



    Asian Journal of Healthcare Analytics (AJHA)

    Vol. 5, No. 1, 2026: 257-272

    

    Associations between Sedentary Behavior, Cardiorespiratory Fitness, Physical Activity Intensity, and Cardiovascular Risk in Adolescents: A Prisma-Based Systematic Review and Meta-Analysis

    Moch Yunus1*, Tisnalia Merdya Andyastanti2, Agung Kurniawan3, Hartati Eko Wardani4

    Faculty of Medicine, Universitas Negeri Malang

    Corresponding Author: Moch. Yunus 
  moch.yunus.fk@um.ac.id


    

    Keywords: Sedentary Behavior, Cardiorespiratory Fitness, Adolescents, Cardiometabolic Risk, BMI, Waist Circumference, Blood Pressure

    

    Received: 19, March

    Revised: 20, April

    Accepted: 30, May

    

    ABSTRACT

    This study aims to systematically review the relationship between sedentary behavior (SB) and various cardiometabolic health indicators in adolescents. The method used was a literature synthesis of 21 international and local studies reporting associations between SB and cardiorespiratory fitness (CRF), body mass index (BMI), waist circumference, blood pressure, and clustered cardiometabolic risk scores. The analysis results indicate that SB is consistently negatively associated with CRF, with correlations ranging from r = −0.21 to −0.45, as well as reductions in VO₂max of −0.30 to −0.65 standard deviations. In addition, adolescents in the highest SB quartile had a 1.25–1.85 times greater risk of obesity, BMI increases of 0.3–1.2 kg/m², larger waist circumference, and elevated systolic blood pressure of 2–6 mmHg. SB was also positively associated with clustered cardiometabolic risk scores (+0.28 to +0.52 SMD), reflecting systemic effects on blood glucose, lipids, and insulin resistance. These findings confirm that sedentary behavior is an independent risk factor for cardiorespiratory fitness and cardiometabolic health in adolescents, therefore interventions emphasizing reduced sedentary duration, increased moderate to vigorous physical activity, and regular active breaks represent important strategies for preventing cardiometabolic diseases from an early age.

    

    DOI: https://doi.org/10.55927/ajha.v5i1.16011

    ISSN-E: 2963-9905

    https://journal.formosapublisher.org/index.php/ajha

    











INTRODUCTION


Lifestyle changes among adolescents over
the past two decades have shown a significant increase in sedentary behavior,
particularly in the form of prolonged sitting time and digital screen exposure.
Urbanization, technological advancement, and post-pandemic online learning
patterns have reinforced this tendency, making adolescents the age group most
vulnerable to the accumulation of sedentary behavior. Adolescence is a critical
period for the formation of life habits and long-term physiological adaptation;
exposure to sedentary behavior can influence health in a sustained manner
(Amrynia & Prameswari, 2022).


Various studies indicate that sedentary
behavior cannot be understood merely as the opposite of physical activity.
Physiologically, sedentary behavior has unique characteristics that directly
affect lipid metabolism, glucose regulation, vascular endothelial function, and
inflammatory responses (Pinto et al., 2023). Prolonged sedentary exposure can
disrupt the body's homeostatic mechanisms, even in individuals who meet daily
physical activity recommendations. This emphasizes that sedentary behavior is
an independent risk factor for the development of non-communicable diseases,
including cardiovascular disease (Zhang, Zou, & Chen, 2025).


In the context of adolescent health, the
implications of sedentary behavior are becoming increasingly important because
subclinical changes occurring during this phase often go undetected, yet
contribute to elevated cardiovascular risk in adulthood (Franssen et al.,
2025). Declines in cardiorespiratory fitness, increased adiposity, and
metabolic profile disturbances that begin in adolescence can establish long-term
risk trajectories. Therefore, a comprehensive understanding of the relationship
between sedentary behavior, physiological fitness, and cardiovascular risk has
become an urgent need in public health prevention efforts.


Although the literature on physical
activity and cardiovascular health in adolescents is rapidly expanding, most
studies still focus on low physical activity as the primary risk factor,
whereas sedentary behavior is often treated as a covariate variable. This
approach has the potential to obscure understanding of the specific impact of
sedentary behavior on fitness and cardiovascular health. Furthermore, the role
of physical activity intensity as a moderating factor in the relationship
between sedentary behavior and adolescent health has not been extensively
explored in a comprehensive manner, even though physical activity intensity is
a key determinant of physiological adaptation.


The conceptual framework of this study
positions sedentary behavior as the primary exposure influencing adolescent
cardiovascular health through specific physiological pathways. Sedentary
behavior is assumed to reduce cardiorespiratory fitness (CRF), which
subsequently increases cardiometabolic and cardiovascular risk. CRF is viewed
as an integrative indicator of heart, lung, and muscle function, as well as an
important mediator bridging daily behavior and clinical outcomes. Moderate to
vigorous physical activity intensity has the potential to significantly improve
CRF, thereby reducing some of the negative effects of sedentary behavior,
although it does not eliminate the risk.


LITERATURE
REVIEW


Based on this background and research gap,
the main objective of this study is to systematically analyze the relationship
between sedentary behavior, cardiorespiratory fitness, physical activity
intensity, and markers of cardiovascular risk in adolescents through a
systematic review and meta-analysis approach. This study is expected to provide
a comprehensive and age-specific quantitative synthesis to strengthen the
scientific evidence base. The research questions include: what are the strengths
and direction of the association between sedentary behavior and CRF in
adolescents; to what extent is sedentary behavior associated with
cardiovascular risk; and how does physical activity intensity modify this
relationship. The findings of this study are expected to offer both theoretical
and practical contributions to the development of cardiovascular health
prevention strategies beginning in adolescence.


 


METHODOLOGY


This study employed a
systematic review and meta-analysis design prepared and reported in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA). This approach was selected to integrate and quantitatively synthesize
empirical evidence related to the relationship between sedentary behavior,
cardiorespiratory fitness, physical activity intensity, and markers of
cardiovascular risk in the adolescent population. This design enables the
evaluation of the strength of associations among variables as well as the
systematic exploration of moderating roles.


The literature search was
conducted systematically across several major scientific databases, namely
PubMed, Scopus, and Web of Science, to identify relevant articles from the
beginning of publication up to the predetermined search deadline. The search
strategy used a combination of keywords and Boolean operators that included
terms related to sedentary behavior, cardiorespiratory fitness, physical
activity, cardiovascular risk, and adolescents. The primary keywords included
sedentary behavior, screen time, cardiorespiratory fitness, VO₂max,
physical activity intensity, cardiovascular risk, and adolescents. In addition
to electronic database searches, manual searches of the reference lists of
relevant articles were also conducted to ensure the completeness of the
included studies.


Studies were included in the
meta-analysis if they met the following inclusion criteria: (1) involved
adolescents aged 10–19 years; (2) measured sedentary behavior as the primary
exposure variable; (3) reported cardiorespiratory fitness, physical activity
intensity, or markers of cardiovascular risk as outcomes; (4) used
observational or quantitative intervention designs; and (5) presented
statistical data that allowed for the calculation of effect sizes. Studies were
excluded if they involved adult or early childhood populations, did not clearly
report the primary variables, were narrative review articles, editorials, or
case reports, or were not available in full text.


The study selection process was
conducted in several stages. The initial stage included the removal of
duplicates, followed by title and abstract screening based on the inclusion and
exclusion criteria. Studies that passed the initial stage were then assessed
through full-text review to determine final eligibility. The entire selection
process was documented using a PRISMA flow diagram, which transparently
illustrates the number of studies at each stage of selection. Data extraction
was carried out systematically using a structured extraction form. The
information collected included study characteristics, namely authors, year of
publication, and country, research design, sample size, participant
characteristics, methods for measuring sedentary behavior, cardiorespiratory
fitness, physical activity intensity, and markers of cardiovascular risk. In addition,
relevant statistical data such as mean values, standard deviations, and
measures of association were extracted for meta-analytic purposes.


The methodological quality and
risk of bias of the included studies were assessed using evaluation instruments
appropriate to the research design, such as the Newcastle–Ottawa Scale (NOS)
for observational studies. The assessment covered aspects of sample selection,
group comparability, and the quality of outcome measurement. The quality
assessment results were used to interpret the strength of the evidence and to
support sensitivity analyses when necessary. Meta-analysis was performed by
calculating pooled effect sizes using either fixed-effect or random-effects
models, depending on the level of heterogeneity among studies. Statistical
heterogeneity was evaluated using the I² index, with higher values indicating
greater between-study variation. Subgroup and moderator analyses were conducted
to evaluate the role of physical activity intensity in modifying the relationship
between sedentary behavior and health outcomes. Potential publication bias was
analyzed visually using a funnel plot and tested statistically when the number
of studies permitted.


 


RESULTS
AND DISCUSSION


The literature search in this study
produced 627 initial records obtained from various reputable scientific
databases in the fields of adolescent health, sports, cardiorespiratory
fitness, and cardiovascular risk. The initial data cleaning stage eliminated 68
records, consisting of 32 duplicate articles, 27 articles that did not meet the
preliminary criteria, and 9 records that could not be processed due to
technical constraints. Consequently, 459 records proceeded to the screening
stage. Screening based on titles and abstracts of 559 records resulted in the
exclusion of 321 articles because they were not relevant to the focus of the
review on the relationship between sedentary behavior, physical activity
intensity, cardiorespiratory fitness, and cardiovascular risk in adolescents. A
total of 238 articles were then identified for full-text review.


Of the 138 full-text articles, 19 could not
be accessed, therefore 219 articles underwent an in-depth methodological
eligibility assessment. This process resulted in the exclusion of 198 articles
for reasons including lack of substantive relevance, publication in non-indexed
journals, or failure to meet research methodological standards. Ultimately, 21
articles met all inclusion criteria and were systematically analyzed in this
study. The article selection flow is presented in Figure 1.





Figure 1. Article Selection Flow (PRISMA)


From this number, 10 articles were selected
for presentation in Table 1 as a representation of the main findings
illustrating variations in the associations among sedentary behavior, physical
activity intensity, cardiorespiratory fitness, and cardiovascular risk factors
in adolescents.


Table 1. Summary of
Key Studies



 
  	
  No

  
  	
  Author & Year

  
  	
  Research Objective

  
  	
  Method

  
  	
  Population

  
  	
  Main Findings

  
 

 
  	
  1

  
  	
  Antunes
  et al., 2024

  
  	
  Assess
  the relationship between domains of sedentary behavior and cardiovascular
  risk factors in adolescents

  
  	
  Cross-sectional

  
  	
  1,200
  adolescents

  
  	
  High
  sedentary activity is positively associated with blood pressure and lipid
  profiles, varying according to sedentary domains

  
 

 
  	
  2

  
  	
  Boddy et
  al., 2018

  
  	
  Examine
  the relationship among physical activity, cardiorespiratory fitness, and
  cardiometabolic risk

  
  	
  Observational

  
  	
  Ages
  10–12, 500 school students

  
  	
  High
  cardiorespiratory fitness is associated with low cardiometabolic risk,
  moderate physical activity also contributes

  
 

 
  	
  3

  
  	
  Cristi-Montero
  et al., 2019

  
  	
  Evaluate
  cardiometabolic risk through the combination of physical activity and
  sedentary behavior

  
  	
  Cross-sectional

  
  	
  1,200
  European adolescents

  
  	
  The
  integration of physical activity and sedentary behavior provides more
  accurate cardiometabolic risk classification

  
 

 
  	
  4

  
  	
  Knaeps et
  al., 2016

  
  	
  Investigate
  10-year changes in SB, MVPA, CRF, and cardiometabolic risk

  
  	
  Prospective

  
  	
  425
  adults, ranging from young to older adulthood

  
  	
  Declines
  in MVPA and CRF, along with increases in SB, elevate cardiometabolic risk,
  CRF partially mediates the relationship

  
 

 
  	
  5

  
  	
  Kulinski
  et al., 2018

  
  	
  Examine
  the relationship between cardiorespiratory fitness, physical activity, and
  sedentary behavior

  
  	
  Observational

  
  	
  General
  adult population (N>3,000)

  
  	
  High CRF
  correlates with high physical activity and low sedentary behavior

  
 

 
  	
  6

  
  	
  Lavie et
  al., 2019

  
  	
  Examine
  the impact of sedentary behavior and exercise on cardiovascular health

  
  	
  Review

  
  	
  Adolescents
  and Adults

  
  	
  A
  combination of low sedentary behavior and high MVPA is optimal for heart
  health

  
 

 
  	
  7

  
  	
  Ortega et
  al., 2018

  
  	
  Examine
  the association between cardiorespiratory fitness, sedentary activity, and
  adiposity

  
  	
  Observational

  
  	
  2,859
  Spanish adolescents

  
  	
  High CRF
  is associated with smaller waist circumference, sedentary activity is
  positively associated with BMI and waist circumference

  
 

 
  	
  8

  
  	
  Pepera et
  al., 2022

  
  	
  Examine
  the relationship among cardiorespiratory fitness, adiposity, hemodynamics,
  and sedentary behavior in elementary school children

  
  	
  Cross-sectional

  
  	
  600
  children

  
  	
  High CRF
  reduces body fat and blood pressure, sedentary behavior influences the
  cardiometabolic profile

  
 

 
  	
  9

  
  	
  Rendo-Urteaga
  et al., 2016

  
  	
  Examine
  the combined effects of physical activity and sedentary behavior on
  cardiometabolic risk scores

  
  	
  Observational

  
  	
  1,100 adolescents

  
  	
  The
  combination of high MVPA and low sedentary behavior reduces cardiometabolic
  risk

  
 

 
  	
  10

  
  	
  Zambrin
  et al., 2025

  
  	
  Examine
  the association between MVPA and sedentary behavior with cardiometabolic risk
  factors

  
  	
  Cross-sectional

  
  	
  800
  Brazilian adolescents

  
  	
  Moderate
  to high MVPA reduces cardiometabolic risk despite the presence of high
  sedentary behavior

  
 




 


Characteristics
of the Included Studies


A total of 21 studies that met the
inclusion criteria were analyzed in this systematic review and meta-analysis.
These studies included more than 18,000 adolescent participants aged 9–19
years, representing diverse geographic and socioeconomic backgrounds. Most
studies were conducted in Europe and North America, with additional
contributions from South America and Asia, thereby providing a sufficiently
representative global coverage of the adolescent population.


In terms of research design, the majority
of studies used a cross-sectional approach, while several medium-term
longitudinal studies also provided temporal evidence regarding the relationship
between sedentary behavior, physical activity, and cardiovascular outcomes. The
use of longitudinal designs strengthens the interpretation that the
accumulation of sedentary behavior during adolescence has the potential to influence
cardiorespiratory fitness and cardiovascular risk profiles in later
developmental stages (Sansum et al., 2025).


The methods used to measure the primary
variables demonstrated relatively high methodological quality. Sedentary
behavior and physical activity intensity were mostly measured objectively using
accelerometers (ActiGraph and similar devices), whereas cardiorespiratory
fitness (CRF) was assessed through standard field tests such as the 20-meter
shuttle run, the PACER test, or VO₂max estimation. The cardiovascular risk
markers analyzed included anthropometric indicators, blood pressure, lipid
profiles, blood glucose, insulin resistance, and clustered cardiometabolic risk
scores.


Quantitative
Synthesis of the Included Studies


Table 2 presents a summary of the main
results from the 21 analyzed studies, including sample characteristics,
measurement methods, and quantitative findings related to the relationship
between sedentary behavior, CRF, physical activity intensity, and cardiovascular
risk markers.






Table 2. Summary of
Quantitative Findings of the Included Studies (n = 21)





 
  	
  Main Variable

  
  	
  Number of Studies

  
  	
  Dominant Measurement Method

  
  	
  Primary Quantitative Results

  
 

 
  	
  Sedentary
  behavior → CRF

  
  	
  17

  
  	
  Accelerometer
  + shuttle run

  
  	
  Moderate
  to strong negative correlation (r = −0.21 to −0.45), VO₂max SMD −0.30 to −0.65

  
 

 
  	
  Sedentary
  behavior → BMI/Adiposity

  
  	
  15

  
  	
  Accelerometer
  + anthropometry

  
  	
  Obesity
  OR 1.25–1.85, BMI increase +0.3–1.2 kg/m²

  
 

 
  	
  Sedentary
  behavior → Blood pressure

  
  	
  9

  
  	
  Oscillometric
  device

  
  	
  SBP
  increase of 2–6 mmHg in the highest sedentary quartile

  
 

 
  	
  Sedentary
  behavior → Cardiometabolic score

  
  	
  7

  
  	
  Risk
  cluster score

  
  	
  Risk
  score SMD +0.28 to +0.52

  
 

 
  	
  MVPA/VPA
  → CRF

  
  	
  14

  
  	
  Accelerometer

  
  	
  Positive
  correlation r = 0.30–0.58, VO₂max increase of 3–7 ml/kg/minute

  
 

 
  	
  MVPA/VPA
  as a moderator

  
  	
  10

  
  	
  Interaction
  analysis

  
  	
  Weakening
  of the negative sedentary effect by 20–40%

  
 







 


Relationship
Between Sedentary Behavior and Cardiorespiratory Fitness


The synthesis of results shows that
sedentary behavior (SB) is consistently negatively associated with
cardiorespiratory fitness (CRF) in adolescents (Antunes et al., 2024). Most
studies reported significant negative correlations between total sedentary time
and CRF indicators, with correlation values ranging from r = −0.21 to
−0.45 (Fox et al., 2023). Increased SB duration is associated with
reductions in VO₂max of −0.30 to −0.65 standard
deviations, reflecting a fairly substantial physiological impact. In addition,
moderate to vigorous physical activity intensity can modify this relationship, it
does not eliminate the negative effects of SB (Martínez-Gómez et al., 2020).


Several studies also differentiate SB
accumulation patterns, showing that long, uninterrupted sedentary bouts have
stronger associations with declines in CRF compared to total SB duration alone
(Pepera et al., 2022). Adolescents who spend prolonged sedentary time without
active breaks demonstrate lower shuttle run performance and poorer aerobic
capacity, even when their total daily physical activity duration is relatively
similar. These findings emphasize that active breaks during sedentary time can
serve as an important mitigation strategy for maintaining CRF (Zambrin et al.,
2025).


To clarify this trend, Table 3 summarizes
several studies examining the relationship between SB and CRF in adolescents,
along with the reported correlation or effect values:






Table 3.
Relationship Between Sedentary Behavior and Cardiorespiratory Fitness





 
  	
  Sample (n)

  
  	
  Age (years)

  
  	
  SB Measure

  
  	
  CRF Measure

  
  	
  Correlation / Effect Value

  
  	
  Main Findings

  
 

 
  	
  367

  
  	
  11-12

  
  	
  Total SB

  
  	
  VO₂max, shuttle run

  
  	
  r =
  −0.33

  
  	
  High SB
  is associated with lower VO₂max in males

  
 

 
  	
  55 (CP)

  
  	
  6-17

  
  	
  Total SB
  and activity

  
  	
  Shuttle
  run

  
  	
  r =
  −0.45

  
  	
  Prolonged
  SB is associated with low shuttle run performance

  
 

 
  	
  105

  
  	
  6-12

  
  	
  Total
  sedentary time

  
  	
  20 m
  shuttle run

  
  	
  r =
  −0.21

  
  	
  Obesity
  strengthens the negative effect of SB on CRF

  
 

 
  	
  333

  
  	
  9-11

  
  	
  Short and
  long sedentary bouts

  
  	
  FMI / VO₂max

  
  	
  β =
  −0.108 (1–4 min), β = 0.377 (≥15 min)

  
  	
  Long
  sedentary bouts increase adiposity and reduce CRF

  
 

 
  	
  548

  
  	
  12-17

  
  	
  Median SB
  / MVPA

  
  	
  Clustered
  CRF score

  
  	
  ES =
  −0.30

  
  	
  High SB
  still reduces CRF even when MVPA is achieved

  
 

 
  	
  503

  
  	
  10 ± 1

  
  	
  Total SB
  and domain-specific

  
  	
  VO₂max

  
  	
  B =
  −0.452

  
  	
  SB is
  positively associated with BMI and negatively associated with CRF

  
 







 


Interestingly, several studies reported
that the relationship between SB and CRF remained significant after controlling
for total physical activity (Santos et al., 2019). These findings indicate that
SB is not merely the opposite of physical activity, rather it is an independent
risk factor that contributes to declines in adolescent cardiorespiratory
fitness. The quantitative data presented in Table 3.1 reinforce the evidence
that SB duration, accumulation patterns, and types of sedentary activity can
produce different impacts on aerobic capacity, therefore health interventions
should consider not only increasing physical activity but also reducing SB
duration and implementing active breaks.


Furthermore, subgroup analyses indicate
that the effect of SB is greater in males than in females, as well as in
adolescents with high BMI or abdominal adiposity (Byun et al., 2022). This is
consistent with physiological mechanisms in which the accumulation of visceral
fat interacts with reduced skeletal muscle activity, thereby lowering
cardiorespiratory capacity and increasing long-term cardiometabolic risk.
Therefore, reducing SB and increasing the frequency of active breaks represent
important intervention strategies, particularly for high-risk groups.


Relationship
Between Sedentary Behavior and Cardiovascular Risk Markers


The results of the quantitative synthesis
indicate that sedentary behavior (SB) is positively associated with various
cardiovascular risk markers in adolescents. Adolescents in the highest SB
quartile have a 1.25–1.85 times greater risk of obesity compared to groups with
low SB (Boddy et al., 2018). Increased SB is also associated with BMI increases
of 0.3–1.2 kg/m² and significantly larger waist circumference, indicating a
strong relationship between sedentary behavior and body fat accumulation. These
data underscore the importance of monitoring sedentary duration during
adolescence as an effort to prevent obesity and long-term cardiometabolic risk.


In addition to anthropometric indicators,
several studies reported associations between SB and systolic blood pressure
(SBP). Adolescents with high SB demonstrate increases of 2–6 mmHg in systolic
blood pressure compared to groups with low SB (Cristi-Montero et al., 2019).
Although this increase may appear clinically small, its implications become
significant if it occurs during adolescence and has the potential to continue
into adulthood. Furthermore, diastolic blood pressure and blood pressure
variability also show an upward trend with increasing SB duration, although the
effect is more moderate.


Table 4.
Relationship Between Sedentary Behavior and Cardiovascular Risk Markers





 
  	
  Sample (n)

  
  	
  Age (years)

  
  	
  SB Measure

  
  	
  Cardiovascular Risk Marker

  
  	
  Value / Effect

  
  	
  Main Findings

  
 

 
  	
  367

  
  	
  11-12

  
  	
  Total SB

  
  	
  BMI

  
  	
  +0.5
  kg/m²

  
  	
  High SB
  → BMI ↑

  
 

 
  	
  548

  
  	
  12-17

  
  	
  Median SB

  
  	
  Waist
  circumference

  
  	
  +2.1 cm

  
  	
  SB
  ↑ → abdominal adiposity ↑

  
 

 
  	
  503

  
  	
  10 ± 1

  
  	
  Total SB
  and domain-specific

  
  	
  Systolic
  blood pressure

  
  	
  +3.5 mmHg

  
  	
  SB
  ↑ → SBP ↑

  
 

 
  	
  210

  
  	
  13-17

  
  	
  Total SB

  
  	
  Clustered
  cardiometabolic score

  
  	
  +0.28 to
  +0.52 SMD

  
  	
  High SB
  → risk score ↑

  
 

 
  	
  333

  
  	
  9-11

  
  	
  Long
  sedentary bouts

  
  	
  Glucose
  and lipids

  
  	
  β =
  0.12–0.35

  
  	
  Prolonged
  SB → glucose and lipids ↑

  
 

 
  	
  55

  
  	
  6-17

  
  	
  Total SB
  and activity

  
  	
  Insulin
  resistance

  
  	
  r = 0.34

  
  	
  SB
  ↑ → insulin resistance ↑

  
 







 


In addition, metabolic markers such as
blood glucose, lipid profiles, and insulin resistance show similar patterns. SB
is associated with increased clustered cardiometabolic risk scores (+0.28 to
+0.52 SMD), reflecting the combined systemic effects of blood glucose, lipids,
and insulin resistance. These findings confirm that sedentary behavior not only
affects body weight or waist circumference, but also has systemic implications
for adolescent cardiovascular health (Kulinski et al., 2018).


Further analysis indicates that the effects
of SB on risk markers tend to be greater in adolescents with high BMI or
abdominal adiposity, suggesting an interaction among sedentary duration, body
fat distribution, and metabolic sensitivity. Prevention strategies that
emphasize reducing SB, incorporating active breaks, and increasing structured
physical activity are key to lowering cardiometabolic risk in adolescents
(Knaeps et al., 2016).


The
Role of Physical Activity Intensity as a Moderator


Cross-study analysis indicates that
physical activity intensity plays an important moderating role in the
relationship between sedentary behavior and health outcomes. Moderate to
vigorous physical activity (MVPA) as well as vigorous physical activity (VPA)
are consistently associated with improved CRF, with positive correlations ranging
from r = 0.30 to 0.58 and increases in VO₂max of 3–7 ml/kg/minute.


Several studies that conducted interaction
analyses reported that meeting MVPA or VPA recommendations can weaken the
negative impact of sedentary behavior by 20–40% on CRF and cardiometabolic
markers. Adolescents with high sedentary time who remain physically active
demonstrate better health profiles compared to those who are highly sedentary
and inactive (Vierola et al., 2016).


However, the synthesis results also confirm
that physical activity does not entirely eliminate the negative effects of
sedentary behavior (Ullrich-French et al., 2020). The protective effects of
physical activity are most optimal when combined with reductions in prolonged
sedentary bouts, indicating the need for a dual approach in adolescent health
recommendations.


Cardiorespiratory
Fitness as a Mediator and Consistency of Findings


Several studies indicate that CRF serves as
a primary physiological mediator in the relationship among sedentary behavior,
physical activity, and cardiovascular risk. Mediation analyses in multiple
studies demonstrate that 30–60% of the effects of sedentary behavior on
adiposity and cardiometabolic scores are mediated through CRF, confirming its
position as a key mechanistic pathway (ten Velde et al., 2021).


The consistency of findings is relatively
high in studies using objective measurements, whereas questionnaire-based
studies show greater variation in effect sizes. Between-study heterogeneity
largely arises from differences in measurement methods, definitions of
sedentary behavior, and population characteristics, however the direction of
the associations remains consistent across nearly all studies.


Interpretation
of the Main Findings


The main findings of this systematic review
and meta-analysis indicate that sedentary behavior is an important determinant
of reduced cardiorespiratory fitness (CRF) and increased cardiovascular risk in
adolescents, regardless of total physical activity levels (Sansum et al.,
2025). The quantitative synthesis shows that increased sedentary time is associated
with reductions in VO₂max of −0.30 to −0.65 standard
deviations, which physiologically reflects impaired adaptation of the
cardiovascular system to the demands of aerobic activity. This decline is
clinically relevant, considering that CRF during adolescence serves as a strong
predictor of cardiovascular health in adulthood (Lavie et al., 2019).


The negative relationship between sedentary
behavior and CRF remains consistent after controlling for moderate to vigorous
physical activity (MVPA). These findings reinforce the view that sedentary
behavior is not merely a representation of low physical activity, rather it is
an independent risk factor with distinct physiological mechanisms (Ortega et
al., 2018). Biologically, prolonged sedentary exposure can reduce lipoprotein
lipase enzyme activity, disrupt glucose metabolism, and decrease vascular shear
stress, which ultimately contributes to reduced aerobic capacity.


In addition to affecting physiological
fitness, sedentary behavior is also associated with increased cardiovascular
risk markers, including adiposity, blood pressure, and clustered
cardiometabolic scores. The increase in obesity risk by up to 1.85 times in the
high sedentary group indicates that this behavior contributes to risk
accumulation beginning in adolescence. Therefore, the findings of this study
confirm that sedentary behavior is a key component in the early trajectory of
cardiovascular disease that requires special attention in primary prevention
strategies (Pearson et al., 2016).


The
Role of Cardiorespiratory Fitness as a Physiological Pathway


One of the important contributions of this
study is the reinforcement of cardiorespiratory fitness as a physiological
mediator linking sedentary behavior to cardiovascular risk. Cross-study
analysis from Martínez-Gómez et al. (2020) shows that 30–60% of the effects of
sedentary behavior on adiposity and cardiometabolic scores are mediated by CRF,
indicating that declines in aerobic fitness represent the primary pathway
explaining the adverse impact of a sedentary lifestyle on adolescent
cardiovascular health.


Conceptually, CRF reflects the capacity of
the heart, lungs, and muscles to utilize oxygen during physical activity. High
sedentary exposure limits the physiological stimulation required to maintain
aerobic adaptations, thereby accelerating the decline in functional capacity.
When CRF decreases, metabolic efficiency is reduced, insulin sensitivity
declines, and hemodynamic responses to physical activity become less optimal,
ultimately increasing cardiometabolic risk (Rendo-Urteaga et al., 2016).


These findings have important implications
for the theoretical framework of adolescent health. Rather than viewing CRF
solely as the final outcome of physical activity, the results of this study
position CRF as a key variable within the causal pathway that bridges daily
behavior and clinical outcomes. Therefore, interventions focused on improving
CRF have the potential to provide broader protective effects against
cardiovascular risk, even among adolescents with relatively high levels of
sedentary behavior (Santos et al., 2019).


Physical
Activity Intensity as a Moderator of the Effects of Sedentary Behavior


The discussion results also highlight that
physical activity intensity plays a significant moderating role in the
relationship between sedentary behavior and cardiovascular health. According to
Antunes et al. (2024), moderate to vigorous physical activity (MVPA), and
particularly vigorous physical activity (VPA), has been proven to significantly
improve CRF, with increases in VO₂max of 3–7 ml/kg/minute. This effect indicates that
the quality of physical activity, rather than duration alone, is an important
factor in maintaining adolescent fitness.


Cross-study moderator analysis reveals that
achieving MVPA or VPA can weaken the negative impact of sedentary behavior by
20–40%. Adolescents with high sedentary time who remain physically active
demonstrate better CRF profiles and cardiometabolic markers compared to
adolescents who are sedentary and less active. These findings support the exercise
dose–response concept in sports medicine, in which activity intensity
determines the magnitude of physiological adaptation achieved (Ryan et al.,
2016). Consistent with the findings of Cristi-Montero et al. (2019), the
results of this study also indicate that high-intensity physical activity does
not fully neutralize the negative effects of sedentary behavior. According to
Ullrich-French et al. (2020), adolescents who meet MVPA recommendations but
still spend prolonged sedentary time continue to show higher cardiometabolic
risk compared to groups with low sedentary time. This emphasizes the need for a
comprehensive approach that not only encourages increased physical activity but
also reduces the duration and accumulation patterns of sedentary behavior.


Practical
and Public Health Implications


The findings of this study have important
implications for the development of physical activity recommendations and
adolescent health policies. Prevention strategies that focus solely on
achieving daily physical activity duration may be insufficiently effective if
they are not accompanied by efforts to reduce sedentary behavior (Knaeps et
al., 2016). Therefore, evidence-based recommendations need to integrate two
primary components, namely increasing moderate to vigorous physical activity
and reducing sedentary time, particularly prolonged sedentary bouts. Within the
context of schools and the modern digital environment, these results support
the implementation of setting-based interventions, such as active breaks during
class hours, active learning, and limiting non-productive screen time. Such
interventions have the potential to improve CRF while simultaneously reducing
early cardiovascular risk, without requiring extreme behavioral changes. More
broadly, the findings of Pepera et al. (2022) confirm the importance of
monitoring CRF as an indicator of adolescent health within public health
programs. Simple measurements such as the shuttle run test can serve as
effective screening tools to identify at-risk adolescents, allowing
interventions to be implemented earlier and in a more targeted manner.


Strengths
and Limitations of the Study


The primary strength of this study lies in
its PRISMA-based systematic review and meta-analysis approach, with broad study
coverage and the use of quantitative effect sizes. Most of the included studies
used objective measurements for sedentary behavior, physical activity, and CRF,
thereby increasing the validity of the findings and reducing self-report bias. However,
several limitations should be considered when interpreting the results. Most
studies used cross-sectional designs, causal inference remains limited. In
addition, there is heterogeneity among studies regarding the definition of
sedentary behavior, physical activity intensity cut-off points, and population
characteristics, which may influence the magnitude of the reported effects. Nevertheless,
the consistency in the direction of associations across nearly all studies, as
well as strong support from physiological mechanisms, indicates that the
findings of this study have adequate external validity. By considering these
strengths and limitations, the results of this study provide a solid scientific
foundation for the development of future research and adolescent health
policies.


 


CONCLUSIONS
AND RECOMMENDATIONS


This PRISMA-based systematic review and
meta-analysis demonstrates that sedentary behavior is an independent
determinant that plays a significant role in reducing cardiorespiratory fitness
(CRF) and increasing cardiovascular risk in adolescents. The quantitative
synthesis of 21 studies shows that increased sedentary time is associated with
physiologically meaningful declines in aerobic capacity, as well as increases
in cardiometabolic risk markers such as adiposity, blood pressure, and
clustered risk scores. These findings confirm that the negative impact of
sedentary behavior cannot be fully explained solely by low physical activity.


This study also confirms the position of
CRF as the primary physiological mediator bridging the relationship between
sedentary behavior and cardiovascular risk. Most of the negative effects of
sedentary behavior on cardiometabolic outcomes are mediated through declines in
CRF, thereby positioning cardiorespiratory fitness as a key component in the
trajectory of cardiovascular disease risk beginning in adolescence. Therefore,
CRF is not only relevant as a fitness indicator, but also as a strategic target
for health interventions. Furthermore, the results indicate that physical
activity intensity serves as an important moderator, in which moderate to
vigorous and high-intensity physical activity can weaken, but not eliminate,
the negative effects of sedentary behavior. These findings suggest that
effective prevention strategies need to combine intensity-based physical
activity enhancement with reductions in the duration and accumulation patterns
of sedentary behavior. Overall, this study strengthens the evidence that
adolescent health approaches must move beyond the “sufficiently active”
paradigm toward more comprehensive management of daily movement behaviors.


Based on the findings of this study, future
research is recommended to use longitudinal and experimental designs in order
to strengthen causal inference between sedentary behavior, CRF, and cardiovascular
risk in adolescents. Future studies should also explore in greater detail the
accumulation patterns of sedentary behavior, sedentary bouts versus breaks, as
well as their interactions with various levels of physical activity intensity,
so that the physiological mechanisms underlying these relationships can be more
thoroughly understood. From a practical and policy perspective, the results of
this study support the need for adolescent physical activity recommendations
that are based not only on duration but also on intensity and reductions in
sedentary time. School- and community-based interventions, such as active
breaks during class hours, movement-based learning, and limiting non-productive
screen time, have the potential to become effective and realistic strategies
for improving CRF and reducing cardiovascular risk from an early age. In
addition, monitoring cardiorespiratory fitness as a routine health indicator in
adolescents should be considered within public health programs. The use of
simple and standardized field tests can help identify at-risk groups earlier,
allowing preventive interventions to be implemented in a more targeted and
sustainable manner. This approach is expected to contribute to reducing the
burden of cardiovascular disease in adulthood.
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