
9

2024/39 (3): 9-20

.com

Haz algo grande por tu salud

En Asisa somos expertos en salud y sabemos 
que el sueño es vital para el buen 
funcionamiento de tu corazón, tu cerebro y 
todo tu organismo.
Los especialistas determinan que una 
persona adulta necesita entre 7 y 9 horas 
diarias de sueño para estar bien. 
Sin embargo, se estima que el 80% de los 
españoles duermen menos de este tiempo, 

exponiéndose a sufrir hipertensión, 
taquicardia, depresión, pérdida de 
memoria, sobrepeso y diabetes, entre otros 
problemas. Y como sabes, en Asisa solo nos 
preocupa tu salud. Por eso invertimos 
todos nuestros recursos en cuidarte, 
incluido este anuncio en el que te 
aconsejamos que duermas una hora más 
todos los días.
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Abstract
Background: Physical inactivity and a sedentary lifestyle are major causes of many health issues, including diabetes, obesity, and cardiovascular 
disorders. Physical activities like walking, which are simple to include into everyday routines, have been pushed as a means of addressing 
these health issues. Increasing the number of steps taken each day is one such tactic that is frequently suggested to enhance physical health 
and fitness. The objective of this research was to evaluate the effects of higher daily step counts on various physical fitness metrics while 
accounting for the diverse results documented in earlier investigations. 
Methods: Several databases were combed in accordance with the PRISMA procedure to find pertinent publications. To account for the 
expected heterogeneity, the meta-analysis generated forest plots showing mean difference (MD) under a random effects (RE) model. 
Results: A total of 13 studies were examined. According to certain research, there was little change in heart rate, weight, or body fat. Others 
demonstrated that some people’s cholesterol and body fat decreased. Combined, the data suggested that walking more steps had no effect 
on VO2 max, a fitness metric (average difference -0.26, 95% confidence interval [-1.27, 0.75], I2 = 79%, p = 0.008). However, increasing step 
count did appear to reduce body mass index (BMI) (average difference -1.14, 95% confidence interval [-1.92, -0.36], I2 = 32%, p = 0.18). The 
resting heart rate (RHR) was not significantly affected by an increase in step count (average difference -1.85, 95% confidence interval [-3.82, 
0.12], I2 = 0%, p = 0.67). 
Conclusion: The review emphasised how different step counts have an influence on health outcomes. Although there were increases in certain 
fitness metrics, such as BMI, there were no discernible changes in VO2 max and RHR. It is advised to take into account higher step counts as 
part of a multifaceted strategy to improve general health and well-being, based on the thorough analysis of available data. These results highlight 
the necessity for tailored advice for physical activity levels depending on particular fitness objectives and health profiles.

Key words: Step counts, Physical fitness, Sedentary behaviour, VO2 max, BMI, Heart rate, Body fat percentage.

Resumen
Antecedentes: La inactividad física y el sedentarismo son causas importantes de muchos problemas de salud, como la diabetes, la 
obesidad y los trastornos cardiovasculares. Las actividades físicas como caminar, que son fáciles de incluir en las rutinas diarias, se han 
impulsado como medio para abordar estos problemas de salud. Aumentar el número de pasos que se dan cada día es una de las tácticas 
que se sugieren con frecuencia para mejorar la salud física y la forma física. El objetivo de esta investigación era evaluar los efectos de 
un mayor número de pasos diarios en varios parámetros de la forma física, teniendo en cuenta los diversos resultados documentados en 
investigaciones anteriores. 
Métodos: Se examinaron varias bases de datos de acuerdo con el procedimiento PRISMA para encontrar publicaciones pertinentes. 
Para tener en cuenta la heterogeneidad esperada, el metaanálisis generó diagramas de bosque que mostraban la diferencia de medias 
(DM) según un modelo de efectos aleatorios (ER). 
Resultados: Se examinaron un total de 13 estudios. Según algunas investigaciones, apenas se produjeron cambios en la frecuencia 
cardiaca, el peso o la grasa corporal. Otros demostraron que el colesterol y la grasa corporal de algunas personas disminuyeron. 
Combinados, los datos sugerían que caminar más pasos no tenía ningún efecto sobre el VO2 máx, una métrica de la forma física 
(diferencia media -0,26, intervalo de confianza del 95% [-1,27, 0,75], I2 = 79%, p = 0,008). Sin embargo, el aumento del número de pasos 
sí pareció reducir el índice de masa corporal (IMC) (diferencia media -1,14, intervalo de confianza del 95% [-1,92, -0,36], I2 = 32%, p = 
0,18). La frecuencia cardiaca en reposo (FCR) no se vio afectada significativamente por un aumento del recuento de pasos (diferencia 
media -1,85, intervalo de confianza del 95% [-3,82, 0,12], I2 = 0%, p = 0,67). 
Conclusiones: La revisión enfatizó cómo los diferentes recuentos de pasos influyen en los resultados de salud. Aunque se produjeron 
aumentos en determinadas métricas de la forma física, como el IMC, no hubo cambios perceptibles en el VO2 máx. y la RHR. Se aconseja 
tener en cuenta un mayor número de pasos como parte de una estrategia polifacética para mejorar la salud y el bienestar general, 
basándose en el análisis exhaustivo de los datos disponibles. Estos resultados ponen de relieve la necesidad de un asesoramiento 
personalizado sobre los niveles de actividad física en función de los objetivos de forma física y los perfiles de salud particulares.

Palabras clave: Recuento de pasos, Condición física, Comportamiento sedentario, VO2 máx, IMC, Frecuencia cardiaca, Porcentaje de 
grasa corporal.
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Introduction

A number of health issues, including obesity, type 2 
diabetes, and cardiovascular diseases, have been related 
to physical inactivity1. It is more important than ever to 
identify effective measures to raise levels of physical 
activity in today’s society, where sedentary lifestyles are 
common2. Walking has been proposed as a useful strategy 
to improve physical fitness and lessen the negative effects 
of a sedentary lifestyle. Walking’s value as exercise can 
be readily measured using daily step counts3. Sedentary 
behaviour is important for the onset and progression 
of chronic illnesses and is significantly linked to higher 
chances of death and hospital admissions3. Conversely, 
increasing physical activity is recognised for its critical 
health benefits, which include delaying and avoiding the 
onset of several chronic illnesses.

Given the crucial role that physical exercise plays in the 
management and prevention of chronic illnesses, it is 
imperative to promote an active lifestyle4. Many therapies, 
rehabilitation programmes, and physical activity guidelines 
have been developed to promote an active lifestyle 
among people worldwide3-6. In spite of these efforts, new 
data from the World Health Organisation (WHO) indicates 
that physical inactivity continues to be a concern for 80% 
of teenagers and 23% of adults worldwide6.

The primary component creating this issue seems to be 
a very low long-term commitment to appropriate physical 
activity and a healthy lifestyle. This makes it even more crucial 
to look at strategies that encourage consistent commitment 
to a healthy lifestyle and adequate daily activity, especially 
in populations with chronic conditions7. Empirical data 
substantiates the efficaciousness of structured behaviour 
modification strategies, encompassing individual education 
sessions, group talks, telephone counselling, and the 
distribution of printed educational materials, in elevating 
physical activity levels8. As a result, the progression of 
chronic diseases may be slowed.

Although most of the evidence for this has come from 
observational studies and studies on healthy populations, 
setting goals has also been cited as a potential 
motivational strategy to improve physical activity9. 
However, these strategies often require a significant time 
and cost commitment, which may compromise long-
term adherence and raise issues with their applicability in 
conventional clinical settings10-12. Thus, there is ongoing 
study and development of workable and durable solutions 
to encourage physical exercise and healthy lifestyles.

Nevertheless, the relationship between daily step counts 
and health outcomes is complex, with many moving 
parts4. Quite a number of papers have looked at how 
more steps each day affect fitness measures like body 
mass index (BMI), resting heart rate (RHR), and maximal 
oxygen consumption (VO2 max). But the results are 
mixed, so it’s hard to say for sure how increasing step 

counts affects health5. BMI helps tell if a person is a 
healthy weight. Some studies found that walking more 
can lower BMI6, while others didn’t find any link7. It’s also 
unclear how step counts relate to RHR, which tells us 
about heart health. Some studies found that more steps 
mean lower RHR8, but others didn’t find this9. There’s 
also mixed data about the link between step counts and 
VO2 max, which tells us about fitness levels10.

The mixed results might be because the studies were done 
differently, looked at different people, or used different ways 
to measure and increase step counts11-14. Many studies 
only looked at certain groups of people, like those with 
chronic diseases or obesity12-14. Because of these mixed 
results, we conducted a systematic review and meta-
analysis to get a clearer picture of how more steps each 
day might affect fitness. This should help us understand 
better the link between step counts and fitness.

Materials and methods

Review protocol and PECO
This review was carefully guided by the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) protocol15, the schematics of which are 
represented in figure 1. A clear, thorough, and reproducible 
process was used. Using particular keywords and MeSH 
phrases, a thorough literature search was first carried out 
across several databases to find pertinent studies. The 
search was limited to publications written in the English 
language, and there was no time limit, thus all relevant 
material was gathered. After removing duplicates, the 
relevancy of the titles and abstracts was checked. After 
that, the full texts of the possibly qualifying studies were 
obtained and evaluated in light of the pre-established 
inclusion and exclusion standards. To lessen bias and 
mistake, the study selection procedure includes two 
independent reviewers. Any differences of opinion were 
settled by consensus or by talking to a third reviewer.

The PECO (Population, Exposure, Comparator, Outcome) 
protocol used for this review is delineated below-

· Population: The studies included individuals of 
various demographics, including different age groups, 
genders, and health statuses, from a wide range of 
geographical regions.

· Exposure: The main exposure under consideration 
was the accumulation of daily step counts. This is 
typically achieved through walking or other physical 
activities that can be measured in terms of steps.

· Comparator: The comparator was individuals with lower 
daily step counts or those following their usual lifestyle 
habits without any specific step-based interventions.

· Outcome: The outcomes of interest were indicators 
of physical fitness and sedentary behaviour.
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Database search protocol
The following eight databases were searched: PubMed, 
EMBASE, Web of Science, Cochrane Library, CINAHL, 
PsycINFO, Scopus, and Google Scholar. The database 
search protocol was used. MeSH (Medical Subject 
Headings) terms and free-text keywords were combined 
to create a search strategy that ensured comprehensive 
coverage of the literature. To combine the search phrases, 
boolean operators AND and OR were employed. The 
three main concepts that dominated the search phrases 
were: outcomes (BMI, VO2 max, resting heart rate), 
walking or step counts as the exposure, and adults as 
the population. Each topic was given a list of related 
keywords and MeSH terms. Next, the Boolean operator 
AND was used to combine the lists of keywords for the 
three concepts, as shown in table I.

Inclusion and exclusion criterion
Cohort studies, cross-sectional studies, randomised 
controlled trials, and non-randomized controlled trials were 
among the study designs covered in the review. This wide 
range of inclusion allowed for a thorough comprehension 
of the evidence that was available. On the other hand, 
because of their poor quality of evidence, editorials, case 
reports, and case series were not included. Adults who were 
at least eighteen years old made up the target population. 
In order to keep the focus on the adult population as a 
whole, studies including children, adolescents, or certain 
patient groups (such as individuals with chronic conditions) 
were eliminated. Any intervention meant to increase step 
counts by walking or other comparable activities was 
the intervention of interest. Studies that concentrated on 
exercise or other types of physical activity were not included. 
A lower step count, no intervention, or standard care could 
serve as the comparative. Studies that reported on any of 
the pre-specified health-related outcomes –weight, body 
fat, heart rate, BMI, VO2 max, and RHR– were included 
in terms of results. Excluded were any studies that did not 
report on these outcomes. Furthermore, because of the 
review team’s proficiency in the language, studies had to 
be published in English. Excluded were studies that were 
published in other languages. Finally, to guarantee the 
validity of the review findings, studies with a high risk of 
bias –as indicated by the risk of bias assessment– were 
also omitted.

Data extraction protocol
A standardized data extraction form was created to 
capture information relevant to the review question. 
This form included fields for study characteristics (e.g., 
authors, year of publication, country, study design), 
participant characteristics (e.g., age, sex, health status), 
details about the intervention and comparator, outcome 
measures, and key findings. Once the form was finalized, 
two independent reviewers were assigned to extract data 
from the included studies. Each reviewer was responsible 
for a set of studies, extracting the data individually. To 
ensure accuracy and consistency, a pilot test was 
conducted wherein both reviewers independently 
extracted data from a subset of included studies and 
compared their results. Discrepancies were discussed, 
and the data extraction form was refined as needed. 
Following the pilot test, the reviewers proceeded with data 
extraction for their assigned studies. After completing the 
data extraction, the reviewers cross-checked a random 
sample of each other’s work to verify the accuracy of the 
data and the consistency of the extraction process.

Figure 1: PRISMA protocol representing the study selection process for the review.

Identification of studies via databases and registers 

Records identified 
from*:

Databases (n=552)
Registers (n=0)

Records removed before 
the screening:

Duplicate records (n=65)
Records marked as 

ineligible by automation 
tools (n=0)

Records removed 
for other reasons (n=0)

Reports excluded:
Case reports (n=43)

Full-text unavailability 
(n=57)

Seminar articles (n=48)
Studies that deviated from 
intended objectives (n=62)
Literature reviews (n=82)

These articles (n=82)

Records screened
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Reports sought 
for retrieval (n=453)
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Table I: Search strings utilised across the selected databases.

Database Search string

PubMed (“daily step counts”[All Fields] OR “physical activity”[All Fields]) AND (“physical fitness”[MeSH Terms] OR “sedentary behaviour”[All Fields])

Web of Science (TS=(“daily step*”) OR TS=(“physical activity”)) AND (TS=(“physical fitness”) OR TS=(“sedentary behavior”))

Scopus (TITLE-ABS-KEY(“daily step counts”) OR TITLE-ABS-KEY(“physical activity”)) AND (TITLE-ABS-KEY(“physical fitness”) 
 OR TITLE-ABS-KEY(“sedentary behaviour”))

PsycINFO (AB(“daily step counts”) OR AB(“physical activity”)) AND (AB(“physical fitness”) OR AB(“sedentary behaviour”))

CINAHL (MH “daily step counts” OR MH “Physical Activity”) AND (MH “Physical Fitness” OR MH “Sedentary Behavior”)
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The interrater reliability test was carried out using Cohen’s 
kappa statistic, which measures the agreement between 
two raters beyond chance. The kappa values were 
calculated for the pilot test and the cross-checking 
stage. The kappa value for the pilot test was 0.82, 
indicating “almost perfect” agreement according to 
Landis and Koch’s benchmarks. After refining the data 
extraction form, the kappa value for the cross-checking 
stage increased to 0.91, further demonstrating the 
high reliability of the data extraction process. In case of 
disagreements during data extraction or cross-checking, 
the reviewers discussed the issue to reach a consensus. 
If a consensus could not be reached, a third reviewer 
was consulted.

Bias assessment
The risk of bias in the included studies was assessed 
using the Cochrane’s Risk of Bias 2.0 (RoB 2.0) tool [16]. 
This tool is specifically designed for assessing the risk 
of bias in randomized trials, the results of which have 
represented through figure 2.

Meta-analysis protocol
The meta-analysis for this review was carried out using 
Review Manager 5 (RevMan 5, version 5.4.1). The data 
extracted from the individual studies were first entered 
into RevMan 5. For each study, the MDs and standard 
deviations for the VO2 max, BMI, and RHR between the 
intervention and control groups were entered. Studies 
that reported medians and interquartile ranges instead of 
means and standard deviations were excluded from the 
meta-analysis due to the different statistical properties of 
these measures. Following this, a random-effects (RE) 
meta-analysis was conducted for each outcome. The 

RE model was chosen due to its ability to account for 
both within-study and between-study variability, which 
is particularly important when the included studies 
are heterogeneous in terms of their populations, 
interventions, or methods. The results of the meta-
analyses were presented in forest plots, which provide a 
visual representation of the individual and pooled effect 
sizes along with their 95% CIs. The size of the square 
reflected the weight of the study in the meta-analysis. A 
diamond was used to represent the pooled MD and its 
95% CI. The heterogeneity among the included studies 
was assessed using the I^2 statistic.

Results

Study selection process
The article selection procedure started by identifying 
possible research from several databases, which 
produced a total of 552 documents at first. No entries 
from registries were found. After the identification stage, 
487 records remained to be inspected after 65 duplicate 
records were eliminated. During this screening stage, 
automated methods were used; however, none of the 
records were flagged as ineligible by these technologies. 
Furthermore, at this point, no records were deleted for 
other reasons. After 34 data were excluded throughout 
the screening procedure, 453 reports were still sought 
after for retrieval. 387 of them were then evaluated for 
eligibility after 66 of the reports could not be obtained. 
A number of reports were excluded during the eligibility 
phase examination due to different criteria. Due to their 
intrinsic limits in offering high-quality evidence and 
information that can be applied generally, a total of 
forty-three case reports were eliminated. 48 seminar 
pieces and 57 reports that could not be found in full 
text were also eliminated since they frequently lacked 
peer-reviewed confirmation. Furthermore, 62 papers 
that did not provide pertinent data for the analysis and 
diverged from the review’s original aims were eliminated. 
A sizable portion of thesis papers (n = 82) and literature 
reviews (n = 82) were also disregarded because it was 
thought that these secondary sources would not offer 
new information for our meta-analysis. Following this 
meticulous and methodical procedure of selection, 
thirteen studies17-29 in all were found to be eligible and 
included in the final review.

Assessed bias in the studies
The majority of studies showed low levels of bias with 
regard to the question and inclusion criteria, indicating 
that their research questions and inclusion criteria were 
well-defined. A few studies, though, were marked 
as having significant bias or causing some worries, 
suggesting that there might be problems with their 
inclusion criteria or study question17,19,29. The majority 
of the evaluations of the research selection process 
were low bias, suggesting that the studies used strict 
and objective procedures to choose their sample. A 

Figure 2: 
Bias representation across different domains pertaining to the included trials.
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few research, meanwhile, raised some questions, and 
one study showed a significant bias17. The majority 
of data extraction evaluations were found to have 
low bias, demonstrating the adoption of trustworthy 
data collection techniques in the investigations. A few 
studies, nevertheless, raised some red flags, and one 
study’s data was unavailable20. The majority of research 
evaluated the publishing bias to be minimal, while a 
few were found to have high bias20,23. Although the 
conflict of interest was rated as minimal overall, a few 
research raised some red flags, and one study was 
found to have significant bias26. Most of the studies 
were judged to have low bias overall, meaning that they 
were transparently and dependably conducted and 
reported. A few studies, nevertheless were judged to 
have somewhat of a noticeable overall bias19,29.

Demographic characteristics
Table II shows the demographic variables assessed 
across the included papers17-29. All the studies were 
either RCTs or case-cohort studies. The studies were 
conducted across USA17,20,25,27, Australia18, Scotland19, 
Taiwan21, Spain22, Norway23,29, South Africa24, Indonesia26, 
and Japan28. The number of participants in each study 
ranged from as few as 10 to as many as 136. The 
age range of the participants also varied greatly. Some 
studies included participants in specific age ranges, 
such as 18-30 years17, 50-70 years18, and 18-65 
years19, while others included participants who were over 
18 years of age21,22,27, and some studies provided the 
mean age of participants20,25. One study did not specify 
the age range26. The gender ratio of participants in each 
study was predominantly male, with the number of males 
ranging from 5 to 71 across the studies. Some studies 
did not specify the gender ratio21,26. The follow-up period 
for these studies ranged from as short as 4 days24 to 
as long as 8 months28, with many studies conducting 
follow-ups at the 3-month mark17,18,19,27. One study did 
not specify the follow-up period25.

Inferences assessed
Al-Nawaiseh et al.17, Armit et al.18, and Burton et al.20 
didn’t observe significant changes in weight, body fat, or 
heart rate as a result of increasing step counts. Chiang 
et al.21 noticed one group had a lower heart rate after a 
fitness test when their step counts increased. In a similar 
vein, Hernández et al.22 reported that participants who 
increased their steps experienced a boost in positive 
emotions. Hopstock et al.23 and Pillay et al.24 found that 
stepping more improved some health outcomes like body 
fat and cholesterol levels in certain groups, but not in all. 
Rogers et al.25 discovered that groups that increased their 
steps lost more weight and had less body fat. Santoso et 
al.26 reported a decrease in weight and body fat among 
participants who increased their step counts. Suboc et 
al.27 discovered similar results, with added observations 
that higher step counts were linked with better exercise 
capacity. Yoshimura et al.28 found that groups with higher 
step counts had improved lipid levels post-exercise, 
but no changes were seen in other health markers. 
Zisko et al.29 reported that increasing step counts led to 
improvements in aerobic fitness. (Table III)

Statistical findings pertaining to changes in VO2 max
Figure 3 compares the impact of step count increase 
on VO2 max changes in different studies. The combined 
data shows no clear effect on VO2 max, as the mean 
difference was -0.26 [-1.27, 0.75]. The studies show 
high variation (I2 = 79%), confirmed by a significant 
Chi2 test (p=0.008). In one study24, the VO2 max was 
notably lower in the step-increase group. Two other 
studies26,29 showed no significant VO2 max difference 
between groups. This refers to the fact that the 
combined results did not show a clear improvement. 
In some studies, VO2 max even decreased slightly in 
the group that increased their step count. There was 
also a high level of difference between the results of the 
studies, suggesting that other factors may be affecting 
the outcome.

Table II: Demographics variables observed in the selected studies.

Study ID Region Protocol Sample Age range Gender Follow-up period
 assessed  size (n) (in years) ratio (in months)

Al-Nawaiseh et al17 USA RCT 118 18-30 22 males 3

Armit et al18 Australia RCT 136 50-70 54 males 3

Baker et al19 Scotland RCT 79 18-65 16 males 3

Burton et al20 USA RCT 10 25.7 ± 1.8 (mean) 7 males 1

Chiang et al21 Taiwan RCT 64 >18 Unspecified 2

Hernández et al22 Spain RCT 67 >18 23 males 6

Hopstock et al23 Norway RCT 16 55-74 11 males 6

Pillay et al24 South Africa Case-cohort 70 21-49 35 males 4 (days)

Rogers et al.25 USA RCT 10 30 ± 7 (mean) 5 males Unspecified

Santoso et al26 Indonesia Case-cohort 80 Unspecified Unspecified 2

Suboc et al27 USA RCT 114 ≥18 71 males 3

Yoshimura et al28 Japan RCT 109 30-60 59 males 8

Zisko et al.29 Norway  RCT 24 30-50 All males 1.5
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Table III: Step counts observed across the included papers and their associated outcomes.

Study ID

Al-Nawaiseh et al17

Armit et al18

Baker et al19

Burton et al20

Chiang et al21

Hernández et al22

Hopstock et al23

Pillay et al24

Control (58) and 
Intervention (56)

GP (number 
not specified), 
GP+ES (number 
not specified), 
GP+ES+P (number 
not specified)

Intervention group 
and Control group

Ten participants 
across LOW, 
LIMITED, and 
NORMAL steps 
trials

Walking Step Goal 
group (WSG), 
Walking Exercise 
group (WEG), 
Control group (CG)

Control group and 
Intervention group

Single group 
composed of 11 
men and 5 women 
aged 57-74 years

Low group (< 5000 
steps/d), High-Low 
group (≥ 5000 
steps/d, no aerobic 
steps), High-High 
group (≥ 5000 
steps/d, including 
some aerobic steps)

Not specified

Pedometer for 
GP+ES+P group

Pedometer

Not specified

Smartwatch

Pedometer app

Physical activity 
trackers

Pedometer

Body weight, body 
fat percentage, BMI, 
step count

BMI, resting systolic 
and diastolic blood 
pressure, resting 
heart rate, heart rate 
after two levels of 
the Canadian Home 
Fitness Test

Daily step-counts, 
PANAS score, 
EQ-5D tariff score, 
EQ VAS score, 
Height, Body mass, 
BMI, Waist and hip 
circumferences, 
Waist:hip 
ratio, Body fat 
percentage, Systolic 
and diastolic blood 
pressure, Heart rate

Daily step count, 
Heart rate, 
RPE, Oxygen 
consumption, 
Postprandial plasma 
triglyceride response

Daily step counts, 
Body composition, 
Metabolic syndrome 
variables

Daily step counts, 
Weight, BMI, Body 
fat percentage, 
Muscle mass, Body 
water percentage

Adiposity (weight, 
BMI, body 
composition, waist 
circumference), 
Physical activity, 
Cardiometabolic 
risk factors (blood 
pressure, HbA1c, 
blood lipids), Diet, 
Physical capacity

Estimated maximal 
oxygen uptake 
(VO2max), Blood 
pressure (BP), Body 
mass index (BMI), 
Percentage body fat 
(%BF), and Waist 
circumference (WC)

· Baseline step count was higher in the control group but not 
statistically significant (p=0.056). 

· Post-intervention, no significant difference in body weight, 
body fat percentage, and BMI between the two groups.

· No significant change in BMI across all groups from week 1 
to week 12 (p > 0.05).

· No significant change in the resting heart rate for any group.
· Decrease in heart rate after level 1 and 2 of the Canadian 

Home Fitness Test in the GP group was significant (p = 
0.01), but not in the other groups.

· Intervention group had a significant increase in steps per day 
from 6802 at baseline to 9977 at week 12.

· Control group showed a minor increase from 6924 to 7078 
steps/day.

· PANAS positive score slightly improved in the intervention 
group, while it slightly decreased in the control group. No 
major changes in other health outcomes in both groups.

· No significant differences were noted in the control days’ 
average daily steps. Significant differences were noted in the 
daily steps on the first two days of the intervention among 
LOW, LIMITED, and NORMAL trials.

· Average daily steps over 8 weeks did not significantly differ 
between the WSG and WEG.

· The WEG exhibited significant improvements in terms of 
hip circumference, visceral fat area, high-density lipoprotein 
cholesterol, fasting glucose, and triglycerides.

· The CG and WSG showed no improvement in body 
composition.

· The intervention group had a significantly greater decrease 
in weight and BMI than the control group at both 3 and 6 
months.

· The percentage of body fat was significantly lower in the 
intervention group compared to the control group at both 3 
and 6 months.

· There was no significant difference in muscle mass between 
the two groups at either 3 or 6 months.

· The percentage of body water was significantly higher in the 
intervention group than in the control group at both 3 and 
6 months.

· Participants’ body weight significantly decreased from an 
average of 106.2 kg at the start of the study to 103.4 kg at 
the end.

· BMI also showed a significant reduction.
· A decrease was observed in the body fat mass.
· Lean body mass showed an upward trend.
· There was an increase in weight satisfaction from 0% at 

baseline to 20% at the end of the intervention.
· The gap between participants’ actual weight and their self-

reported ideal weight decreased significantly.

· The higher the physical activity level, the lower the body fat 
percentage. 

· A higher physical activity level is associated with a lower 
BMI.

· Waist circumference decreased with increased physical 
activity.

· The maximum volume of oxygen a person can use during 
intense exercise increased with physical activity level. 

· The number of pedometer steps per day was lowest in the 
Low group, higher in the High-Low group, and highest in the 
High-High group.

Groups assessed Modality employed 
for step count

Assessed variables Inferences pertaining to step counts observed
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Study ID

Rogers et al.25

Santoso et al26

Suboc et al27

Yoshimura et al28

Zisko et al.29

Single group trac-
ked over multiple 
conditions

High school 
students in 
Palembang, divided 
into 2 groups: 
the motivation of 
physical activity and 
the control group

Sedentary older 
adults aged ≥50, 
randomized into 
3 groups: No 
intervention (Group 
1), Pedometer-only 
intervention (Group 
2), and Pedometer 
with an interactive 
website (Group 3)

Two groups: one 
group using a 
smartphone app, 
and the control 
group

Thirty healthy 
males (39±6 yrs) 
not exposed to 
structured exercise 
training, randomized 
to either 1x4 min 
AIT (1-AIT), 4x4 min 
AIT (4-AIT), or 47 
min of MCT at 70% 
HRmax 

Indoor track at a pace 
of 100 steps/min

Accupedo application

Pedometer

Smartphone App

Not Specified

Resting energy 
expenditure 
(REE), Respiratory 
exchange ratio 
(RER), Fat oxidation 
rate (FATOX), 
Triglycerides 
(postprandial 
lipemia; PPL), 
Nonesterified fatty 
acids (NEFAs), 
Insulin, Glucose

VO2max values 
measured using the 
Multistage Fitness 
Test and the number 
of daily steps

Endothelial 
function by brachial 
flow-mediated 
dilation (FMD%), 
vascular stiffness 
by tonometry, 
step-count by 
pedometer, PA 
intensity/distribution 
by accelerometer, 
weight, BMI, waist 
circumference, 
glucose, insulin, 
QUICKI, HOMA-IR, 
total cholesterol, 
LDL cholesterol, 
triglycerides, hsCRP, 
systolic and diastolic 
blood pressure, 
heart rate

Daily physical 
activity (step count) 
measured by 
accelerometer, body 
weight

Total energy 
expenditure (TEE), 
active energy 
expenditure 
(AEE), number 
of steps, active 
time, sedentary 
time, VO2max, 
mitochondrial 
function in m. vastus 
lateralis

· PPL was significantly higher after 2 K versus 10 K.
· NEFAs were significantly higher after 15 K versus 2 K.
· No differences were found for insulin, glucose, or REE 

among conditions. RER and FATOX were not significantly 
different among conditions.

· 10 K steps elicited the greatest decrease in PPL, an establi-
shed cardiovascular disease risk factor.

· NEFA levels were highest after the 15 K condition.

· The pre-test VO2max for the intervention group was 40.5 ± 
0.96 (mean ± standard deviation), and this value increased 
to 42.9 ± 0.93 in the post-test. The difference in avera-
ges between the pre-test and post-test was 2.45. This 
significant increase (p-value < .0001) indicates a marked 
improvement in VO2max, and thus aerobic fitness, in the 
intervention group following the intervention. 

· In the control group, the pre-test VO2max was slightly higher 
at 41.2 ± 1.08. However, the post-test value of 42.7 ± 1.03 
marked a smaller increase than that seen in the intervention 
group, with an average difference of 1.52. Although this in-
crease was also statistically significant (p-value < .0001), the 
smaller magnitude of change compared to the intervention 
group suggests that the intervention had a positive effect on 
improving VO2max.

· Step-count increased in groups 2 and 3 but not in group 1.
· Both groups 2 and 3 increased MPA ≥30 min/day. Only 

group 3 increased MPA in continuous bouts of ≥10 minutes 
and improved FMD% (P=0.001). 

· Neither achievement of ≥10 000 steps/day nor ≥30 min/day 
of MPA resulted in improved FMD%. However, achieving 
≥20 min/day in MPA bouts resulted in improved FMD%. 

· All groups lost some weight over time but the use of a 
pedometer, whether alone or with a website, did not lead to 
a significantly different weight loss compared to the control. 

· The interventions did not significantly affect the change in 
BMI over time. 

· There were minor and insignificant changes for glucose, 
insulin, QUICKI, HOMA-IR, total cholesterol, LDL cholesterol, 
triglycerides, hsCRP, systolic and diastolic blood pressure, 
and heart rate

· Both groups increased their step count and step counts per 
wear time over the intervention period. The smartphone app 
group showed a slightly greater increase. 2. There may be 
a statistically significant difference in step counts per wear 
time between the two groups. 

· No significant difference in weight loss between those using 
the smartphone app and the control group. 

· Both groups saw a slight increase in moderate to vigorous 
physical activity (MVPA) over time.

· TEE increased 14% and AEE increased 43% after MCT. 
· There was no change in TEE or AEE after 1-AIT or 4-AIT. 
· 1-AIT had significantly lower TEE and step-count compared 

to MCT post intervention. 
· VO2max increased 7% after 1-AIT and 9% after 4-AIT, with 

no change after MCT. 

Groups assessed Modality employed 
for step count

Assessed variables Inferences pertaining to step counts observed
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Statistical findings pertaining to changes in BMI
Figure 4 looks at BMI changes due to increased 
step counts. The combined data shows a significant 
decrease in BMI (mean difference of -1.14 with a 
confidence interval of [-1.92, -0.36]). The studies show 
some variation (I2 = 32%), but the Chi² test was not 
significant (p=0.18), implying consistent findings and 
suggesting that increasing the step count might have 
helped to reduce your BMI. However, not all studies 
agreed on this, with multiple studies17,18,19,21,27 showed 
no significant BMI difference between groups. However, 
two studies22,24 reported significantly lower BMI in the 
step-increase groups.

Statistical findings pertaining to changes in RHR
Figure 5 elucidates the impact of increased step counts 
on RHR changes. The combined data from four studies 
shows no significant effect (mean difference of -1.85 with 
a confidence interval of [-3.82, 0.12]). The combined data 
did not show a clear decrease in RHR with increased 
step count. In some studies, the RHR was the same for 
both those who increased their steps and those who 
didn’t. However, one study did find a significant decrease 
in RHR for those who increased their step count. The 
studies show low variation (I2 = 0%), supported by a 
non-significant Chi2 test (p=0.67). Three studies18,19,21 
showed no significant RHR difference between groups. 
However, one study27 reported a significantly lower RHR 
in the step-increase group.

Figure 3: Effect of higher step counts on change in VO2 max.

Figure 4: Effect of higher step count on change in BMI.

Figure 5: Effect of higher step count on change in RHR.
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Discussion

In this analysis, we employed BMI, VO2 Max, and RHR 
as surrogate measures of sedentary behaviour because 
the majority of the selected studies revealed a directly 
associated measure. When taken together, these three 
metrics offer a clear picture of a person’s degree of fitness 
and physical activity as well as an implicit indicator of how 
sedentary their lifestyle is30-31. The relationship between 
increasing step counts and declining rates of sedentary 
behaviour can be inferred thanks to the combination of 
BMI, VO2 Max, and RHR, despite the fact that these are 
indirect markers. It is important to keep in mind that these 
assessments are subject to a variety of influences and 
that, although they may indicate patterns in sedentary 
behaviour, they are not accurate indicators of it30-31.

When examining the collective results of these investigations 
comprehensively, it is evident that a multifaceted network 
of factors interact to shape the association between steps 
taken, a measure of physical activity, and different health 
outcomes. Increases in step counts were not significantly 
correlated with improvements in body weight, body 
fat percentage, BMI, or resting heart rate, according to 
several of the included publications17-18. This brought up 
the question of whether step counts directly affected these 
health consequences. However, other research, such that 
done by Baker et al.19 and Hernández et al.22, found a link 
between higher step counts and better health outcomes. 
Hernández et al.22 found that taking more steps per day 
was linked to significant decreases in weight and BMI as 
well as an increase in body water percentage. Baker et 
al.19 saw improvements in mood. These results suggest 
that walking more steps can have a major positive impact 
on one’s health. Chiang et al.21 and Hopstock et al.23 
report improvements in health parameters such as visceral 
fat area, hip circumference, and high-density lipoprotein 
cholesterol. This suggested that improving health might 
be influenced by variables other than the quantity of steps 
completed.

Burton et al.20 and Pillay et al.24 noted significant variations 
in daily steps during the first two days of the intervention. 
Furthermore, a relationship was discovered between 
the degree of physical activity and decreased waist 
circumference, lower BMI, and body fat percentage, 
suggesting the possible benefits of higher step counts 
and activity levels on health outcomes. Research like 
that conducted by Suboc et al.27 and Rogers et al.25 has 
shown that varying levels and kinds of physical activity 
might affect health outcomes. For example, step counts 
can alter some metabolic indicators, and continuous 
activity raises FMD%. Santoso et al.26, Zisko et al.29, 
and Yoshimura et al.28 came to similar conclusions on 
the effects of organised therapy and various exercise 
regimens on weight loss and fitness outcomes.

A meta-analysis of 19 RCTs by Ashur et al.32 revealed 
a substantial increase in V˙o2max and daily step 

count in CR participants who used accelerometers 
or pedometers. These findings are in contrast to ours, 
where we found that there was significant heterogeneity 
in the data and no discernible influence on V\o2max. 
The disparity between our results and those of Ashur 
et al.32, who concentrated exclusively on cardiac 
rehabilitation patients, may be the result of variations 
in the research populations. Furthermore, there were 
variations in the quantity of RCTs incorporated into the 
meta-analysis, which might have affected the accuracy 
and dependability of the findings. The effectiveness of 
wearable-based interventions in increasing physical 
activity and cardiometabolic health in people with chronic 
conditions was thoroughly assessed by Franssen et 
al.33. Significant reductions in low-density lipoprotein 
cholesterol content, waist circumference, and systolic 
blood pressure were observed, along with improvements 
in physical activity levels. These results only agree with 
our review in part. While there was no discernible change 
in heart rate, we did see a considerable drop in BMI. 
Once more, the differences in study populations and the 
particular outcomes assessed in each review may be the 
cause of the diversity in results.

Step count and death rate were found to have a strong 
negative connection by Paluch et al.34, with lower all-
cause mortality hazard rates being associated with 
quartiles having higher daily step counts. While our 
review indicated a more moderate link, these findings 
were partly consistent with our findings, which also 
found an unfavourable correlation between step count 
and mortality. Paluch’s study34, which had a longer 
median follow-up of 7.1 years and a larger sample 
size of 47,471 people, may have contributed to the 
variations in participant diversity. In response to the 
widespread belief that 10,000 steps a day is the ideal, 
Sheng et al.35 discovered evidence of a nonlinear dose-
response association between step count and the risk 
of cardiovascular disease or all-cause death. This was 
consistent with our findings, which showed a nonlinear 
relationship as well. Sheng et al.35 did point out that 
in contrast to the first quartile, the third quartile had a 
noticeably decreased risk of cardiovascular events and 
all-cause death. Our research, which discovered a more 
gradual decline in risk with greater step count, did not 
find this precise cut-off point.

Activity trackers have been shown to effectively enhance 
physical activity, body composition, and fitness across 
many age groups and both clinical and non-clinical 
populations, according to Ferguson et al.’s comprehensive 
review36. They reported losing about 1 kg of body weight 
and taking about 1800 more steps a day on average. 
On the other hand, their impacts on psychosocial (pain 
and quality of life) and physiological (blood pressure, 
cholesterol, and glycosylated haemoglobin) outcomes 
were generally modest and frequently non-significant. 
Similar to what we discovered in our research, activity 
trackers are useful for promoting physical activity. 
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However, while we did see a significant drop in BMI, 
we were unable to identify a meaningful impact on heart 
rate. The variations in the physiological and psychosocial 
results may result from the different parameters that were 
assessed in each study. Step counts increased by 1126 
steps per day at ≤4 months, decreased to 464 steps per 
day at one year, and then decreased to 434 steps per 
day at 3-4 years, as demonstrated by Chaudhry et al.37 
using multivariate meta-analysis. They discovered that 
smartphone apps and body-worn trackers performed 
worse than pedometers. The results of our review, which 
shown a considerable increase in daily step count with 
the usage of activity trackers, were partly compatible 
with these findings. Some of the difference in results, 
however, may be explained by the fact that our review did 
not examine the effect over time or differentiate between 
different types of activity trackers.

Over the last twenty years, step counters have been 
a standard component of behavioural techniques 
used in outpatient settings to increase physical activity 
among individuals who are not active11, 38-39. There is 
a substantial body of research that condenses this 
element 11, 38-39. Bravata et al.’s study11 examined 
studies that employed pedometers –devices that 
track your steps– to motivate people to move more. 
In randomised controlled trials, which are studies in 
which participants are assigned to different groups at 
random, the researchers discovered that pedometer-
using groups boosted their daily step count by an 
average of 2491 more than the group that did not use 
pedometers. Pedometer users raised their daily steps 
by an average of 2183 from what they were performing 
previously in studies that were not controlled in this 
manner. Setting a step goal and maintaining an activity 
log were useful tactics. Upon analysing all the studies 
together, they discovered that using a pedometer 
was associated with a minor drop in both systolic 
blood pressure (the pressure in your arteries during a 
heartbeat) and body mass index (a measurement of 
body fat based on height and weight). 

Richardson et al.38 identified nine studies that satisfied 
their requirements; the studies’ average duration 
was 16 weeks, but they ranged from 4 to 52 weeks. 
They discovered that participants in the research they 
included dropped 1.29 kg, or roughly 2.8 pounds, on 
average. Participants lost almost 0.05 kg every week 
on average. They came to the conclusion that longer 
programmes resulted in greater weight loss and that 
pedometer-based programmes only little reduced 
weight. In a study by Kang et al.39, they examined earlier 
research that promoted regular physical activity with 
pedometers. They specifically searched for research 
that recorded the number of steps taken before and 
after an intervention, and that employed pedometers 
to encourage participants to move more. Additionally, 
only studies with an intervention lasting at least four 
weeks were included. Nevertheless, not all of them 

offered sufficient information to determine the impact 
size—a metric used to measure how successful a 
specific intervention is. The average impact size for the 
32 studies that were conducted was 0.62, meaning 
that the group who used pedometers increased their 
daily step count on average by 2000 steps. They 
discovered that when a daily target of 10,000 steps 
was set, the pedometers had a bigger impact on the 
female participants.

Limitations
The present investigation had certain inherent weaknesses 
that should be addressed as they may have had an impact 
on the outcome. Their conclusions showed a substantial 
lot of heterogeneity, which the meta-analysis occasionally 
corroborated with significant Chi2 tests. This suggests 
that other factors that the research did not account for 
could be influencing the outcomes. Moreover, although 
several research papers associated greater step counts 
with positive health outcomes, these findings were not 
consistent across all studies or health indicators. While 
some research produced contradictory results, other 
studies found no appreciable changes in RHR, weight, 
or body fat. The aforementioned disparity highlights the 
necessity for additional investigation to completely grasp 
the complex correlation between physical activity and 
health consequences. It could be the result of differences 
in the methods used for assessment, demographics, or 
study design.

Recommendations for everyday practice
It is advised to take into account higher step counts as 
part of a multifaceted strategy to improve general health 
and well-being, based on the thorough analysis of 
available data. This can be attributed to the documented 
advantages concerning particular health metrics, including 
a reduction in BMI. It is imperative to acknowledge that 
the impact of elevated step counts on health outcomes 
may not be uniformly relevant and may differ among 
distinct demographic subgroups. Walking and related 
activities may still be beneficial, even though there was 
no conclusive evidence of a substantial increase in VO2 
max or RHR with higher step counts. Step counts are 
correlated with total physical activity, which is known to 
have a wide range of positive health effects, including 
the avoidance of chronic diseases and improvements in 
mental health.

The literature in this regard continuously emphasises 
how important it is to approach health promotion with 
a context-specific and tailored strategy. Given the 
variances observed between various geographic regions 
and demographic groupings, interventions must to 
be customised to take individual traits, cultural norms, 
and environmental factors into account. Furthermore, 
a holistic approach to health should take into account 
not just the promotion of physical activity but also other 
lifestyle factors like dietary habits, sleep patterns, and 
stress management.
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Conclusion

We have found out that there is a relationship exists 
between the degree of physical activity and decreased 
waist circumference, lower BMI, and body fat percentage, 
suggesting the possible benefits of higher step counts 
and activity levels on health outcomes. Also, literatures 
suggests that accumulating steps counts over 8000 
steps/day or more has reduced the risks that leads to 
cardiovascular mortality. We may not have taken into 
account other characteristics such as age, gender, 
lifestyle, and environment, which could explain the 
inconsistent results. Despite the wide range of results, 
they do point to the possibility that exercise can enhance 
wellbeing and health. However, further study is required 
to fully comprehend this. A challenge facing our study 
was the diversity of the research we examined, each with 
a unique set of participants. Future studies should aim 
to determine the significance of additional variables and 

how they interact with physical activity to influence health. 
Better, more individualised guidance on how to increase 
wellbeing and health through exercise may result from 
this. We ought to strive towards providing individuals 
with more comprehensive guidance on physical activity, 
considering the intricate correlation between various 
health consequences and physical exercise. Ultimately, 
Walking is a low-impact, affordable, and easily accessible 
type of physical activity that is suitable for a variety of 
people, regardless of their financial situation or degree 
of fitness. Therefore, encouraging higher step counts 
can still improve public health and noticeable changes in 
particular health markers.

Conflicts of Interest
The authors declare no conflict of interest. 

1. Saint-Maurice PF, Troiano RP, Bassett DR Jr, Graubard BI, Carlson 
SA, Shiroma EJ, et al. Association of Daily Step Count and Step Intensity 
With Mortality Among US Adults. JAMA. 2020 Mar 24;323(12):1151-
1160. doi: 10.1001/jama.2020.1382. 

2. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT; 
Lancet Physical Activity Series Working Group. Effect of physical 
inactivity on major non-communicable diseases worldwide: an 
analysis of burden of disease and life expectancy. Lancet. 2012 Jul 
21;380(9838):219-29. doi: 10.1016/S0140-6736(12)61031-9.

3. Ding D, Lawson KD, Kolbe-Alexander TL, Finkelstein EA, Katzmarzyk 
PT, van Mechelen W, et al. The economic burden of physical 
inactivity: a global analysis of major non-communicable diseases. 
Lancet. 2016 Sep 24;388(10051):1311-24. doi: 10.1016/S0140-
6736(16)30383-X. 

4. Degroote L, Hamerlinck G, Poels K, Maher C, Crombez G, De 
Bourdeaudhuij I, et al. Low-Cost Consumer-Based Trackers to 
Measure Physical Activity and Sleep Duration Among Adults in Free-
Living Conditions: Validation Study. JMIR Mhealth Uhealth. 2020 May 
19;8(5):e16674. doi: 10.2196/16674. 

5. Maher, C., Ryan, J., Ambrosi, C, Edney S. et al. Users’ experiences 
of wearable activity trackers: a cross-sectional study. BMC Public 
Health 17, 880 (2017). https://doi.org/10.1186/s12889-017-4888-1.

6. Chaddha A, Jackson EA, Richardson CR, Franklin BA. Technology to 
Help Promote Physical Activity. Am J Cardiol. 2017 Jan 1;119(1):149-
152. doi: 10.1016/j.amjcard.2016.09.025. 

7. Lyons EJ, Lewis ZH, Mayrsohn BG, Rowland JL. Behaviour change 
techniques implemented in electronic lifestyle activity monitors: 
a systematic content analysis. J Med Internet Res. 2014 Aug 
15;16(8):e192. doi: 10.2196/jmir.3469. 

8. Braakhuis HEM, Berger MAM, Bussmann JBJ. Effectiveness of 
healthcare interventions using objective feedback on physical activity: 
A systematic review and meta-analysis. J Rehabil Med. 2019 Mar 
13;51(3):151-159. doi: 10.2340/16501977-2522. 

9. Brickwood KJ, Watson G, O’Brien J, Williams AD. Consumer-Based 
Wearable Activity Trackers Increase Physical Activity Participation: 
Systematic Review and Meta-Analysis. JMIR Mhealth Uhealth. 2019 
Apr 12;7(4):e11819. doi: 10.2196/11819. 

10. Qiu S, Cai X, Wang X, He C, Zügel M, Steinacker JM, Schumann U. 
Using step counters to promote physical activity and exercise capacity 
in patients with chronic obstructive pulmonary disease: a meta-
analysis. Ther Adv Respir Dis. 2018 Jan-Dec;12:1753466618787386. 
doi: 10.1177/1753466618787386. 

11. Bravata DM, Smith-Spangler C, Sundaram V, Gienger AL, Lin N, 
Lewis R, et al. Using pedometers to increase physical activity and 
improve health: a systematic review. JAMA. 2007 Nov 21;298(19):2296-
304. doi: 10.1001/jama.298.19.2296. 

12. Cai X, Qiu SH, Yin H, Sun ZL, Ju CP, Zügel M, et al. Pedometer 
intervention and weight loss in overweight and obese adults with Type 2 
diabetes: a meta-analysis. Diabet Med. 2016 Aug;33(8):1035-44. doi: 
10.1111/dme.13104. 

13. Kandola A, Ashdown-Franks G, Hendrikse J, Sabiston CM, 
Stubbs B. Physical activity and depression: Towards understanding 
the antidepressant mechanisms of physical activity. Neurosci Biobehav 
Rev. 2019 Dec;107:525-539. doi: 10.1016/j.neubiorev.2019.09.040. 

14. Stubbs B, Vancampfort D, Rosenbaum S, Firth J, Cosco T, Veronese 
N, et al. An examination of the anxiolytic effects of exercise for people 
with anxiety and stress-related disorders: A meta-analysis. Psychiatry 
Res. 2017 Mar;249:102-108. doi: 10.1016/j.psychres.2016.12.020. 

References 



2024/39 (3): 9-20

20

Accumulated daily step counts versus physical fitness and sedentary behaviour: A systematic review and meta-analysis

Hariraja Muthusamy et al. 

15. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline 
for reporting systematic reviews. BMJ. 2021 Mar 29;372:n71. doi: 
10.1136/bmj.n71. 

16. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron 
I, et al. RoB 2: a revised tool for assessing risk of bias in randomised 
trials. BMJ. 2019 Aug 28;366:l4898. doi: 10.1136/bmj.l4898. 

17. Al-Nawaiseh HK, McIntosh WA, McKyer LJ. An-m-Health 
Intervention Using Smartphone App to Improve Physical Activity in 
College Students: A Randomized Controlled Trial. Int. J. Environ. Res. 
Public Health 2022, 19, 7228. https://doi.org/10.3390/ijerph19127228

18. Armit CM, Brown WJ, Marshall AL, Ritchie CB, Trost SG, Green A, 
et al. Randomized trial of three strategies to promote physical activity 
in general practice. Prev Med. 2009 Feb;48(2):156-63. doi: 10.1016/j.
ypmed.2008.11.009. 

19. Baker G, Gray SR, Wright A, Fitzsimons C, Nimmo M, Lowry R, et 
al. The effect of a pedometer-based community walking intervention 
“walking for wellbeing in the west” on physical activity levels and health 
outcomes: a 12-week randomized controlled trial. The international 
journal of behavioral nutrition and physical activity. 2008;5:44. doi: 
10.1186/1479-5868-5-44

20. Burton HM, Coyle EF. Daily Step Count and Postprandial Fat 
Metabolism. Med Sci Sports Exerc. 2021 Feb 1;53(2):333-340. doi: 
10.1249/MSS.0000000000002486. 

21. Chiang TL, Chen C, Hsu CH, Lin YC, Wu HJ. Is the goal of 12,000 
steps per day sufficient for improving body composition and metabolic 
syndrome? The necessity of combining exercise intensity: a randomized 
controlled trial. BMC Public Health. 2019 Sep 3;19(1):1215. doi: 
10.1186/s12889-019-7554-y. 

22. Hernández-Reyes A, Cámara-Martos F, Molina-Luque R, Moreno-
Rojas R. Effect of an mHealth Intervention Using a Pedometer App With 
Full In-Person Counseling on Body Composition of Overweight Adults: 
Randomized Controlled Weight Loss Trial. JMIR Mhealth Uhealth 
2020;8(5):e16999. doi: 10.2196/16999

23. Hopstock LA, Deraas TS, Henriksen A, Martiny-Huenger T, 
Grimsgaard S. Changes in adiposity, physical activity, cardiometabolic 
risk factors, diet, physical capacity and well-being in inactive women and 
men aged 57-74 years with obesity and cardiovascular risk - A 6-month 
complex lifestyle intervention with 6-month follow-up. PLoS One. 2021 
Aug 25;16(8):e0256631. doi: 10.1371/journal.pone.0256631. 

24. Pillay JD, Kolbe-Alexander TL, van Mechelen W, Lambert EV. Steps 
that count: the association between the number and intensity of steps 
accumulated and fitness and health measures. J Phys Act Health. 
2014 Jan;11(1):10-7. doi: 10.1123/jpah.2011-0288. 

25. Rogers EM, Banks NF, Jenkins NDM. Acute effects of daily 
step count on postprandial metabolism and resting fat oxidation: 
a randomized controlled trial. J Appl Physiol (1985). 2023 Oct 
1;135(4):812-822. doi: 10.1152/japplphysiol.00052.2023. 

26. Santoso B,  Irfannuddin I, Swanny S, Kesuma DG. The effect of 
physical activity motivation to daily step count and VO 2 max. Journal 
of Physics: Conference Series 2019. 1246. 012054. 10.1088/1742-
6596/1246/1/012054.

27. Suboc TB, Strath SJ, Dharmashankar K, Coulliard A, Miller N, Wang 
J, et al. Relative importance of step count, intensity, and duration on 
physical activity’s impact on vascular structure and function in previously 
sedentary older adults. J Am Heart Assoc. 2014;3(1):e000702. doi: 
10.1161/JAHA.113.000702

28. Yoshimura E, Tajiri E, Michiwaki R, Matsumoto N, Hatamoto Y, Tanaka 
S. Long-term Effects of the Use of a Step Count-Specific Smartphone 
App on Physical Activity and Weight Loss: Randomized Controlled 
Clinical Trial. JMIR Mhealth Uhealth. 2022 Oct 24;10(10):e35628. doi: 
10.2196/35628. 

29. Zisko N, Stensvold D, Hordnes-Slagsvold K, Rognmo Ø, 
Nauman J, Wisløff U, et al. Effect of Change in VO2max on Daily Total 
Energy Expenditure in a Cohort of Norwegian Men: A Randomized 
Pilot Study. Open Cardiovasc Med J. 2015 Apr 30; 9:50-7. doi: 
10.2174/1874192401509010050. 

30. Cao ZB, Miyatake N, Higuchi M, Ishikawa-Takata K, Miyachi M, 
Tabata I. Prediction of VO2max with daily step counts for Japanese 
adult women. Eur J Appl Physiol. 2009 Jan;105(2):289-96. doi: 
10.1007/s00421-008-0902-8. 

31. Lubans DR, Morgan PJ, Callister R, Collins CE. The relationship 
between pedometer step counts and estimated VO2Max as determined 
by a submaximal fitness test in adolescents. Pediatr Exerc Sci. 2008 
Aug;20(3):273-84. doi: 10.1123/pes.20.3.273. 

32. Ashur C, Cascino TM, Lewis C, Townsend W, Sen A, Pekmezi D, 
et al. Do Wearable Activity Trackers Increase Physical Activity Among 
Cardiac Rehabilitation Participants? A SYSTEMATIC REVIEW AND 
META-ANALYSIS. J Cardiopulm Rehabil Prev. 2021 Jul 1;41(4):249-
256. doi: 10.1097/HCR.0000000000000592. 

33. Franssen WMA, Franssen GHLM, Spaas J, Solmi F, Eijnde BO. 
Can consumer wearable activity tracker-based interventions improve 
physical activity and cardiometabolic health in patients with chronic 
diseases? A systematic review and meta-analysis of randomised 
controlled trials. Int J Behav Nutr Phys Act. 2020 May 11;17(1):57. doi: 
10.1186/s12966-020-00955-2. 

34. Paluch AE, Bajpai S, Bassett DR, Carnethon MR, Ekelund U, 
Evenson KR, et al. Daily steps and all-cause mortality: a meta-
analysis of 15 international cohorts. Lancet Public Health. 2022 
Mar;7(3):e219-e228. doi: 10.1016/S2468-2667(21)00302-9. 

35. Sheng M, Yang J, Bao M, Chen T, Cai R, Zhang N, et al. The 
relationships between step count and all-cause mortality and 
cardiovascular events: A dose-response meta-analysis. J Sport Health 
Sci. 2021 Dec;10(6):620-628. doi: 10.1016/j.jshs.2021.09.004. 

36. Ferguson T, Olds T, Curtis R, Blake H, Crozier AJ, Dankiw K, et al. 
Effectiveness of wearable activity trackers to increase physical activity 
and improve health: a systematic review of systematic reviews and 
meta-analyses. Lancet Digit Health. 2022 Aug;4(8):e615-e626. doi: 
10.1016/S2589-7500(22)00111-X. 

37. Chaudhry UAR, Wahlich C, Fortescue R, Cook DG, Knightly R, 
Harris T. The effects of step-count monitoring interventions on physical 
activity: systematic review and meta-analysis of community-based 
randomised controlled trials in adults. Int J Behav Nutr Phys Act. 2020 
Oct 9;17(1):129. doi: 10.1186/s12966-020-01020-8. 

38. Richardson CR, Newton TL, Abraham JJ, Sen A, Jimbo M, Swartz 
AM. A meta-analysis of pedometer-based walking interventions and 
weight loss. Ann Fam Med. 2008;6(1):69–77. doi: 10.1370/afm.761.

39. Kang M, Marshall SJ, Barreira TV, Lee JO. Effect of pedometer-
based physical activity interventions: a meta-analysis. Res Q Exerc 
Sport. 2009 Sep;80(3):648-55. doi: 10.1080/02701367.2009.10
599604. 




