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Abstract

Physical inactivity (PI) is a well-established risk factor for the development of
several diseases and represents a major public health challenge in Europe. Beyond
this clinical impact, PI is associated with a significant economic burden, both in
direct and indirect healthcare (HC) costs. This study aims to evaluate the economic
burden of PI in Europe, with a particular focus on HC-related costs. A systematic
review was conducted by searching PubMed up to March 2025, following
PRISMA guidelines. Of the 319 studies initially identified, 17 met the inclusion
criteria. The methodologies were diverse, particularly in terms of physical activity
assessment, population characteristics, methodology, and the costs analyzed.
Overall, the studies indicate that PI is associated with a higher economic burden,
primarily impacting direct HC costs (only three studies addressing indirect costs).
In addition to costs, four studies evaluated the Disability-Adjusted Life Years
attributable to PI. Cardiovascular diseases and cancer were the most studied
conditions. Furthermore, several studies highlighted the beneficial economic
effects of interventions aimed at increasing physical activity. In conclusion, PI
imposes a significant economic burden on HC systems in Europe, reinforcing its
relevance as a public health priority. These findings emphasize the urgent need for
effective strategies and policies to promote physical activity and reduce its
socioeconomic impact.
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Introduction

hysical activity and regular exercise are associated with multiple benefits

for health, both at individual and population levels (World Health
Organization, 2020). An inverse dose-response association is documented
between cardiorespiratory fitness with all-cause, cardiovascular (CV) and
cancer mortality, which provides evidence for public health recommendations
to prevent major clinical events (Han et al., 2022). Data from de PURE study
showed that higher physical activity was associated with a lower risk of
cardiovascular disease (CVD) events and mortality in individuals from low to
high-income countries (Lear et al., 2017). In addition to the global positive
clinical impact of physical activity, these benefits are often more pronounced
among individuals with pre-existing risk factors compared to those with more
favorable profiles (Nyberg et al., 2025).

According to the World Health Organization (WHO), “adults aged 18-64
years should engage in at least 150 minutes of moderate-intensity physical
activity per week, or at least 75 minutes of vigorous-intensity physical activity,
or an equivalent combination of both. For additional health benefits, adults
should aim for 300 minutes of moderate-intensity physical activity per week, or
its equivalent. Muscle-strengthening activities should involve major muscle
groups on two or more days per week” (World Health Organization, 2020).
Nevertheless, a significant proportion of individuals worldwide do not meet
these recommended levels, with nearly one-third of both adolescents and adults
falling short. This trend has remained largely unchanged for decades (Guthold,
Stevens, Riley, & Bull, 2018; Guthold, Stevens, Riley, & Bull, 2020; Kohl et
al.,, 2012). According to the recently published RADICAL Study, which
investigated self-reported CV risk factors among individuals without known
CVD through a digital tool, 58.4% of participants were considered physically
inactive (Ferreira Santos et al., 2025).

Physical inactivity (PI) ranks as the fourth most significant risk factor for
mortality from all causes, contributing to approximately 6% of deaths globally.
In addition, it plays a key role in the onset and progression of various chronic
non-communicable diseases (NCDs), such as CVD, cancers, respiratory
illnesses, mental health issues and type 2 diabetes. Estimates suggest that PI
contributes to 6% of the global burden of coronary artery disease (CAD), 7%
of type 2 diabetes, 10% of breast cancer, and 10% of colon cancer. Additionally,
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in 2008 was responsible for 9% of global premature mortality, but eliminating
PI could increase life expectancy by an estimated 0.68 years (Lee et al., 2012).

Beyond the clinical impact, including high disability rates and premature
death, a substantial portion of the direct and indirect healthcare (HC) costs
associated with managing NCDs is attributed to PI (World Health Organization,
2021; Duijvestijn et al., 2023; World Health Organization, 2018a). However,
the association between PI and its impact on HC costs remains controversial,
partly due to the lack of robust data and methodological inconsistencies. These
include variations in definitions and measurements of physical activity, reliance
on self-reported information, the predominance of cross-sectional study
designs, differing approaches to cost estimation, and variation in reported
outcomes. Gaining a more precise understanding of the economic impact of PI
could support better resource planning and guide initiatives aimed at promoting
physical activity.

Furthermore, a more comprehensive understanding of the Pl-related
economic burden will be instrumental in informing the design of effective and
context-appropriate methodologies within HC systems. This is particularly
relevant for the identification and standardization of meaningful indicators and
outcomes to be systematically recorded. This is where Value-Based Healthcare
(VBHC), a model conceptualized by Porter, 2009 comes into play (Porter,
2009). VBHC emphasizes outcomes that matter most to patients, integrating
cost-effective interventions aimed at improving health while optimizing
resource use. In the context of PI, VBHC models can promote preventive care
as an investment purpose, focusing not only on reducing HC costs but also on
enhancing long-term patient outcomes.

By adopting VBHC, HC systems can shift the focus from merely treating
the effects of Pl-related diseases to preventing them through interventions that
increase physical activity and promote healthier lifestyles. This approach can
also generate a return on investment (ROI) within a positive outcome-based
model, achieving health gains at an appropriate cost. Interventions designed to
increase physical activity can be evaluated based on their ability to improve
clinical outcomes. These outcomes include reducing the incidence of CVD,
cancer, and type 2 diabetes. Such interventions should also demonstrate cost-
effectiveness by reducing both direct and indirect HC costs globally. In doing
so, they can support transformative changes in health systems. The integration
of digital health tools and personalized care models can be part of a VBHC
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approach to monitor physical activity and tailor interventions to individual
patient needs, ensuring that HC resources are used efficiently and effectively.

Ultimately, a comprehensive understanding of the economic burden
associated with PI, supported by VBHC principles, can enable HC systems to
allocate resources more strategically. This approach prioritizes prevention and
value-driven care as a policy model that recognizes prevention as a means of
reducing disease burden. It also aims to enhance the quality of interventions
within a system that rewards preventive strategies and allocates resources
according to the value they generate. This approach has the potential to enhance
patient outcomes while promoting a more efficient and financially sustainable
HC system, ensuring that interventions are both clinically effective and
economically sustainable.

This study aimed to evaluate the relationship between PI and HC-related
costs among the European adult population.

Methods

This systematic review was conducted and reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Page et al., 2021). The protocol was previously
registered in the PROSPERO database (ID: CRD420251039972).

Search Strategy

A comprehensive search was conducted in PubMed to identify studies
published between March 2000 and March 2025. The search strategy was
developed to capture all relevant literature and included keywords related to PI
and its socioeconomic impact, namely direct and indirect costs.

The MeSH terms were combined to build the search algorithm as follows:
("physical inactivity"[Title/Abstract] OR "sedentarism"[Title/Abstract]) AND
("costs"[ Title/Abstract] OR "socioeconomic impact"[Title/Abstract]).

Selection Criteria

Eligible studies evaluating the clinical and socioeconomic impact of PI,
specifically in areas such as preventive medicine, economics, epidemiology and
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public health, were included. Those studies aiming the evaluation of specific
and technical aspects about this issue were excluded.

The inclusion criteria comprised studies with adult human subjects,
performed in Europe and published in English. The studies’ designs included
were randomized controlled trials, research letters and observational studies,
while meta-analyses, systematic reviews, opinion papers, case reports, non-
peer-reviewed articles, and preprints were excluded.

A two-stage screening process was implemented to identify eligible studies.
In the first phase, two independent reviewers assessed titles and abstracts
according to predefined eligibility criteria. Articles deemed eligible or of
uncertain relevance proceeded to full-text screening. Finally, the reference lists
of selected studies were manually examined to identify the eligibility of further
relevant publications. Any disagreements during the selection process were
independently resolved by a third reviewer.

Data Extraction and Quality Assessment

In the selected studies, two authors extracted the information concerning the
following data: authors, year of publication; study design; sample dimension;
inclusion criteria; country; definition of PI; aims; methodology; outcomes
measured; main results.

The quality of the studies selected and the possibility of bias in its design,
conduction and analysis, was assessed by adapting the Joanna Briggs Institute
(JBI) critical appraisal checklists (Aromataris et al., 2015). According to the
characteristics of each study, the appropriate JBI checklist was applied (e.g.
analytical cross section studies, economic evaluations, randomized clinical
trials), addressing the following questions: (Q1) clear inclusion criteria; (Q2)
detailed subjects description; (Q3) detailed setting description; (Q4)
valid/reliable exposure; (Q5) standard criteria condition measurement, (Q6)
confounding factors identification; (Q7) valid/reliable outcome measurement;
(Q8) appropriate statistical analysis. For each question the possible answers
were “Yes”, “No”, “Unclear” or “Non-Applicable”. Studies scoring above 70%
on positive responses were classified as high quality, those scoring between
50% and 70% as moderate quality, and those with scores below 50% as low
quality. The quality assessment was also done by two independent authors.
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Results

Based on the defined selection criteria, 17 studies were included in the present
systematic review (Figure 1). The quality assessment of these papers was
considered high in 12 out of the 17 studies, and intermediate in the others (Table
1). The main data extracted is depicted in Table 2 and specific information about
exercise, clinical and economic-related outcomes are presented in Table 3.
Figure 2 corresponds to a graphic abstract of this review.

Table 1. Quality assessment of the papers included

Study o | 2| 3| o | o5 | 6| Q| g |F erf‘z;:‘;*“‘“e Level of quality
Agachi E, et al. 75.0 HIGH
Fremont H, et al. 75.0 HIGH
Santos AC, et al. 62.5 INTERMEDIATE
Kari J, et al. 100 HIGH
Ortolan S, et al. 75.0 HIGH
Cheatley J, et al. 62.5 INTERMEDIATE
ACS P, etal. 62.5 INTERMEDIATE
Dallmeyer S, et al. 87.5 HIGH
de Boer WIJ, et al. 87.5 HIGH
Kalbarczyk M, et al. 62.5 INTERMEDIATE
Karl FM, et al. 87.5 HIGH
Vagnoni E, et al. 75.0 HIGH
Dallmeyer S, et al. 87.5 HIGH
Ding D, et al. 87.5 HIGH
Maresova K. 75.0 HIGH
Scarborough P, et al. 87.5 INTERMEDIATE
Allender S, et al. 100 HIGH

Note: High Quality=Green; Intermediate Quality=Yellow; Low Quality=Red
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Table 2. Main characteristics of the studies includes

Sample/

Authors (year) Aim Countey Methods Key findings
Reduction HC costs - 1% year 4.9%; 2" year more 5.3%, in general practitioner and
Impact of lifestyle N=15.506 Comparison of costs between mHealth users and a propensity specialist services.
Agachi E, et al. (2024) behavior with mHealth app Nethe’rlan ds score-matched of non-users. Costs based on health insurance Average total costs for app users:
on HC costs. claims. . €2719 in 2018 (reduction €133 per person)
. €2860 in 2019 (reduction €152 per person)
— = 5 S n q o o
Understand the extent to N=10.256 Health-Oriented Transportation statistical model to assess health %030 ObJ;SC téz:{fj PGy g7 L A 7% 6 G0 ) S TS i e

Fremont H, et al. (2024)

which active travelling
affects population health.

Rennes - France

impacts. Estimation of mortality and DALY based on the GBD,
related to the 2030 mobility objective.

= 1,051 DALYs
= $73 million USD ($23-$171)

Santos AC, et al. (2023)

Estimate HC costs
associated with NCDs
because of PI.

194 countries

PAFs to estimate direct HC costs of NCDs and mental health
conditions for 2020-2030 related with PI.

Global cost would reach $47,6 billion/year. Although 74% of new NCDs would occur
in low and middle-income countries, high-income will have a larger proportion of the
costs (63%).
. 17% of new NCDs and mental conditions in Europe are attributed to PI.

Kari J, et al. (2023)

Estimate long-term
productivity costs of PI.

N=6,261
Finland

Productivity variables - sick leaves and disability pensions. Self-
reported and 1 d PA. HCA to calcul
observed (2012-2020) and expected costs (2012-2031).

Productivity costs higher among PI individuals, regardless the measurement type:

. €1900 higher for self-reported MVPA
= €1800 higher for longitudinal MVPA
= €4300 higher for accelerometer-measured

The difference in expected costs was €2800, €1200, and €8700, respectively.

Ortolan S, et al. (2022)

Estimate cost savings due

Veneto - Italy

Cost-savings estimated for PCI, hospitalizations in COPD,

Annual estimated cost-savings related to the four outcomes:

to PA intervention. surgery for colorectal cancer and femur fracture. - 5,310,179 EUR (for a conservative analysis) to 17,411,317 EUR.
Examine the impact of 6 37 countries (32 OECD Strategic Public Health Planning to quantify outcomes ‘Workplace programs and mass media campaigns can reduce:
Cheatley J, et al. (2020) measures, including PA, T and costs (2020-2050). Workplace programs and mass media = Number of new cancer cases
on cancer outcomes. campaigns for PI. . HC costs USD PPP 0.04 to 0.16 per capita, per year.
Total burden and attributable to medical conditions associated to PI decreased from
ACS et al. (2020) Analyze the economic Hungary Determination of direct and indirect costs related with 11 group 2005 t0 2017.
. burden of PI. of diseases. PAR to quantify the financial burden of PI. 24-28% of the total expenditure was directly attributable to P, especially by CVD,
hypertension and type 2 diabetes.
Only participation in PA more than once a week significantly decreases the probability
Examine the relationship N=94.267 Data from SHARE. Two-part models estimated to investigate of OOPC.
Dallmeyer et al. (2020) between participation in 16 European how different levels of participation in PA are related to OOPC PA reduces annual OOPC, with the highest savings generated by participation once a
PA and OOPC HC costs. countries for people aged 50 years and older. week (17.7%; EUR 37.40).
Higher savings for men compared to women.
lftudy lhc'associalion 2016 whole-population data to estimate the association between Ncighborhooqs with a 1%-point higher sport club mcmbcrship'and residents with
etween lifestyle . . . enough exercise, HC cost performance per person was, respectively, €24.81 and
S . neighborhood average HC cost and socioeconomic status and
de Boer et al. (2020) indicators and HC costs in Netherlands lifestyle indicators - smoking, alcohol, exercise and sport club €14.25 lower.
neighborhoods with bershi g ’ Effect of physical exercise was inconsistent across different SES levels,
similar SES. membersip. with largest cost reductions in the most deprived neighborhoods.
Az e o o . ) Higher levgl of PA in older adults is associated with lower pub.lic expe‘ndi!ure on.HC.
Kalbarczyk M, et al. (2019) older adults' PA on long Poland European Commission macro-simulation model. SHARE to Gains ranging from 0.4 to 1.2% of GOP per year by the end of the projection horizon.

term public HC costs.

calculate the number of HC users depending on PA level.

In 2060, expenditures will increase to 4.1% for inactive and 3.2% of GDP for
vigorously active scenario.
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Analyze the association of

Karl et al. (2018) device assessed and self- N=2279 Cross-sectional data of the KORA FF4 study (2013-2014). Self- Self-reported activity was not associated with lower HC costs.
. reported exercise data with Augsburg - reported and accelerometers assessment. Self-reported HC 1 was iated with direct HC costs:
HC costs, : Germany utilization to estimate direct costs. . Low MVPA had significantly more annual costs than very high MVPA (+€986).
Monthly cost per capita in HT decrease in exercise group 6.8% (increase 7.8% in control
Ay ke group) and in diabetes the cost of therapy increases in exercise group 1.2% and 4.8% in
b P - RCT: intervention group from Centro Esercizio Vita and control control group.
etween MPA, health N=150

Vagnoni E, et al. (2018)

services utilization and

Ferrara - Italy

group from general practitioners. Analysis of HT, diabetes, low-

At 9 months, the exercise-based group presented:

harmaceuticals costs back pain and quality of life. . Lower average cost for drugs (p=0.039).
P o . Overall better health status perception (p=0.0019).
. Accessed general practitioners less frequently (p=0.058).

Dallmeyer S, et al. (2017)

Investigate the relationship
between aging and
economic costs of P1.

Germany

German Socio-Economic Panel estimating direct costs of PI for
2001-2013. Predicting population aging for 2014-2060, future
costs of PI and effects of interventions promoting PA were
projected. PAFs for each condition.

In 2001 the direct costs of PI were €2.80 billion and €40.13 per capita (1.3% of the total
costs).

In 2013, the overall direct cost was reduced by 24.7% to €2.11 billion and €30.10 per
capita.

Consequently, the proportion of total direct HC costs was reduced to 0.9%.

If PI remained constant, costs would have increased by 21.0% to €3.39 billion,
corresponding to an annual growth rate of 1.6%, 60.7% higher than costs in 2013.
Overall direct costs will rise by 22.9% from €2.11 billion in 2013 to 2.60 billion in 2039.
Direct per capita costs are predicted to grow continuously with a maximum value of
€39.03 in 2060, representing an overall increase of 30.7% from 2013 with a compound
annual growth rate of 0.6%.

Ding D, et al. (2016)

Quantify the global
economic burden of P

142 countries
(40 European)

Estimation of direct HC costs and DALYs attributable to PI for
CAD, stroke, type 2 diabetes, breast cancer and colon cancer.
Productivity losses estimated with a friction cost approach for PI
related mortality. Analyses based on national PI prevalence and
PAFs associated with PL

PI cost $53,8 billion worldwide in 2013 (public sector $31,2, private sector $12,9,
households $9,7 billion).

PI related deaths contribute to $13,7 billion in productivity losses and 13,4 million
DALYs worldwide.

High-income countries bear larger economic burden (80,8% of HC costs and 60,4% of
indirect costs).

Low- and middle-income countries have a larger proportion of disease burden (75,0% of
DALYs).

In Europe, HC costs attributable for PI were $11.7 billion and national HC expenditure of
direct costs related with PI was 0.55%.

Maresova K (2014)

Quantify the costs of PI.

Czech Republic

Comparative risk assessment and application on data available
from public health insurance companies.

Financial cost of PI was 0.4% of total HC costs.
PI caused 2.3% of all deaths in 2008 and 1.2% of all DALY’ in 2004.

Estimates of the economic

Diseases associated with poor diet, PI, smoking, alcohol and

Cost of PI was £0.9 billion.

Scarborough P, et al. (2011) cost of risk factors for ]Lé?nmfom overweight/obesity were identified. PAFs to estimates the Poor diet-related ill health cost £5.8 billion, smoking £3.3 billion, alcohol £3.3 billion,
chronic disease. & economic cost in 2006-2007. overweight and obesity £5.1 billion.
> - = - - -
. ) WHO global burden of discase project to calculate costs. PI was d}rcctly rcsp(}nslblc fqr 3.0% of DALYs lost in 2902 with a du'cf:t c?st of]gound
Estimate economic and United Discases attributable to PT included ischemic heart discase. 1.06 billion. Ischemic heart disease was the largest contributor accounting for 1.6% of all
Allender S, et al. (2007) health burden of disease . . 5 > DALYs lost, followed by stroke (0.6%). Diseases with some relationship with PT
Kingdom ischemic stroke, breast cancer, colon/rectum cancer and diabetes

related to PI.

mellitus. PAFs for estimation of financial costs.

comprised 36% of all mortality (17.1% from ischemic heart disease and 10.6% from
stroke) and 18% of DALY (6.9% due to ischemic heart disease and 5.1% due to stroke).

Note: COPD= Chronic Obstructive Pulmonary Disease; DALYs= Disability-Adjusted Life Years; GBD= Global Burden of Disease; GDP= Gross Domestic Product; HC= Healthcare; HCA= Human Capital Approach; MVPA=
Moderate-Vigorous Physical Activity; NCDs= Non-Communicable Diseases; OOPC= Out-Of-Pocket Costs; PA= Physical Activity; PAFs= Population Attributable Fractions; PAR= Population Attributable Risk; PCI= Percutaneous
Coronary Intervention; PI= Physical Inactivity; RCT= Randomized controlled trial; SES= Socioeconomic Status; SHARE= Survey of Health, Ageing and Retirement in Europe.
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Study Characteristics

Of the 17 studies included, 4 analysed data from multiple countries, while the
others were performed in single countries: Germany (n=2), United Kingdom
(n=2), Italy (n=2), Netherlands (n=2), France (n=1), Hungary (n=1), Check
Republic (n=1) and Poland (n=1). All studies included adult populations, but
the Kalbarczyk & Mackiewicz-Lyziak, and Dallmeyer (2019), Wicker, &
Breuer (2017) studies only included elderly. When appropriate, studies
analyzing specific populations reported sample sizes ranging from 150 to
15,506 individuals.

The aims of all the studies included the evaluation of the PI impact in HC-
related costs and in 9 there was estimated the benefit in cost reduction associated
with individual or populational interventions to increase physical activity. For
example, Agachi et al. (2024) tested the mobile app mHealth in a real-world
setting comparing users with a propensity score-matched control group of non-
users. Fremont et al. analyzed the extent to which increasing in active travelling
(walking or cycling) could positively affect the population health.

Physical Activity Evaluation

In general, PI was self-reported or evaluated by questionnaires and the most
frequently followed guidelines were the WHO recommendations for physical
activity. However, in some studies the definition of PI is not detailed and when
self-reported the questions varied according to the studies.

Specific variables related with physical activity were reported, especially
frequency and intensity. In two studies the physical activity was measured using
accelerometers. Agachi et al. (2024) applied digital tools (“fitscore™) for
tracking physical activities and Cheatley et al. (2021) promoted physical
activity using health-promoting media campaigns and workplace interventions
aimed at reducing sedentary behavior, particularly sitting time. Vagnoni et al.
(2018) performed a randomized clinical trial in which the intervention group
was exposed to an exercise program comparing to a control group.

Clinical Outcomes

Several specific clinical indicators are reported and constitute the basis for the
investigation of the PI impact in HC costs. The most common conditions
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analysed were CVD or risk factors and cancer, each condition reported,
respectively in ten and nine studies. In the Cheatley et al. (2021) study the
impact of six preventive measures was examined, including physical activity,

only on cancer outcomes. Respiratory, neurological, musculoskeletal and
gastrointestinal diseases were also investigated. However, in four studies the
clinical characteristics were not clear.

The following variables were specifically reported: all-cause mortality
(n=4), coronary artery disease with several definitions such as ischemic heart
disease, heart attack or percutaneous coronary intervention (n=9), stroke (n=8),
type 2 diabetes (n=8), hypertension (n=2), obesity (n=1), high triglyceride
(n=1), smoking (n=1), alcohol (n=1), dementia (n=1), Alzheimer disease (n=1),
depression (n=2), Parkinson disease (n=1), chronic obstructive pulmonary
disease (n=1), asthma (n=1), non-specified respiratory disease (n=1), no-
specified cancer (n=4), colorectal cancer (n=6), breast cancer (n=4),
gastrointestinal complications (n=1), stomach ulcer (n=1), cataracts (n=1),
osteoarthritis (n=1), osteoporosis (n=1), problems with walking (n=1), femur
fracture (n=1), low-back pain (n=1), deliberate self-harm (n=1), hospitalizations
(n=2). Vagnoni et al. (2018) assessed patients’ quality of life using the SF-12
questionnaire.

Economic Burden of Physical Inactivity

Regarding economic and costs evaluation, the included studies used a broad
range of HC expenditures, based on the available data source. The main findings
highlight the clear influence of PI in HC-related economic burden (n=11) and
the benefits in developing strategies to increase the amount of physical activity
at individual and populational level (n=6). The exception was the Karl et al.
(2018) study, that showed a relationship between Pl and HC costs between
active and inactive groups when physical activity was assessed using
accelerometers, but this association was not observed when activity levels were
determined based on self-reported data following WHO guidelines.

Studies including worldwide countries showed a significant economic
burden attributable to PI in the European region. Santos et al. (2023) reported
considerable variation in the costs associated with the treatment and
management of NCDs. Although dementia represented only 3% of newly
preventable NCD cases, it accounted for 22% of the total costs. Similarly, type
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2 diabetes comprised 2% of new preventable cases but contributed to 9% of the
overall costs, while cancer, despite accounting for just 1% of new preventable
cases, was responsible for 15% of total expenditures.

Most of the economic outcomes reported were direct costs (n=16). Two
studies reported both direct and indirect costs and one study reported only
productivity or indirect costs. A broad spectrum of variables was used for
economic evaluation and costs determination. This information was also based
on different data, including extraction from health insurance claims and national
or international HC system databases. For example, Agachi et al. (2024)
reported as direct costs expenditures with general practitioners, medication,
specialist care, mental care, paramedical care, home care, elderly care and
assistive devices. Otherwise, Kari J et al. (2023) reported indirect costs data
from sick leaves and disability pensions. Furthermore, in some studies the
information reported is not detailed.

Five studies used self-reported HC expenditure data and Population
Attributable Fractions (PAFs)-based approach was particularly used in four
studies. One of these studies showed that 17% of new NCDs and mental
conditions in Europe were attributed to PI (Santos et al., 2023).

Beyond HC costs DALYs were reported in four studies. Fremont et al.
(2024) revealed the impact of adopting a more active travelling in reducing
DALY and two other studies showed that PI was responsible for 1.2% DALY
lost in 2004 and 3.0% DALYs lost in 2002 (Maresova, 2014; Scarborough et
al., 2011; Allender et al.,2007). Allender et al. (2007) showed that ischemic
heart disease was the largest contributor for DALY lost in United Kingdom in
2002 (3.0%), accounting for 1.6% of all the DALY lost, followed by stroke
(0.6%). Diseases with some relationship with PI comprised 18% of DALYSs
(6.9% due to ischemic heart disease and 5.1% due to stroke).
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Table 3. Main physical activity and clinical indicators reported

Study

Exercise-related indicators

Clinical outcomes

Economic outcomes

Agachi et al.

Digital tools (“fitscore™)

Costs (direct)

General practitioners,
medication, specialist care,
mental care, paramedical care,
home care, elderly care, assistive
devices.

Fremont et al.

Mode (walking or cycling),
frequency, intensity (MET-
hours per week)

All-cause mortality.

Costs (direct)
DALYs

CAD, stroke, type 2 diabetes,

Santos et al. WHO definition HT, cancer, dementia, and Costs (direct)
depression.
Frequency, intensity Lo
Kari et al. Self-reported and - . Gl -(md?r-e &) .
Sick leaves, disability pensions
accelerometer-measured
PCI, hospitalizations in COPD,
Ortolan et al. - surgery for colorectal cancer, and Costs (direct)

femur fracture.

Cheatley et al.

Health-promoting media
campaigns (intensity)
Workplace programs
targeting sedentary behavior
(sitting time)

Cancer.

Costs (direct)

ACS etal.

WHO definition

CVD, stroke, HT, colon cancer,
type 2 diabetes, depression,
osteoporosis, GI complications,
obesity,  high triglyceride,
deliberate self-harm.

Costs (direct and indirect)

Dallmeyer et al.

Intensity; frequency.

Stroke, heart attack, diabetes,
respiratory  disease,  cancer,
Parkinson, cataracts, Alzheimer,
osteoarthritis, stomach ulcer.

Costs (direct)

de Boer et al.

2016 Healthy Exercise
Guideline

Costs (direct)

Kalbarczyk &

Mackiewicz- Frequency - Costs (direct)
Lyziak

Self-reported (frequency, Myocardial _mfarctlon, stroke, ) lCost§ (dlrect)

: 5 cancer, diabetes, asthma, Physician visits, ambulatory
Karl et al. intensity)

Accelerometer-measured

smoking, alcohol, problems with
walking.

hospital visits and
pharmaceuticals.

Vagnoni et al.

Exercise (intervention group)

HT, diabetes, low-back pain.
Quality of life.

Costs (direct)
Pharmaceuticals and health
services utilization.

IHD, ischemic stroke, type 2

Dallmeyer et al. Frequency diabetes, breast cancer, colon Costs (direct)
cancer.
CAD, stroke, type 2 diabetes, Costs (direct and indirect)
Ding, et al. WHO definition breast cancer, colon cancer, all- DALYs
cause mortality. Productivity losses
Maresova K. - All-cause mortality. Costs (direct)
DALYs
Scarborough et al. - A, _ bt Stmk.c e Costs (direct)
cancer, colon cancer, diabetes.
IHD, ischemic stroke, breast
Allender et al WHO definition cancer, colon/rectum cancer, Costs (direct)
: diabetes  mellitus, all-cause DALYs
mortality.

Note: CAD= Coronary Artery Disease; COPD=

Chronic Obstructive Pulmonary Disease; CVD= Cardiovascular Disease;

DALYs= Disability-Adjusted Life Year; HT= Hypertension; IHD= Ischemic heart disease; PCI= Percutaneous Coronary
Intervention; WHO= World Health Organization; MET= Metabolic Equivalent of Task.
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Discussion

This study demonstrates, based on the comparison of the included studies, the
significant economic burden of PI on HC systems across European countries
and highlights the potential cost-saving effects of implementing both
individual- and population-level interventions aimed at increasing physical
activity levels. The consistency of findings across studies, despite
methodological heterogeneity, supports a clear association between PI and
increased HC-related costs, particularly direct costs. These findings offer
valuable insights into the broader impact of physical activity on HC
expenditures and underscore its importance for evidence-based public health
policymaking. Furthermore, the results support the continued promotion of
active lifestyles, with efforts that may not only lead to improved health
outcomes but also contribute to reductions in HC costs. These conclusions are
drawn directly from the synthesis and comparison of the available evidence.
Collectively, the evidence reinforces the rationale for sustained investment in
policies and programs that promote physical activity.

According to the WHO, approximately 25% of adults and 80% of
adolescents in Europe fail to meet the recommended levels of physical activity.
The health implications of sedentary behavior are substantial, contributing to a
higher risk of developing NCDs such as cancer, type 2 diabetes, CV conditions
and premature mortality. In fact, PI is recognized as the fourth leading risk
factor for death worldwide (World Health Organization, 2020; Han et al., 2022).
Additionally, to these clinical effects, PI imposes high economic costs per year
through major NCD (e.g. coronary artery disease, type 2 diabetes, colorectal
and breast cancer), and through indirect costs (Ding et al., 2016). These costs
could be avoided if all people adopt a better lifestyle including simple daily
physical activities such as walking.

Most studies reported the effects of PI in direct HC costs, being less
described the influence on indirect costs and societal effects, revealing a limited
perspective on the global HC-related costs. Such as in other studies PAFs-based
approach was particularly used in a significant number of the included studies.
However, as previously documented, there was considerable variation in the
methods used to assess physical activity and in the types of costs included in
the analyses (Duijvestijn et al., 2023). Moreover, if the prevalence of PI remains
unchanged, the global economic burden resulting from inaction is projected to
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increase substantially in the coming decades (Santos et al., 2023). In line with
the findings of the present study, a systematic review by Duijvestijn et al.
(2023), which analyzed 25 studies, identified a significant association between
PI and increased HC costs. The authors stress that the evidence remains limited,
and the considerable heterogeneity among studies poses challenges to
generalizability. Other analysis of 40 studies performed by Ding et al. (2017),
showed similar results, with 27 focusing direct HC costs and 13 also estimating
indirect costs. Regarding direct costs, 23 studies employed the PAF method to
estimate HC expenditures attributable to PI, with results ranging from 0.3% to
4.6% of national HC spending. Seventeen studies used econometric models,
which generally produced higher cost estimates compared to those based on the
PAF approach. In terms of indirect costs, 10 studies adopted the human capital
method, two applied the friction cost approach, and one used the value of a
statistical life methodology. Cost estimates varied considerably, even within the
same country, due to differences in analytical methods, time frame, and other
methodological factors, highlighting a lack of consistency in approaches and
limited transparency in reporting (Ding et al., 2017).

The most used definition and recommendations for physical activity applied
in the review were those proposed by the WHO, which typically report on
weekly exercise volume and intensity (World Health Organization, 2020).
However, more objective methods for quantifying and assessing physical
activity are increasingly preferred, as demonstrated in studies utilizing
accelerometers (Kari et al., 2023; Karl et al., 2018). Accelerometers offer
significant advantages in the assessment of physical activity, providing
continuous and precise data on movement, intensity, and sedentary behavior.
Unlike self-reported measures, these methods are not influenced by recall bias
or social desirability, resulting in more precise estimates of physical activity
levels in population-based studies (Sanders et al., 2016).

Among the exercise-related characteristics reported across the included
studies, the most frequently assessed were the mode, frequency, and intensity
of physical activity. A detailed evaluation of these variables is crucial for
accurately determining their influence on clinical and economic outcomes. The
mode or type of exercise refers to the activity undertaken, such as walking,
cycling, or resistance training. Frequency indicates how often the activity is
performed, typically expressed as sessions per week. Intensity reflects the effort
required to perform the activity, generally classified as light, moderate, or
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vigorous. Additional important variables include volume, which represents the
total amount of physical activity (e.g., total hours per week or MET-minutes),
and progression, which refers to how the exercise regimen evolves over time in
terms of workload or complexity. Comprehensive reporting and analysis of
these variables allow for a more understanding of the dose-response relationship
between physical activity and health or economic outcomes. Furthermore,
standardizing the assessment and reporting of these exercise parameters could
enhance comparability across studies and enhance the precision of cost-
effectiveness analyses of physical activity interventions.

Regarding the clinical conditions used to analyse the impact of PI in HC
costs, the most frequently were CVD and cancer. Additionally, mental disorders
such as dementia have been progressively more reported in the last years,
illustrating its increased prevalence and influence in HC systems (Santos et al.,
2023; Dallmeyer et al., 2020). Beyond their role as leading causes of death,
ischemic heart disease and stroke remain among the top contributors to global
DALYs, underscoring the ongoing need to prioritize prevention and treatment
strategies for NCDs (GBD, 2021).

Current public health policies need to be adapted to address health disparities
within specific high-risk populations. In response to the widespread prevalence
of PI and its related health impacts, the WHO launched the first Global Action
Plan on Physical Activity (GAPPA) in 2018. This plan outlines 20 policy
actions applicable globally, organized around four strategic objectives: “active
societies, active environments, active people, and active systems”. Through
GAPPA, the WHO set an ambitious target to achieve a 15% relative reduction
in PI levels by 2030.

The use of digital tools for managing risk factors shows great promise and
appears to be associated with substantial reductions in HC costs. Due to their
relatively low expense and capacity to reach diverse populations, these tools
targeting individual outcomes have the potential to enhance health promotion
and alleviate the economic burden on HC systems. Some studies have reported
that digital interventions effectively promote physical activity among adults due
to their interactivity and the quality and relevance of the information provided
(Lear et al., 2017). As demonstrated in the study performed by Agachi et al
(2024), applying a mobile app in a real-world setting consistently reduce HC
costs, with the intensity of the effect being correlated with the frequency of app
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use and showing both in general practitioner and specialist services. Indeed,
emerging digital technologies demonstrate considerable potential to increase
physical activity levels and decrease sedentary behavior, at least in the short
term. However, the heterogeneity of interventions and the limited duration of
follow-up periods hinder a thorough assessment of their long-term effectiveness
(Fichtner et al., 2024). In the context of chronic conditions, digital interventions
are also promising. However, a recent review mapping a wide range of digital
tools for long-term conditions revealed a lack of clear evidence for multimorbid
patients. Longer-term follow-ups are crucial to inform future research on their
effectiveness (Clarkson et al., 2022). In the prevention and management of
numerous chronic conditions, tailored exercise prescriptions and programs-
developed in accordance with specific clinical guidelines-are essential yet
remain underutilized. To enhance the implementation of such interventions,
greater awareness and knowledge are needed, particularly among policymakers.

The indicators identified in this study and its correlation with HC costs,
could contribute for the implementation of different models in HC systems. In
this setting, integration of VBHC could enhance the management of PI,
focusing on both clinical outcomes and economic impact, by promoting more
efficient interventions and resource allocation tailored to specific population
needs.

This study has some limitations that should be acknowledged. First, the
literature search was conducted using only one database, PubMed. While
PubMed is a comprehensive and current repository of biomedical literature,
exclusive reliance on this database may have led to the omission of pertinent
studies indexed elsewhere. Second, there was considerable heterogeneity
among the included studies regarding the definitions of physical activity,
clinical outcomes, and HC cost assessments, which limited the ability to make
direct comparisons. It was not possible to determine whether differences in
study findings were due to variations in how physical activity was defined or
measured. Moreover, a wide range of tools was used to assess physical activity,
including both validated and non-validated questionnaires, as well as
accelerometers. While accelerometers provide objective data, many studies
relied on self-reported measures, which are known to overestimate physical
activity levels due to recall bias and social desirability. In addition, the
methodologies for calculating direct HC costs and assessing or estimating
physical inactivity varied significantly across studies. Many relied on cross-
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sectional data, which do not account for long-term changes in physical activity,
an important factor in understanding its impact on HC costs. Finally, most
studies omitted indirect costs, including productivity losses resulting from
premature mortality or work absenteeism. Additionally, self-reported data were
often used not only for physical activity, but also for clinical outcomes and HC
expenditures, which may compromise the accuracy of the reported associations.

Conclusion

In line with the aim of this study, which was to evaluate the economic burden
of PI in Europe, the findings allow us to conclude that PI is significantly
associated with increased HC-related costs, particularly direct costs,
emphasizing the urgent need for public health interventions. Estimating the
economic burden of PI is increasingly important, but methodological
heterogeneity among the current evidence limits comparability and
generalizability. These conclusions, derived from the analyzed evidence,
highlight the need for further standardized research to better quantify the
socioeconomic impact of PI across Europe and to guide the development of
effective strategies for promoting physical activity at both individual and
population levels.

Author Contributions

H.D.: conception, design, supervision, fundings, materials,
data collection-processing, analysis and interpretation,
literature review, writing, critical review; A.C., LA.,
A.M.C., F.C.: conception, design, materials, data collection-
processing, analysis and interpretation, literature review,
writing, critical review; F.C.: conception, design, analysis
and interpretation, critical review.

Declaration of Conflicting Interests
The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this

article.

Funding

The authors received no financial support for the research,
authorship, and/or publication of this article.

Ethical Statement

This article does not contain any studies with human
participants performed by any of the authors but the review
protocol was registered in the PROSPERO database (ID:
CRD420251039972).

Data Availability Statement

The data that support the findings of this study are available
from Hélder Dores.

'Hélder Dores

2Antonio Capelo

*Inés Almeida

4Ana Margarida Carvalho
*Fernando Caeiro

“Filipe Costa

Received: 4 October 2025

Accepted: 28 April 2026
Published online: 25 July 2026

@ @ This article is licensed under a Creative Commons
o Attribution 4.0 International License (CC BY 4.0).


https://orcid.org/0000-0002-4736-5221
https://orcid.org/0009-0002-2486-966X
https://orcid.org/0000-0002-7908-4061
https://orcid.org/0009-0004-6083-6632
https://orcid.org/0000-0002-7294-1630
https://orcid.org/0000-0001-9060-8025

18 Sport Economics Research 3(1)

References

Acs, P., Kovacs, A., Paar, D., Hoffbauer, M., Szabo, T., & Stocker, M. (2020).
Comparative analysis of the economic burdens of physical inactivity in Hungary
between 2005 and 2017. BMC Public Health, 20(Suppl 1), 1174.
https://doi.org/10.1186/s12889-020-08478-y

Agachi, E., Mierau, J. O., van Ittersum, K., & Bijmolt, T. H. (2024). The impact of a
lifestyle behaviour change program on healthcare costs: Quasi-experimental
real-world evidence from an open-access mobile health app in the Netherlands.
Preventive Medicine, 189, 108174.
https://doi.org/10.1016/j.ypmed.2024.108174

Allender, S., Foster, C., Scarborough, P., & Rayner, M. (2007). The burden of physical
activity-related ill health in the UK. Journal of Epidemiology and Community
Health, 61(4), 344-348. https://doi.org/10.1136/jech.2006.050807

Aromataris, E., Fernandez, R., Godfrey, C. M., Holly, C., Khalil, H., & Tungpunkom,
P. (2015). Summarizing systematic reviews: Methodological development,
conduct and reporting of an umbrella review approach. International Journal of
Evidence-Based Healthcare, 13(3), 132-140.
https://doi.org/10.1097/XEB.0000000000000055

Cheatley, J., Aldea, A., Lerouge, A., Devaux, M., Vuik, S., & Cecchini, M. (2021).
Tackling the cancer burden: The economic impact of primary prevention
policies. Molecular Oncology, 15(3), 779-789. https://doi.org/10.1002/1878-
0261.12812

Clarkson, P., Stephenson, A., Grimmett, C., Cook, K., Clark, C., Muckelt, P. E., ... &
McDonough, S. (2022). Digital tools to support the maintenance of physical
activity in people with long-term conditions: A scoping review. Digital Health,
8,20552076221089778. https://doi.org/10.1177/20552076221089778

Dallmeyer, S., Wicker, P., & Breuer, C. (2017). How an aging society affects the
economic costs of inactivity in Germany: Empirical evidence and projections.
European  Review of Aging and  Physical Activity, 14, 18.
https://doi.org/10.1186/s11556-017-0187-1

Dallmeyer, S., Wicker, P., & Breuer, C. (2020). The relationship between physical
activity and out-of-pocket health care costs of the elderly in Europe. European
Journal of Public Health, 30(4), 628-632.
https://doi.org/10.1093/eurpub/ckaa045

de Boer, W. 1., Dekker, L. H., Koning, R. H., Navis, G. J., & Mierau, J. O. (2020). How
are lifestyle factors associated with socioeconomic differences in health care
costs? Evidence from full population data in the Netherlands. Preventive
Medicine, 130, 105929. https://doi.org/10.1016/j.ypmed.2019.105929

Ding, D., Kolbe-Alexander, T., Nguyen, B., Katzmarzyk, P. T., Pratt, M., & Lawson,
K. D. (2017). The economic burden of physical inactivity: A systematic review
and critical appraisal. British Journal of Sports Medicine, 51(19), 1392-1409.
https://doi.org/10.1136/bjsports-2016-097385


https://doi.org/10.1097/XEB.0000000000000055
https://doi.org/10.1002/1878-0261.12812
https://doi.org/10.1002/1878-0261.12812
https://doi.org/10.1186/s11556-017-0187-1
https://doi.org/10.1136/bjsports-2016-097385

Dores et al. 19

Ding, D., Lawson, K. D., Kolbe-Alexander, T. L., Finkelstein, E. A., Katzmarzyk, P.
T., Van Mechelen, W., & Pratt, M. (2016). The economic burden of physical
inactivity: a global analysis of major non-communicable diseases. The
Lancet, 388(10051), 1311-1324. https://doi.org/10.1016/S0140-
6736(16)30383-X

Duijvestijn, M., de Wit, G. A., van Gils, P. F., & Wendel-Vos, G. W. (2023). Impact of
physical activity on healthcare costs: A systematic review. BMC Health Services
Research, 23(1), 572. https://doi.org/10.1186/s12913-023-09556-8

Santos, J. F., Castela, 1., Madeira, S. G., Furtado, S., Pereira, H. V., Teixeira, D., &
Dores, H. (2025). A digital tool for self-reporting cardiovascular risk factors:
The radical study. International Journal of Cardiology Cardiovascular Risk and
Prevention, 24, 200368. https://doi.org/10.1016/j.ijerp.2025.200368

Fichtner, U. A., Tinsel, 1., Sehlbrede, M., Maiwald, P., Bischoff, M., Metzner, G., ... &
Farin-Glattacker, E. (2024). Effects of a digital intervention on physical activity
in adults: A randomized controlled trial in a large-scale sample. Internet
Interventions, 37, 100762. https://doi.org/10.1016/j.invent.2024.100762

Fremont, H., Younkin, S., Le Gall, A. R., Levine, N., & Patz, J. (2024). An analysis of
the health effects of physical activity due to active travel policies in Rennes,
France. Wellcome Open Research, 9, 154.
https://doi.org/10.12688/wellcomeopenres.20917.2

GBD 2021 Diseases and Injuries Collaborators. (2024). Global incidence, prevalence,
years lived with disability (YLDs), disability-adjusted life-years (DALYSs), and
healthy life expectancy (HALE) for 371 diseases and injuries in 204 countries
and territories and 811 subnational locations, 1990-2021: A systematic analysis
for the Global Burden of Disease Study 2021. The Lancet, 403(10440), 2133-
2161. https://doi.org/10.1016/S0140-6736(24)00757-8

Guthold, R., Stevens, G. A., Riley, L. M., & Bull, F. C. (2018). Worldwide trends in
insufficient physical activity from 2001 to 2016: A pooled analysis of 358
population-based surveys with 1.9 million participants. The Lancet Global
Health, 6(10), e1077-e1086. https://doi.org/10.1016/S2214-109X(18)30357-7

Guthold, R., Stevens, G. A., Riley, L. M., & Bull, F. C. (2020). Global trends in
insufficient physical activity among adolescents: A pooled analysis of 298
population-based surveys with 1.6 million participants. The Lancet Child &
Adolescent Health, 4(1), 23-35. https://doi.org/10.1016/S2352-4642(19)30323-
2

Han, M., Qie, R., Shi, X., Yang, Y., Lu, J, Hu, F, .. & Zhao, Y.
(2022). Cardiorespiratory fitness and mortality from all causes, cardiovascular
disease and cancer: Dose-response meta-analysis of cohort studies. British
Journal of Sports Medicine, 56(13), 733-739. https://doi.org/10.1136/bjsports-
2021-104876

Kalbarczyk, M., & Mackiewicz-Lyziak, J. (2019). Physical activity and healthcare
costs: Projections for Poland in the context of an ageing population. Applied
Health Economics and Health Policy, 17(4), 523-532.
https://doi.org/10.1007/s40258-019-00472-9


https://doi.org/10.1016/S0140-6736(16)30383-X
https://doi.org/10.1016/S0140-6736(16)30383-X
https://doi.org/10.12688/wellcomeopenres.20917.2
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1007/s40258-019-00472-9

20 Sport Economics Research 3(1)

T Kari, J., Nerg, 1., Huikari, S., Leinonen, A. M., Nurkkala, M., Farrahi, V., ... &
Korhonen, M. (2023). The individual-level productivity costs of physical
inactivity. Medicine & Science in Sports & Exercise, 55(2), 255-263.
https://doi.org/10.1249/MSS.0000000000003037

Karl, F. M., Tremmel, M., Luzak, A., Schulz, H., Peters, A., Meisinger, C., ... & Laxy,
M. (2018). Direct healthcare costs associated with device-assessed and self-
reported physical activity: Results from a cross-sectional population-based
study. BMC Public Health, 18(1), 966. https://doi.org/10.1186/s12889-018-
5906-7

Kohl, H. W., Craig, C. L., Lambert, E. V., Inoue, S., Alkandari, J. R., Leetongin, G., &
Kahlmeier, S. (2012). The pandemic of physical inactivity: Global action for
public health. The Lancet, 380(9838), 294-305. https://doi.org/10.1016/S0140-
6736(12)60898-8

Lear, S. A., Hu, W., Rangarajan, S., Gasevic, D., Leong, D., Igbal, R., ... & Yusuf, S.
(2017). The effect of physical activity on mortality and cardiovascular disease
in 130,000 people from 17 high-, middle-, and low-income countries: The PURE
study. The Lancet, 390(10113), 2643-2654. https://doi.org/10.1016/S0140-
6736(17)31634-3

Lee, I. M., Shiroma, E. J., Lobelo, F., Puska, P., Blair, S. N., & Katzmarzyk, P. T.
(2012). Effect of physical inactivity on major non-communicable diseases
worldwide: An analysis of burden of disease and life expectancy. The Lancet,
380(9838), 219-229. 10.1016/S0140-6736(12)61031-9

Maresova, K. (2014). The costs of physical inactivity in the Czech Republic in 2008.
Journal  of  Physical  Activity and  Health, 11(3), 489-494.
https://doi.org/10.1123/jpah.2012-0165

Nyberg, S. T., Frank, P., Pentti, J., Alfredsson, L., Ervasti, J., Goldberg, M., ... &
Kivimdki, M. (2025). Health benefits of leisure-time physical activity by
socioeconomic status, lifestyle risk, and mental health: A multicohort study. The
Lancet Public Health, 10(2), e124-e135. https://doi.org/10.1016/S2468-
2667(24)00300-1

Ortolan, S., Neunhaeuserer, D., Quinto, G., Barra, B., Centanini, A., Battista, F., ... &
Ermolao, A. (2022). Potential cost savings for the healthcare system by physical
activity in different chronic diseases: A pilot study in the Veneto Region of Italy.
International Journal of Environmental Research and Public Health, 19(12),
7375. https://doi.org/10.3390/ijerph19127375

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C.
D., ... & Moher, D. (2021). The PRISMA 2020 statement: An updated guideline
for reporting systematic reviews. BMJ, 372, n71.
https://doi.org/10.1136/bmj.n71

Porter, M. E. (2009). A strategy for health care reform-Toward a value-based system.
The New  England  Journal of Medicine, 361(2), 109-112.
https://doi.org/10.1056/NEJMp0904131

Sanders, J. P., Loveday, A., Pearson, N., Edwardson, C., Yates, T., Biddle, S. J., &
Esliger, D. W. (2016).Devices for self-monitoring sedentary time or physical
activity: A scoping review. Journal of Medical Internet Research, 18(5), €90.
https://doi.org/10.2196/jmir.5373


https://doi.org/10.1186/s12889-018-5906-7
https://doi.org/10.1186/s12889-018-5906-7
https://doi.org/10.3390/ijerph19127375
https://doi.org/10.1056/NEJMp0904131
https://doi.org/10.2196/jmir.5373

Dores et al. 21

Santos, A. C., Willumsen, J., Meheus, F., Ilbawi, A., & Bull, F. C. (2023). The cost of
inaction on physical inactivity to public health-care systems: A population-
attributable fraction analysis. The Lancet Global Health, 11(1), e32-e39.
https://doi.org/10.1016/S2214-109X(22)00464-8 External Link

Scarborough, P., Bhatnagar, P., Wickramasinghe, K. K., Allender, S., Foster, C., &
Rayner, M. (2011). The economic burden of ill health due to diet, physical
inactivity, smoking, alcohol and obesity in the UK: An update to 2006-07 NHS
costs. Journal of Public Health (Oxford), 33(4), 527-535.
https://doi.org/10.1093/pubmed/fdr033

Vagnoni, E., Biavati, G. R., Felisatti, M., & Pomidori, L. (2018). Moderating healthcare
costs through an assisted physical activity programme. International Journal of
Health Planning and Management, 33(4), 1146-1158.
https://doi.org/10.1002/hpm.2596

World Health Organization. (2018a). Global health and economic impacts of physical
inactivity. World Health Organization.

World Health Organization. (2018b). Global action plan on physical activity 2018-
2030: More active people for a healthier world. World Health Organization.

World Health Organization. (2020). Guidelines on physical activity and sedentary
behaviour. World Health Organization.

World Health Organization. (2021). Global expenditure on health: Public spending on
the rise? World Health Organization.



