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Abstract

Background Pedometer-based walking programs hold promise as a health promotion strategy for stroke prevention
in community-dwelling older adults, particularly when targeted at physical activity-related modifiable risk factors. The
question arises: What is the effectiveness of pedometer-based walking program interventions in improving modifi-
able stroke risk factors among community-dwelling older adults?

Method FEight databases were searched up to December 2", 2023, following the Preferred Reporting Items for Sys-
tematic Review and Meta-Analysis protocol. Inclusion criteria focused on randomized controlled trials (RCTS) involv-
ing community-dwelling older adults and reported in English. Two independent reviewers utilized Physiotherapy
Evidence Database (PEDro) tool to extract data, assess eligibility, evaluate study quality, and identify potential bias.
Standardized mean difference (SMD) was employed as summary statistics for primary —physical activity level —and
secondary outcomes related to cardiovascular function (blood pressure) and metabolic syndrome, including obesity
(measured by body mass index and waist circumference), fasting blood sugar, glycated hemoglobin, high-density
lipoprotein cholesterol (HDL-C), and triglycerides. A random-effects model was used to generate summary estimates
of effects.

Results The review analyzed eight studies involving 1546 participants aged 60-85 years, with 1348 success-

fully completing the studies. Across these studies, pedometer-based walking programs were implemented 2-3
times per week, with sessions lasting 40-60 minutes, over a duration of 4-26 weeks. The risk of bias varied from high
to moderate. Our narrative synthesis revealed positive trends in HDL-C levels, fasting blood sugar, and gly-

cated hemoglobin, suggesting improved glycemic control and long-term blood sugar management. However,
the impact on triglycerides was only marginal. Primary meta-analysis demonstrated significantly improved physi-
cal activity behavior (SMD=0.44,95%Cl:0.26, 0.61,0=<0.00001;1>=0%;4 studies; 532 participants) and systolic blood
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to successful physical activity behavior outcomes.

tion strategy aligning with global health goals.

Trial registration Registration Number: INPLASY202230118
Keywords Community-dwelling older adults, Stroke prevention, Modifiable risk factors, Pedometer-based walking

pressure (SMD=-0.34,95%Cl:-0.59,-0.09;p=<0.008;1>=65%,2 studies;249 participants), unlike diastolic blood pressure
(SMD=0.13,95%Cl:-0.13,-0.38,p=0.33; I’=91%; 2 studies; 237 participants). Interventions based on social cognitive, self-
efficacy, and self-efficiency theory(ies), and social cognitive theory applied in an ecological framework, were linked

Conclusion Pedometer-based walking programs, utilizing interpersonal health behavior theory/ecological frame-
work, enhance physical activity behavior and have antihypertensive effects in community-dwelling older adults. While
they do not significantly affect diastolic blood pressure, these programs potentially serve as a primary stroke preven-

Introduction

Background of the study

Stroke is a non-communicable disease that significantly
impacts older adults, with incidence rates doubling after
the age of 55 [1, 2]. It can result from either acute hem-
orrhage due to increased intravascular pressure or insidi-
ous necrotic changes in brain tissues caused by cerebral
artery occlusion (infarct) [3]. The pathological sequelae
of stroke include gross neurological deficits and motor
disabilities due to compromised cortical inhibition of
the lower motor system [4]. As a consequence, primi-
tive reflexes [5] become more pronounced, interfering
with functional limb movements. Upper [6] and lower
[7] limbs may exhibit predominant extensor and flexor
deformities, respectively. These stroke-related disabilities
significantly limit functional independence in activities
of daily living, social participation, productivity, and eco-
nomic self-sufficiency, often leading to mood disorders
[8-11] and a diminished quality of life [12]. Given the
multifaceted impact of stroke, prevention strategies are
of utmost importance. These strategies focus on modi-
fiable risk factors related to physical activity, including
physical inactivity, obesity, high blood pressure, and poor
metabolic outcomes such as hyperglycemia (diabetes)
and unfavorable lipid profiles [13]. Therefore, promoting
a physically active lifestyle among community-dwelling
older adults using pedometer-based walking programs
emerges as a relevant and prioritized stroke prevention
strategy in public health.

The World Health Organization (WHO) emphasizes
the critical role of physical activity in promoting overall
health. Specifically, adults should engage in a minimum
of 150 minutes of moderate-intensity aerobic physical
activity weekly to enhance cardiorespiratory and mus-
cular fitness and reduce the risk of non-communicable
diseases, including stroke [14]. However, despite these
recommendations, community-dwelling older adults
often fall short of meeting this requirement [15]. For-
tunately, walking emerges as the most common type of

physical exercise among this population [16]. It is eas-
ily incorporated into daily routines and contributes sig-
nificantly to health promotion, particularly by reducing
stroke risk factors associated with physical inactivity
[15]. Epidemiological data reveal that low physical activ-
ity levels significantly contribute to the global disease
burden. In 2016 alone, approximately 1.4 million deaths
were attributed to physical inactivity—an 18.4 % increase
since 2006 [17]. This trend is particularly pronounced in
Lower-middle-income countries (LMICs), where physi-
cal inactivity accounts for 75 % of disability-adjusted life
years (equivalent to 10.1 million disability-adjusted life
years) lost due to non-communicable diseases, including
stroke [18]. The economic implications are substantial,
with physical inactivity projected to cost global health-
care systems approximately $27 billion annually between
2020 and 2030, reaching an estimated total of about $300
billion by 2030 [19]. Surprisingly, despite this knowledge,
a significant portion of adults—27 %—remain physi-
cally inactive in 2022, failing to meet the WHO’s recom-
mended physical activity threshold for optimum health
[20]. Hence, promoting physical activity remains a criti-
cal global health priority. Interventions such as device-
assisted walking programs, including pedometer-based
interventions, can play a pivotal role in addressing this
challenge. These programs should align with the World
Health Organization’s global action plan on physical
activity (2018-2030) [21] and contribute to Sustain-
able Development Goal (SDG) Target 3.4, which aims to
reduce the burden of non-communicable diseases and
enhance population well-being.

Physical activity data from 22 African countries, sub-
jected to meta-analysis, reveal that 16v% of males and 24
% of females are inactive, similar to developed countries
[22]. Specifically, in Nigeria, the most populous African
nation, 25-57 % of the population is physically inactive
[23, 24], with females being more likely to be inactive
[23, 25]. This finding aligns with an earlier observation
that females in a Nigerian population were more prone
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to stroke than males [11]. Additionally, this observation
may have regional significance for Africa, where stroke
prevalence is 1,460 cases per 100,000 person-years, while
incidence is 316 cases per 100,000 person-years [26].
Therefore, strategies promoting physical activity, such
as device-assisted walking programs, are necessary and
have been proven effective in older adults [27]. Device-
assisted walking programs, including pedometer-based
interventions, could particularly benefit high-risk popu-
lations, including community-dwelling older adults [13].
Therefore, advocating for physical activity through pro-
grams like pedometer-based walking holds promise for
improving health outcomes and preventing strokes in
African communities.

Walking is a popular, familiar, suitable, effective, and
cost-free form of physical activity for older adults [28].
It seamlessly integrates into daily activities and can be
sustained into old age [29], thereby significantly improv-
ing health outcomes [30]. By reducing physical inactivity,
walking plays a crucial role in mitigating cardiovascular
diseases (such as hypertension), metabolic syndrome
(including obesity) [31, 32], diabetes, and other physi-
cal inactivity-related conditions linked to stroke [33, 34].
Despite the natural decline in participation in walking
and other physical activities with aging [35], mainly due
to age-related changes in the locomotor apparatus [36],
it remains crucial to emphasize stroke prevention strat-
egies. For instance, promoting regular walking habits
among community-dwelling older adults using pedom-
eters is advised, with an emphasis on brisk walking [37].
While some authors [26, 38, 39] suggest that pedome-
ter-based walking programs can help reduce cardiovas-
cular diseases and metabolic syndrome in older adults,
others [40] have found no significant improvement.
The question that arises is: What is the effectiveness of
a pedometer-based walking intervention in improving
modifiable risk factors for stroke, including physical inac-
tivity (measured by physical activity measures/metrics
such as physical activity level-PAL, step count, distance
traveled, calories burned, time spent in different inten-
sity zones), components of metabolic syndrome (such as
obesity measured by body mass index-BMI and waist cir-
cumference), elevated blood sugar (measured by fasting
blood sugar and glycated hemoglobin), and abnormal tri-
glycerides/HDL-C, as well as cardiovascular parameters
(specifically high blood pressure) among community-
dwelling older adults?

Methods

Research design

This systematic review examined randomized controlled
trials on the effectiveness of a pedometer-based walk-
ing program in modifying stroke risk variables among
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older community residents. The study was registered on
March 23, 2022, on the International Platform of Regis-
tered Systematic Reviews and Meta-Analysis Protocols
(INPLASY)—registration number: INPLASY202230118.

Eligibility criteria
When selecting studies for this review, the following eli-
gibility criteria were considered:

A Inclusion Criteria:

i. Types of Studies: This study reviews RCTs
assessing the impact of pedometer-based walk-
ing programs on stroke risk factors.

— Stroke Risk Factors: These include physical inac-
tivity (measured by step count, distance trave-
led, calories burned, time spent in different
intensity zones, physical activity level-PAL) and
components of metabolic syndrome (such as
blood pressure, obesity measured by body mass
index-BMI and waist circumference, diabetes
measured by fasting blood sugar and glycated
hemoglobin, and high triglycerides/HDL-C).

The studies included were published in English-
language conference proceedings and peer-
reviewed journals.

ii. Types of Participants:

This review included studies on exercise interventions
using pedometer-based walking programs
involving community-dwelling older adults
aged > 60, regardless of gender, who had modi-
fiable risk factors for stroke, without specific
limitations on the study setting.

i. Intervention:

We selected RCTs focusing on pedometer-based walking
interventions for older adults, with a spe-
cific emphasis on supervised programs.
These programs had no limitations regard-
ing intervention dosage, form, frequency,
duration, intensity, or post-intervention
follow-up time.

ii. Types of Control:

Our study involved community-based RCTs among
older individuals. The control groups fell into the
following categories:

i. No Intervention (No-Contact Control
Group): Participants received no specific
interventions.
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Different Interventions (Active Control Group):
Participants received alternative interventions.
Counseling, Phone Calls, Health Information,
Pamphlets, Education Sessions, and Advice on
Increasing Walking Time, Self-Selected Intensity
Exercise Programs, or pedometer plus other inter-
ventions, and
iii. Social Support (Social Control Group):
Participants received various forms of
support and guidance.

iii. Timing:

Only studies that completed outcome assessments after

the intervention or at least six months after the
intervention, were included.
iv. Types of Outcomes:

Studies were included if they measured changes in modi-

fiable risk factors for stroke. The primary out-
come was physical activity, while some param-
eters related to cardiovascular function and
metabolic syndrome served as secondary out-
comes. All studies focusing on modifiable risk
factors for stroke were included, analyzed, and
combined. Clinical outcomes were evaluated
and ranked, preserving the initial descriptions
in the texts.

i. Primary Outcomes:

- Physical activity:

The primary outcome is physical activity which refers to

ii.

any movement of the body produced by
the skeletal muscles that requires the use
of energy is considered physical activity. It
includes a range of activities, such as recre-
ational pursuits, travel-related movements,
and job-related duties. Physical activity
level is the daily amount of physical activ-
ity a person engages in, used to calculate
energy expenditure [41]. This encompasses
both the duration and intensity of daily
activities. Wearable technologies [42, 43],
such as GPS, are reliable tools for assessing
physical activity in both clinical [44] and
community settings [45]. Accelerometers
[46] and pedometers [47] also measure
physical activity using parameters such as
G-forces (g), meters per second squared
(m/s®), heart rate, and pedometer step
count.
Secondary Outcomes:Metabolic Syndrome:
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Metabolic syndrome is characterized by high blood

pressure, excess body fat, abnormal cholesterol or
triglyceride levels, and hyperglycemia (elevated
blood sugar). It significantly increases the risk of
heart disease, stroke, and type-2 diabetes.

a  Obesity: Obesity is diagnosed when a per-
son’s body weight exceeds what is consid-
ered healthy for their height using various
approaches including:

- Body Mass Index:

Body Mass Index is calculated by divid-
ing body weight (in kilograms) by height
squared (in meters), indicating the distri-
bution of body weight relative to height
[48].

- Waist Circumference:

Waist circumference is measured around
the umbilicus of the stomach using a
flexible, inelastic tape measure (a sin-
gle measurement). This measurement
serves to estimate fat distribution and
screen individuals for weight-related
health issues [49], including obesity, dia-
betes, cardiovascular diseases, and can-
cer. For increased accuracy and consist-
ency, the measurement is repeated two
more times, and the average of the three
measurements is calculated and used. In
males, low risk is below 94 c¢m, high risk is
94-102 cm, and very high risk is 102 cm.
However, for females, low risk is below 80
cm, high risk is between 80 to 88 cm, and
very high risk is above 88 cm [50].

- Waist-hip ratio:

Waist-hip ratio (WHR) is calculated by
dividing an individual’s waist circumfer-
ence by their hip circumference. Specifi-
cally: the waist circumference is meas-
ured at the narrowest part of the waist.
The hip circumference is measured at the
widest part of the hips or buttocks. WHR
measures abdominal fat distribution, with
a higher WHR indicating a greater pro-
portion of abdominal fat, which has been
associated with increased health risks
like cardiovascular disease and diabetes.
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b

Monitoring WHR offers insights into an
individual’s health and risk factors.
Hyperglycemia (elevated blood sugar):
Hyperglycemia refers to elevated blood
glucose levels (commonly known as blood
sugar). In practical terms it defines the
point when blood sugar levels exceed
the normal range. Chronically elevated
blood sugar can lead to diabetes, either
due to insufficient insulin production or
inefficient utilization. To detect diabetes,
serum glycated hemoglobin, continuous
glucose monitoring, and glucometer tests
are commonly used [51]. Fasting blood
sugar is expressed in mg/dL or mmol/L,
while glycated hemoglobin is expressed as
a percentage (DCCT unit) or as a number
in mmol/mol (IFCC unit).

Lipid Profile: A lipid profile, also known as
a lipid panel, is a blood test that assesses
blood lipid levels. Lipids are fats that can-
not dissolve in blood. The key compo-
nents measured in a lipid profile include:

- Total Cholesterol: The sum of all cho-
lesterol in your blood.

- Low-Deunsity Lipoprotein (LDL) Cho-
lesterol: Often referred to as “bad” choles-
terol, as high levels are associated with an
increased risk of heart disease.

- High-Density Lipoprotein (HDL) Cho-
lesterol: Known as “good” cholesterol,
as higher levels are beneficial for heart
health.

- Triglycerides: A type of fat found in
the blood.

Monitoring lipid levels through a lipid
profile helps assess cardiovascular risk
and guides preventive measures. This
laboratory blood test measures triglycer-
ides (mmol/L) and cholesterol (mg/dL or
mmol/L) blood concentration using spec-
trophotometers and lipid panels [52].

Cardiovascular Function (Blood pressure):
Cardiovascular function refers to the
intricate workings of the heart and blood
vessels within the body. The cardiovas-
cular system regulates body temperature
and adapts to stress, but various diseases
can lead to heart attacks, strokes, arrhyth-
mias, heart failure, and heart valve com-
plications. Common detection meth-
ods include masks, ECGs, or EKGs [53],
sphygmomanometers, pulse oximeters,
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Holter monitoring [54], echocardiograms,
exercise tests [55], cardiac catheterization
[56], heart (cardiac) computed tomogra-
phy scan [57], and magnetic resonance
imaging [58]. In the context of this study,
the outcome measure of cardiovascular
function specifically focuses on blood
pressure. Blood pressure represents the
force exerted by circulating blood against
the inner walls of blood vessels. It is quan-
tified in millimeters of mercury (mm
Hg). This measurement provides valuable
insights into cardiovascular health and
function. Healthcare professionals utilize
blood pressure measurements to assess
cardiovascular health and monitor condi-
tions such as hypertension. Blood pres-
sure is divided into two determinations:

- Systolic Pressure: Represents the max-
imum blood pressure during heart con-
traction.

- Diastolic Pressure: Reflects the mini-
mum pressure recorded before the next
contraction when the heart relaxes
between beats.

B Exclusion Criteria:

1. Studies without intervention programs based on
pedometers.

2. Studies that used pedometer-based walking inter-
vention but failed to assess the study’s primary
objectives.

3. Publications, opinion papers, narrative review
syntheses, systematic reviews, and any corre-
spondence without a clear methodology or main
data description.

4. In multiple publications from the same research
project, the most recent publication on the sub-
ject was included.

Information sources
This review employed a comprehensive search strategy,
which included:

a Hand Searches of Grey Literature: The relevant infor-
mation was meticulously searched beyond traditional
academic sources, ensuring a thorough exploration
of the literature landscape.

b Screening Bibliographic Databases: The databases
were systematically examined to identify relevant
studies. The search covered key databases such as
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AMED Trial registrations, CINAHL, EMBASE, Pub-
Med, the Cochrane Library, and a directory of open-
access repository websites (http://www.clinicaltrial).
Reference Lists of Included Citations Using the Snow-
balling Method: The guidelines from the Cochrane
Handbook of Systematic Reviews of Interventions
[59] and the Centre for Reviews and Dissemination’s
guidance for Health Care Review [60]. By tracing ref-
erences within relevant articles, the search network
was expanded.

Search Strategy:

A study plan was developed using Medical Sub-
ject Heading (MeSH) search terms and keywords
extracted from titles, abstracts, and text. A pilot
test assessed sensitivity and specificity. The search
instructions included truncators and Boolean opera-
tors. For PubMed, this review adapted a search tech-
nique outlined in Appendix I, adjusting title and syn-
tax to accommodate other databases. The searches
were conducted from inception until December 2,
2023. Additional resources were consulted beyond
electronic database searches: Published Systematic
Reviews of Exercise Interventions, Reference Lists
of Pertinent Books and Articles, he Cochrane Sys-
tematic Review Database, The National Institute of
Health Research Portfolio for recently concluded or
ongoing studies, Identified studies and recommended
papers’ reference lists, and The Current Controlled
Trials Register.

Study Record and Data Management

a) Search Results and Deduplication: After exporting

the search results into the RefWorks™ manager,
the records were meticulously deduplicated. Bib-
liographic entries were subsequently exported into
Microsoft Excel [61] for easier organization and clas-
sification based on the particular inclusion and exclu-
sion criteria. The review questions was also organ-
ized and improved (if necessary) to facilitate the
sorting of articles, taking into account the inclusion
and exclusion criteria.

b) Selection Process: The screening process involved

two reviewers: J.U. (Reviewer 1) performed an initial
screening on the title and abstract. C.O. (Reviewer
2) separately cross-checked the results of the initial
screening. Thereafter, both reviewers independently
went through the full texts of each of the selected
studies, applying the qualifying criteria for addi-
tional screening. Disagreements over whether an
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article should be included or excluded were resolved
through discussions and reflections, with P.S.L
(reviewer 3) consulting as needed. In cases where a
decision could not be made using the available infor-
mation, study authors were contacted (up to three
emails maximum) for clarification to address any
questions regarding the selection of any given study.

Data Collection Processes

1)

Risks of Bias Assessment in Individual Studies

The Physiotherapy Evidence Database (PEDro)
11-item scale was employed to rigorously evalu-
ate the methodological quality of the selected stud-
ies [62]. The first item pertained to external valid-
ity, while the remaining 10 items assessed the
internal validity of individual clinical trials. Nota-
bly, the study’s overall quality improved with higher
scores on this scale, which was interpreted as follows:
9-10: Excellent, 6-8: Good/High, 4-5: Moderate/fair,
<4: Poor

Additionally, the quality of RCTs was assessed by
assigning a score of “1” for each “yes” response and
“0” for “no, “unclear] or “not applicable” (N/A)
responses. Summarizing these scores using a criti-
cal appraisal tool allowed for the determination of
the total number of “yes” responses out of 10. The
evaluation process was conducted independently by
reviewers 1 and 2. Furthermore, the study’s level of
evidence was assessed based on both the sample size

and the PEDro score [63, 64].

Data collection processes

i

Data Item:

Data from the included studies were meticulously

il.

In

extracted using a standardized data extraction
form. The form encompassed various essential ele-
ments, including: Author’s reference, participant
characteristics, inclusion/exclusion criteria, study
sample details, intervention components, setting
information, intervention delivery personnel, dura-
tion of the intervention and follow-up (if available),
attrition rate, outcome assessment/measurement
methods, results, conclusions, and funding sources
Data Synthesis and Assessment of Heterogeneity
this review, the impact of a pedometer-based walk-
ing program on modifiable risk factors for stroke
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among older community residents, was inves-
tigated. To evaluate the intervention’s efficacy,
a proof table was constructed and quantitative
results were analyzed. The following steps were
taken:

Statistical Methodology:

This review adhered to the standard Cochrane meta-
analyses procedure. For each variable, an appropri-
ate statistical method was applied.

1. Risk Ratio (RR): For dichotomous variables, the
risk ratio along with a 95% confidence interval
(CI), were calculated.

2. Weighted Mean Difference (WMD): For similar
outcomes, the post-intervention weighted mean
difference, was computed.

3. Standardized Mean Difference (SMD): For var-
ied measures, this review determined the SMD.
Interpretation of the SMD values followed
Schiinemann et al’s [65] recommendations: Big
values: exceeding 0.70, Moderate values: between
0.40 and 0.70, Small values: between 0.00 and
0.39

Data analysis

The analysis of studies involved a comprehensive exam-
ination of various factors, including: Year of publica-
tion, Author references, Sample size, Age distribution,
Study settings, Data collection format, Outcome meas-
ures, Intervention and control components, Format
of intervention delivery, Intervention and follow-up
durations

i. Narrative Synthesis. To explore relationships and
draw conclusions from diverse studies, this review
followed the Centre for Reviews and Dissemina-
tion’s narrative synthesis guidelines. By focusing on
primary outcomes, we conducted an investigation
and presented our findings.

ii. Meta-Analyses: Three meta-analyses were per-
formed using a random-effects model to determine
pooled effect sizes across the trials according to
the Cochrane Handbook for Systematic Reviews of
Interventions guidelines [60]. Heterogeneity values
were categorized as follows: Low: 25 %, Medium: >
25 % — 75 % and High: > 75 %

The heterogeneity was assessed using the Hig-
gins 12 test and Cochrane’s x2 test (with a 10 %
significance threshold). This review focused on heteroge-
neous studies, employing narrative synthesis to elucidate
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relationships and findings both within and between the
research studies, consistent with the Centre for Reviews
and Dissemination’s recommendation [66].

Sensitivity analysis

To explore the potential impact of significant hetero-
geneity—arising from different intervention types or
comparators—a sensitivity analysis was conducted.
This assessment considered bias impact in high-risk
studies. Additionally, subgroup analyses investigated
heterogeneity in treatment effects, involving more than
two studies with comparable subsets.

Rating quality of evidence and strength

of recommendation

The systematic review’s recommendation strength
underwent rigorous assessment using two key tools:

1. Physiotherapy Evidence Database Scale (PEDro):
This scale [67], considered the internal validity of the
research. Additionally, statistical reporting played a
crucial role in shaping the review’s decision.

2. Verhagen'’s Delphi List: Verhagen’s list [68], evalu-
ated the methodological quality of studies, categoriz-
ing them as follows: High Quality (low risk of bias),
Moderate Quality and Low Quality (high risk of
bias).

Evidence statement and quality assessment

Each evidence statement was meticulously rated based
on its quality: High Quality: Implies that additional
research is unlikely to alter the effect estimates.; Mod-
erate Quality: Suggests that further research could
significantly impact the effect estimates. Low Quality:
Indicates that additional research is very likely to alter
or significantly change the estimate. The assessments
were based on the PEDro score, which reflects meth-
odological quality as follows: 9-10: Outstanding, 6-8:
Good, 4-5: Fair, and 4—6: Poor

Level of evidence
Study’s level of evidence was determined by both the
sample size and the PEDro score:

o Level 1 Evidence (Good or Outstanding): High-
quality randomized controlled trials (RCTs) with
larger samples.

+ Level 2 Evidence: Lower quality rating (fair or poor)
and a sample size less than 50. [62, 63].
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Report of review

This systematic review adhered to the PRISMA state-
ment requirements [69]. The final report included rel-
evant material and a PRISMA checklist (Appendix II).

Results

Study selection

The study initially analyzed 425 citations from included
sources. After removing 179 duplicates, titles and
abstracts of remaining 246 papers were screened, result-
ing in 36 publications. Following full-text screening, eight
articles [70—77] met the inclusion criteria.

Reasons for exclusion

In this review, 14 full texts were excluded because they
involved participants outside the required age range of
the study [41, 78-90]. Additionally, eleven papers [91—
101] were excluded due to non-randomized controlled
trial designs. Furthermore, three citations represented
pilot studies, and their details are provided in the flow-
chart (Fig. 1) below.
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— Qualitative Study: After excluding the aforemen-
tioned papers, eight studies [70—77] were included in
the qualitative study.

— Quantitative Study: Out of the eight papers [70-77]
included for qualitative analysis, four papers [72,
74-76] were excluded from quantitative or meta-
analysis for the following reasons: one study [72]: did
not report standard deviations for fasting blood sugar
and diastolic blood pressure, one study [74]: lacked
information on changes in fasting blood sugar, BMI,
physical activity, systolic, and diastolic blood pres-
sure in standard deviations. Two studies [72, 75]: did
not provide post-intervention means and standard
deviations for physical activity variables, walking fre-
quency, diastolic, and systolic blood pressures, and
one study [76]: did not furnish baseline and post-
intervention mean of physical activity (steps) for the
control group.

Records excluded

(n=209)

Full-text articles excluded,
with reasons (n = 29)

1= Age (n=15)

2= Not RCTS (n = 11)

3= Pilot study (n = 3)

Articles excluded, with reasons (n

1= no means + Std. deviation for

'SR
Records identified through database + hand searches of grey
literature
(n=425)
o
o
=]
=
=
(2]
Q
S
=] Record after duplicates removed
(n =246)
l/
S Records screened
3
EX (n=246)
>
[
3 \L
Full-text articles assessed
m for eligibility
@,
=X (n=37)
=
~<
Studies included in
qualitative analyses
(n=8)
5
(o]
=3 —
& =4
Q.
Studies included in
quantitative analyses
—/ (h=4)

outcome (n = 3)

2= NO baseline+ post-int means
for CON (n=1)

3= Pilot study (n = 3)

Fig. 1 PRISMA flow diagram for modifiable risk factors of stroke; adapted from Moher, Shamseer & Clarke [102] Preferred Reporting Items

for Systematic Reviews and Meta-Analyses
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Included studies
Eight studies [70—77] were included in this review.

i

Participants of Included Studies:

This review involved 1546 older adults, including 691

ii.

males and 848 females - excluding seven partici-
pants from one study [77] because their gender was
not accounted for. Participants were aged > 60 and
were either physically inactive, living a sedentary
lifestyle, or had modifiable risk factors for stroke.
Studies were conducted in different countries: one
study each in USA [73] Norway [72], Japan [76],
China [77], Australia [70], New Zealand [74], Tai-
wan [75], and Scotland [71], with varying results
across different countries.

Intervention:

This review included eight RCTs [70-77] (Table 1).

These studies examined modifiable risk factors for
stroke, including:

a) Physical activity: Measured by physical activity
level, accelerometer counts, self-reported level
of walking frequency, physical activity daily min-
utes, total walking activity (minutes per week),
and daily step counts.

b) Metabolic syndrome: Assessed via obesity indica-
tors (body mass index, waist-hip circumference),
fasting blood sugar, glycated hemoglobin, and
lipid profile (triglycerides, low-density lipopro-
teins, and HDL).

¢) Cardiovascular function: Specifically systolic and
diastolic blood pressure were assessed.

The average study duration was 6.175 + 3.64 months.
However, sessions were not consistently timed, except in

only

one study [75], which lasted between 30 minutes per

session in first week and 50 minutes per session in fourth
week and beyond. Participants received the intervention
in a group setting in one study [71], and only one study

(73]

reported that the intervention was community-

based. The summary of the interventions across the stud-
ies combined pedometer-based walking programs with
other behavioral change strategies or interventions are
presented below:

1.

McMurdo et al. [71] — Behavioural Change Interven-
tion (BCI) plus pedometer - comprising Brief edu-
cation session focusing on beliefs & motivation for
walking + a self-regulation theory-based int. was
used for goalsetting, individualized activity action
plans and plans to address barriers to action & cop-
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ing, planning, self-monitoring, & feedback PLUS
Moderate exercise PA training in sedentary older
women + Pedometer

. Kerr et al. [73] — Individual Counseling and Pedom-

eter-Based Walking: Four individual telephone
counselling sessions x 8 weeks & self-monitoring +
pedometers walking int, group education sessions,
group walks, community advocacy & pedestrian
community change projects.

. Kolt et al. [74] - Pedometer-Based Walking Interven-

tion with Telephone Counseling: Pedometer-based
walking + initial face-to-face advice on engaging in
PA + 3 telephone counselling follow-up sessions (> 3
to 4mns) + Telephone counselling call 1 (Information
provision & goalsetting - 15-30mins) + multi-com-
ponent Exercises or mind—body Exercises; moderate
intensity; 45—60mins; 3 times/wk x >6 mths + call 2
- (Assessing progress & further goal-setting - 10-15
mins), + call 3 - providing further encouragement &
discussions around relapse prevention - 10-15mins).

. Lee et al. [75] - Community-Based Walking Interven-

tion PLUS pedometer: Community-based walking
int., face-to-face & phone support to increase walk-
ing (pedometer + walking log provided; NO targeted
value for PA mentioned).

. Yamada et al. [76] - Pedometer-Based Behavioral

Change Programs: Pedometer-based behavioural
change programs (no targeted value stated), con-
sisted of motivation for walking + goal-setting, self-
monitoring, & feedback

. Furber et al. [70] - Self-Monitoring of Physical Activ-

ity (PA) Using a Pedometer: Participants used a
Yamax Digiwalker 700B pedometer and a step calen-
dar + Received 15 minutes of behavioral counseling
+ goal-setting sessions via telephone support 1 week
after starting the pedometer intervention + received
two PA information brochures by mail 4+ Booster
phone calls given @ 12 weeks and 18 weeks.

. Bjorgaas et al, [72] - Pedometer-Based Walking

Intervention: Recorded pedometer steps 3 weekdays,
twice/month. X 6 months, and increased daily step
counts.

However, one study used pedometer to monitor exer-
cise intervention impact and is summarized below:

8. Yang & Petrini [77] - Self-Selected & Prescribed

Intensity Exercise impact on physical activity moni-
tored with pedometer: Pedometer used to monitor
step counts after exposure to either (a) Prescribed
moderate-intensity exercises: 3 times per week,
24-hour interval between sessions; Monitored by
the RPE (Rate of Perceived Exertion) scale, OR (b)
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Self-selected intensity exercises, 50 minutes per ses-
sion PLUS Aerobic walking or jogging, Volume set
as 5,400 - 7,900 steps per day. Progression: Initial
30 minutes per session in first week, followed by a
5-minute increase in session time per week over first
4 weeks until reaching up to 50 minutes per session.

Control groups sub-grouping

Among the eight studies [70-77] in our review, diverse
control groups were utilized, and were sub-grouped in
this review based on the types of control groups involved
as shown below:

1. No-Contact Control Group: Three studies [70, 72, 77]
were sub-grouped as the no-contact control group
for receiving mainly usual care. In one study [77], it
was not explicitly described as a separate group with
a specific intervention. However, the study design
involved comparing the effects of self-selected and
prescribed intensity exercise with the control group,
which likely received usual care or no specific exer-
cise intervention.

2. Active Control Group: In two studies [71, 74] were
sub-grouped as active control group for receiving dif-
ferent interventions or alternative therapies.

3. Social Control Group: Three trials [73, 75, 76] were
sub-grouped as the social control group for receiving:
phone calls, health information, health pamphlets,
and social support.

Outcomes

1. Physical Activity Level: Eight papers [70-77] exam-
ined the impact of pedometers on physical activ-
ity outcomes. Three (33.33 %) studies (74, 76, 77]
assessed physical activity levels using step counts. In
addition to this, some of the studies evaluated: Self-
reported physical activity (including total physical
activity minutes and total physical activity sessions)
as well as walking variables (including walking min-
utes and walking sessions) [70], daily minutes of
activity.[73], change in walking minutes over time.
[71], self-reported level of walking frequency/time
[75, 76], step counts and total walking activity (min-
utes per week). [74], and change in step counts/day
from one visit to the next [72].

2. Obesity: Two studies [74, 77] assessed body mass
index as an outcome. One study [77] further evalu-
ated waist circumference.

3. Cardiovascular Function: Five papers [72-75, 77]
measured systolic and diastolic blood pressures.

4.
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Metabolic Syndrome: One study [72] included in this
review measured: Cholesterol and triglyceride levels,
lipid profile (triglycerides, cholesterol, and HDL-C),
and fasting blood glucose,

Quality appraisal and risk of bias in included studies

Table 2 summarizes the risk of bias assessment for each
of the included studies based on the PEDro scale. Further
details are provided below:

1.

Eligibility Criteria: All eight studies [70-77] specified
inclusion and exclusion criteria for recruiting and
screening participants. Only older adults with modi-
fiable risk factors for stroke were included, resulting
in a low risk of bias in this section.

. Random Allocation: All eight studies [70-77] out-

lined a randomization process for allocating eligible
participants. This indicates a low risk of selection bias
in this area.

. Concealment of Allocation: Concealment of alloca-

tion was reported in three studies (37.50 %) [70, 75,
76). However, it was not reported in five studies [71-
74, 77], resulting in a 62.50 % prevalence of selection
bias.

. Baseline Similarity: Kerr et al’s study [73] (12.5 % out

of eight studies) included younger and married par-
ticipants in the intervention group compared to the
control group. Despite this difference, overall, there
was a low risk of selection bias.

. Bias on Blinding: Five studies (62.50 %) [70, 72, 73,

76, 77] reported assessor blinding. Three studies
(37.50 %) [70, 75, 77] reported participant or person-
nel blinding, indicating performance bias.

. Intention-to-Treat Analysis: Only three studies [71,

73, 75] reported intention-to-treat analysis, indicat-
ing a moderate risk of bias. Intention-to-treat analy-
sis is essential for maintaining the integrity of RCTs.

. Between-Group Analysis and Point Measures/Vari-

ables: All included studies conducted between-group
analysis for control and intervention groups. Point
estimates were used, and outcome variables were
adequately measured.

. Bias of Outcome Measurement from < 85 % of Ini-

tial Participants (Incomplete Outcome Data): All
included studies reported follow-up of participants
(Table 2).However, 14.6 % (226 out of 1475) of partic-
ipants withdrew from studies, with withdrawal rates
ranging from 5.7 % to 31.4 % within individual stud-
ies.Five studies [70, 71, 75-77] reported withdrawal
rates above 15 %, indicating a high risk of incomplete
outcome (attrition) bias.The studies included con-
trol groups with varying withdrawal rates above 15
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%.In the comparative analysis of the clinical trial out-
comes, the intervention cohort exhibited a margin-
ally lower completion rate (n = 607) compared to the
control cohort (1 = 627), while the attrition rate was
marginally elevated in the intervention arm (# = 106)
relative to the control (n = 96). The statistical assess-
ment of the proportional differences between the
cohorts yielded a non-significant Z-score of -0.753,
corresponding to a p-value of 0.226. This indicates
that the observed variance has a 22.6% likelihood of
occurrence under the null hypothesis, which posits
no inherent difference between the groups. Conse-
quently, the results do not provide sufficient evidence
to reject the null hypothesis, suggesting that the
observed differences in the attrition rates between
the intervention and control cohorts could be attrib-
uted to random chance rather than a systematic
effect attributable to the intervention.

9. Evidence of Selective Reporting:Only one [73] out of

the eight studies in this review, was reported trans-
parently by providing detailed information on out-
comes related to physical activity, blood pressure,
and physical functioning in both the intervention
and control groups. The other seven studies [70-72,
74-77] had limitations in this area. Thus, one study
[71], reported significant improvements in several
outcomes (total physical activity sessions, walking
minutes, walking sessions, cardiorespiratory fitness
at 6 months, Psychosocial health at 6 weeks and 6
months) related to physical activity in the interven-
tion group compared to the control group, but did
not report negative or nonsignificant outcomes in
detail. Another study [72] reported the intervention
group did not show significant improvement in walk-
ing frequency compared to the control group, but did
not provide detailed reporting on other outcomes
(e.g., cardiovascular risk factors, glycemic control).
One study [74] reported significant improvements
in several outcomes (leisure Walking, overall physi-
cal activity and blood pressure) related to physical
activity in the pedometer-based intervention group
compared to the standard Green Prescription group,
but did not report in detail the changes in body mass
index across both groups or provide detailed report-
ing on other outcomes (e.g., quality of life, physical
function, falls). Another study [76] reported signifi-
cant improvements in several outcomes related to
dependency in the intervention group compared
to the control group, but did not provide detailed
reporting on other outcomes (e.g., physical activity
levels, psychosocial health). Another study [77] found
Improvement in affect to exercise and physical activ-
ity behavior which was greater among participants in
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the self-selected intensity group vs. prescribed inten-
sity but did not provide detailed reporting on other
outcomes (e.g., cardiovascular risk factors, glycemic
control). Overall, the lack of comprehensive report-
ing on all outcomes may introduce bias. The absence
of such reporting could potentially indicate selective
reporting bias.

Outcomes reported in included studies

Eight studies [70-77] investigated the impact of pedome-
ter-based walking interventions on physical activity, met-
abolic syndrome, and cardiovascular function. The aim
was to understand the intervention’s influence on stroke
risk factors.

Effects of Intervention

The intervention’s effects are reported by comparing the
intervention group to the control group, unless otherwise
specified. Additional details are provided below:

a)

b)

c)

Duration of Intervention: The duration of the inter-
vention across the studies ranges from 6 weeks [70]
to 12 months [73, 74]. The mean trial duration was 7
months.

Intervention Progression: Only one study [77]
reported intervention progression: It varied from
30 - 50 minutes per session within the first 4 weeks.
The duration remained unchanged for the remaining
duration of the study.

Group vs. Individual Interventions: Group interven-
tion was used in three studies [73, 75, 76]. Five stud-
ies administered pedometer interventions individu-
ally [70-72, 74, 77].

The prescriptions that had positive outcomes were:

i

il.

A 6-month self-monitoring of PA using a pedome-
ter + step calendar + 15 minutes behavioural coun-
selling & goalsetting sessions via telephone sup-
port given 1 wk. after pedometer INT. + two PA
information brochures received by mail + booster
phone calls at 12 weeks and 18 weeks [70].

A 26-week pedometer-based walking programme
+ initial face-to-face advice on engaging in PA +
3 telephone counselling follow-up sessions (> 3 to
4mns) + Telephone counselling call 1 (Informa-
tion provision & goalsetting - 15-30 mins) + call 2
(Assessing progress & further goalsetting - 10-15
mins) + call 3 providing further encouragement
& discussions around relapse prevention - 10-15
mins) [74].
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iii. Four individualized telephone counselling x 8
weeks & self-monitoring + Six-month pedometers
walking intervention based on social cognitive the-
ory and applied them in an Ecological framework,
group education sessions, group walks, community
advocacy & pedestrian community change projects
[73].

Physical activity outcomes

Seven papers [70, 71, 73-77] included in this review
(Table 1) reported on physical activity outcomes
(Table 3). The majority [70, 71, 73, 74, 76] of the stud-
ies (5 out of 7, which is approximately 71.43%) found
that pedometer-based walking programs significantly
improved physical activity levels or outcomes in com-
munity-dwelling adults (with a p-value < 0.05). Nota-
bly, there was no significant decrease in value within or
between groups in studies where no substantial improve-
ment in physical activity outcomes occurred. Overall, the
trend suggests that pedometer-based walking programs
enhance physical activity outcomes in community-dwell-
ing adults.

— Change in Accelerometry Counts (Minutes Walking):

Five studies [71-73, 75, 76] conducted between-
group and within-group analyses of step counts and
associated physical activity. However, details of the
within-group analysis were not fully reported in two
studies [73, 76]. Additionally, two studies [70, 74]
applied pedometer interventions, but did not use
them to measure step counts as outcome. A high-
quality study [71] revealed a significant increase in
accelerometer counts within the Behavioral Change
Intervention group compared to the control and
pedometer PLUS Behavioral Change groups at the
3-month time point (Table 3). However, marginal
reductions (p > 0.05) were observed at the 6th month.
One moderate-quality study [73] reported a sig-
nificant improvement in accelerometry step counts
associated with moderate physical vigorous activity,
which remained significantly higher than the control
group at 3-, 6-, and 12-months follow-up time points.
Additionally, only one study [76] reported within-
group analysis of physical activity, while five other
studies [70, 71, 73, 74, 76] provided within and/or
between-group analyses. These findings emphasize
the importance of considering both short-term and
longer-term effects when evaluating interventions
related to physical activity. Furthermore, including
within-group analyses enhances our understanding
of the dynamics within each study arm.
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— Daily Step Counts: Two studies [76, 77] reported
on the daily step counts (Table 1). In a high-quality
trial [76], a significant increase (p < 0.05) in the daily
step counts was observed in the intervention group
compared to the control group (Table 3). Conversely,
another high-quality study [77] found no significant
difference (p > 0.05) in daily step counts between the
self-selected and prescribed intensity groups.

— Self-Reported Level of Walking Frequency: The same
two studies [75, 76] provided mixed results regard-
ing daily step counts in the intervention group com-
pared to the control group (Table 1). Specifically, the
high-quality trial [76] reported a significant increase
(p < 0.05) in the daily step counts of the intervention
group (Table 3), while the other high-quality study
[77] found no significant difference (p > 0.05) in daily
step counts between self-selected and prescribed
intensity groups.

— Physical Activity (Daily Minutes): A moderate-qual-
ity trial [73] demonstrated a significant increase in
daily physical activity (measured in minutes) (p <
0.05) within the intervention group compared to the
control group. This significant difference persisted
throughout the study’s 12-month duration.

— Total Walking Activity (Minutes per Week: n a
moderate-quality study [74], a significant (p < 0.05)
increase in physical activity across all domains was
observed at 3 months for both pedometer step-based
Green Prescription and standard Green Prescription
groups. This positive effect was maintained through-
out the 12-month study (refer to Tables 2 and 3).

— DPhysical Activity Level: In a moderate-quality study
[70], significant improvements (p < 0.05) were
observed in the total physical activity time, total
physical activity sessions, walking time, and walking
sessions within the intervention group after 6 weeks
(refer to Table 3). Remarkably, this effect remained
significant even at the 6-month mark.

Comparison of intervention effects across sub grouped con-
trol groups: Sub-grouping the studies revealed distinct
patterns of results driven by each type of control group,
as outlined below:

a) No-Contact Control Group: Three studies [71, 75, 76]
that measured physical activity (PA) in this subgroup
demonstrated a remarkable 100 % improvement.
Specifically, interventions (including pedometer-
based programs and walking) led to enhancements in
physical activity and self-efficacy. The impact varied
based on the study and intervention types. Notably,
the pedometer-based walking intervention was effec-
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Table 3 Proof table for physical activity outcomes
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Study

Time point of measurement

Outcome [Int. (Mean * SD) vs Cont. (Mean + SD); CI (...); p=...; d=...]

Furber et al. [2010] (Australia) [70]

Kolt et al (2012)
New Zealand [74]

Kerretal. [2018]
USA[73]

McMurdo et al. [2010]
Scotland [71]

Lee et al. [2007] Taiwan [75]

Immediately post-intervention

Baseline

3 months

12 months

Baseline

3 months

6 months

9months

12 months

Baseline

Change recorded from BL to 3
months

Baseline
6 months Post-Int

Total PA mins

Total PA sessions;

Walking mins

Walking sessions

Physical activity

Physical activity (daily minutes)
-Daily 3000-step increase for 12
weeks and maintain it

Accelerometry measurement (Min-
utes of Activity)

20% increase in step counts or mins
in the first month & a further 20%
at the end of the first and second
months.

Self-reported level of walking
frequency

Total PA mins. [pedometer grp (366.5
+270.8) vs control grp (270.9 + 244.4);
p=0027,d=031]

Total PA sessions [pedometer grp (9.0
+5.7) vs control grp (7.1 £ 5.6);p =
0.003,d=041]

Walking mins [pedometer grp (249.9 +
196.0) vs control grp (202.6 + 189.5); p
=0.013d=0.35],

Walking sessions [pedometer grp (7.2
+5.0) vs control grp (5.5 = 4.0); (p =
0.002,d=0.43)

Total walking activity min/wk:
[Pedometer grp (81.5 (64.2 - 103.6) vs
Standard grp (57.0 (44.3 - 73.3); P-=
NR; D-value= NR; df= NR, f-value= NR

Total walking activity min/wk:
[Pedometer grp (106.1 (87.4 — 129.0) vs
Standard grp (109.9 (87.9 - 137.6); P-=
NR: D-value= NR; df= NR, f-value= NR

Total walking activity min/wk: [Pedom-
etergrp (143.0 (114.0-179.3) vs
Standard grp (139.0 (112.0 - 172.5) P-=
NR; D-value= NR; df= NR, f-value= NR
Overall p-value= <.001

Int. (10.53 £ 13.58) vs [Cont. (6.76 +
10.28) p= 0.02; D-value= NR; df= NR,
f-value= NR

[Int. (18.31 £ 22.58) vs [Cont. (6.54 +
9.91) P-= NR; D-value= NR; df= NR,
f-value= NR

[Int. (15.60 £ 20.11) vs [Cont. (6.29 +
8.56) P-= NR; D-value= NR; df= NR,
f-value= NR

[Int. (12.87 = 17.06) vs [Cont. (5.40 +
7.83) P-= NR: D-value= NR: df= NR,
f~value= NR

[Int. (13.38 £ 16.87) vs [Cont. (5.96 +
9.68) P-= NR; D-value= NR; df= NR,
f-value= NR

Minutes of Activity [Ped + BCl (180.2 +
68.0) vs Cont. (159.6 + 63.2; p = 0.04
BCl alone (160.9 + 69.1) vs Cont. (159.6
+63.2; p = NR; df= NR, f-value= NR]

Minutes of Activity [Ped + BCl (-1.31
+5.74) vs BCl alone (14.27 £ 6.42) vs
Cont. (-5.86 + 5.67; p = 0.05; df=NR,
f-value= NR

Walking more: [Int. (48 + 51.6) vs Cont.
(8 = 8.6) P-value= NR: df= NR, f-value=
NR

NO change: [Int. (43 + 46.2) vs Cont.
(71 +£76.3) P-value= NR; df= NR,
f-value= NR

Walking less: [Int. (2 + 2.2) vs Cont. (14
+15.1) p value= NR; df= NR, fvalue=
NR

Overall P-value= = p<0.0005)
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Table 3 (continued)
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Study Time point of measurement

Outcome [Int. (Mean + SD) vs Cont. (Mean + SD); CI (...); p=...; d=...]

Yang & Petrini et al. [2018] Baseline

China [77]

Post Intervention

3month follow-up

Yamada et al.[2012]
(Japan) [76]

Baseline
6 months Post-Int

Physical activity
-5,400 to 7,900 steps per day

Physical Activity (Steps)

Physical activity: [Self-selected Int grp
(1.89 +0.27) VS Prescribed Int. Grp
(2.03 + 045) ) p-value= 0.337) ; df= NR,
f-value= NR

[Self-selected Intensity grp (3.54 +
0.64) VS Prescribed Intensity Grp
(330 £ 0.61) p-value=0.389) ; df= NR,
f-value=4.461

[Self-selected Intensity grp (3.61 +
0.59) VS Prescribed Intensity Grp (3.33
+0.65) ) p-value= .026%) ; df= NR,
f-value= 5.289)

[Int. (3726 + 1607 vs control = NR (no

mean value for the control was pro-
vided.

BL BASELINE, CON control, grp group, NR not reported, NS not significant, df degree of freedom, b/w between, d effect size

tive in increasing physical activity among older adults
with hypertension [75], sedentary older women [71],
and sedentary older adults [76].

b) Active Control Group: Two studies [74, 77] within
this subgroup, which measured PA indicators, found
no significant change. This suggests that the overall
health of the intervention and control groups did not
differ significantly.

c) Social Control Group: Among the three studies [70,
72, 73] in this subgroup, physical activity improved
in only two (66.7%) studies [70, 73]. Consequently,
the pedometer-based walking intervention effectively
increased physical activity among cardiac patients
[70] and older adults with no specific health condi-
tions [73].

Cardiovascular function (Blood Pressure)

Five studies [72-75, 77] provided data on mean resting
blood pressure (Table 4). In a high-quality study [75], a
significant decrease (p < 0.05) in systolic blood pres-
sure was observed in both the intervention and con-
trol groups, with no difference in their diastolic systolic
blood pressure levels (p > 0.05). Another high-quality
study [77] found significant (p < 0.05) within-group dif-
ferences in systolic and diastolic blood pressures in
both intervention groups, with no significant (p > 0.05)
between-group differences over time. Additionally, a
moderate-quality study [74] identified significant dif-
ferences in both intervention groups (p < 0.05), with no
significant (p > 0.05) between-group differential change
over time. Furthermore, one moderate-quality study [71]
reported a decrease in diastolic blood pressure within

the pedometer group, but no significant difference (p >
0.05) between the pedometer and no-pedometer groups.
Another moderate-quality study [73] found a significant
(p < 0.05) decrease in systolic and diastolic blood pres-
sures at the 6" month, which was no longer significant
(p > 0.05) by the 12" month. However, no data table was
provided as evidence for this change.

Intervention effects compared across sub-grouped con-
trol groups:

a No-Contact Control Group: One study [75], which
measured blood pressure, reported improved systolic
blood pressure among older adults with hyperten-
sion.

b Active Control Group: Two studies [74, 77] within
this subgroup, which measured blood pressure — sys-
tolic and diastolic blood pressures - found no change.
This suggests that the overall cardiovascular health
of the intervention and control groups did not differ
significantly.

¢ Social Control Group: Among the two studies [72, 73]
that measured cardiovascular parameters, only one
(50%) study [73] showed improvement in one cardio-
vascular function (systolic blood pressure). Thus, the
pedometer-based walking intervention was effective
in improving cardiovascular health in this context
(Table 5).

Metabolic outcomes
Obesity

1. Body Mass Index:
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Table 4 Proof table for Blood pressure
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Study

Time point of measurement

Outcome [Int. (Mean + SD) vs Cont. (Mean + SD); CI (...); p=, d=]

Bjorgaas et al. [2008]
(n=69)[72]

Kolt et al. [2012]

Baseline
Immediately post-intervention

Blood pressure,
Change Post-int.

Baseline

(n=330) [74]

Kerr et al. [2018] [73]

Lee et

(n=202) [75]

Yang & PEtrinietal.  Baseline Blood Pressure (mmHg),
(2018] Immediately Post Intervention  Post Intervention
(n=60)[77]

3 months follow up 3 months follow up

12 months follow-up 12 months follow-up

Baseline
Baseline

6 months Post-Int 6 months Post-Int

al. [2007] Baseline

6 months follow up

6 months Post-Int 6 months Follow up

3month Post Intervention 3month follow-up

Baseline

Immediately Post Intervention  Post Intervention

3month Post Intervention 3 months Followup

Blood Pressure (mmHg)

Blood Pressure (mmHg)

Blood pressure (mmHg)

Systolic BP: [Pedometer grp (-2.8 + 17.3) vs Non-pedometer grp (-4.2
+25.5); p= NS; df= NS, fvalue= NR

Diastolic BP: [Pedometer grp (-2.9 + 14.0) vs Non-pedometer grp (-7.4
+ 14.8); p = 0.048%; df=nS, f-value= NR

Systolic BP [Pedometer grp (131.9 (127.1-136.7) vs Standard grp (133.4
(1286 — 138.1) ) P-value= NR; D-value= NR; df= NR, f~value= NR
Diastolic BP [Pedometer grp (77.4 (75.0 = 79.9) vs Standard grp (76.8
(74.3 — 79.4) P-value= NR; D-value= NR; df= NR, f~value= NR

Systolic BP [Pedometer grp (134.8 (130.1-139.5) vs Standard grp (136.7
(132.0-141.4)

Diastolic BP [Pedometer grp (78.3 (75.8 — 80.8) vs Standard grp 78.8
(76.2-814)

P-value of the systolic BP b/w the pedometer and Standard GRP
over 12 months = P= <.001; D-value= NS, df= NS, F-valu=NS
P-value of the diastolic BP b/w the Pedometer and Standard GRP
over the 12 months = P= <.001; D-value= NS; df= NS, f-value= NS

Systolic BP [Int (132.06 +19.24) vs CON grp (130.70 + 19.07); P-value=
0.59; D-value= NR; df= NR, f-value= NR

Diastolic BP [Int (69.24 + 11.18) vs CON grp (67.00 + 8.88); P-value=
0.81; D-value= NR; df= NR, f-value= NR

Significant time x condition interaction at 6™ month

Systolic BP (t value = — 2.68, p = .007)
Diastolic BP (tvalue = —2.35p =.02)

Mean Resting Systolic BP: [Int. (136.2 £ 16.7) vs Cont. (143.6 £ 15.3); p
value= 0.002%*;
Mean difference = —8.1 (-=12.0 to —2.7) f-value= NR

Mean Resting Diastolic BP: [Int. (76.7 £ 12.3) vs Cont. (75.7 £ 11.6) p
=<0.19]
Mean difference = —1.8 (4.4 to 0.9) f~value= NR

Systolic: [Self-selected Intensity grp (120.3 + 7.7) VS Prescribed Inten-
sity Grp (119.77+ 10.50) P-value= .308; F-value= 1.061; df= NS

[Self-selected Intensity grp (1194 + 7.8) VS Prescribed Intensity Grp
(1201 +9.1)

p-value b/w groups over the 3 months = 0.293; F~value= 1.127; df=
NS

Diastolic: [Self-selected Intensity grp (77.9 + 6.4) VS Prescribed Inten-
sity Grp

(75.85+ 8.02) P-value= 0. 618; F-value= 0.252; df= NS

[Self-selected Intensity grp (79.9 + 6.6) VS Prescribed Intensity Grp
(782+74)

p-value over the 3 months = 0.534; F-value= 0.391; df= NS

CON control, grp group, NR not reported, NS not significant, df degree of freedom, b/w between, d effect size

Two studies [74, 77] found no significant decrease (p
> 0.05) in body Mass Index (Table 5).In a high-qual-
ity study [77], there was no significant decrease (p >
0.05) in the body Mass Index of the Prescribed Inten-
sity group. However, no within-group or between-
group evidence was provided. Another moderate-
quality study [74] also found no significant change (p
> 0.05) in body mass index, whether in the pedome-
ter step-based Green Prescription or standard Green
Prescription groups. However, no between-group
comparison data were provided.

2. Waist Circumference:
In a high-quality study [77], no significant difference
(p > 0.050) in waist circumference was observed in
either the self-selected or prescribed intensity groups
(Table 5).

3. Fasting Plasma Glucose:
A moderate-quality study [72] reported a signifi-
cant decrease (p = 0.0033) in fasting plasma glucose
within the pedometer group. However, no significant
difference (p > 0.05) was found between the interven-
tion and control groups (Table 6).
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Table 5 Proof table for BMI and waist circumference
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Time point of measurement Outcome [Int. (Mean + SD) vs Cont (Mean + SD); CI (...); p=...;d=...]

Study

Kolt et al. [2012] baseline BMI (Kg/m?)

(n=330) [74] 3 months post-intervention 3 months
12 months post-intervention 12 months

Yang & Petrinietal. baseline BMI (Kg/m?)

[2018]
(n =60) [77]

Immediately post-intervention Post Intervention

3 months post-intervention 3month follow-up

baseline
(unit of measure
not stated)

Immediately post-intervention Post Intervention

3 months post-intervention

Waist circumference

3 months Follow up

BMI: [Pedometer grp (27.2 (26.3 - 28.0) vs Standard grp (26.3 (25.6 -
27.0); (p-value= NR); F-value= NR; df= NR

BMI: [Pedometer grp (27.0 (26.2 — 27.8) vs Standard grp (26.4 (25.6 -
27.1)

Overall P value b/w groups over the 12 months = 0.06

[Self-selected Intensity grp (26.86 + 2.47) VS Prescribed Intensity
Grp(26.28+ 2.22) P-value= NR; F-value= NR; df= NR

[Self-selected Intensity grp (26.86 + 2.46) VS Prescribed Intensity Grp
(25.73 £ 2.54) Overall p-value b/w groups over the 3 months = 0.227;
F-value= NR: df= NR

[Self-selected Intensity grp (92.6 + 9.3) VS Prescribed Intensity Grp(90.3
+7.6) P-value= NS; F-value= NR: df= NR

[Self-selected Intensity grp (91.3 + 8.9) VS Prescribed Intensity Grp (88.8
+7.5)

Overall p value b/w groups over the 3 months = 0.388

CON= control, grp = group, NR = not reported, NS = not significant, df = degree of freedom, b/w = between, d = effect size

Table 6 Proof table for Fasting plasma glucose

Study Time point of measurement

Outcome [Int. (Mean + SD) vs Cont (Mean + SD); Cl (...); p=...; d=...]

Bjorgaas et al. [2008]
(n =69) [72}

Immediately post intervention

HbA1c

Fasting plasma glucose (mmol/L)

Fasting blood glucose: [Pedometer grp (—0.31 + 2.05) vs
non-pedometer grp (—0.78 + 2.34) (p-value= NR)
(overall p-value b/w groups= 0.033)

HBA1c: [Pedometer grp (—0.15 £ 0.76) vs non-pedometer
grp —0.23 + 1.35) (p-value= NR)
(overall p-value b/w groups= 0.034)

CON control, grp group, NR not reported, NS not significant, df degree of freedom, b/w between, d effect size, NB Results are presented as Int. vs Cont group except

where specified

4. Glycated Hemoglobin:
One moderate-quality study [72] found a significant
(p < 0.05) decrease in glycated hemoglobin within
the pedometer group. Interestingly, there was no dif-
ference (p > 0.05) between the pedometer and non-
pedometer groups (Table6).

Lipid profile

1. High-Density Lipoprotein (HDL): In a moderate-qual-
ity study [72], a significant increase in HDL-C was
observed in the pedometer group. Interestingly, there
was no difference (p > 0.05) between the pedometer
and non-pedometer groups (refer to Table 6).

2. Triglycerides:The same moderate-quality study [72]
found a significant (p = 0.002) decrease in triglyc-
erides within the pedometer group. However, there
was no significant difference (p > 0.05) between the
pedometer and non-pedometer groups (Table 7).

3. Cholesterol: In the same moderate-quality study
[72], the cholesterol level was slightly higher in the
pedometer group than in the non-pedometer group.
However, it was not indicated whether the mean dif-
ference was significant or not (Table 7). Additionally,
triglycerides were significantly elevated (p = 0.001) in
the pedometer group compared to the non-pedom-
eter group. Conversely, the HDL-C was significantly
reduced (p = 0.001) in the pedometer group com-
pared to the non-pedometer group.

Intervention effects compared to sub-grouped control groups
Social control group Sub-grouping the included stud-
ies according to the type of control group revealed that
only the social control group was used by the two stud-
ies [72, 73] that measured metabolic outcomes. Only one
(50%) study [73] showed improvement in various meta-
bolic parameters, including weight, body mass index,
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Table 7 Proof table for cholesterol

Page 26 of 41

Study Time points of measurement

Outcome [Int. (Mean + SD) vs Cont (Mean + SD); Cl (...); p =...;d=...]

Bjorgaas et al. [2008]
(n=69) [72]

Immediately post intervention

HDL cholesterol (mmol/L),

Triglyceride (mmol/L)

Cholesterol (mmol/L)

Cholesterol: [Pedometer grp (0.17 + 0.84) vs non-pedometer grp
(0.15 £ 0.56) (p value= NR)

HDL Cholesterol: [Pedometer grp (0.06 £ 0.03) vs non-pedometer
grp (0.10 £ 0.15) (p-value= NR)

(Overall p-value b/w groups= 0.001)

Triglyceride {Pedometer grp (1.17 £ 0.32) vs non-pedometer grp

(-0.23 £ 0.64) (p-value= NR)
(Overall P value b/w groups= 0.002)

CON control, grp group, NR not reported, NS not significant, df degree of freedom, b/w between, d effect size

Results are presented as Int. vs Cont group except where specified

waist-to-hip ratio, fasting plasma glucose, glycated hemo-
globin, total cholesterol, HDL-cholesterol, triglycerides,
VO,peak (L/min), and VO,peak (mL/[kg min]). Notably,
the pedometer-based walking intervention was effective
in improving metabolic parameters in older adults with
no specific health conditions [73].

Meta-analyses - effects of interventions

The meta-analyses included four studies [70, 73, 75, 77],
while four studies [71, 72, 74, 76] were excluded. The
exclusions occurred because means and standard devia-
tions were not reported for fasting blood sugar and dias-
tolic blood pressure in one study [71], and for recording
changes in fasting blood sugar, body mass index, physi-
cal activity, systolic and diastolic blood pressure with-
out stating them in means and standard deviations [80].
Additionally, two high-quality studies [71, 75] failed to
provide post-intervention means and standard devia-
tions for physical activity variables assessed [71], as well
as walking frequency, diastolic and systolic blood pres-
sures [75]. Furthermore, one study [76] did not provide
baseline and post-intervention mean of physical activity
(steps) for the control group. Consequently, this review
conducted three meta-analyses (Fig 2a—c) for studies that
evaluated physical activity level, systolic and diastolic
blood pressures, with more than two studies meeting the
criteria for meta-analyses.

Intervention effects and subgroup analysis

Subgroup analysis Subgroup analysis of the included
studies according to the type of control group for each
study outcome was not feasible, as the studies that met
the criteria for inclusion into the meta-analysis were not
up to two per sub-group (Fig. 2).

Physical activity level
Two moderate-quality studies [70, 73] out of three [70,
73, 77] reported a significant increase in the physical

Activity Level post-intervention. However, one high-
quality study [77] reported no change. The included
studies used pedometers [77], accelerometers [73], and
The Active Australia Questionnaire for self-reported
physical activity [70] (Table 1) to measure physical
activity. Notably, physical exercise training prescrip-
tions that improved outcomes were:

i. A 6-month self-monitoring of PA using a pedom-
eter + step calendar + 15 mins behavioural coun-
selling & goalsetting sessions via telephone sup-
port given 1 wk. after pedometer INT. + two PA
information brochures received by mail + booster
phone calls at 12 wks. & 18 wks [70].

ii. A 26-week pedometer-based walking programme
+ initial face-to-face advice on engaging in PA +
3 telephone counselling follow-up sessions (> 3 to
4mns) + Telephone counselling call 1 (Informa-
tion provision & goalsetting - 15-30 mins) + call 2
(Assessing progress & further goalsetting - 10-15
mins) + call 3 providing further encouragement
& discussions around relapse prevention - 10-15
mins) [73].

ili. Aerobic walking or jogging at Self-selected inten-
sity or prescribed moderate intensity, 3x/week for 6
months duration with 24 hrs intervals between ses-
sions; monitored by the RPE scale, 50 min/session;
volume was set as 5,400 - 7,900 steps/dy.; progres-
sion was an initial 30 min/session @ the 1st wk & a
5-min increase in session time/wk over the first 4
weeks until up to 50 min/session [77].

In the primary meta-analysis (Fig. 2a), a significant
effect of the pedometer-based walking intervention on
physical activity levels was observed (SMD = 0.47, 95
% Confidence Interval [CI]: 0.29 to 0.65, Z= 5.17; p <
0.00001; 4 studies; 532 participants). There was low sta-
tistical heterogeneity (I = 0%, X2 =048, df =2, p =
0.79).
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Pedometer Control

Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference
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Std. Mean Difference

IV, Random, 95% C| Year IV, Random, 95% CI

Furber 2010 3587 260 95 25089 2506 106 40.8%

Kerr 2018 13.38 1687 120 596 983 121 484%
‘Yang & Petrini 2018 354 064 27 33 081 26 10.8%
Total (95% CI) 242 253 100.0%

Heterogeneity: Tau®=0.00; Chi*=0.48, df= 2 {(P=0.79); F= 0%
Test for overall effect: Z=5.17 (P < 0.00001)

a: Physical Activity Forest plot

0.42[0.14,0.70]
0.54[0.28,0.79]
0.38[0.17,092]

2010
018
018

0.47 [0.29, 0.65] ]

T + t
0 5 10

+
-10 5
Favours [control] Favours [Experimental]

predometer group Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95%Cl IV, Fixed, 95% CI
Lee etal 2007 1362 167 100 1436 153 93 700%  -04BF07E-017]
YangkPetinietal 2018 1203 77 30 1977 105 26 228% (0604705
Total (95% CI) 130 119 100.0%  0.34[-0.59,-0.0] \
Heterogeneity Chi= 287, df=1 (P = 0.09); F= 6% }-10 % ! é 10‘
Testforoveral efect 2= 266 (= 0.008) Favours [experimental] Favours [control]

b: Systolic blood pressure Forest plot

predometer group Control Std. Mean Difference Std. Mean Difference
Study or Subaroup Mean S Tofal Mean SD Total Weight IV, Fixed, 95%Cl IV, Fixed, 95% CI
Leg efal 2007 67123 0 7ET 1B 83 7TE%  QOBEOX,0.37)
Yanh Petinietal 2008 778 64 27 TABS 802 16 222%  028(026,082)
Total (95% CI) 118 119 1000%  043[043,038)
Heterogenedy, Chi*= 0.3, df=1 (P=0.53); F= 0% '-10 _% ['1 é 10‘

Testfor overall effiect 2= 097 (P=0.33)

Favours [experimental] Favours [conirol]

c; Diastolic blood pressure Forest plot
Fig. 2 Physical Activity Forest plot In the primary meta-analysis, a significant effect of the pedometer-based walking intervention on physical
activity levels was observed (SMD = 0.47, 95 %. Confidence Interval [Cl]: 0.29 t0 0.65, Z = 5.17; p < 0.00001; 4 studies; 532 participants). There was low
statistical heterogeneity (I = 0%, x* = 0.48, df = 2, p = 0.79). b Systolic blood pressure Forest plot ¢, Diastolic blood pressure Forest plot

Systolic blood pressure

Two studies [75, 77] showed divergent results regarding
systolic blood pressure metrics. Specifically: one high-
quality study [75] demonstrated a significant decrease.
Conversely, a moderate-quality study [73] reported
a significant reduction at six months, but not at 12
months. However, the study [73] did not provide data
on adherence rates after 6 months and did not disclose
participants’ historical usage of anti-hypertensive or
antidepressant medications. Despite the lack of compre-
hensive data on adherence rates and medication usage,
certain pedometer-based walking intervention programs
have demonstrated antihypertensive effects, as described
below:

LA four individual telephone counselling x 8 weeks &
self-monitoring + Six-month pedometers walking
intervention based on social cognitive theory and
applied them in an Ecological framework, group

education sessions, group walks, community advo-
cacy & pedestrian community change projects [75].

Systolic blood pressure

A primary meta-analysis (Fig. 2b) found a significant
effect of pedometer-based walking intervention on sys-
tolic blood pressure with a small standardized mean dif-
ference (SMD = -0.34, 95 % CI: -0.59, -0.09; Z = 2.66, p
= < 0.008; 2 studies; 249 participants), and moderate sta-
tistical heterogeneity (I*> = 65 %, x> = 2.87,df = 1, p =
0.09). Measuring tools used in the included studies were:
sphygmomanometer (Table 1).

Diastolic blood pressure

Two high-quality studies [75, 77] included in the meta-
analyses found significant within-group decreases in
diastolic blood pressure for both intervention and control
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groups. The pedometer-based walking prescriptions that
reduced diastolic blood pressure in the two studies were:

ili. A-four individual telephone counselling x 8 weeks
& self-monitoring + Six-month pedometers walk-
ing intervention based on social cognitive theory
and applied in an Ecological framework, group
education sessions, group walks, community advo-
cacy & pedestrian community change projects [75].

iv.. A 6-month aerobic walking or jogging @ Self-
selected intensity or prescribed moderate-intensity,
3x/week for 6 months duration with 24 hrs inter-
vals between sessions; monitored by the RPE scale,
50 min/session; volume was set as 5,400 - 7,900
steps/dy.; progression was an initial 30 min/session
@ the 1st wk & a 5-min increase in session time/wk
over the first 4 wks until up to 50 min/session [77].

A primary meta-analysis (Fig. 2c) found no significant
effect of pedometer-based walking intervention on dias-
tolic blood pressure with a small standardized mean dif-
ference (SMD = 0.13, 95 % CI: -0.13, 0.38; Z = 0.97, p =
0.33; 2 studies; 237 participants), and low statistical het-
erogeneity (I> = 0 %, X?>= 0.39, df = 1, p = 0.53 (Fig. 2c -
forest plot). Measuring tools used in the included studies
were: sphygmomanometer. (Table 1).

Grade of evidence for the review

The review found that 75% (or six) of the eight studies
included in the review were graded as level 1 (good grade
evidence) using the PEDro assessment method. Addition-
ally, two studies [72, 73] were rated as level 2 (poor grade
evidence). The overall grade point evidence (Table 2) for
the review is 6.86 out of 10, which corresponds to level
1 (good grade evidence) for estimating the effects of
pedometer-based walking on the study outcomes.

Theoretical synthesis

Effectiveness of behavior theories in pedometer-based
physical activity interventions for community-dwelling older
adults

Five studies [70, 71, 73, 75, 76] utilized behavior change
theories to design or justify behavior change interven-
tions related to pedometer-based physical activity.
Although these studies aimed to enhance adherence
behaviors in pedometer-based physical activity, their
specific goals varied. Consequently, the narrative data
was combined to align with evaluation goals, provid-
ing a framework for presenting findings. First, a map of
research on pedometer-based physical activity inter-
ventions to enhance physical activity behavior in older
adults using behavior modification theories or models
was created (see Fig. 3). Subsequent theoretical synthesis
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focused on studies that utilized behavior change theo-
ries or models to design and/or evaluate the efficacy of
pedometer-based walking programs in enhancing physi-
cal activity behavior among community-dwelling older
adults. The following points summarize the findings:

i. Disease Staging in Community-Dwelling Older Adults
and Theory-Based Interventions:

Among the five studies using theory-based interven-
tions, only one study [70] found poor cardiac health
status in 59 (26.57%) of the 202 older adults with car-
diac diseases. The lack of disease diversity measure-
ment (i.e., disease stage) may impact behavior change
models, specifically influencing incentives or demoti-
vation to act.

ii. The Theoretical Basis of Pedometer-Based Physical
Activity Behavior Interventions
The pedometer-based physical activity behav-
ior interventions in all five studies [70, 71, 73, 75,
77] were based on different health-related behav-
ior change theories or models with details provided
below:

a  Dual Theories or Models:

In one study [73], the intervention was informed
by two theories or models: social cognitive the-
ory and ecological theory. Another study [77]
explained the impact of the intervention on phys-
ical activity behavior using two theories: hedonic
theory and the dual-mode model.
b Single Theory or Model:
Three studies [70, 71, 75] utilized a single theory
or model to inform the pedometer-based physi-
cal activity behavior modification treatments.
Specifically, one study [75] was based on the self-
efficacy theory, while another [71] was based on
the self-regulation theory.
¢ Social Cognitive Theory Application:

Two studies [70, 73] provided comprehensive
information on how they differently utilized the
social cognitive theory in developing the pedom-
eter-based physical activity behavior interven-
tion. In one study [73], social cognitive theory
techniques were applied within an ecological
framework. Interventions occurred at the indi-
vidual (goalsetting), interpersonal (group walks),
and community levels (with a focus on pedestrian
advocacy for improved walkability). Peer lead-
ers played a crucial role in delivering the physi-
cal activity intervention program. The other study
[70] centered around the social cognitive theory
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Ecological theory
ndividual level: Personal factors shape behavior.

Social level: Engaging peer leaders & creating a supportive social environment>
nvironmental level: Access and safety matte

Kerr et al [79
Social Cognitive Theol

- Observational Learning: Retirees peer leade D g
< Self-Efficacy & Motivation: Peers leaders PA behaviour inspire self-efficacy & motivation
in participants’ PA through observation
Social Support: Peer leaders provide social support for confidence
empowering, boosting PA

Social cognitive theory

@bservational Learning: Participants learn from success of PAL in FBS control from othe
who achieved it.
Self-Efficacy: Use of pedometer + diary to enhance belief in controlling PAL
Behavioral Capability: Providing tools to measure PAL increase capability to engage in regular PA.
- Outcome Expectancies: Expected benefits of regular PA motivated participants
Reinforcement: Allowing participants see their progress using pedometer provided positive
Reinforcement
Reciprocal Determinism: Interaction between participants, their PAL behavior & environipe
(use of pedometers and diaries). Fueber [109]

Self-regulation theory (SRT,
tandards of Desirable Behavior: Established PAL goals
- Motivation: Pedometers used as motivational tool

- Monitoring: Pedometer for self- monitoring & progress feedback
Willpower: Participants exerted willpower to increase PAL
Mc Murdo et al. (77)

Health-related
behaviour theories

Standards of Desirable Behavior: Established PAL goals
- Motivation: Self-selected/prescribed Exs intensity is motivational
- Monitoring: Pedometer used for self- monitoring

Willpower: Participants exerted willpower to increase PAL
Yang & Petrini [ 83]

Self-efficiency theory

astery Experiences: Success increasing PAL with pedometer breeds confidenci
Vicarious Experiences: Seeing others succeed in PA builds self-confidence

Social Persuasion: Encouraging words from clinicians/peers empower clients
Emotional States: Joy from walking intervention/ support fuels growth in PA
Lee et al., [81]

Hedonic theory

easure and Discomfort: By self-selection rather than Prescribed intensity of Exs with pedometer, participants
pleasure during Exs. to be enhanced. Pleasure fades; finding enjoyable, lasting Exs intensity crucial to
positive affective responses

Motivational Music: Music was used to shapes Exs experiences, influencing motivation & positive
affective responses

Yang & Petrini [83]
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Fig. 3 Mapping of the health-related behaviour theories for pedometer-based physical activity; PA = Physical activity; Exs = Exercises; PAL = Physical

activity level

construct of self-efficacy. The intervention design
emphasized goalsetting and self-monitoring to
enhance participants’ perceptions of the positive
health outcomes of physical activity, aiming to
increase their belief in its benefits.
d  Self-Efficacy Theory Application:
In one study [75], the self-efficacy theory con-
structs were applied in designing and measuring
the outcome of the physical activity intervention.
e Dual Theory Application:

One study [77] applied two theories to explain
the impact of the pedometer on physical activity
behavior.
iil. Theory and the Physical Activity Behavior Interven-
tion Design:
Among the studies, only three [70, 71, 75] applied
a single behavior change theory or model to design
pedometer-based physical activity behavior interven-
tions. However, other studies utilized more than one
theory. Notably, one study [70] did not include an
important component that would require increased
participants’ belief in the health benefits of physi-
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cal activity as a motivator to enhance self-efficacy
and goalsetting for the physical activity intervention.
Additionally: One study [73] used two health-related
theories to design a pedometer-based intervention.
Another study [77] used one theory and a model to
explain its impact on physical activity behavior and
affective responses to walking.

Application of Health-Related Theory to Results
Assessment:

In one study [73], which used social cognitive theory
within an ecological framework, the analysis focused
on social determinants of health and their interac-
tion with physical activity. This included exploring
the influence of others in the group and community.
Another study [70] assessed participants’ percep-
tion of pedometers as motivators for physical activ-
ity goals, based on social cognitive theory. However,
this study did not explore participants’ knowledge of
health benefits. The self-efficacy theory was used in
one study [75] to assess participants’ confidence to
exercise in the face of barriers (such as bad weather
and tiredness) and self-efficacy expectations when
using a pedometer as a motivator for exercise. Addi-
tionally, one study [70] utilized the hedonic theory to
analyze the impact of pedometer-based programs on
physical activity behavior and the dual-mode model
to explore affective responses to exercise intensity.
Targeted Subpopulations or Populations:

Five research studies examined community-dwell-
ing older adults, focusing on specific populations
without any specific health conditions. These popu-
lations included individuals with cardiac diseases
[70], hypertension [75], non-fallers [73], sedentary
lifestyles [71], and inactive retirees [77]. The studies
included in the review targeted more than one demo-
graphic of older adults, ranging from those without
specific conditions [73] to either inactive older adult
retirees [77] or sedentary older women [71] or older
adults with cardiac diseases [70] and older adults
with hypertension [75]. Notably, the target demo-
graphics were not divided, and alternative therapies
were not offered to participants in specific groups.
Categories of Behavior Targeted by Pedometer-Based
Physical Activity Interventions:

In five studies [70, 71, 73, 75, 77], physical activity
level was the most frequently targeted behavior for
modification. Efforts to alter physical activity behav-
ior (including total physical activity in minutes, total
physical activity sessions, walking time in minutes,
and walking sessions) were based on self-monitoring
of physical activity level using pedometers [70] and
accelerometry counts [73]. Motivation for increased
physical activity was boosted through individual
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counseling, self-monitoring using pedometers, group
education and walks, community advocacy, and
pedestrian community change projects. Included
studies attempted to increase walking among partici-
pants through various methods, including:

«+ Using a pedometer and walking log, and boosting
through community-based walking, face-to-face
interaction, and phone calls [75].

+ Conducting brief education sessions focusing on
beliefs and motivation for walking, bolstered by
a self-regulation approach based on goalsetting,
action and coping planning, self-monitoring, and
feedback inputs for the desired change in physical
activity behavior [71].

« Prescribing and self-selecting intensities and mon-
itoring using the Borg Rating of Perceived Exer-
tion scale [77].

vii.Health Communication Channels, Activities, and Set-

tings Used in the Studies: Although health commu-
nication was not an inclusion criterion, this review
found that all five studies [70, 71, 73, 75, 77] described
some health communication channels or interac-
tion activities with participants. These included: tel-
ephone calls and emails (recorded in the study log)
[70], phone calls and text messages [77], face-to-face
interaction/interviews and telephone calls to provide
motivation, encouragement, and troubleshooting
[71], telephone calls to identify barriers and support
safe goalsetting [73]. The studies were conducted in
various settings, such as retirement residential homes
[73], home settings [70, 71], community playgrounds
[77], and community activity centers [75]. The most
common interaction activities were face-to-face
interaction/interviews [73, 75] and telephone calls
[70, 71, 73, 75, 77].

viii.  Applicability of the Theory or Model in the Inter-

vention:
Three out of the five studies [70, 73, 75], based on
health-related behavioral theories, assessed the appli-
cability of the theory or model with the following
details:

a) Self-Efficacy Theory Application: In one study
[75], self-efficacy theory was used to evaluate
physical activity behavior change.Another study
[70] assessed the impact of social cognitive the-
ory on self-efficacy, outcome expectancies, set-
ting physical activity goals, and the use of behav-
ioral and cognitive self-management strategies in
the intervention group at the time points where
physical activity goals had been set.
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b) Self-Regulation Theory Application:Two studies
[71, 77] based on self-regulation theory (which
emphasizes the role of goalsetting, planning, and
self-monitoring behavior change), failed to apply
its principles in evaluating the findings.Specifi-
cally, one study [71] required participants to meet
a 20 % increase in pedometer step counts or min-
utes walked but did not evaluate how this con-
tributed to physical activity behavior change. The
authors did not detail how the theoretical con-
structs applied to their interventions were used
in developing any of the evaluation tools or how
meeting the set targets by the participants at each
time point contributed to the physical activity
behavior change.

¢) Hedonic Theory Application: One study [77] used
the hedonic theory as a framework to explain
how individuals’ affect toward exercise impacts
exercise behavior. However, this study did not
develop or evaluate the interventions based on
the theory.

ix. Achievement of Health Behavior Change Objectives in
Pedometer-Based Physical Activity Interventions
Five high-quality studies [70, 71, 73, 75, 77] were
reviewed, with two studies [75, 77] or 40% of them
graded as high quality (> 75% overall validity). Nota-
bly: only one high-quality study [75] demonstrated
significant behavior changes, primarily related to
physical activity. Three studies [70, 71, 73] targeted
participants in residential/home settings. Four stud-
ies [70, 71, 73, 75] showed significant modification
in physical activity behavior, while one study [77]
showed no significant change. This review found that
three individual-level behavior theories—namely,
self-efficacy [75], self-efficiency [71], and social cog-
nitive [70] theories—positively impact physical activ-
ity behavior outcomes. Additionally, the combina-
tion of an individual-level theory (Social Cognitive
Theory) with a community-level behavior theory
(applied within an Ecological Framework) improved
physical activity behavior in one study [73]. However,
the combination of hedonistic theory and the dual-
mode model was not associated with a significant
change in physical activity behavior and was not used
for intervention design in the only study [77] that
applied them.

x. Evidence for Effective Interventions and Associated
Theories/Models of Behavior Change to Improve Phys-
ical Activity Behaviors, Prevent, or Control Stroke
Induction and/or Progression:

One high-quality study [77] aimed to increase physi-
cal activity behaviors and improve affect toward
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exercise, body mass index, waist circumference, and
blood pressure. However, it did not specifically focus
on stroke prevention or control. Therefore, it was
challenging to determine whether the pedometer-
based physical activity behavior intervention would
be effective not only in achieving the primary goal
of improving physical activity behavior but also in
reducing risk factors for stroke, such as body com-
position indices (waist circumference, body mass
index, lipid profile, blood pressure, and metabolic
diseases (e.g., hyperglycemia). One study [75] found
a positive change in systolic blood pressure as a pri-
mary outcome, and similarly, another study [73]
measured blood pressure (both systolic and diastolic
blood pressure) as a secondary outcome. Among all
four studies [70, 71, 73, 75] whose pedometer-based
interventions were underpinned by behavior change
theories, no comparative evidence was provided
to evaluate whether utilizing the theory made the
pedometer-based intervention effective or not. How-
ever, by mapping and matching the studies accord-
ing to the underpinning theory, a useful comparison
between those with an effective pedometer-based
intervention (i.e., successful outcomes) and those
without was enabled.

One study [71] exclusively employed pedometer-
based walking programs, whereas seven other stud-
ies[70, 72—77] integrated these programs with face-
to-face advice, goal-setting for walking and dance
activities, behavioral change interventions, 15-min-
ute reinforcement telephone calls, behavioral coun-
seling, and goalsetting sessions, as well as group
education sessions, individual counseling, pedestrian
community change projects, and community advo-
cacy.

Discussion

Eight studies [70-77] evaluated the effectiveness of
pedometer-based walking programs in improving modi-
fiable risk factors for stroke among the community-
dwelling older adult population. This review included
studies with a low to moderate risk of bias, mostly of high
or moderate methodological quality, and was conducted
in high-income (developed) countries, with none from
developing countries. The absence of studies from devel-
oping countries in this review could have implications,
considering that stroke burden has shifted from devel-
oped to developing countries. Developing countries now
account for 75 % of all stroke deaths and 81 % of total
disability-adjusted life years lost due to stroke [103]. The
epidemiological shift in stroke burden from developed
to developing countries is driven by population aging,
population growth, and changing disease patterns due
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to risk factor modifications and differences in socioeco-
nomic status and healthcare [104, 105]. Despite a 30-45
% decline in stroke rates in Europe from 1975 to 2005
[106], stroke still accounts for 10-12 % of all deaths in
developed countries [107]. Therefore, the results of this
review hold significance for both developed and develop-
ing countries.

Physical activity

This review focuses on improving physical activity behav-
ior and addressing diseases using pedometer-based strat-
egies. While Yang & Petrini [77] had two exercise groups
(Self-Intensity and Prescribed Intensity) and reported no
significant difference in the daily steps program, similar
to Bjergaas et al., [72], six other studies [70, 71, 73-76]
demonstrated significant improvement in physical activ-
ity variables. These findings highlight trends for clinicians
exploring pedometer-based walking programs among
community-dwelling older adults.

i. Differences in Physical Activity Improvement Based
on Control Groups:

The observed differences between two sets of stud-
ies—one with significant improvement in physi-
cal activity behaviors [70, 71, 73-76] and the other
without [72, 77]—can be attributed to the type of
control groups employed. Notably, all studies that
employed no-contact control groups [71, 75, 76]
reported significant improvement in the partici-
pants’ physical activity levels. Additionally, most
studies that used social control groups [70, 73] and
one (half) of the two studies that used active con-
trol groups [74] also showed significant enhance-
ment in the physical activity levels of participants.
The only study [74] with an active control group
that showed a significant change in physical activ-
ity behavior received same green prescription
intervention as the experimental group except that
they were provided counselling focused on accu-
mulating physical activity around time-related
goals rather than step-related goals and without a
pedometer to monitor number of steps. The only
study [72] that incorporated social control but did
not demonstrate a significant change in physi-
cal activity had control group who were not pro-
vided with pedometers; instead, they received
guidance to accumulate physical activity based on
time-related goals. The advice aimed to increase
the average daily time spent walking between vis-
its. Major physical activities were meticulously
recorded in a logbook, and individual strategies to
enhance walking were established and discussed

ii.

The
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with the study nurse. Evidently, the study with
active control lacked components such as goal
monitoring, motivation, self-regulation, and advice
on establishing strategies to increase physical activ-
ity within the environmental context. In contrast,
the study with social control included these com-
ponents, suggesting their potential role in enhanc-
ing physical activity behavior change, even in the
absence of pedometers. Similarly, the absence
of significant differences in physical activity lev-
els between the experimental and active control
groups does not necessarily indicate a lack of effect.
Instead, it highlights those alternative therapies
positively influenced the physical activity levels of
the control group, thereby mitigating the apparent
impact of the pedometer-based intervention when
compared to the active control group. The same
principle applies to the social control group. There-
fore, when interpreting RCTs in the literature,
these factors should be carefully considered.
Evidence Supporting Pedometer-Based Programs
findings of this review align with a meta-analysis
[108] that concluded pedometer-based interven-
tions and found an increase in physical activ-
ity levels across different sexes and age groups.
However, the effects vary for older adults, adults,
and children, and an intervention strategy may
not be universally appropriate for all age groups.
Similarly, step-count monitoring interventions
[109] lead to improved step counts over 6 months
and 1 year, providing an additional 1050 and 464
steps per day, respectively. Two pedometer-based
walking trials [41, 110] demonstrated long-term
increases in physical activity over four years, along
with reduced cardiovascular events and fractures
[102]. Additionally, a study by Croteau et al. [111],
which examined step count interventions and their
maintenance effects during a 12-week follow-up,
found that participants increased their daily step
counts during the maintenance period. Overall,
the majority of evidence from the included papers
in this review supports the positive impact of the
pedometer-based walking programs in improving
physical activity behavior, with no adverse events
documented, indicating their safety and utility as
lifestyle interventions. The six other studies [70,
71, 73-76] that demonstrated significant improve-
ments in physical activity variables are particularly
relevant for clinicians exploring pedometer-based
walking programs among community-dwelling
older adults.
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Theoretical frameworks for pedometer-based walking
interventions: insights and implications
In the context of pedometer-based walking interven-
tions, this review underscores the significance of three
theoretical frameworks: Self-Efficacy Theory, Social Cog-
nitive Theory, and the Ecological Framework. Among
these, the application of Social Cognitive Theory within
an ecological context has yielded substantial changes in
physical activity levels. This outcome is likely attributed
to the theory’s contextualized approach. The findings of
this review suggest that pedometer-based walking inter-
ventions should play a pivotal role in health promotion
and stroke prevention among community-dwelling
older adults. Understanding the mechanisms under-
lying behavior change is essential for designing effec-
tive strategies. The fact that the use of Social Cognitive
Theory within an Ecological Framework resulted in the
greatest change in physical activity further highlights
the importance of taking social determinants relevant
to diverse populations into account, especially in Africa
and other regions where pedometer-based interventions
have not yet been thoroughly investigated. By consider-
ing the dynamic interconnections between different envi-
ronmental systems (such as family, community, peers,
and culture), this paradigm expands on Social Cognitive
Theory. It is plausible that integrating theory, considering
social determinants, and contextualizing interventions
contribute to successful physical activity promotion.

i. Interpersonal Health Behavior Theories and
Pedometer-Based Interventions

Though this review emphasizes the significance of three
theoretical frameworks—the Ecological Frame-
work, Social Cognitive Theory, and Self-Efficacy
Theory—within the context of pedometer-based
walking therapies, among these, the application of
Social Cognitive Theory within an ecological con-
text holds promise for diverse populations [112,
113] in Africa, emphasizing the need for culturally
sensitive approaches. Effective pedometer-based
interventions in African cultural communities
require peer-led approaches and cultural sensitiv-
ity. Other socio ecological-based models that can
be applied to investigate the effects of pedometer-
based walking include Bronfenbrenner’s Social-
Ecological Model [112], the Health Belief Model
[114], and the Trans-Theoretical Model [115]. The
Bronfenbrenner model [112] emphasizes multilevel
influences on behavior highlighting the interplay
of various human development systems, includ-
ing microsystems (individual factors such as fam-
ily support), mesosystems (interpersonal factors
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like collaboration with schools), exosystems (like
organizational or environmental factors), mac-
rosystems (community related factors like cultural
norms), and chronosystems (policy factors like
life transitions). While not purely socioecological,
Health Belief Model, a socioecological approach,
considers individual perceptions, cues to action,
and self-efficacy to inform pedometer-based inter-
ventions, addressing perceived benefits, barriers,
and self-efficacy related to walking. Trans-The-
oretical Model [115] involves stages of behavior
change, including precontemplation, contempla-
tion, preparation, action, and maintenance, and can
be customized based on an individual’s readiness to
adopt walking as a regular activity.

However, four studies [70, 71, 73, 75] in this review,

ii.

which examined pedometer-based physical activity
behavior change strategies based on Social Cogni-
tive Theory, found significant changes in physical
activity behavior among community-dwelling older
adults. Three studies [73, 74, 76] analyzed compo-
nents of self-regulatory theory for interventions.
Interestingly, the only studies that omitted environ-
mental components [72, 77] showed no significant
change in physical activity behavior. This suggests
that the ecological barriers to implementing the
pedometer-based intervention were not identi-
fied and addressed. While three studies [72, 74, 76]
applied self-regulation theory components, it was
not explicitly mentioned that the theory informed
the design of the pedometer-based intervention
strategy. In contrast, one study solely used hedonic
theory and the dual-mode model to explain but not
design the pedometer-based intervention, resulting
in no change in physical activity outcomes. Social
Cognitive Theory, as applied by Furber et al. [70]
and Kerr et al. [73], suggests that individuals have
a sense of agency [71, 116, 117], and control over
their lives. Counseling and training sessions on
physical activity can enhance this sense of agency.
In this regard, the self-regulatory theory applied by
McMurdo et al. [71, 116, 117] and the self-efficacy
theory applied by Lee et al., [75] fit into the broader
context of social cognitive theory. Both self-regu-
lation and self-efficacy serve as pathways to expe-
riencing a greater sense of agency or agentic per-
spective [113, 118].

Enhancing Physical Activity Among Older Adults:
Insights from Interpersonal Health Behavior Theo-
ries

Several studies [71, 73, 75] demonstrate that interven-

tions grounded in interpersonal health behavior
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theories yield successful outcomes in enhancing
physical activity behavior among community-
dwelling older adults. Notably, these theories
include self-regulatory theory, self-efficacy theory,
and a combination of both within an ecological
framework. Interestingly, this finding contradicts
an earlier perspective that multiple-theory inter-
ventions might be less effective than single-theory
interventions [119, 120], however, the reasons
behind this assumption remain unelucidated. How-
ever, it is essential to recognize that unsuccess-
ful studies [72, 77] did not adequately account for
environmental factors or the impact of personal
variables on physical activity behavior. In contrast,
the same studies revealed that pedometer-based
interventions significantly improved physical activ-
ity behavior and reduced risk factors related to
stroke. These interventions, spanning durations
from 6 weeks to 12 months, led to improved indi-
cators for stroke prevention. Interestingly, the
unsuccessful studies [72, 77] shared a similar dura-
tion (that is 6 months) with the successful ones
indicating that the duration of the trials did not
inform the differences in results. Consequently,
these findings underscore the critical importance
of designing pedometer-based interventions based
on interpersonal health behavior theories. Neglect-
ing this aspect may diminish the overall effective-
ness of such interventions.

Pedometer-based walking and blood pressure control

in older adults

This review also emphasizes the importance of pedom-
eter-based walking in controlling hypertension and pre-
venting stroke among community-dwelling older adults.
Epidemiological data suggest that older adults are more
likely to experience white-coat hypertension, isolated sys-
tolic hypertension, and pseudo-hypertension [121]. The
findings from this meta-analysis indicate that pedometer-
based walking programs can lead to a statistically signifi-
cant reduction in systolic blood pressure by 0.34 mmHg.
However, the reduction in diastolic blood pressure (0.13
mmHg; p = 0.33) did not reach statistical significance.
While the effect size may appear modest at an individual
health level, it is crucial to consider its broader impact
on population health. Even small reductions in systolic
blood pressure could have meaningful implications for
older adults with hypertension. Therefore, recommend-
ing pedometer-based walking as a clinical tool for con-
trolling and preventing high blood pressure warrants
further consideration. This has significant implications
for older adults with high blood pressure, especially con-
sidering that as adults get older, systolic blood pressure
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tends to increase while diastolic blood pressure tends to
decrease, leading to isolated systolic hypertension. Iso-
lated systolic hypertension is defined by an average sys-
tolic blood pressure > 140 mmHg [121] and diastolic
blood pressure < 90 mmHg [122], and it becomes more
relevant for older adults aged > 60 years. Therefore, the
significant reduction in systolic blood pressure observed
in this review following pedometer-based physical activ-
ity intervention hints at its potential anti-hypertensive
effect for the prevention and control of stroke. It may also
alter the prognosis of stroke recurrence. The pedometer-
based physical activity program may also help relieve
White Coat Hypertension or Isolated Office Hyperten-
sion. These conditions are defined by persistently ele-
vated average office blood pressure > 140/90 mmHg in
addition to an average awake ambulatory blood pressure
< 135/85 mm Hg. White Coat Hypertension or Isolated
Office Hypertension is found in 15%—20% of individuals
diagnosed with stage 1 hypertension [123]. However, the
responses of individuals with masked hypertension or
isolated ambulatory hypertension [124], pseudo hyper-
tension [121], and orthostatic or postural hypotension
require further investigation [125]. The pedometer-based
walking program may not be effective in controlling iso-
lated diastolic hypertension (defined by systolic blood
pressure < 140 mmHg and diastolic blood pressure
> 90 mmHg) [126], which is a common condition in
young adults under 50 [122]. However, it can be effec-
tive for the epidemiological spectrum of hypertension
in older community-dwelling adults over 65 years. This
view is supported by a previous finding [127] that dem-
onstrated a significant decrease in systolic blood pres-
sure (3.8 mmHg; p = .001) and diastolic blood pressure
(0.3 mmHg; p = .001), independent of age, body mass
index, or intervention duration. Another study [101] also
revealed a significant reduction in systolic blood pressure
levels at the end of a 59-week pedometer-based walking
program. These findings suggest that pedometer-based
walking could be an effective strategy for preventing
stroke through its anti-hypertensive or ameliorative
effects.

Metabolic syndrome and pedometer-based walking:
unraveling the complexities:

i. Body mass index and pedometer-based interven-
tions:

This review found no significant change in body mass
index for the included studies. Yang & Petrini
[77] reported no significant decrease between the
two exercise groups, and likewise, Kolt et al. [74]
observed that body mass index did not increase
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in both studies at 3 months and beyond. However,
the findings of this review differ from other stud-
ies in the literature. A previous study [128] dem-
onstrated that a 3-month pre-posttest walking
program significantly improved body mass index,
with an interaction effect between group and time
differences. The study recommended pedometer-
assisted self-monitored walking for older adults to
cultivate long-term exercise habits and supervised
walking to maximize effective exercise intensity.
A meta-analysis [129] indicated that pedometer-
based walking programs can cause modest weight
loss, with longer programs leading to more sub-
stantial weight loss. However, this review involved
a small sample of 323 participants across the two
included studies, with one study’s [74] attrition rate
exceeding 15%. These flaws weaken our confidence
in the estimate of effect; hence, no valid scientific
opinion can be drawn from the review regarding
body mass index. Further high-quality RCTs would
be necessary to address this gap.

Exploring waist circumference and pedometer-
based interventions:

This review included only one study [77], which found

iii.

no significant decrease in waist circumference in
the Prescribed Intensity Exercise group. However, a
previous study [130] revealed an interaction effect
between the activity group and time concerning the
waist circumference variable (p = 0.048). Partici-
pants who achieved 20 minutes of physical activ-
ity daily showed a decrease in waist circumference
(98.7 cm to 96.2 cm, p = 0.003), unlike those who
did not achieve this landmark (100.5 cm to 100.0
cm, p = 0.38). While this review lacks sufficient
data to form a valid scientific opinion, the trends
suggest that walking with its health benefits, should
be encouraged for those struggling with weight loss
[128], especially among community-dwelling older
adults.

Optimizing HDL-C levels through pedometer-based
walking: a long-term perspective:

Bjorgaas et al., [72] studied Pedometer/no-pedometer

groups and found no significant between-group
differences in triglycerides and HDL-C. However,
the study reported that the participants’ steps per
day did not increase from study month 1 to 6 (p =
.65) in the pedometer group, and no specific num-
ber of steps per day was set as the target for the par-
ticipants. Invariably, a lack of increase in step count
implies that the intervention either did not alter
the intensity or remained the same. Consequently,
no meaningful change in the response variable -
HDL-C - should be anticipated. This perspective is

iv.
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validated by the findings from another study [131],
in which older adult participants added approxi-
mately 1500 steps per day to achieve a daily step
count exceeding 10,000 steps throughout the study.
In contrast, the study [72] included in our review
did not add any steps over the trial’s duration.
Notably, the participants in the other study [131]
demonstrated a significant increase in HDL-C
levels after a 59-week pedometer-based walking
program. However, no difference in HDL-C was
reported at week 21, suggesting that the meta-
bolic impact of a pedometer-based walking pro-
gram on HDL-C is optimized with long-term (>
1 year) accumulation of physical activity behavior.
This could be protective against CVD risks in older
adults. Furthermore, it suggests that setting specific
targets or thresholds of > 10,000 steps/day for older
adults could be more beneficial than asking them
to arbitrarily “increase daily step count from one
visit to the next” A study [132] comparing diabetic
patients with a pedometer-based walking interven-
tion against a control group found no significant
short- or intermediate-term changes in health
outcomes (including systolic blood pressure, waist
circumference, body mass index, glucose control
and fasting glucose), triglycerides, total HDL-C and
LDL-C, and steps/day) over 24 weeks.
Pedometer-Based Walking and Glycemic Control:
Unveiling the Threshold:

Bjorgaas et al. [72] found no significant change in gly-

V.

cated hemoglobin and fasting blood glucose com-
pared to control. However, within-group com-
parisons revealed a significant improvement in the
pedometer group. Interestingly, the study identified
> 4000 steps/day as a threshold beyond which gly-
cated hemoglobin improved significantly in those
who attained it, but it did not affect other health
outcomes.

Optimizing metabolic health: decoding pedometer-
based walking intensity and duration

Comparing all the studies above, it appears that meta-

bolic health outcomes respond differently to physi-
cal activity intensity and duration when subjected
to pedometer-based walking. As the intensity pro-
gresses towards > 10,000 steps and extends beyond
1 year, the likelihood of positive health benefits
increases. In the current review, seven out of eight
included studies [70-76] did not specify any tar-
get step counts per day for the participants. How-
ever, the only study that set a target of 5,400 - 7,900
steps/day in a group compared its effect with a self-
selected intensity group over a 3-month duration.
Interestingly, both groups showed increased daily
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step counts (which did not differ significantly), as
well as reduced body mass index, waist circum-
ference, and blood pressure. This implies that
pedometer prescription below 10,000 steps/day
over a period of less than 1 year could have a simi-
lar effect on metabolic outcomes as a self-selected
intensity approach. It reinforces the argument that
pedometer-based walking programs could be more
effective in altering metabolic outcomes when pre-
scribed as recommended above.

vi. Optimizing metabolic health: decoding pedometer-
based walking intensity and duration

The reviewed studies exhibit notable methodological
differences, which directly impact the observed
heterogeneity and the diverse effects of the inter-
vention. Consequently, it is crucial to interpret
the findings of each study within a specific con-
text, considering both methodological and clinical
approaches. However, it is essential to acknowledge
that the number of included studies for each of the
identified conditions within metabolic syndrome
remains limited. As such, the available evidence is
insufficient to form a valid and comprehensive sci-
entific opinion. Further research and larger-scale
studies are warranted to enhance our understand-
ing in this area.

Publication bias assessment

The application of funnel-plot asymmetry tests to detect
publication bias is deemed inappropriate or not mean-
ingful in this review as the criteria for applying asymme-
try tests were not met [133]. Specifically:

a) Lack of significant heterogeneity: There was no signifi-
cant heterogeneity observed across the studies.

b) I*Value Below 50%: The I* value, which quantifies
heterogeneity, remained below 50 % in only two (of
the eight reviewed studies) instead of 10 studies.
Additionally, these studies exhibited statistically sig-
nificant results in at least one aspect.

¢) Maximal-to-Minimal Variance Ratio: The ratio of
the maximal to minimal variance across studies did
not exceed 4.

Therefore, based on these considerations, the applica-
tion of funnel-plot asymmetry tests does not provide
meaningful insights in this context [133].

Quality of evidence
In our assessment, several factors influenced the quality
of evidence:

Page 36 of 41

1. Performance Bias: In 87.5% of the studies, exercise
supervisors were not blinded to the exercise inter-
vention. Additionally, in 75% of the studies, partici-
pants were not blinded. This lack of blinding intro-
duces a high risk of performance bias.

2. Assessor Bias: Approximately 62.5% of the studies
blinded outcome assessors to the intervention. How-
ever, this still indicates a high risk of assessor bias
among the minority of assessors. A smaller number
of assessors could potentially influence outcomes in
favor of the intervention group.

3. Attrition Bias: There was a low risk of attrition bias.
This was due to a moderate dropout rate of greater
than 15% in only two (or 25%) of the included stud-
ies. However, an intention-to-treat analysis was not
performed in these cases.

4. Evidence Grading: Evidence from four studies
received a level 1 grading, while evidence from the
remaining four studies was graded as level 2.

5. Overall Assessment: The average study rating across
the review was 5.65 (approximately 6), indicating a
barely level 1 GRADE rating for evidence quality.

Overall, these assessments contribute to our under-
standing of the robustness and reliability of the evidence
presented in the review.

Limitations

While our systematic review provides valuable insights
into pedometer-based walking interventions among
various participant groups, several limitations should be
acknowledged:

1. Heterogeneity: The inclusion of diverse participant
groups, such as sedentary retirees, individuals with
type 2 diabetes, hypertension, and cardiac condi-
tions, introduces heterogeneity. This variation in
health status, risk factors, and baseline characteristics
may impact the overall study results [134].

2. Baseline Differences: Participants with risk factors for
stroke may exhibit different baseline health profiles,
lifestyles, and responses to interventions compared to
healthier individuals. These differences could poten-
tially affect the interpretation of outcomes [135].

3. Outcome Measures: The outcomes assessed in our
systematic review (e.g., physical activity levels, walk-
ing frequency, dependency) may be influenced differ-
ently by risk factors. For instance: Sedentary retirees
might respond differently to pedometer-based or
exercise interventions than those with existing health
conditions. Similarly, individuals with hypertension
or cardiac conditions may have specific exercise limi-
tations or safety concerns.
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4. Generalizability: Including diverse participant groups
impacts the generalizability of our findings [136].
Thus, results from studies involving only sedentary
retirees may not directly apply to those with specific
health conditions.

5. Risk of Confounding: Combining data from different
participant groups introduces the risk of confound-
ing factors [136]. Factors such as age and comorbidi-
ties may impact the observed effects. Adjusting for
these confounders becomes crucial in interpreting
the results.

6. Publication Bias: Studies involving healthier partici-
pants may be more likely to be published, potentially
leading to publication bias [137]. This limitation is
acknowledged and future research is encouraged to
address this bias.

Overall, while our systematic review contributes val-
uable evidence, researchers should consider these limi-
tations when interpreting the implications for practice
and policy.
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