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Abstract

Background

Insufficient physical activity (PA) was estimated to cause 4.8% of deaths and 2.6% of dis-
ability-adjusted life-years (DALYs) due to noncommunicable diseases in Saudi Arabia in
2019. While Saudi Arabia is already achieving great improvements, we predict the health
and economic burden of insufficient PA up to 2040 to present a case for policy makers to
invest more in the uptake of PA.

Methods

Using a population health model to estimate avoidable health loss, we identified four causes
of health loss related to low PA (cardiovascular diseases, diabetes, breast cancer, and colo-
rectal cancer) and estimated the deaths and DALY from these causes. We projected the
expected disease burden until 2040 under alternative assumptions about future PA levels
and trends by using three health scenarios: baseline (no change in 2019 PA levels), inter-
vention (81% of the population achieving sufficient PA levels), and ideal (65% of population:
moderate PA, 30%: high PA, and 5%: inactive). We applied an “intrinsic value” approach to
estimate the economic impact of each scenario.
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Results

Overall, we estimate that between 2023 and 2040, about 80,000 to 110,000 deaths from all
causes and 2.0 million to 2.9 million DALY's could be avoided by increasing PA levels in
Saudi Arabia. The average annual economic loss from insufficient PA is valued at 0.49% to
0.68% of the current gross domestic product, with an average of US$5.4 billion to US$7.6
billion annually till 2040. The most avoidable disease burden and economic losses are
expected among males and because of ischemic heart disease.

Conclusions

This study highlights that low PA levels will have considerable health and economic impacts
in Saudi Arabia if people remain inactive and do not start following interventions. There is an
urgent need to develop innovative programs and policies to encourage PA among all age
and sex groups.

Introduction

Noncommunicable diseases (NCDs) are responsible for about two-thirds of deaths in Saudi
Arabia [1] and represent a growing burden to healthcare systems and societies. Trends in
NCDs are partly driven by population growth and aging but also by increased exposure to risk
factors, such as unhealthy diet, tobacco use, and insufficient physical activity, including seden-
tary behavior.

Globally, 7.2% and 7.6% of all-cause and cardiovascular disease deaths, respectively, are
attributable to physical inactivity [2]. The proportions of NCDs attributable to physical inactiv-
ity vary by world region and level of income, with recent worldwide estimates showing that in
Saudi Arabia physical inactivity accounts for some of the highest risk for cardiovascular dis-
eases, dementia, and cancer [2]. Insufficient physical activity contributes to nearly 5% of deaths
in Saudi Arabia [3]. The country is currently undertaking significant transformation through
Vision 2030 [4]. As part of this initiative, the Quality of Life Program aims at getting 40% of
the adult population to meet physical activity recommendations by 2030, by engaging in physi-
cal activity at least 30 minutes a week [5].

According to the Saudi General Authority of Statistics (GASTAT), this goal has been
achieved with 48.2% of the population now partaking in physical activity [6, 7]. Albeit meeting
the Quality of Life Program target represents clear progress, it remains below the standard rec-
ommendation provided by the World Health Organization and Centers for Disease Control
and Prevention, which advocate for 150 minutes of moderate-intensity physical activity and
two days of muscle-strengthening activity per week [8, 9]. Therefore, insufficient physical
activity can be defined as not meeting the current recommended daily physical activity guide-
lines of doing at least 150 minutes of moderate-intensity or 75 minutes of vigorous-intensity
physical activity per week or any equivalent combination of the two [2]. Under this definition,
over half of adults worldwide are not meeting the recommendations for physical activity [10].

The related concepts of the “economic burden of disease” and “cost of inaction” have been
around for many years [11], but interest has been renewed due to the dramatic increase in sed-
entary lifestyles during the pandemic. As economic development continues to transform the
labor force regionally towards more digital-based platforms and enclosed environments, phys-
ical activity levels are expected to worsen—unless policy action is taken [12].
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Studies examining the cost of inaction aim to quantify the cost of not addressing a particu-
lar disease, injury, or risk factor. These analyses often have counterfactual arguments, e.g., if
disease X had been eliminated, there would have been Y economic benefits (usually valued in
local or international currency). These estimates provide insight into the economic benefits of
addressing health problems and are useful for agenda-setting, policy formulation and analysis,
and advocacy purposes. Estimating the current losses due to physical inactivity will help set
priorities to achieve more ambitious goals [4, 5] and help to design a framework to promote a
balance between work commitments and physical activity.

Given the high burden caused by physical inactivity in Saudi Arabia, our study investigates
the economic impact of health outcomes related to insufficient physical activity. We develop
three hypothetical future health scenarios, based on alternative projections of physical activity
levels in the population, and estimate the number of deaths, and disability-adjusted life-years
(DALYs) that could be avoided as a result of adequate physical activity. These health gains are
then translated into economic returns using standard cost-benefit analysis methods, which
could inform policy-making decisions at a multi-sectorial level in Saudi Arabia.

Methods
Overview

Based on the consensus of the 2019 Global Burden of Disease (GBD) Risk Factors Collabora-
tors [3], and on a previous related dose-response meta-analysis [13], four major causes of
health loss were identified, with robust evidence for a causal association with insufficient phys-
ical activity: cardiovascular diseases, diabetes, breast cancer, and colorectal cancer [14]. The
association is stronger for cardiovascular diseases and diabetes [15] but weaker for cancers
[16]. Fig 1 provides a conceptual overview of our analysis.

Cardiovascular

................................... i
................ Diabetes
e J mellitus
Economic
issues
Y
High body-
: ; ! Breast cancer
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Colorectal
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Fig 1. Conceptual overview of the analysis.

https://doi.org/10.1371/journal.pone.0297278.9001
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Common to all approaches that estimate the health and economic impact of diseases and
risk factors are two components: (i) estimated “avoidable” disease burden (left side of Fig 1)
and then (ii) calculated economic value of that avoidable burden (right side of Fig 1).

Estimating avoidable health loss

This study adapts a population health model previously developed for NCD prevention and
control interventions in different countries [17] to project the expected disease burden in
Saudi Arabia under alternative assumptions about future physical activity levels and trends.

We use a cohort-component projection approach to model the evolution of the Saudi popu-
lation’s size and structure over time. We use population estimates starting (2019) and assumed
future levels of age- and sex-specific all-cause mortality. All-cause mortality is decomposed
into two components: (i) mortality from the four causes amenable to physical activity (Fig 1)
and (ii) mortality from other causes. In the two scenarios described below, we model a reduc-
tion in all-cause mortality due to reduced mortality from component (i), which itself is due to
a shift in the distribution of physical activity in the population. Component (ii) is assumed to
remain constant over time.

To model the reduction in cause-specific mortality due increased physical activity, we
develop state-transition (Markov) models for each of the four causes shown in Fig 1. Each
model includes four states: ‘alive without disease X, ‘alive with disease X,” ‘dead from disease
X, and ‘dead from another cause.” The transition probabilities in the four models are informed
by GBD 2019 estimates of age- and sex-specific disease incidence and mortality. The transition
probabilities are calibrated using an algorithm described previously for a related set of state-
transition models for cardiovascular disease [18]. We assume that the impact of improved
physical activity on mortality would be due to a reduction in the incidence of each cause, i.e.,
the transition from ‘alive without disease X’ to ‘alive with disease X.” Reduced incidence would
result in fewer cases of disease and therefore lower mortality levels over time.

To model the reduction in disease-specific incidence, we define risk categories for the pop-
ulation based on the 2019 GBD study’s pooled relative risk (RR) estimates for each of the four
cause groups [3]. These RRs are specific to increments of 600 metabolic equivalents (MET)
minutes per week (e.g., 0, 600, 1200, 1800, etc.). We define the population distribution of phys-
ical activity using three discrete categories that correlate well with the dose-response relation-
ship that has been reported in the literature [13]:

1. Low: Below 600 MET min/week. To get a proxy risk level for this group, we average the RR
values for 0 MET min/week and 600 MET min/week for each age and sex group.

2. Moderate: Between 600 MET min/week to 1800 MET min/week. We use age- and sex-spe-
cific RR values for 1200 MET min/week as the proxy risk level for this group.

3. High: Over 1800 MET min/week. As a conservative measure, we use age- and sex-specific
RR values for 1800 MET min/week as the proxy risk level for this group.

Population distributions of current physical activity uptake in Saudi Arabia are obtained
from the 2019 GASTAT Household Sports Survey [19].

Integral to estimating avoidable disease burden is to specify the health scenarios that define
the bounds of “avoidable” accounting for the different risk categories. We model three such
scenarios for Saudi Arabia:

1. Baseline: Assuming that physical activity levels reported in the 2019 GASTAT Household
Sports Practice Survey [19] remain constant until 2040, with no further progress on increas-
ing physical activity in the coming years. This servs as the reference scenario for the other
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two scenarios, wherein age- and sex-specific disease incidence would be constant over time,
rather than decreased in relation to increased physical activity.

2. Intervention: Assuming that physical activity levels could shift in 2023 to those observed in
a high-performing (benchmark) country, reflecting ambitious but realistic changes in pop-
ulation behaviors due to physical activity promotion interventions and maintained until
2040. In this analysis, we define Sweden as the benchmark country, as being one of the bet-
ter countries to implement these interventions and having the lowest levels of inactive pop-
ulations [20-22]. The assumption we use for this scenario, based on data from Sweden, is
that 81% of the population would achieve sufficient levels of physical activity, defined as the
recommended minimum of 150 min/week of moderate physical activity [9, 10, 23].

3. Ideal: Assuming that physical activity could shift in 2023 to “ideal levels,” reflecting the
maximum possible health impact of improved physical activity and maintained until
2040. We define “ideal” as 65% participating in at least 150 min/week of moderate physi-
cal activity, another 30% of the population participating in more intense and/or frequent
levels of physical activity above the minimum recommended, and the remaining 5% of
the population assumed to be inactive for health or aging-related reasons (e.g., spinal
cord injury, severe dementia) and unable to achieve at least the 150-minute
recommendation.

To calculate avoidable health loss due to insufficient physical activity, the potential impact
fraction (PIF) [24] is calculated for each of the four causes of death linked to inadequate physi-
cal activity, as well as by age group and sex. Potential impact fraction values are based on the
population distribution (P) of physical activity and relative risk (RR) in each risk category (i):

Zipi*RRi — Zii)i*RRi

PIF =
S PeRR,

where P; is the baseline risk distribution (i.e., the proportion of the population participating in
each level of physical activity according to the 2019 GASTAT Household Sports Practice sur-
vey data) [19], and 131, is the alternative risk distribution in the intervention and ideal scenarios.
RR estimates for colorectal cancer, breast cancer, ischemic heart disease, ischemic stroke, and
type 2 diabetes mellitus for males and females aged 25-79 years are taken from other GBD
studies [3, 13]. The potential impact fraction is applied to the baseline projection of disease-
specific incidence and hence mortality as a relative reduction in the former to yield alternative
estimates of age-, sex-, and cause-specific deaths. For example, a PIF of 0.10 for a given age/
sex/cause group and scenario would imply a 10% reduction in incidence for that group in that
scenario as compared to the baseline projection. The difference between baseline, intervention,
and ideal scenario projections of disease-specific and all-cause incidence and mortality are
reported as ‘cases averted’ and ‘deaths averted’ respectively.

We then translated the cases and deaths averted into DALYs averted. Years of life lost
averted is calculated as the product of age- and sex-specific deaths averted and the global ‘fron-
tier’ age- and sex-specific remaining life expectancy as reported in the 2019 GBD 2019. Years
lived with disability averted are calculated as the product of cause-specific cases averted and
the average disability weights for each cause as reported in the 2019 GBD study [1].

High body mass index is an intermediary risk factor for these disease outcomes. Still, the lit-
erature suggests that insufficient physical activity is a risk factor for diseases independent of
high body mass index [15], so our analysis used these RRs for inadequate physical activity of
the former [13].
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Estimating economic impact

Generally, speaking, there are three approaches to estimating the economist impact of ill health
[25]. The first is the “cost-of-illness” approach, which seeks to quantify direct and indirect
costs of medical care for particular diseases or injuries, usually at the individual patient level.
The second is the “economic growth” approach, which estimates the depletion of labor and
capital at the macroeconomic level that is due to particularly diseases or injuries. The third is
the “intrinsic value” or “welfare” approach, which uses willingness-to-pay metrics like the
value of a statistical life to value improvements in health. The third is the most commonly used
approach in benefit-cost analysis and is used in this study.

Specifically, we convert the value of a statistical life into the value of a life-year using meth-
ods described previously [24], for Saudi Arabia, the value of a life-year was 2.3 times gross
domestic product (GDP) per capita. We then multiply this quantity by the number of DALY
averted in the intervention and ideal scenarios relative to the baseline scenario [24].

Results
Potential impact fractions

The PIFs calculated from baseline physical activity levels and RRs illustrate the relative impact
that improved physical activity would have on the incidence of the four disease groups featured
in our analysis. Fig 2 plots the range of PIF values across the different five-year age groups in
the 25-79 years range (y-axis), disaggregated by scenario and cause of death (x-axis). We pres-
ent results for females and males separately because of the substantial difference in PIFs
between the two sexes. These calculations reveal three main findings. First, unsurprisingly, the
PIFs are larger for the ideal scenario than for the intervention scenario because of a greater
assumed increase in physical activity. Second, PIFs are generally higher for females than males

Female Male
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Fig 2. Potential impact fractions used in this analysis.

https://doi.org/10.1371/journal.pone.0297278.9002
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regardless of the cause of death or age group, reflecting the lower level of physical activity
among females in most age groups. Third, PIFs are the highest for cardiovascular causes,
which influences the projections of avoidable deaths by cause at the population level.

Avoidable mortality and disability

By applying the three categories to develop different scenarios, at baseline, the average popula-
tion distribution of MET-min/week in Saudi Arabia across age groups was 83% low, 10% mod-
erate, and 7% high. In the intervention scenario, the low, moderate, and high groups would
change to 19%, 74%, and 7%, respectively. In the ideal scenario, the low, moderate, and high
groups would change to 5%, 65%, and 30%, respectively.

Overall, it is estimated that between 2023 and 2040, about 80,000 (intervention scenario) to
110,000 (ideal scenario) deaths from all causes could be avoided by increasing physical activity
levels in Saudi Arabia. Fig 3 shows the annual number of deaths that could be avoided. This
number would increase by about one-third between 2023 and 2040 due to population growth
and aging (as would the total number of deaths in the baseline scenario).

The total number of DALY that could be avoided ranged from 2.0 million (intervention
scenario) to 2.9 million (ideal scenario). Over time, trends in avoided DALYs would be similar
to those in deaths avoided shown in Fig 3, increasing by about one-third between 2023 and
2040. Fig 4A illustrates the cumulative avoidable deaths in the two scenarios and disaggregates
these deaths by cause. Fig 4B illustrates the cuamulative DALYs averted in the two scenarios.
The overwhelming majority of deaths and DALYs would be due to ischemic heart disease, as
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Fig 3. Deaths from selected causes that could be avoided between 2023 and 2040 in two scenarios of increased physical activity in Saudi Arabia.

https://doi.org/10.1371/journal.pone.0297278.9003

PLOS ONE | https://doi.org/10.1371/journal.pone.0297278  April 10, 2024 7/13


https://doi.org/10.1371/journal.pone.0297278.g003
https://doi.org/10.1371/journal.pone.0297278

PLOS ONE Burden of physical inactivity in Saudi Arabia

Ideal Intervention
125,000 A
100,000 A
o
£
) Cause
>
75,000
z - Breast cancer
© Colon and rectum cancer
5 ||
g Diabetes mellitus type 2
>
-..g 50,000 A Ischemic heart disease
E Ischemic stroke
=}
O
25,000 4
0 -
2025 2030 2035 2040 2025 2030 2035 2040
Year
Ideal Intervention
3,000,000 4
o
Q
5 2,000,000 1 Cause
>
g . Breast cancer
5 . Colon and rectum cancer
<
% Diabetes mellitus type 2
'% Ischemic heart disease
E 1,000,000 4 Ischemic stroke
3
(@]
O .
2025 2030 2035 2040 2025 2030 2035 2040
Year

Fig 4. a. Cumulative cause-specific deaths avoidable between 2023 and 2040 in two scenarios of increased physical activity in Saudi Arabia. b.
Cumulative DALY avoidable between 2023 and 2040 in two scenarios of increased physical activity in Saudi Arabia.

https://doi.org/10.1371/journal.pone.0297278.9004
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Table 1. Economic impact of insufficient physical activity in Saudi Arabia (2023-2040). Costs are in 2022 United States dollars. Disaggregated numbers may not
round up to totals due to rounding to two significant digits. DALY = disability-adjusted life-years.

Group Intervention scenario Ideal scenario
Avoidable deaths Avoidable DALYs Economic impact (US$ Avoidable deaths Avoidable DALYs Economic impact (US$
(thousands) (thousands) billions) (thousands) (thousands) billions)

Total 80 2000 92 110 2900 130
By age

<40 yr 1.7 85 39 24 120 5.8

40-69 yr 61 1700 78 86 2400 110

70+ yr 18 240 11 25 330 15
By sex

Females 32 830 39 43 1200 54

Males 49 1200 54 70 1700 78

https://doi.org/10.1371/journal.pone.0297278.t001

this cause has the highest PIFs (Fig 2). Conversely, the burden of breast cancer and colorectal
cancer would not be significantly reduced with increased physical activity because these condi-
tions are less common and may involve other factors, such as genetics, and their association
with physical activity is lower as compared to cardiovascular diseases and diabetes.

Economic impact

Based on the estimates of avoidable deaths and DALYs, we calculate the economic cost of
avoidable disease burden using the intrinsic value approach, with the implied economic value
of an avoidable DALY in Saudi Arabia being 2.3 times GDP per capita [21]. Table 1 presents
the economic impact of insufficient physical activity, with results disaggregated by age, sex,
and scenario. The cumulative impact ranges from US$92 billion (intervention scenario) to US
$130 billion (ideal scenario), an average of US$5.4 billion to US$7.6 billion annually over the
next 17 years, or 0.49% to 0.68% of 2022 GDP in Saudi Arabia.

Most of the projected economic losses of insufficient physical activity are attributable to
individuals with ischemic heart disease with males being disproportionately affected. This
accounts for about 60% of health and economic losses. Under the intervention scenario,
approximately US$54 billion could be saved from improved physical activity in males, approx-
imately 75% of which can be attributed to ischemic heart disease. Under the ideal scenario, US
$78 billion would be saved from insufficient physical activity in males, approximately $60 bil-
lion of which would be saved due to ischemic heart disease (Table 1).

Discussion

Overall, we estimate that between 2023 and 2040, 80,000 (intervention scenario) to 110,000
(ideal scenario) deaths from all causes could be avoided by increasing physical activity levels in
Saudi Arabia. If these scenarios are not implemented, the economic value of this excess mortal-
ity and disability would be between US$92 billion and US$130 billion, respectively. Results
show that most of the economic impact of insufficient physical activity would be from individ-
uals with ischemic heart disease, and males would be disproportionately affected. The inter-
vention scenario used in the study is intended to be a more realistic level that Saudi Arabia
could achieve through governmental policies. The reason for choosing a high physical activity
level for the ideal scenario was to provide an “upper bound” on the health and economic bur-
den of insufficient physical activity.
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The study findings suggest a larger economic impact of physical inactivity than that implied
by previous modeling studies in the country. For example, a 2018 World Health Organiza-
tion’s study estimated that economic losses from all NCDs—irrespective of the attribution to
physical inactivity—were about 2.8% of GDP in Saudi Arabia [26]. An update of this research
on direct medical costs and worker productivity found that NCD-related losses were approxi-
mately 4.5% of GDP [27]. We found that the economic impact of physical inactivity-related
NCDs alone—about 5% of the NCD burden—would be valued at around 0.5-0.7% of GDP. A
reason our estimates are lower than the World Health Organization’s study is that we defined
the counterfactual differently: not according to the theoretical minimum distribution of physi-
cal inactivity, but according to levels seen in high-performing countries, which are still consid-
erably higher than the theoretical minimum but reflect what is achievable through policy
change. Still, insufficient physical activity is only a small part of the NCD puzzle, and failing to
act on NCDs more generally would lead to very large economic losses. For example, applying
the intrinsic value approach to all NCD deaths in 2019 would yield a value of around 25% of
GDP globally and approximately 10% of GDP in Saudi Arabia [19]. We believe that our figures
and approach best correspond to reality, though we note that our valuation approach (i.e.,
using the intrinsic value of health) is somewhat contested in the literature. Still, our approach
is consistent with a welfare perspective that includes non-market losses [11].

This study’s findings underscore an urgent need to develop innovative programs and poli-
cies to encourage physical activity, specifically to tackle cardiovascular diseases and diabetes.
The main challenge with tackling insufficient physical activity, dietary risks, or both is the pau-
city of evidence-informed policy options. The Disease Control Priorities project recently pro-
vided recommendations for intersectoral policy action to reduce health-related risks [21].
Large-scale built-environment interventions to promote physical activity are more likely to
succeed than small-scale community-based health promotion interventions, but neither has a
particularly robust evidence base. The situation in Saudi Arabia is not unique; as it ranked the
3rd among 172 countries with the greatest cardiovascular disease mortality risk attributed to
physical activity [2], other developed countries face similar policy challenges. Governmental
agencies should consider “experimenting” with different urban planning, transportation, and
infrastructure-related policies that can incentivize physical activity. They should prospectively
evaluate these policies using rigorous scientific methods. Ambitious policy experimentation
could allow these governments to become international examples in obesity and NCD
prevention.

The distinction between the different NCD risk factors of insufficient physical activity and
high body mass index (i.e., overweight and obesity) must also be emphasized. Obesity is
responsible for a greater share of deaths than insufficient physical activity (22% vs. 4.8%,
respectively) [3]. Hence, while insufficient physical activity is a risk factor for obesity, dietary
risks appear to be much more important drivers of obesity-related disease burden in Saudi
Arabia [28]. Efforts by the government and other stakeholders to tackle obesity should take a
comprehensive approach, with a relatively greater emphasis on dietary risks. Unfortunately,
there are no simple policy solutions to dietary risks; most World Health Organization-recom-
mended “cost-effective” interventions have a small impact and are cost-effective merely
because they are cheap [29]. Further research is needed to understand the dietary drivers of
obesity and the policy interventions that can most effectively promote a healthy weight.

This study is the first to present critical findings on the cost of physical inactivity in Saudi
Arabia. It enhances our understanding of the economic repercussions of insufficient physical
activity in the country, addressing a substantial public health issue and providing a case for
investment. The study offers a thorough assessment using both mortality and DALYs. Finally,
by translating health improvements into economic returns through standard cost-benefit
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analysis methods, the study provides a compelling argument for investment and practical
insights for policymaking that can advance the physical activity policy agenda in Saudi Arabia.

Despite the study’s importance, certain limitations warrant consideration. First, as implied
previously in the discussion, the “costs” that we report here are economic costs (based on esti-
mates of welfare losses) rather than financial outlays. Excess healthcare costs can be a more rel-
evant measure to some stakeholders and represent “costs” borne by payers. It was beyond the
scope of this article to compare multiple approaches to evaluating health losses, but future
projects with sufficient data could allow for these analyses. Second, our model used popula-
tion-level data and average values based on triangulating surveys and other data sources. Addi-
tionally, in order to ensure a focused and attainable research endeavor, we had to limit the
scope exclusively to the four conditions exhibiting the highest burden associated with insuffi-
cient physical activity, as identified through the GBD estimates. Finally, we could not account
for joint distributions of various risks (e.g., low physical activity, tobacco use, and high choles-
terol) concentrated in the same high-risk individuals. An individual-level simulation model
could incorporate these factors, but high-quality, individual-level data in Saudi Arabia is lack-
ing. Population-based cohort studies of NCD risk factors and long-term outcomes would
enhance local understanding of trends in major diseases and improve the accuracy and preci-
sion of modeling analyses like this study.

Conclusions

If no additional action is taken, insufficient physical activity could lead to an excess of 80,000
to 110,000 deaths and 2.0 million to 2.9 million DALY’ in Saudi Arabia between 2023 and
2040. The economic value of these health losses could be as high as 0.7% of the country’s GDP.
Tackling physical inactivity in Saudi Arabia will require multisectoral approaches that include
redesigning transportation systems, strengthening school-based physical activity programs,
behavioral and social approaches, including community clubs and classes, and effective urban
planning. Given the lack of robust evidence on interventions to improve physical activity,
there is an opportunity for governmental agencies to experiment with policies and rigorously
evaluate their effectiveness and costs, significantly contributing to the international evidence
base.
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