A
B

 
Ex

er
ci

se
*)

 O
R

 (M
H

 "L
ei

su
re

 A
ct

iv
iti

es
" +

) O
R

 (M
H

 "A
ct

iv
iti

es
 o

f D
ai

ly
 L

iv
in

g"
 +

) O
R

 (M
H

 M
ov

em
en

t +
) 

O
R

 (T
I M

ov
em

en
t*

 O
R

 A
B

 M
ov

em
en

t*
) O

R
 (T

I L
on

ge
vi

ty
 O

R
 A

B
 L

on
ge

vi
ty

) O
R

 (M
H

 L
on

ge
vi

ty
 +

) O
R

 
"M

ot
or

 A
ct

iv
ity

")

21



1 3

Blue Zones: Centenarian Modes of Physical Activity: A Scoping…

Ta
bl

e 
7 

 (c
on

tin
ue

d)

D
at

ab
as

e
D

at
e 

Se
ar

ch
ed

Se
ar

ch
 S

tra
te

gy
# 

of
 R

es
ul

ts

G
oo

gl
e 

Sc
ho

la
r

D
ec

 1
, 2

02
1

(T
I,A

B
("

B
lu

e 
Zo

ne
*"

) O
R

 T
I,A

B
(S

ar
di

ni
a*

) O
R

 T
I,A

B
(I

ka
ria

*)
 O

R
 T

I,A
B

(N
ic

oy
a*

) O
R

 
TI

,A
B

("
Lo

m
a 

Li
nd

a*
")

 O
R

 T
I,A

B
(O

ki
na

w
a*

))
 A

N
D

 (T
I,A

B
(C

en
te

na
ria

n*
) O

R
 T

I,A
B

("
80

 y
ea

rs
 

an
d 

ol
de

r"
) O

R
 T

I,A
B

("
O

ld
es

t O
ld

*"
) O

R
 T

I,A
B

("
90

 y
ea

rs
 a

nd
 o

ld
er

")
 O

R
 T

I,A
B

(O
ct

og
en

ar
ia

n*
) 

O
R

 T
I,A

B
(N

on
ag

en
ar

ia
n*

) O
R

 T
I,A

B
("

A
ge

d,
 8

0 
an

d 
ov

er
")

 O
R

 T
I,A

B
("

Lo
ng

es
t L

iv
ed

")
) A

N
D

 
(T

I,A
B

("
Ph

ys
ic

al
 a

ct
iv

ity
")

 O
R

 T
I,A

B
(E

xe
rc

is
e*

) O
R

 T
I,A

B
("

Le
is

ur
e 

A
ct

iv
iti

es
")

 O
R

 T
I,A

B
("

A
ct

iv
iti

es
 o

f 
D

ai
ly

 L
iv

in
g"

) O
R

 T
I,A

B
(M

ov
em

en
t*

) O
R

 T
I,A

B
(L

on
ge

vi
ty

) O
R

 "M
ot

or
 A

ct
iv

ity
")

7



 C. Herbert et al.

1 3

Ta
bl

e 
8 

 S
tu

di
es

 m
ea

su
rin

g 
qu

an
tit

at
iv

e 
da

ta
 a

nd
 o

ut
co

m
e 

m
ea

su
re

s t
ha

t r
ep

or
t m

od
es

, a
nd

 le
ve

ls
 o

f P
A

, p
hy

si
ca

l f
un

ct
io

n,
 a

nd
 fr

eq
ue

nc
ie

s o
f e

ng
ag

ed
 in

 w
ith

 a
 v

ar
ie

ty
 o

f 
un

it 
m

ea
su

re
s

B
lu

e 
Zo

ne
/ C

ou
nt

ry
A

ut
ho

r &
 Y

ea
r

Po
pu

la
tio

n 
&

 S
am

pl
e 

Si
ze

O
ut

co
m

e 
M

ea
su

re
s

O
ut

co
m

e 
Va

lu
es

M
od

es
 o

f P
A

M
ai

n 
Fi

nd
in

gs

Ik
ar

ia
, G

re
ec

e
Le

gr
an

d 
et

 a
l. 

(2
01

9)
90

 y
rs

. a
nd

 o
ld

er
. T

ot
al

 N
 =

 71
,

N
 =

 34
 m

al
es

, N
 =

 37
 fe

m
al

e
A

D
L 

sc
al

e 
sc

or
ed

 o
ut

 o
f 6

.0
IA

D
L 

sc
al

e 
sc

or
ed

 o
ut

 o
f 8

.0
 (F

) 
an

d 
5.

0 
(M

)
M

ea
n 

ca
te

go
riz

ed
 IA

D
L 

sc
or

e 
(%

): 
H

ig
h,

 M
od

er
at

e,
 L

ow
G

rip
 D

yn
am

om
et

er
 (k

g)
 

(M
ea

n ±
 S

D
)

4.
0/

6.
0 

(m
ea

n)
Sc

or
es

 >
 5 

=
 88

.2
%

 (M
), 

59
.5

%
 (F

)
Sc

or
es

 <
 3 

=
 11

.8
%

 (M
), 

27
%

 (F
)

4.
2/

8 
(F

), 
3.

6/
5 

(M
)

H
ig

h =
 56

.3
%

,
M

od
er

at
e =

 18
.3

%
, 

Lo
w

 =
 25

.4
%

17
.0

 ±
 6.

7 
(F

), 
26

.5
 ±

 8.
9 

(M
)

O
cc

up
at

io
ns

 o
f t

he
 v

ill
ag

e:
 

Fa
rm

er
s n

 =
 21

, H
ou

se
-

w
iv

es
 n

 =
 15

, S
ai

lo
rs

 n
 =

 8,
 

Fi
sh

er
m

en
 n

 =
 6,

 W
or

ke
rs

 
n =

 6,
 In

te
rm

ed
ia

te
 C

ra
fts

-
m

en
 n

 =
 6,

 T
ra

de
r C

oa
l 

m
in

er
 n

 =
 4,

 O
th

er
 n

 =
 5

Th
e 

m
os

t c
om

m
on

 o
cc

up
at

io
n 

in
 Ik

ar
ia

 is
 fa

rm
in

g.
 T

he
 

m
ou

nt
ai

no
us

 te
rr

ai
n 

in
flu

-
en

ce
s m

or
e 

va
ria

tio
n 

an
d 

le
ve

ls
 o

f P
A

Le
gr

an
d 

et
 a

l. 
(2

02
1)

90
 y

rs
. a

nd
 o

ld
er

. T
ot

al
 N

 =
 71

,
N

 =
 34

 m
al

es
, N

 =
 37

 fe
m

al
e

IP
A

Q
 -7

 it
em

s s
co

re
 (%

)
PA

 C
on

tin
uo

us
 S

co
re

 (M
ET

-m
in

/
w

ee
k)

Ti
m

e 
sp

en
t s

itt
in

g 
(m

in
/d

ay
)

Lo
w

 =
 40

.5
%

 (F
), 

14
.7

%
 

(M
); 

M
od

er
at

e =
 27

%
 (F

), 
26

%
 (M

); 
H

ig
h =

 32
.4

%
 

(F
), 

58
.8

%
 (M

)
30

66
 ±

 47
68

.5
 (M

), 
10

22
 ±

 30
66

 (F
), 

to
ta

l m
ed

ia
n 

PA
 

sc
or

e =
 15

33
 ±

 39
24

 
(M

ET
-m

in
/w

ee
k)

90
 ±

 12
0 

(M
), 

60
 ±

 24
0 

(F
)

Sw
im

m
in

g 
in

 th
e 

Ik
ar

ia
n 

Se
a,

 
D

an
ci

ng
 a

t t
he

 P
an

ig
iri

a 
fe

sti
va

l, 
fa

rm
in

g 
ac

tiv
iti

es
 

an
d 

w
al

ki
ng

 (t
o 

go
 to

 w
or

k 
or

 th
e 

vi
lla

ge
s)

Ph
ys

ic
al

 a
ct

iv
ity

 w
as

 li
nk

ed
 

to
 o

cc
up

at
io

n 
an

d 
so

ci
al

 
ga

th
er

in
gs

. T
im

e 
sp

en
t s

itt
in

g 
re

fle
ct

s t
he

 h
ig

h 
le

ve
ls

 o
f P

A
 

an
d 

(M
ET

-m
in

/w
ee

k)
 re

fle
ct

s 
th

e 
en

er
gy

 e
xp

en
de

d

Pa
na

gi
ot

ak
os

 e
t a

l. 
(2

01
1)

80
 y

rs
 a

nd
 o

ld
er

To
ta

l N
 =

 18
7

N
 =

 89
 m

al
es

 N
 =

 98
 fe

m
al

es

IP
A

Q
 -6

 it
em

s s
co

re
 (P

hy
si

ca
l 

ac
tiv

ity
 st

at
us

, %
)

Lo
w

 =
 16

.3
%

 (M
), 

29
.8

%
 

(F
)

M
od

er
at

e =
 66

.6
%

(M
), 

68
.1

%
 (F

)
H

ig
h =

 22
.1

%
 (M

), 
2.

1%
(F

)

W
al

ki
ng

, w
or

ki
ng

, g
ar

de
ni

ng
, 

an
d 

ho
us

ek
ee

pi
ng

D
ai

ly
 a

ct
iv

iti
es

 re
po

rte
d:

 w
or

k-
in

g 
an

d 
le

is
ur

e 
ac

tiv
iti

es
. M

en
 

w
er

e 
m

or
e 

ph
ys

ic
al

ly
 a

ct
iv

e 
co

m
pa

re
d 

to
 w

om
en

. O
ve

ra
ll,

 
6 

ou
t o

f 1
0 

pa
rti

ci
pa

nt
s o

ve
r 

th
e 

ag
e 

of
 9

0 
w

er
e 

ph
ys

ic
al

ly
 

ac
tiv

e



1 3

Blue Zones: Centenarian Modes of Physical Activity: A Scoping…

Ta
bl

e 
8 

 (c
on

tin
ue

d)
B

lu
e 

Zo
ne

/ C
ou

nt
ry

A
ut

ho
r &

 Y
ea

r
Po

pu
la

tio
n 

&
 S

am
pl

e 
Si

ze
O

ut
co

m
e 

M
ea

su
re

s
O

ut
co

m
e 

Va
lu

es
M

od
es

 o
f P

A
M

ai
n 

Fi
nd

in
gs

N
ic

oy
a 

Pe
ni

ns
ul

a,
 C

os
ta

 
R

ic
a

M
ad

rig
al

-L
ee

r e
t a

l. 
(2

02
0)

C
om

m
un

ity
-d

w
el

lin
g 

ce
nt

en
ar

-
ia

ns
. T

ot
al

 N
 =

 43
, N

 =
 18

 
m

al
es

, N
 =

 15
 fe

m
al

es

G
rip

 S
tre

ng
th

 (h
an

d 
dy

na
m

om
-

et
er

)
BA

D
L 

pe
rfo

rm
an

ce
 (B

ar
th

el
 

Sc
al

e)
:

IA
D

L 
pe

rfo
rm

an
ce

 (L
aw

to
n 

Sc
al

e)
:

G
ai

t s
pe

ed
:

N
 =

 25
 p

ar
tic

ip
an

ts
 p

er
-

fo
rm

ed
 te

st
M

ea
n 

gr
ip

 
str

en
gt

h =
 12

.6
 k

g 
(5

.4
8 

SD
) f

or
 m

en
, 7

 k
g 

(3
.4

1 
SD

) f
or

 w
om

en
U

na
bl

e 
to

 p
er

fo
rm

 ta
sk

: 
to

ta
l N

 =
 19

, N
 =

 5 
(M

), 
N

 =
 14

 (F
)

M
ea

n 
sc

or
e =

 69
.2

 p
oi

nt
s 

(2
9.

1 
SD

) f
or

 m
en

, 4
4.

2 
po

in
ts

 (3
3.

9 
SD

) f
or

 
w

om
en

M
ea

n 
sc

or
e =

 1.
4 

po
in

ts
 fo

r 
m

ea
n,

 1
 p

oi
nt

 fo
r w

om
en

 >
 13

.0
4 

s:
 to

ta
l N

 =
 24

, 
N

 =
 13

 (M
), 

N
 =

 11
 (F

)

N
/A

N
o 

m
od

es
 o

f P
A

 re
po

rte
d

Fu
nc

tio
na

l E
va

lu
at

io
n 

co
nc

lu
de

d 
10

 c
en

te
na

ria
ns

 w
ith

 to
ta

l 
BA

D
L 

de
pe

nd
en

ce
 a

nd
 2

7 
ce

nt
en

ar
ia

ns
 w

ith
 to

ta
l I

A
D

L 
de

pe
nd

en
ce

. M
en

 p
er

fo
rm

ed
 

be
tte

r t
ha

n 
w

om
en

 in
 g

ai
t 

sp
ee

d 
te

st 
an

d 
ob

ta
in

ed
 h

ig
he

r 
sc

or
es

 in
 B

ar
th

el
 In

de
x,

 
re

fle
ct

in
g 

hi
gh

er
 fu

nc
tio

na
lit

y

N
ie

dd
u 

et
 a

l. 
(2

02
0)

80
 y

rs
. a

nd
 o

ld
er

To
ta

l N
 =

 60
, N

 =
 31

 m
al

es
,

N
 =

 29
 fe

m
al

es

Pe
rfo

rm
an

ce
-b

as
ed

 fu
nc

tio
na

l 
ab

ili
ty

 te
st:

 B
A

D
L 

(6
 d

om
ai

ns
 

ev
al

ua
te

s a
ut

on
om

y)
IA

D
L 

(3
 it

em
s e

sti
m

at
e 

fu
nc

-
tio

na
l a

ut
on

om
y 

in
 p

er
fo

rm
in

g 
IA

D
Ls

)

Se
ve

re
 d

is
ab

ili
ty

 (s
co

re
 <

 3)
: 

N
 =

 4 
(1

2.
9%

) (
M

),
N

 =
 8 

(2
7.

6%
) (

F)
M

od
er

at
e 

di
sa

bi
lit

y 
or

 n
o 

di
sa

bi
lit

y 
(s

co
re

 ≥
 3)

:
N

 =
 27

 (8
7.

1%
) (

M
),

N
 =

 21
 (7

2.
4%

) (
F)

Se
ve

re
 d

is
ab

ili
ty

: N
 =

 3 
(9

.7
%

) (
M

),
N

 =
 6 

(2
0.

7%
) (

F)
M

od
er

at
e 

di
sa

bi
lit

y 
or

 n
o 

di
sa

bi
lit

y:
 N

 =
 28

 (9
0.

3%
) 

(M
),

23
 (7

9.
3%

) (
F)

N
/A

N
ic

oy
a’

s i
so

la
te

d 
re

gi
on

 h
as

 a
 

lo
w

 p
re

va
le

nc
e 

of
 p

hy
si

ca
l 

di
sa

bi
lit

y.
 O

nl
y 

a 
qu

ar
te

r o
f 

pa
rti

ci
pa

nt
s w

er
e 

ca
te

go
riz

ed
 

w
ith

 se
ve

re
 d

is
ab

ili
ty

O
ki

na
w

a,
 Ja

pa
n

A
ki

sa
ka

 e
t a

l. 
(1

99
6)

N
at

iv
e 

O
ki

na
w

an
 C

en
te

na
ria

ns
. 

To
ta

l N
 =

 21
, N

 =
 4 

m
al

es
, 

N
 =

 17
 fe

m
al

es

A
D

L 
11

-f
un

ct
io

n 
te

st 
(s

co
re

d 
ou

t o
f 5

)
B

ed
-r

id
de

n 
(1

 p
oi

nt
): 

N
 =

 0 
(M

), 
N

 =
 1 

(F
)

M
ov

ea
bl

e a
ro

un
d 

be
d 

(≤
 3 

po
in

ts)
: N

 =
 0 

(M
), 

N
 =

 3 
(F

)
N

or
m

al
 (>

 3 
po

in
ts

): 
N

 =
 4 

(M
), 

N
 =

 13
 (F

)

N
/A

N
o 

m
od

es
 o

f P
A

 re
po

rte
d

A
D

L 
sc

or
ed

 sh
ow

ed
 th

e 
fu

nc
-

tio
na

l c
ap

ac
ity

 o
f O

ki
na

w
an

 
ce

nt
en

ar
ia

ns
, c

om
pa

re
d 

to
 

ot
he

r J
ap

an
es

e 
pr

ef
ec

tu
re

s. 
O

nl
y 

on
e 

su
bj

ec
t w

as
 

be
dr

id
de

n



 C. Herbert et al.

1 3

Ta
bl

e 
8 

 (c
on

tin
ue

d)
B

lu
e 

Zo
ne

/ C
ou

nt
ry

A
ut

ho
r &

 Y
ea

r
Po

pu
la

tio
n 

&
 S

am
pl

e 
Si

ze
O

ut
co

m
e 

M
ea

su
re

s
O

ut
co

m
e 

Va
lu

es
M

od
es

 o
f P

A
M

ai
n 

Fi
nd

in
gs

C
ha

n 
et

 a
l. 

(1
99

7)
C

en
te

na
ria

ns
 in

 O
ki

na
w

a.
 T

ot
al

 
N

 =
 39

,
N

 =
 11

 m
al

es
,

N
 =

 28
 fe

m
al

es

A
D

L 
ph

ys
ic

al
 a

ct
iv

ity
—

7 
ite

m
s 

(s
co

re
d 

ou
t o

f 5
: c

om
pl

et
el

y 
in

de
pe

nd
en

t =
 5,

 c
om

pl
et

el
y 

de
pe

nd
en

t =
 1)

A
ve

ra
ge

 S
co

re
s:

 T
ot

al
 =

 3.
8,

 
(M

) =
 4.

5,
 (F

) =
 3.

8
N

/A
N

o 
m

od
es

 o
f P

A
 re

po
rte

d.
 

M
al

es
’ s

co
re

: m
od

er
at

e 
to

 
hi

gh
 in

de
pe

nd
en

ce
 a

nd
 m

od
er

-
at

e 
to

 c
om

pl
et

el
y 

in
de

pe
nd

en
t. 

PA
 sc

or
es

 (M
): 

in
de

pe
nd

en
t 

bu
t s

lo
w.

 F
em

al
es

’ s
co

re
s:

 
in

de
pe

nd
en

t b
ut

 sl
ow

 a
nd

 
in

de
pe

nd
en

t w
ith

 d
iffi

cu
lty

*W
ill

co
x 

et
 a

l.,
 (2

00
7a

, b
)

O
ki

na
w

an
 c

en
te

na
ria

ns
 a

ge
s 

92
–1

02
N

 =
 22

, N
 =

 20
 fe

m
al

e,
 N

 =
 2 

m
al

es

A
D

L 
(I

no
ue

 In
de

x)
 7

 it
em

s, 
1 

(c
om

pl
et

el
y 

de
pe

nd
en

t) 
to

 5
 

(c
om

pl
et

el
y 

in
de

pe
nd

en
t)

to
ta

l s
co

re
 o

f 5
5

92
 y

rs
: 4

9.
0 ±

 8.
1

97
 y

rs
: 4

5.
0 ±

 9.
3

99
 y

rs
: 4

0.
8 ±

 11
.5

10
1 

yr
s:

 3
6.

8 ±
 12

.5
10

2 
yr

s:
 3

6.
6 ±

 12
.6

N
/A

N
o 

m
od

es
 o

f P
A

 re
po

rte
d

Re
su

lts
 su

pp
or

t a
 p

ro
xy

 
m

ea
su

re
 o

f d
is

ab
ili

ty
-f

re
e 

lif
e 

ex
pe

ct
an

cy

W
ill

co
x 

et
 a

l. 
(2

00
8)

Su
pe

rc
en

te
na

ria
ns

 (f
ol

lo
w

ed
 

fro
m

 a
ge

 9
9 

an
d 

ov
er

)
To

ta
l N

 =
 20

, N
 =

 3 
m

en
, N

 =
 17

 
w

om
en

A
D

L 
(I

no
ue

 in
de

x)
: M

ax
 

sc
or

e =
 55

 (c
om

pl
et

el
y 

in
de

pe
nd

en
t),

 m
in

 sc
or

e =
 11

 
(c

om
pl

et
el

y 
de

pe
nd

en
t)

A
ve

ra
ge

 A
D

L 
sc

or
es

:
N

 =
 9 

(9
9–

10
3 

yr
s)

, 
43

.7
 ±

 11
.4

;
N

 =
 7 

(1
04

–1
07

 y
rs

), 
37

.4
 ±

 13
.2

; N
 =

 4 
(1

08
–1

11
 y

rs
), 

20
.5

 ±
 3.

5

N
/A

N
o 

m
od

es
 o

f P
A

 re
po

rte
d.

 
M

aj
or

ity
 o

f p
ar

tic
ip

an
ts

 a
ge

s 
99

–1
07

 y
rs

 re
po

rte
d 

to
 b

e 
co

m
pl

et
el

y 
in

de
pe

nd
en

t a
nd

 
in

de
pe

nd
en

t b
ut

 sl
ow

. P
ar

-
tic

ip
an

ts
 a

ge
s 1

09
–1

11
 sc

or
ed

 
on

 av
er

ag
e 

to
 b

e 
in

de
pe

nd
en

t 
w

ith
 d

iffi
cu

lty
 a

nd
 p

ar
tia

lly
 

de
pe

nd
en

t. 
N

o 
su

pe
rc

en
te

na
r-

ia
ns

 re
po

rte
d 

to
 b

e 
co

m
pl

et
el

y 
de

pe
nd

en
t

Th
e 

tw
o 

m
ai

n 
fu

nc
tio

ns
 th

at
 

ha
d 

th
e 

m
os

t r
ap

id
 d

ec
lin

e 
w

er
e 

m
ot

or
 sk

ill
s a

nd
 se

ns
or

y 
ac

ui
ty

Sa
rd

in
ia

, I
ta

ly
D

ei
an

a 
et

 a
l. 

(1
99

9)
C

en
te

na
ria

ns
n =

 14
1

In
te

rv
ie

w
: L

ife
tim

e 
ha

bi
ts

 (w
or

k-
in

g 
ac

tiv
ity

, h
ob

bi
es

, o
th

er
 

le
is

ur
e 

tim
e 

ac
tiv

iti
es

, a
nd

 
ph

ys
ic

al
 e

xe
rc

is
e

Ph
ys

ic
al

 F
un

ct
io

n 
as

se
ss

ed
: 

(B
A

D
L 

an
d 

IA
D

L)
In

de
x 

of
 A

D
L 

as
se

ss
m

en
t

N
/A

N
/A

N
/A

N
/A

N
o 

m
od

es
 o

f P
A

 re
po

rte
d

Li
fe

tim
e 

ha
bi

ts
 a

nd
 p

hy
si

ca
l 

fu
nc

tio
n 

w
er

e 
as

se
ss

ed
, b

ut
 

re
su

lts
 w

er
e 

no
t r

ep
or

te
d

Fa
vo

ra
bl

e 
in

te
ra

ct
io

ns
 b

et
w

ee
n 

pa
rti

ci
pa

nt
’s

 e
nv

iro
nm

en
t a

nd
 

lif
es

ty
le

 a
re

 li
ke

ly
 to

 c
on

tri
b-

ut
e 

to
 lo

ng
ev

ity



1 3

Blue Zones: Centenarian Modes of Physical Activity: A Scoping…

Ta
bl

e 
8 

 (c
on

tin
ue

d)
B

lu
e 

Zo
ne

/ C
ou

nt
ry

A
ut

ho
r &

 Y
ea

r
Po

pu
la

tio
n 

&
 S

am
pl

e 
Si

ze
O

ut
co

m
e 

M
ea

su
re

s
O

ut
co

m
e 

Va
lu

es
M

od
es

 o
f P

A
M

ai
n 

Fi
nd

in
gs

Fa
st

am
e 

et
 a

l. 
(2

01
8)

Ve
ry

 O
ld

 (>
 80

 y
ea

rs
). 

N
 =

 33
, 

N
 =

 13
 m

al
e,

 N
 =

 20
 fe

m
al

e
M

ea
n 

ho
ur

s/
w

ee
k 

fo
r o

ut
do

or
 

ho
bb

ie
s:

D
ay

s/
w

ee
k 

fo
r G

ar
de

ni
ng

:
# 

pa
rti

ci
pa

te
d 

in
 P

A
:

G
ar

de
ni

ng
:

O
ut

do
or

 H
ob

bi
es

:
Sp

or
t:

C
ul

tu
ra

l/S
oc

ia
l:

1.
7 ±

 2.
3 

(M
)

2.
3 ±

 3 
(F

)
D

ay
s/

w
ee

k
1 

da
y =

 5 
(M

), 
15

 (F
)

2–
4 

da
ys

 =
 6 

(M
), 

3(
F)

;
 >

 4 
da

ys
 =

 2 
(M

), 
1 

(F
)

N
 =

 8 
(M

), 
N

 =
 5 

(F
)

N
 =

 6 
(M

), 
N

 =
 10

 (F
)

N
 =

 3 
(M

), 
N

 =
 2 

(F
)

N
 =

 3 
(M

), 
N

 =
 8 

(F
)

G
ar

de
ni

ng
 a

nd
 o

ut
do

or
 

ho
bb

ie
s (

sp
or

t o
r c

ul
tu

ra
l/ 

so
ci

al
)

H
ig

h 
si

gn
ifi

ca
nc

e 
of

 th
e 

eff
ec

t o
f 

ou
td

oo
r l

ei
su

re
 e

ng
ag

em
en

t 
on

 a
ge

, s
ub

je
ct

iv
e 

w
el

l-b
ei

ng
, 

an
d 

de
pr

es
si

ve
 sy

m
pt

om
s

N
ie

dd
u 

et
 a

l. 
(2

02
0)

90
 y

rs
. a

nd
 o

ld
er

To
ta

l N
 =

 15
0,

 N
 =

 61
 m

al
es

, 
N

 =
 89

 fe
m

al
es

Pe
rfo

rm
an

ce
-b

as
ed

 fu
nc

tio
na

l 
ab

ili
ty

 te
st:

 B
A

D
L 

(6
 d

om
ai

ns
 

ev
al

ua
te

s a
ut

on
om

y)
IA

D
L

(3
 it

em
s e

sti
m

at
e 

au
to

no
m

y 
in

 
pe

rfo
rm

in
g 

IA
D

Ls
)

Se
ve

re
 d

is
ab

ili
ty

 (s
co

re
 <

 3)
: 

N
 =

 9 
(1

4.
7%

) (
M

), 
N

 =
 22

 (2
4.

7%
) (

F)
M

od
er

at
e 

di
sa

bi
lit

y 
or

 n
o 

di
sa

bi
lit

y 
(s

co
re

 ≥
 3)

: 
N

 =
 52

 (8
5.

2%
) (

M
), 

N
 =

 67
 (7

5.
3%

) (
F)

Se
ve

re
 d

is
ab

ili
ty

: N
 =

 7 
(1

1.
5%

) (
M

),
N

 =
 19

 (2
1.

3%
) (

F)
M

od
er

at
e 

di
sa

bi
lit

y 
or

 n
o 

di
sa

bi
lit

y:
 N

 =
 54

 (8
8.

5%
) 

(M
), 

N
 =

 70
 (7

8.
7%

) (
F)

A
gr

ic
ul

tu
ra

l A
ct

iv
ity

Th
e 

le
ve

l o
f f

un
ct

io
na

l c
ap

ac
ity

 
de

te
ct

ed
 m

od
er

at
e 

or
 n

o 
di

sa
bi

lit
y 

(B
A

D
L 

sc
or

e ≥
 3)

 
th

re
e 

qu
ar

te
rs

 o
f t

he
 su

bj
ec

ts
 

w
ith

 a
 h

ig
he

r v
al

ue
 in

 fe
m

al
es

 
co

m
pa

re
d 

to
 m

al
es

Pe
s e

t a
l. 

(2
01

3)
Sa

rd
in

ia
n 

C
en

te
na

ria
ns

. T
ot

al
 

N
 =

 11
32

, N
 =

 41
5 

m
en

, 
N

 =
 71

7 
w

om
en

Pa
sto

ra
lis

m
 sc

or
e 

(#
1–

4)
, a

 sc
or

e 
# 

w
as

 o
bt

ai
ne

d 
by

 c
od

in
g 

ea
ch

 m
un

ic
ip

al
ity

 a
s 1

 (n
o 

sh
ep

he
rd

s)
, 2

 (f
ar

m
er

s o
ut

nu
m

-
be

re
d 

sh
ep

he
rd

s)
, 3

 (s
he

ph
er

ds
 

ou
tn

um
be

re
d 

fa
rm

er
s)

, 4
 (o

nl
y 

sh
ep

he
rd

s)
A

ve
ra

ge
 te

rr
ai

n 
sl

op
e 

(%
)

D
ai

ly
 d

ist
an

ce
 to

 w
or

kp
la

ce
 (k

m
)

Ro
bu

stn
es

s s
co

re
 (0

–3
)

M
ea

n 
Pa

sto
ra

lis
m

 
sc

or
e =

 2.
8 ±

 1.
4

A
ve

ra
ge

 te
rr

ai
n 

sl
op

e =
 15

.2
 ±

 6.
6%

D
ai

ly
 d

ist
an

ce
 to

 w
or

k-
pl

ac
e =

 12
.4

 ±
 7.

8 
km

Ro
bu

stn
es

s s
co

re
 =

 1.
9 ±

 0.
8

Sh
ep

he
rd

 w
or

k,
 fa

rm
in

g,
 

w
al

ki
ng

 to
 a

nd
 fr

om
 w

or
k

M
os

t c
om

m
on

 o
cc

up
a-

tio
n 

re
po

rte
d:

 sh
ep

he
rd

s. 
Sh

ep
he

rd
s e

ng
ag

e 
in

 lo
w

er
 

in
te

ns
ity

, b
ut

 m
or

e 
co

nt
in

uo
us

 
PA

 c
om

pa
re

d 
to

 fa
rm

er
s. 

O
cc

up
at

io
n 

de
m

an
ds

: h
ig

he
r 

te
rr

ai
n 

sl
op

e,
 lo

ng
er

 d
ai

ly
 d

is
-

ta
nc

e 
to

 re
ac

h 
w

or
kp

la
ce

, a
nd

 
do

cu
m

en
te

d 
hi

gh
er

 av
g 

bo
dy

 
ro

bu
stn

es
s i

n 
po

pu
la

tio
n



 C. Herbert et al.

1 3

Ta
bl

e 
8 

 (c
on

tin
ue

d)
B

lu
e 

Zo
ne

/ C
ou

nt
ry

A
ut

ho
r &

 Y
ea

r
Po

pu
la

tio
n 

&
 S

am
pl

e 
Si

ze
O

ut
co

m
e 

M
ea

su
re

s
O

ut
co

m
e 

Va
lu

es
M

od
es

 o
f P

A
M

ai
n 

Fi
nd

in
gs

Pe
s e

t a
l. 

(2
01

8)
90

 y
rs

. a
nd

 o
ld

er
. T

ot
al

 N
 =

 44
, 

N
 =

 27
 m

al
es

, N
 =

 17
 fe

m
al

e
6-

ite
m

 A
D

L 
Q

ue
sti

on
na

ire
 (0

–6
 

sc
or

e
M

ot
or

 A
ct

iv
ity

 In
de

x:
PA

L:
 T

EE
 / 

R
EE

 ra
tio

 
(M

ea
n ±

 S
D

)
ST

EP
S 

pe
r d

ay
 (M

ea
n ±

 S
D

)
%

 E
E-

A
 ≥

 3 
M

ET
s (

M
ea

n ±
 S

D
)

%
 S

TE
PS

 ≥
 3 

M
ET

s (
M

ea
n ±

 S
D

)

4.
9 ±

 1.
5 

(M
), 

4.
8 ±

 1.
4 

(F
)

1.
78

 ±
 0.

26
 (M

), 
1.

84
 ±

 0.
25

 
(F

)
12

,1
10

 ±
 51

41
 (M

), 
12

,7
99

 ±
 64

20
 (F

)
42

.5
4 ±

 7.
90

 (M
), 

46
.3

1 ±
 6.

80
 (F

)
29

.1
0 ±

 11
.6

1(
M

), 
23

.0
1 ±

 10
.7

3 
(F

)

A
gr

ic
ul

tu
re

, o
r a

ni
m

al
 

hu
sb

an
dr

y 
(fa

rm
in

g)
Ph

ys
ic

al
 fu

nc
tio

na
lit

y 
sc

or
es

 
hi

gh
 in

 b
ot

h 
ge

nd
er

s. 
PA

L 
va

lu
es

 in
di

ca
te

 “
m

od
er

-
at

e”
 a

ct
iv

ity
. I

nd
ex

 o
f P

A
 

ar
e 

th
e 

hi
gh

es
t r

ep
or

te
d 

in
 

lit
er

at
ur

e 
fo

r >
 90

 y
ea

rs
 a

du
lts

. 
A

ct
iv

ity
 >

 3 
M

ET
S 

ex
ce

ed
ed

 
40

%
 in

 b
ot

h 
ge

nd
er

s. 
H

ig
h 

co
rr

el
at

io
n 

be
tw

ee
n 

en
er

gy
 

ex
pe

nd
itu

re
 (k

ca
l) 

an
d 

PA
L 

w
ith

 th
e 

6-
ite

m
 A

D
L 

qu
es

-
tio

nn
ai

re
 sc

or
es

Pe
s e

t a
l. 

(2
02

0)
89

yr
s a

nd
 o

ld
er

 fr
om

 tw
o 

co
ho

rts
 (L

B
Z 

&
 N

SS
)

LB
Z:

 T
ot

al
N

 =
 15

0,
N

 =
 89

 w
om

en
, N

 =
 61

 m
al

es
N

SS
: T

ot
al

 N
 =

 15
0,

N
 =

 10
1 

fe
m

al
es

, N
 =

 49
 m

al
es

6-
ite

m
 b

as
ic

 A
D

L:
 sc

or
es

 c
at

-
eg

or
iz

ed
 b

y 
“s

ev
er

e 
di

sa
bi

lit
y”

 
(A

D
L 

<
 3)

 a
nd

 “
m

od
er

at
e 

or
 

no
 d

is
ab

ili
ty

” 
(A

D
L 

‡3
)

Ph
ys

ic
al

 a
ct

iv
ity

 (#
 p

ar
tic

ip
an

ts
 

w
al

ki
ng

 ≥
 3 

or
 <

 3 
tim

es
/w

ee
k)

:

LB
Z

Se
ve

re
 D

is
ab

ili
ty

 =
 29

 
(1

9%
)

M
od

er
at

e 
or

 n
o 

di
sa

bi
l-

ity
 =

 12
1(

81
%

)
N

SS
Se

ve
re

 D
is

ab
ili

ty
 =

 16
 

(1
0%

)
M

od
er

at
e 

or
 n

o 
di

sa
bi

l-
ity

 =
 13

4(
90

%
)

LB
Z:

 <
 3 

tim
es

/w
ee

k =
 9 

(6
%

) 
(M

), 
35

 (2
3%

) (
F)

 ≥
 3 

tim
es

/w
ee

k =
 52

 (3
9%

) 
(M

), 
54

(3
6%

) (
F)

N
SS

:
 <

 3 
tim

es
/w

ee
k =

 20
 (1

3%
) 

(M
), 

39
 (2

6%
) (

F)
 ≥

 3 
tim

es
/w

ee
k =

 29
 (1

9%
) 

(M
), 

62
 (4

1%
) (

F)

LB
Z

Fa
rm

 a
ni

m
al

 re
ar

in
g,

 
sh

ep
he

rd
s, 

ag
ric

ul
tu

ra
l 

ac
tiv

iti
es

 a
nd

 w
al

ki
ng

N
SS

W
al

ki
ng

LB
Z:

 tr
ad

iti
on

al
 e

co
no

m
ic

 
ac

tiv
ity

 c
on

tin
ue

s c
en

te
re

d 
on

 
pa

sto
ra

lis
m

. D
ai

ly
 p

hy
si

ca
l 

ac
tiv

ity
 re

pr
es

en
te

d 
si

gn
ifi

-
ca

nt
ly

 g
re

at
er

 fr
eq

ue
nc

ie
s i

n 
m

en
, c

om
pa

re
d 

to
 N

SS



1 3

Blue Zones: Centenarian Modes of Physical Activity: A Scoping…

Ta
bl

e 
8 

 (c
on

tin
ue

d)
B

lu
e 

Zo
ne

/ C
ou

nt
ry

A
ut

ho
r &

 Y
ea

r
Po

pu
la

tio
n 

&
 S

am
pl

e 
Si

ze
O

ut
co

m
e 

M
ea

su
re

s
O

ut
co

m
e 

Va
lu

es
M

od
es

 o
f P

A
M

ai
n 

Fi
nd

in
gs

Pe
s e

t a
l. 

(2
02

1)
90

 y
rs

. a
nd

 o
ld

er
. T

ot
al

 N
 =

 15
0,

N
 =

 61
 m

al
es

, N
 =

 89
 fe

m
al

es
IA

D
L

Pe
rfo

rm
an

ce
 T

es
ts

:
Ti

m
ed

 4
-d

ist
na

ce
 w

al
k 

te
st

Pr
og

re
ss

iv
e 

st
an

di
ng

 b
al

an
ce

Si
t-t

o 
st

an
d 

(×
 5 

tim
ed

 te
st)

40
0 

m
 w

al
ki

ng
 e

nd
ur

an
ce

Se
ve

re
 d

is
ab

ili
ty

: N
 =

 9 
(1

4.
7)

 (M
), 

N
 =

 20
 

(2
2.

5)
 (F

)
M

od
er

at
e 

or
 n

o 
di

sa
bi

lit
y:

 
N

 =
 52

(8
5.

2)
 (M

), 
N

 =
 69

 
(7

7.
5)

 (F
)

N
/A

N
/A

N
/A

N
/A

A
ni

m
al

 fa
rm

in
g

A
ni

m
al

 fa
rm

in
g 

is
 th

e 
m

ai
n 

oc
cu

pa
tio

n 
an

d 
m

od
e 

of
 

ph
ys

ic
al

 a
ct

iv
ity

 in
 S

ar
di

ni
a.

 
Ph

ys
ic

al
 p

er
fo

rm
an

ce
 is

 
hi

gh
er

 in
 m

al
es

 c
om

pa
re

d 
to

 
fe

m
al

es

Po
ul

ai
n 

et
 a

l. 
(2

00
4)

EB
Z 

ce
nt

en
ar

ia
ns

. T
ot

al
 

N
 =

 63
1,

 N
 =

 26
9 

(M
), 

N
 =

 36
2 

(F
)

R
B

Z 
C

en
te

na
ria

ns
. T

ot
al

 
N

 =
 91

 N
 =

 47
 (M

), 
N

 =
 44

 (F
)

N
/A

N
/A

A
gr

ic
ul

tu
re

, p
as

te
ur

iz
in

g,
Sp

ec
ifi

c 
cl

im
at

e 
an

d 
cu

ltu
ra

l 
fe

at
ur

es
 o

f S
ar

di
ni

a 
in

cl
ud

in
g 

lif
es

ty
le

, a
re

 c
ha

ra
ct

er
ist

ic
s 

re
ve

al
ed

 to
 b

e 
fa

vo
rin

g 
ex

tre
m

e 
lo

ng
ev

ity

A
D

L 
=

 ac
tiv

iti
es

 o
f 

da
ily

 l
iv

in
g;

 I
A

D
L 

=
 in

str
um

en
ta

l 
ac

tiv
iti

es
 o

f 
da

ily
 l

iv
in

g;
 I

PA
Q

 =
 In

te
rn

at
io

na
l 

Ph
ys

ic
al

 A
ct

iv
ity

 Q
ue

sti
on

na
ire

; 
PA

L 
=

 P
hy

si
ca

l 
A

ct
iv

ity
 L

ev
-

el
s, 

R
EE

 =
 R

es
tin

g 
en

er
gy

 e
xp

en
di

tu
re

; T
EE

 =
 to

ta
l e

ne
rg

y 
ex

pe
nd

itu
re

; E
E-

A
 =

 E
ne

rg
y 

Ex
pe

nd
itu

re
; E

E-
A

 ≥
 3 

M
ET

s =
 m

od
er

at
e 

le
ve

ls
 o

f 
PA

; S
TE

PS
 m

ea
su

re
d 

by
 th

e 
Se

ns
ew

ea
rT

M
 A

rm
ba

nd
; N

or
th

er
n 

Sa
rd

in
ia

 S
am

pl
e 

(N
SS

); 
Lo

ng
ev

ity
 B

lu
e 

Zo
ne

 (L
B

Z)
; E

xt
en

de
d 

B
lu

e 
Zo

ne
 (E

B
Z)

; R
es

tri
ct

ed
 B

lu
e 

Zo
ne

 (R
B

Z)
; F

 =
 fe

m
al

e,
 M

 =
 m

al
e

*  6-
Ite

m
 A

D
L 

Q
ue

sti
on

na
ire

 =
 lo

w
er

 sc
or

e,
 le

ss
 d

is
ab

ili
ty

*  A
D

L 
sc

al
e 

ou
t o

f 6
.0

 =
 hi

gh
 sc

or
e,

 h
ig

h 
le

ve
l o

f i
nd

ep
en

de
nc

e
*  IA

D
L 

sc
al

e 
sc

or
ed

 o
ut

 o
f 8

.0
 fo

r f
em

al
es

 (F
) a

nd
 5

.0
 fo

r m
al

es
 (M

) =
 hi

gh
 sc

or
e,

 h
ig

h 
le

ve
l o

f a
ut

on
om

y
*  IP

A
Q

 c
at

eg
or

ic
al

 sc
or

es
 =

 lo
w

, m
od

er
at

e,
 o

r h
ig

h 
le

ve
ls

 o
f p

hy
si

ca
l a

ct
iv

ity

Ta
bl

es
 7

,8



 C. Herbert et al.

1 3

Acknowledgements This research article owes its acknowledgement to the Bond University Doctor of 
Physiotherapy students: Casandra, Mary House, and Ryan Dietzman for managing the scoping review 
process. This acknowledgment also extends to the Bond University Assistant Professors, Kevin Kemp-
Smith and James Furness and University of Southern Cross Professor, Mike Climstein for their mentor-
ship and expertise in guiding this research review.

Author Contributions Initial conceptualization of literature was collaborated by authors CH, MH, RD, 
JF, KKS and MC. Literature search, data synthesis and analysis was completed by authors CH, MH, and 
RD. The protocol and manuscript were drafted by authors CH, MH, RD, JF and KKS. Article revisions, 
editing, and editorial responses were constructed by authors CH, JF, KSS and MC.

Funding Open Access funding enabled and organized by CAUL and its Member Institutions

Declarations 

Conflict Interests The authors reported that they have no conflict of interest.

Ethical Approval Not applicable.

Consent to Participants Not applicable.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is 
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen 
ses/ by/4. 0/.

References

Akisaka, M., Asato, L., Chan, Y.-C., Suzuki, M., UeZato, T., & Yamamoto, S. (1996). Energy and nutri-
ent intakes of Okinawan centenarians. Journal of Nutritional Science and Vitaminology, 42(3), 241–
248. https:// doi. org/ 10. 3177/ jnsv. 42. 241

Awick, E. A., Ehlers, D. K., Aguiñaga, S., Daugherty, A. M., Kramer, A. F., & McAuley, E. (2017). 
Effects of a randomized exercise trial on physical activity, psychological distress and quality of life 
in older adults. General Hospital Psychiatry, 49, 44–50. https:// doi. org/ 10. 1016/j. genho sppsy ch. 
2017. 06. 005

Bauman, A., Merom, D., Bull, F., Buchner, D., & Fiatarone Singh, M. (2016). Updating the Evidence for 
Physical Activity: Summative Reviews of the Epidemiological Evidence, Prevalence, and Interven-
tions to Promote “Active Aging.” The Gerontologist, 56(S2), S268–S280. https:// doi. org/ 10. 1093/ 
geront/ gnw031

Buettner, D., & Skemp, S. (2016). Blue Zones: Lessons from the World’s Longest Lived. American Jour-
nal of Lifestyle Medicine, 10(5), 318–321. https:// doi. org/ 10. 1177/ 15598 27616 637066.

Chan, Y. C., Suzuki, M., & Yamamoto, S. (1997). Deitary, Anthropometric, Hematological and Biochem-
ical Assessment of the Nutritional Status of Centenarians and Elderly People in Okinawa, Japan. 
Journal of the American College of Nutrition, 16(2), 229–325. https:// doi. org/ 10. 1080/ 07315 724. 
1997. 10718 679

Clarivate Analytics. (2020). Endnote, Version 20). [Computer Software]. Retrieved from https:// endno te. 
com/ produ ct- detai ls. Accessed 20 Nov 2021.

Clarke, J. M., Sanders, S., Carter, M., Honeyman, D., Cleo, G., Auld, Y., Booth, D., Condron, P., Dalais, 
C., Bateup, S., Linthwaite, B., May, N., Munn, J., Ramsay, L., Rickett, K., Rutter, C., Smith, A., 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3177/jnsv.42.241
https://doi.org/10.1016/j.genhosppsych.2017.06.005
https://doi.org/10.1016/j.genhosppsych.2017.06.005
https://doi.org/10.1093/geront/gnw031
https://doi.org/10.1093/geront/gnw031
https://doi.org/10.1177/1559827616637066
https://doi.org/10.1080/07315724.1997.10718679
https://doi.org/10.1080/07315724.1997.10718679
https://endnote.com/product-details
https://endnote.com/product-details


1 3

Blue Zones: Centenarian Modes of Physical Activity: A Scoping…

Sondergeld, P., Wallin, M., Jones, M., & Beller, E. (2020a). Improving the translation of search 
strategies using the Polyglot Search Translator: a randomized controlled trial. Journal of the Medi-
cal Library Association, 108(2), 195–207. https:// doi. org/ 10. 5195/ jmla. 2020. 834.

Cochrane, A., Furlong, M., McGilloway, S., Molloy, D. W., Stevenson, M., & Donnelly, M. (2016) Time-
limited home-care reablement services for maintaining and improving the functional independence 
of older adults. Cochrane Database of Systematic Reviews, (10), 1–50. https:// doi. org/ 10. 1002/ 
14651 858. CD010 825. pub2.

Dasso, N. A. (2019). How is exercise different from physical activity? A concept analysis. Nursing Forum 
(hillsdale), 54(1), 45–52. https:// doi. org/ 10. 1111/ nuf. 12296

Deiana, L., Ferrucci, L., Pes, G. M., Carru, C., Delitala, G., Ganau, A., Mariotti, S., Nieddu, A., Pet-
tinato, S., Putzu, P., Franceschi, C., & Baggio, G. (1999). AKEntAnnos. The Sardinia Study of 
Extreme Longevity. Aging Clinical and Experimental Research, 11(3), 142–149.

Elavsky, S., Mcauley, E., Motl, R. W., Konopack, J. F., Marquez, D. X., Hu, L., Jerome, G. J., & Diener, 
E. (2005). Physical activity enhances long-term quality of life in older adults: efficacy, esteem, and 
affective influences. Annals of Behavioural Medicine, 30(2), 138–145. https:// doi. org/ 10. 1207/ 
s1532 4796a bm3002_6

Fastame, M. C., Hitchcott, P. K., & Penna, M. P. (2018). The impact of leisure on mental health of Sar-
dinian elderly from the “blue zone”: Evidence for ageing well. Aging Clinical and Experimental 
Research, 30(2), 169–180. https:// doi. org/ 10. 1007/ s40520- 017- 0768-x

Foskey, R. (2005). Older Farmers and Retirement. A Report for the Rural Industries Research and Devel-
opment Corporation, Australia Government (5), 1-130.

Guthold, R., Stevens, G. A., Riley, M. L., & Bull, F. C. (2018). Worldwide trends in insufficient physi-
cal activity from 2001 to 2016: a pooled analysis of 358 population-based surveys with 1.9 million 
participants. The LANCET Global Health, 6(10), E1077-E1086. https:// doi. org/ 10. 1016/ S2214- 
109X(18) 30357-7.

Harvey, J. A., Chastin, S. F. M., & Skelton, D. A. (2015). How Sedentary are Older People? A System-
atic Review of the Amount of Sedentary Behavior. Journal of Aging & Physical Activity, 23(3), 
471–487.

Hocking, R. (2017). Yale MeSH Analyzer. The Journal of the Canadian Health Libraries Association, 
38(3). https:// doi. org/ 10. 29173/ jchla/ jabsc. v38i3. 29336. Accessed 11 Nov 2021.

Hoffman, T., Bennett, S., & Del Mar, C. (2013). Evidence-Based Practice: Across the Health Profession 
(2nd ed.). Elsevier.

Lacharité-Lemieux, M., Brunelle, J. P., & Dionne, I. J. (2015). Adherence to exercise and affective 
responses: Comparison between outdoor and indoor training. Menopause, 22(7), 731–740.

Legrand, R., Manckoundia, P., Nuemi, G., & Poulain, M. (2019). Assessment of Health Status of the Old-
est Olds Living on the Greek Island of Ikaria: A Population Based-Study in a Blue Zone. Current 
Gerontology and Geriatric Research, 2019, 1–8. https:// doi. org/ 10. 1155/ 2019/ 81943 10

Legrand, R., Nuemi, G., Poulain, M., & Manckoundia, P. (2021). Description of Lifestyle, Including 
Social Life, Diet, and Physical Activity, of People ≥ 90 years Living in Ikaria, a Longevity Blue 
Zone. International Journal of Environmental Research and Public Health, 18, 6602. https:// doi. 
org/ 10. 3390/ ijerp h1812 6602

Madrigal-Leer, F., Martìnez-Montandòn, A., Solìs-Umaña, M., Helo-Guzmàn, F., Alfaro-Salas, K., 
Barrientos-Calvo, I., Camacho-Mora, Z., Jimènez-Porras, V., Estrada-Montero, S., & Morales-Mar-
tìnez, F. (2020). Clinical, functional, mental and social profile of the Nicoya Peninsula centenarians, 
Costa Rica, 2017. Aging Clinical and Experimental Research, 32(2), 313–321. https:// doi. org/ 10. 
1007/ s40520- 019- 01176-9

Manini, T. M., Everhart, J. E., Patel, K. V., Schoeller, D. A., Colbert, L. H., Visser, M., Tylavsky, F., 
Bauer, D. H., Goodpaster, B. H., & Harris, T. B. (2006). Daily Activity Energy Expenditure and 
Mortality Among Older Adults. JAMA Network, 296(2), 171–179. https:// doi. org/ 10. 1001/ jama. 
296.2. 171

Marzetti, E., Calvani, R., Tosato, M., Cesari, M., Di Bari, M., Cherubini, A., Broccatelli, M., Savera, 
G., D’Elia, M., Pahor M., Bernabei, R., & Landi, F. (2017). Physical activity and exercise as coun-
termeasures to physical frailty and sarcopenia. Aging Clinical and Experimental Research, 29(1), 
35–42. https:// doi. org/ 10. 1007/ s40520- 016- 0705-4.

McNair, P., & Lewis, G. (2012). Levels of evidence in medicine. International Journal of Sports Physical 
Therapy, 7(5), 474–481.

Moran, M., Van Cauwenberg, J., Hercky-Linnewiel, R., Cerin, E., Deforche, B., & Plaut, P. (2014). 
Understanding the relationships between the physical environment and physical activity in older 

https://doi.org/10.5195/jmla.2020.834
https://doi.org/10.1002/14651858.CD010825.pub2
https://doi.org/10.1002/14651858.CD010825.pub2
https://doi.org/10.1111/nuf.12296
https://doi.org/10.1207/s15324796abm3002_6
https://doi.org/10.1207/s15324796abm3002_6
https://doi.org/10.1007/s40520-017-0768-x
https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.29173/jchla/jabsc.v38i3.29336
https://doi.org/10.1155/2019/8194310
https://doi.org/10.3390/ijerph18126602
https://doi.org/10.3390/ijerph18126602
https://doi.org/10.1007/s40520-019-01176-9
https://doi.org/10.1007/s40520-019-01176-9
https://doi.org/10.1001/jama.296.2.171
https://doi.org/10.1001/jama.296.2.171
https://doi.org/10.1007/s40520-016-0705-4


 C. Herbert et al.

1 3

adults: a systematic review of qualitative studies. The International Journal of Behavioral Nutrition 
and Physical Activity, 11, 79. https:// doi. org/ 10. 1186/ 1479- 5868- 11- 79.

National Health and Medical Research Council. (2009). NHMRC Levels of Evidence and Grades for 
Recommendations for Developers of Guidelines. Retrieved from: https:// www. nhmrc. gov. au/ sites/ 
defau lt/ files/ images/ NHMRC% 20Lev els% 20and% 20Gra des% 20(2009). pdf

Nelson, M. E., Rejeski, W. K., Blair, S. N., Duncan, P. W., Judge, J. O., King, A. C., Macera, C. A., 
& Castaneda-Sceppa, C. (2007). Physical Activity and Public Health in Older Adults: Recommen-
dation From the American College of Sports Medicine and the American Heart Association. Cir-
culation American Heart Association, 116(9), 1094–1105. https:// doi. org/ 10. 1161/ CIRCU LATIO 
NAHA. 107. 185650

Nicklett, E. J., Anderson, L. A., & Yen, I. H. (2016). Gardening Activities and Physical Health Among 
Older Adults: A Review of the Evidence. Journal of Applied Gerontology, 35(6), 678–690. https:// 
doi. org/ 10. 1177/ 07334 64814 563608

Nieddu, A., Vindas, L., Errigo, A., Vindas, J., Pes, G. M., & Dore, M. P. (2020). Dietary Habits, Anthro-
pometric Features and Daily Performance in Two Independent Long-Lived Populations from Nicoya 
peninsula (Costa Rica) and Ogliastra (Sardinia). Nutrients, 12(6), 1621. https:// doi. org/ 10. 3390/ 
nu120 61621

Panagiotakos, D. B., Chrysohoou, C., Siasos, G., Zisimos, K., Skoumas, J., Pitsavos, C., & Stefanadis, C. 
(2011). Sociodemographic and Lifestyle Statistics of the Oldest Old People (>80 Years) Living in 
Ikaria Islands: The Ikaria Study. Cardiology Research and Practice, 2011, 1-7. https:// doi. org/ 10. 
4061/ 2011/ 679187.

Pes, G. M., Tolu, F., Poulain, M., Errigo, A., Masala, S., Pietrobelli, A., Battistini, N. C., & Maioli, M. 
(2013). Lifestyle and nutrition related to male longevity in Sardinia: an ecological study. Nutrition, 
Metabolism and Cardiovascular Disease, 23(3), 212–219. https:// doi. org/ 10. 1016/j. numecd. 2011. 
05. 004

Pes, G. M., Dore, M. P., Errigo, A., & Poulain, M. (2018). Analysis of Physical Activity Among Free-
Living Nonagenarians From a Sardinian Longevous Population. Journal of Aging and Physical 
Activity, 26, 254–258. https:// doi. org/ 10. 1123/ japa. 2017- 0088

Pes, G. M., Errigo, A., Tedde, P., & Dore, M. P. (2020). Sociodemographic, clinical and functional profile 
of nonagenarians from two areas of Sardinia characterized by distinct longevity levels. Rejuvenation 
Research, 23(4), 341–348.

Pes, G. M., Poulain, M., Errigo, A., & Dore, M. P. (2021). Evolution of the dietary patterns across nutri-
tion transition in the sardinian longevity blue zone and association with health indicators in the old-
est old. Nutrients, 13(5), 1495.

Peters, M. D., Marnie, C., Tricco, A. C., Pollock, D., Munn, Z., Alexander, L., McInerney, P., Godfrey, 
C. M., Khalil, H. (2020). Updated methodological guidance for the conduct of scoping reviews. JBI 
Evidence Synthesis, 18(10), 2119–2126. https:// doi. org/ 10. 11124/ JBIES- 20- 00167.

Poulain, M., Herm, A., Errigo, A., Chrysohoou, C., Legrand, R., Passarino, G., Stazi, M. A., Voutekatis, 
K. G., Gonos, E. S., Franceschi, C., & Pes, G. M. (2021). Specific features of the oldest old from the 
Longevity Blue Zones in Ikaria and Sardinia. Mechanisms of Ageing and Development, 198, 1–9. 
https:// doi. org/ 10. 1016/j. mad. 2021. 111543

Poulain, M., Pes, G. M., Grasland, C., Carru, C., Ferrucci, L., Baggio, G., Franceschi, C., & Deiana, L. 
(2004). Identification of a geographic area characterized by extreme longevity in the Sardinia island: 
The AKEA study. Experimental Gerontology, 39, 1423–1429. https:// doi. org/ 10. 1016/j. exger. 2004. 
06. 016

Prieto-Flores, M. E., Forjaz, M. J., Fernandez-Mayoralas, G., Rojo-Perez, F., & Martinez-Martin, P. 
(2011). Factors associated with loneliness of noninstitutionalized and institutionalized older adults. 
Journal of Aging and Health, 23(1), 177–194. https:// doi. org/ 10. 1177/ 08982 64310 382658.

Shankar, McMunn, A., & Steptoe, A. (2010). Health-related behaviors in older adults relationships with 
socioeconomic status. American Journal of Preventive Medicine, 38(1), 39–46.https:// doi. org/ 10. 
1016/j. amepre. 2009. 08. 026.

Spencer-Hwang, R., Torres, X., Valladares, J., Pasco-Rubio, M., Dougherty, M., & Kim, W. (2018). 
Adverse Childhood Experiences among a Community of Resilient Centenarians and Seniors: Impli-
cations for a Chronic Disease Prevention Framework. The Permanente Journal, 22, 17–146. https:// 
doi. org/ 10. 7812/ TPP/ 17- 146.

Tricco, A. C., Lillie, E., Zarin, W., O’Brien, K. K., Colquhoun, H., Levac, D., Moher, D., Peters, M. 
D., Horsley, T., Weeks, L., & Hemple, S. (2018). PRISMA extension for scoping reviews 

https://doi.org/10.1186/1479-5868-11-79
https://www.nhmrc.gov.au/sites/default/files/images/NHMRC%20Levels%20and%20Grades%20(2009).pdf
https://www.nhmrc.gov.au/sites/default/files/images/NHMRC%20Levels%20and%20Grades%20(2009).pdf
https://doi.org/10.1161/CIRCULATIONAHA.107.185650
https://doi.org/10.1161/CIRCULATIONAHA.107.185650
https://doi.org/10.1177/0733464814563608
https://doi.org/10.1177/0733464814563608
https://doi.org/10.3390/nu12061621
https://doi.org/10.3390/nu12061621
https://doi.org/10.4061/2011/679187
https://doi.org/10.4061/2011/679187
https://doi.org/10.1016/j.numecd.2011.05.004
https://doi.org/10.1016/j.numecd.2011.05.004
https://doi.org/10.1123/japa.2017-0088
https://doi.org/10.11124/JBIES-20-00167
https://doi.org/10.1016/j.mad.2021.111543
https://doi.org/10.1016/j.exger.2004.06.016
https://doi.org/10.1016/j.exger.2004.06.016
https://doi.org/10.1177/0898264310382658
https://doi.org/10.1016/j.amepre.2009.08.026
https://doi.org/10.1016/j.amepre.2009.08.026
https://doi.org/10.7812/TPP/17-146
https://doi.org/10.7812/TPP/17-146


1 3

Blue Zones: Centenarian Modes of Physical Activity: A Scoping…

(PRISMA-ScR): checklist and explanation. Annals of Internal Medicine, 169(7), 467–473. https:// 
doi. org/ 10. 7326/ M18- 0850.

Tucker-Seeley, R. D., Subramanian, S. V., Li, Y., & Sorensen, G. (2009). Neighborhood Safety, Socio-
economic Status, and Physical Activity in Older Adults. American Journal of Preventive Medicine, 
37(3), 207–213.

Vaughan, L., Leng, X., La Monte, M. J., Tindle, H. A., Cochrane, B. B., & Shumaker, S. A. (2016). Func-
tional Independence in Late-Life: Maintaining Physical Functioning in Older Adulthood Predicts 
Daily Life Function after Age 80. The Journals of Gerontology. Series A, Biological Sciences and 
Medical Sciences, 71(S1), S79-S86. https:// doi. org/ 10. 1093/ gerona/ glv06.

Willcox, D, C., Willcox, B. J., Hsueh, W.-C., & Suzuki, M. (2006). Genetic determinants of exceptional 
human longevity: insights from the Okinawa Centenarian Study. Official Journal of the American 
Aging Association (AGE), 28(4), 313–332.https:// doi. org/ 10. 1007/ s11357- 006- 9020-x.

Willcox, D. C., Willcox, B. J., Shimajiri, S., Kurechi, S., & Suzuki, M. (2007a). Aging gracefully: A 
retrospective analysis of functional status in Okinawan centenarians. The American Journal of Geri-
atric Psychiatry, 15(3), 252–256.

Willcox, D. C., Willcox, B. J., Sokolovsky, J., & Sakihara, S. (2007b). The Cultural Context of “Suc-
cessful Aging” Among Older Women Weavers in a Northern Okinawan Village: The Role of Pro-
ductive Activity. Journal of cross-cultural gerontology, 22, 137–165. https:// doi. org/ 10. 1007/ 
s10823- 006- 9032-0.

Willcox, D. C., Willcox, B. J., Wang, N. C., He, Q., Rosenbaum, M., & Suzuki, M. (2008). Life at the 
extreme limit: phenotypic characteristics of supercentenarians in Okinawa. The journals of geron-
tology. Series A, Biological sciences and medical sciences, 63(11), 1201–1208. https:// doi. org/ 10. 
1093/ gerona/ 63. 11. 1201.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

https://doi.org/10.7326/M18-0850
https://doi.org/10.7326/M18-0850
https://doi.org/10.1093/gerona/glv06
https://doi.org/10.1007/s11357-006-9020-x
https://doi.org/10.1007/s10823-006-9032-0
https://doi.org/10.1007/s10823-006-9032-0
https://doi.org/10.1093/gerona/63.11.1201
https://doi.org/10.1093/gerona/63.11.1201

	Blue Zones: Centenarian Modes of Physical Activity: A Scoping Review
	Abstract
	Introduction
	Objective

	Methods
	Protocol and Registration
	Eligibility Criteria
	Population
	Concept
	Context
	Information Sources & Search Strategy
	Study Selection
	Data Extraction
	Data Synthesis

	Results
	Selection of Sources of Evidence
	Study Characteristics
	Summary of Outcome Measures and Findings Across Study Themes

	Discussion
	Key Findings
	Limitations
	Future Directions

	Conclusion
	Acknowledgements 
	References


