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Introduction: Mental disorders, in particular, depressive and anxiety disorders, are a leading cause
of disability in Australia and globally. Physical activity may reduce the incidence of anxiety and
depression, and this supports the inclusion of physical activity in strategies for the prevention of
mental ill health. Policy makers need to know the potential impact and cost savings of such strate-
gies. We aimed to quantify the impact of changes in physical activity on the burden of anxiety and
depression and healthcare costs in Australia.

Methods: We used a proportional multistate lifetable model to estimate the impact of changes in
physical activity levels on anxiety and depression burdens for the 2019 Australian population (num-
bering 24.6 million) over their remaining lifetime. The changes in physical activity were modeled
through 3 counterfactual scenarios informed by policy targets: attainment of the Australian Physical
Activity Guidelines and achievement of the WHO Global Action Plan on Physical Activity targets
of a 10% relative reduction in the prevalence of insufficient physical activity by 2025 and a 15% rela-
tive reduction by 2030.

Results: If all Australians adhered to the recommended minimum physical activity levels, in 25
years’ time, the burden of anxiety could be reduced by up to 6.4% (95% uncertainty intervals=2.5,
10.6), and that of depression could be reduced by 4.4% (95% uncertainty intervals=2.3, 6.5). Over
the lifetime of the 2019 Australian population, the gains could add up to 640,592 health-adjusted
life years for anxiety (26 health-adjusted life years per 1,000 persons), 523,717 health-adjusted life
years for depression (21 health-adjusted life years per 1,000 persons), and healthcare cost savings of
5.4 billion Australian dollars for anxiety (220 Australian dollars per capita) and 5.8 billion for
depression (237 Australian dollars per capita).

Conclusions: Adherence to the Australian physical activity guidelines and achievement of the
2025 and 2030 global physical activity targets could lead to a substantial reduction of the burden of
anxiety and depression. This study provides empirical support for the inclusion of physical activity
in strategies for the prevention of mental ill health. Future studies should also assess the size and
distribution of the benefits for different socioeconomic and ethnic groups.
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TAGGEDH1INTRODUCTION TAGGEDEND

TaggedPMental disorders, in particular, depressive and anxiety
disorders, are a leading cause of disability worldwide.1 In
Australia, mental disorders were the fourth leading cause
of disability in 2019, with 4.3 million prevalent cases.1

Depressive and anxiety disorders constituted 57% of this
burden, which further increased owing to the coronavi-
rus disease 2019 (COVID-19) pandemic‒induced
impairment in work and social functioning.2,3 People
experiencing severe mental health conditions also die as
many as 2 decades prematurely because of preventable
physical conditions.4,5TaggedEnd
TaggedPStaying active regularly has been identified as essential

for good mental health.6−8 Prospective studies suggest
that physical activity (PA) may reduce the incidence of
depression and anxiety.9,10 More than half (55%) of
adults in Australia do not meet the recommended PA
guidelines,11,12 and people living in socioeconomically
disadvantaged communities tend to be less active.13 TaggedEnd
TaggedPThe Australian national mental health policy and the

mental health plan emphasize the need for efforts that
prevent the onset of mental ill health.14,15 In a companion
paper,16 we systematically reviewed the available epidemio-
logic evidence to establish the relationship between PA
and incident cases of anxiety and depression. We found
that PA may reduce the incidence of anxiety and depres-
sion by up to 17% and 26%, respectively, and judged the
relationship to be probably causal. In this paper, we use
these findings in a proportional multistate lifetable
(pMSLT) modeling study to quantify the impacts of an
increase in PA levels on the burden of anxiety and depres-
sion and healthcare costs in Australia. The pMSLT model-
ing is an established approach that has been used
previously in Australia to estimate the health and eco-
nomic impacts of various preventive health strategies.17−20

Specifically, several studies have applied this method to
investigate the health and economic impact of strategies
that increase PA such as PA intervention programs in var-
ious settings and strategies that increase the use of active
transport.21−25 In New Zealand, Mizdrak and colleagues26

used the pMSLT to estimate the health and economic
gains that would occur if the 2018 Global Action Plan for
Physical Activity target was met. Our study expands
research in this area and introduces a novel aspect
wherein we estimate the health and economic impact of
PA on anxiety and depression, outcomes not included in
the previous studies.TaggedEnd
TaggedPOur study was part of a broader project commissioned
by the New South Wales (NSW) Ministry of Health to
value the health benefits of active transport. We devel-
oped the NSW Active Transport Health model and
sought to include all relevant health outcomes that have
sufficiently strong epidemiologic evidence of an associa-
tion with active transport. On the basis of the findings in
our companion paper,16 anxiety and depression were
included as health outcomes within the NSW Active
Transport Health model.27TaggedEnd
TAGGEDH1METHODS TAGGEDEND

TaggedH2Study Population TaggedEnd
TaggedPWe applied epidemiologic modeling to estimate the
impact of changes in the Australian population’s PA lev-
els on anxiety and depression burdens. We used a
pMSLT model28 to simulate the 2019 Australian popula-
tion in 5-year age groups over their remaining lifetime
(Appendix Figure 1, available online). The pMSLT
method copes with multiple diseases and allows for
comorbidity. The 2 conditions were modeled indepen-
dently as 2 separate mental-health outcomes.28−30 We
used the Guidelines for Accurate and Transparent
Health estimates Reporting checklist to guide the docu-
menting of our modeling data and methods.31TaggedEnd
TaggedH2Measures TaggedEnd
TaggedPWe used PA data from the Australia National Health
Survey 2017−2018 (Appendix Table 1, available
online).11 We calculated weekly PA levels by multiplying
the minutes of total weekly PA by the average MET of
task.32 To convert the weekly PA levels to METs, we
used the activity categories of walking, moderate PA,
and vigorous PA that were reported in the Australia
National Health Survey microdata (walking=3.5METs,
moderate PA=5METs, and vigorous PA=7.5METs). PA
was modeled as a categorical approximation of a Dirich-
let distribution, a generalization of the Beta distribution
to multiple categories.33 For the model, PA was catego-
rized into 4 levels: inactive (0 MET), low active (>0 and
<600 MET minutes per week), moderately active (≥600
and <1,600 MET minutes per week), and highly active
(≥1,600 MET minutes per week). The average MET
minutes for each PA category except inactive were
assigned a lognormal distribution. TaggedEnd
www.ajpmfocus.org
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TaggedFigure

Figure 1. RR of incident anxiety and depression by the level of PA. PA categories: inactive (0 MET), low active (>0 and <600 MET-
minutes per week), moderately active (≥600 and <1,600 MET-minutes per week), and highly active (≥1,600 MET-minutes per
week). Source of risk measures: Adjusted ORs (anxiety)38 and adjusted RRs (depression).37

PA, physical activity.
TaggedEnd
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TaggedPIn this study, we used the measures of association
from our systematic review of reviews study whose find-
ings are reported in a companion paper.16 In summary,
we found sufficient evidence to support an association
between PA and incident cases of anxiety and depres-
sion. The association was graded as a probable causal
relationship on the basis of the Bradford Hill criteria34,35

and the World Cancer Research Fund grading system.36

To model the association between PA and depression,
we used the adjusted RR=0.83 (95% CI=0.76, 0.90),37

and for the association between PA and anxiety, we used
the adjusted OR=0.74 (95% CI=0.62, 0.88).38 The result-
ing risk chart is shown in Figure 1.37,38 We assumed that
the lowest and highest PA categories reported for the
measures of association37,38 refer to the inactive and
highly active categories in our model, respectively. To
derive the measures of association for all the 4 modeled
PA categories, scaling was done to interpolate values
between the lowest and highest PA level categories using
the findings from the meta-analysis by Ekelund et al.39

because PA is measured relatively precisely using accel-
erometry. In their review, studies with good-quality PA
exposure measures showed diminishing returns with
increasing PA levels. We assume that this also applies to
the outcomes of our study. This means that the greatest
reduction in risk per unit of PA is seen in the lowest PA
category, and the health gains diminish at higher levels
of PA (Figure 1,37,38). We modeled the risk measures as
lognormally distributed.40TaggedEnd
June 2023
TaggedPWe used age- and sex-specific incidence and prevalence
data, prevalent years of life lived with disability rates, and
population data from the Global Burden of Disease (GBD)
2019 study.1,41 GBD was the preferred source because it
provides the latest disease estimates for Australia. We used
DisMod II42 to enforce internal consistency in the epidemi-
ologic estimates obtained from the GBD 2019 study while
deriving remission parameters that are not provided in the
GBD data (Appendix Figure 2, available online, and
Appendix Tables 2 and 3, available online). To determine
the loss of quality of life, we used disability weights, which
were calculated on the basis of disease-specific prevalence
and years of life lived with disability estimates (Appendix
Tables 4 and 5, available online).1TaggedEnd
TaggedPHealthcare costs were calculated using data from the

Disease Expenditure in Australia 2018−19 report pre-
pared by the Australian Institute of Health and Welfare
(Appendix Table 6, available online).43 Costs per preva-
lent case of anxiety and depression were calculated on
the basis of GBD 2019 disease prevalence and popula-
tion numbers.1 Overall healthcare costs for all other
health conditions were also included in our model
(Appendix Table 7, available online). This is necessary
because as interventions prolong life, additional health-
care costs will be incurred during added years of life.44 A
summary of the model input parameters is presented in
Table 1.1,11,32,37−43,45,46 TaggedEnd
TaggedPFirst, we simulated a business-as-usual scenario in

which the current PA levels (by age and sex) continue in



TaggedEndTable 1. Model Input Parameters

Input data Uncertainty Source

Disease incidence N/A GBD 2019 study.1,41

(Appendix Tables 2−6, available online)

Disease prevalence

Disease remissiona

All-cause mortality rates

Disability weightsb

YLD (all causes and disease-specific YLDs)

Population numbers

RRsc Normal (Ln RR)d Schuch et al.37,38 (Figure 1)

Scaling the lowest and highest PA categories
reported in RRs to the 4 modeled PA categories

N/A Ekelund and colleagues39

MET-minutes (walking=3.5, moderate PA=5,
vigorous PA= 7.5)

N/A Ainsworth et al.32

PA categories defining PA levels in the population Dirichlet NHS 2017−2018.11

(Appendix Table 1, available online).Modeled PA categories derived from MET minutes Lognormal

Healthcare costs N/A Disease Expenditure in Australia 2018−2019 report
prepared by the AIHW43 (Appendix Tables 7 and 8,
available online)

Discount rates applied in the sensitivity analysis N/A Australian Government Best Practice Regulation
Guidance.45,46

aWe used DisMod II42 to enforce internal consistency in the epidemiologic estimates obtained from the GBD 2019 study while deriving remission
parameters that are not provided in the GBD data (Appendix Figure 2, available online, and Appendix Tables 2 and 3, available online).
bDisability weights were calculated on the basis of disease-specific prevalence and YLD estimates (Appendix Table 4, available online).
cAdjusted RR measures for the outcome depression and adjusted OR for the outcome anxiety.
dWe used a modified version of the log of the RR function, which was used to avoid a skewed lognormal distribution.40

AIHW, Australian Institute of Health and Welfare; GBD, Global Burden of Disease; N/A, not applied; NHS, Australia National Health Survey; PA, physi-
cal activity; YLD, years lived with disability.
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the reference population and, in parallel, comparator
counterfactual scenarios in which the entire population
achieves changes in PA levels. The changes in PA were
modeled through 3 counterfactual scenarios: attainment
of the Australian PA guidelines7 and achievement of the
20256 and 2030 global PA targets.8 We used the propor-
tions shift method47 to model changes in PA levels by
changing the proportion of the population in each PA
category. TaggedEnd
TaggedPFor the first counterfactual scenario in which the

entire population meets the Australian PA targets, we
used the updated PA guidelines for Australians.7 For
those aged 18−64 years, the recommendation is to be
active on most (preferably all) days to a weekly total
of 2.5−5 hours of moderate activity (150−300
minutes) or 1.25−2.5 hours (75−150 minutes) of vig-
orous activity or an equivalent combination of both.
For those aged ≥65 years, at least 30 minutes of mod-
erate activity on most (preferably all) days is recom-
mended. In the model, we implemented this scenario
by moving the proportions of people in the inactive
(METs=0) and low active (>0 and <600 MET-
minutes per week) PA categories to the moderately
active level (≥600 and <1,600 MET-min/week). For
the second and third counterfactual scenarios in
which the entire population achieves the set global
targets, we modeled 2 targets:

TaggedEndTaggedP1. a 10% relative reduction in the prevalence of insuffi-
cient PA by 2025, one of the 9 voluntary global targets
set in the WHO Global Action Plan for the Preven-
tion and Control of Noncommunicable diseases 2013
−2020.6 In the model, 10% of people in the inactive
and low active PA categories were moved to the mod-
erately active level; andTaggedEnd

TaggedP2. a 15% relative reduction in the global prevalence of
physical inactivity in adults and in adolescents by
2030 as set in the WHO Global Action Plan on PA
2018−2030,8 modeled as 15% of people in the inac-
tive and low active PA categories moved to the mod-
erately active level. TaggedEnd

TaggedPThe resulting proportions of people in the 4 PA cate-
gories for each modeled scenario are presented in
Appendix Table 8 (available online). This analysis was
restricted to adults aged ≥15 years. To reflect the attain-
ment of the target by 2025 and 2030, we phased in the
intervention effect with linear increases from 2019 to
2025 and from 2019 to 2030 toward achieving the
respective targets. TaggedEnd
www.ajpmfocus.org
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TaggedH2Statistical Analysis TaggedEnd
TaggedPWe used the pMSLT model28 to simulate changes in the
PA levels on anxiety and depression for the 2019 popula-
tion (numbering 24.6 million [Appendix Table 9, avail-
able online]) over their remaining lifetime. The lifetables
were populated with a closed cohort disaggregated by
sex and 5-year age groups. TaggedEnd
TaggedPThe pMSLT is divided into sections: a standard cause

elimination life table (main lifetable) and a section for
each disease with an independent illness death process
(which we refer to as disease-specific sections in this
manuscript) (Appendix Figure 1, available online).28 TaggedEnd
TaggedPTwo disease-specific sections were generated in our

model. We created a switch that allowed each disease to
be switched on or off and hence model one outcome at a
time. The proportion of the Australian population
assigned to each disease section was determined by the
disease incidence (inflow) and case-fatality (outflow)
rates. We assumed no mortality (case fatality) from anxi-
ety and depression. The 2 included diseases were mod-
eled by applying a set of differential equations to
describe the transition between 4 states: healthy, dis-
eased, dead from the disease, and dead from all other
causes (Appendix Figure 2, available online).37 Transi-
tion probabilities among the 4 states reflected the rates
of incidence, remission, case fatality, and mortality from
all other causes (Appendix Tables 2 and 3, available
online). For each age‒sex group, a change in exposure to
the risk factor, insufficient PA, modified the postinter-
vention incidence through potential impact fraction
(PIF) calculations.47 For every modeled disease, the PIF
calculates the proportional change in incidence after a
change in exposure to PA (Appendix Table 10, available
online).47 We used the disease-specific sections to report
changes in incidence and prevalence. Over time, reduced
incidence of disease in the intervention population
results in reductions in prevalence compared with that
in the reference population. Changes in disease-related
quality of life at every age were calculated using disease-
specific disability weights (Appendix Table 4, available
online). These disease-specific changes feed into a lifet-
able. The lifetables were populated with a closed cohort
of the entire 2019 Australia population disaggregated by
sex and 5-year age group (Appendix Table 9, available
online). The lifetables integrated all-cause mortality rates
and years of life lived in poor health owing to disease
(Appendix Tables 3 and 5, available online) and changes
in disease-specific quality of life to calculate the number
of health-adjusted life-years (HALYs) for the Australian
population. These calculations for the stratified cohorts
are simulated with 1-year cycle lengths until everyone
dies or reaches the age of 100 years for both the
reference and intervention populations. Where exposure
June 2023
to risk-factor-insufficient PA is reduced in the interven-
tion population, there is an increase in the number of
HALYs when compared with that of the reference popu-
lation (business-as-usual scenario). TaggedEnd
TaggedPBecause the national survey only provides PA infor-

mation for persons aged ≥15 years, we restricted our
analysis to these age groups. However, we ran the model
from age 0 so the avoidable burden in younger cohorts
is included in the outputs once they reach age 15 years.
For the main analyses, we applied no discounting of
health outcomes and healthcare costs.TaggedEnd
TaggedPWe quantified the simultaneous and combined effect of

the uncertainty in model inputs on our outcomes. We
implemented this using a Monte Carlo simulation with
bootstrapping (2,000 iterations) while incorporating
probabilistic uncertainty from risk measures and PA
input parameters. The 95% uncertainty intervals (UIs)
were calculated, reflecting parameter uncertainty in the
model (2.5 and 97.5 percentiles capturing sampling error
with input data).TaggedEnd
TaggedPSensitivity analyses were carried out to quantify the

impact of change in discount rates applied on costs and
health effects (HALYs). In line with the Australian Gov-
ernment Best Practice Regulation Guidance, we applied
a discount rate of 3% for the health outcomes and 7%
for the healthcare costs to all modeled scenarios.45,46 TaggedEnd
TaggedPWe used Microsoft Excel 365 and two software add-

ins. The EpiGearXL 5.0 add-in was used for the calcula-
tion of the PIF, and Ersatz (Version 1.35) was used for
the uncertainty analysis.48 Ethics approval was not
required for the lifetable analysis. TaggedEnd
TAGGEDH1RESULTS TAGGEDEND

TaggedPFor the HALYs and healthcare costs outcomes, we report
outputs estimated for the remaining lifetime of the 2019
population of Australia. For the changes in incidence,
we report outputs estimated for the next 25 years
(between the years 2019 and 2044) and changes in prev-
alence for the year 2044. In the Appendix Tables 10 to
20 (available online) results table, we give additional
results for all outcomes for different time periods such
as the global and national noncommunicable diseases
policy cycles, years 2025 and 2030, respectively. In addi-
tion, in this manuscript, we present results only for the
modeled scenario in which all people adhered to the PA
guidelines in Australia. Over the lifetime of the 2019
population of Australia, gains from a 10% relative reduc-
tion in the prevalence of insufficient PA by 2025 could
add up to 60,016 HALYs for anxiety (95% UIs=24,103
−98,457) and 50,333 for depression (95% UIs=25,954
−75,379) (Appendix Table 13, available online) and
healthcare cost savings of 508 million Australian dollars



TaggedEndTable 2. Reduction in Disease Incidence and Prevalence

Outcome
Incident and prevalence count Proportional reduction in year 25

Male,
mean

(95% UI)

Female,
mean

(95% UI)

Total,
mean

(95% UI)

Male,
%

(95% UI)

Female,
%

(95% UI)

Total,
%

(95% UI)

Incidence count in years 0−25 (2019−2044)
Anxiety 81,078 106,188 187,266 5.96 6.86 6.42

(31,817−134,310) (41,985−174,857) (73,802−309,167) (2.35−9.86) (2.72−11.27) (2.54−10.59)
Depression 418,718 704,103 1,122,821 3.91 4.69 4.36

(216,508−628,825) (366,048−1,052,719) (582,556−1,681,544) (2.02−5.86) (2.45−6.99) (2.27−6.52)
Prevalence count in year 25 (2044)

Anxiety 21,297 38,756 60,053 4.89 5.21 5.09

(8,356−35,308) (15,318−63,875) (23,673−99,183) (1.92−8.10) (2.06−8.58) (2.01−8.40)
Depression 16,109 26,850 42,959 3.82 4.55 4.24

(8,345−24,164) (13,996−40,086) (22,342−64,250) (1.98−5.73) (2.37−6.79) (2.21−6.35)

Note: Results for the modeled scenario: all people adhered to the physical activity guidelines in Australia.
UI, uncertainty interval.
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(AUDs) for anxiety and 561 million AUD for depression
(Appendix Table 15, available online). A 15% relative
reduction in the prevalence of insufficient PA by 2030
could yield a gain of 85,983 HALYs for anxiety (95%
UIs=34,852−140,789) and 72,399 for depression (95%
UIs=38,099−106,895) (Appendix Table 13, available
online) and healthcare cost savings mean estimates of
732 million AUD for anxiety and 810 million AUD for
depression (Appendix Table 15, available online) over
the lifetime of the 2019 population of Australia. TaggedEnd
TaggedPBetween 2019 and 2044 (25 years), our model projects

that if all people adhered to the PA guidelines in
TaggedEndTable 3. Total HALYs Gained and Reductions in Healthcare Expe

Outcomes by sex Total HALYs gained over the lifetime, Redu
mean (95% UIs)

Anxiety

Female 416,256

(165,494−683,306)
Male 224,336

(88,530−370,372)
Both 640,592

(254,024−1,053,678)
Depression

Female 330,758

(173,193−491,919)
Male 192,958

(100,242−288,740)
Both 523,717

(273,435−780,658)

Note: Results for the modeled scenario: all people adhered to the physical ac
AUD, Australian dollar; HALY, health-adjusted life-year; UI, uncertainty interva
Australia, there would be a reduction in the cumulative
number of new cases of anxiety by 187,266 (95%
UIs=73,802−309,167) and of depression by more than
1.1 million (95% UIs=582,556−1,681,544) (Table 2).
The reduction in new cases was greater for females than
for males. A reduction in total incident cases of anxiety
and depression over different time periods is shown in
Appendix Tables 10 and 11 (available online). TaggedEnd
TaggedPIf all people adhered to the PA guidelines in Australia,

our model projected a reduction in prevalent cases of
anxiety by 60,053 (95% UIs=23,673−99,183) and of
depression by 42,959 (95% UIs=22,342−64,250) in
nditure

ction in healthcare expenditure over the lifetime (in AUD),
mean (95% UIs)

3,498,614,451

(1,395,653,298−5,728,440,670)
1,907,269,567

(754,908,697−3,141,478,744)
5,405,884,018

(2,150,561,995−8,869,919,414)

3,875,838,612

(2,029,465,286−5,764,237,082)
1,955,792,166

(1,016,788,020−2,924,800,592)
5,831,630,778

(3,046,253,306−8,689,037,674)

tivity guidelines in Australia.
l.
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TaggedEndTable 4. Total HALYs Gained and Reductions in Healthcare Expenditure With Discounting

Outcome by sex Total HALYs gained in the lifetime with discounting,a
Reduction in healthcare expenditure over the

lifetime (in AUD) with discounting,b

mean (95% UIs) mean (95% UIs)

Anxiety

Female 170,588 567,991,909

(66,175−279,175) (220,647,903−929,106,644)
Male 95,675 341,693,061

(36,828−157,478) (131,663,556−562,377,354)
Both 266,262 909,684,970

(103,003−436,653) (352,311,459−1,491,483,998)
Depression

Female 142,633 812,131,892

(72,327−215,802) (411,002,153−1,230,863,543)
Male 83,433 403,147,404

(42,031−126,868) (202,928,419−613,472,778)
Both 226,065 1,215,279,296

(114,357−342,670) (613,930,572−1,844,336,322)

Note: Results for the modeled scenario: all people adhered to the physical activity guidelines in Australia.
aA 3% discount rate on health effects applied.
bA 7% discount rate on healthcare costs applied.
AUD, Australian dollar; HALY, health-adjusted life-year; UI, uncertainty interval.
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2044, an estimated 5.1% proportional reduction in prev-
alent cases of anxiety and 4.2% of depression (Table 2).
The estimated reduction in number and proportions
over different time periods are shown in Appendix
Table 12 (available online). TaggedEnd
TaggedPTable 3 shows that if all people adhered to the PA

guidelines in Australia, over the lifetime of the 2019 popu-
lation, almost twice as many HALYs would be gained in
females (»400,000) compared with those in males
(»200,000) for each health outcome. Additional results
for the total HALYs gained in the lifetime for the addi-
tional 2 modeled scenarios and over different time periods
are shown in Appendix Tables 13 and 14 (available
online).TaggedEnd
TaggedPOver the lifetime of the 2019 Australian population, if

all people adhered to the PA guidelines, the estimated
savings are 5.41 billion AUDs for anxiety and 5.83 bil-
lion AUDs for depression (Table 3). (Additional results
are in Appendix Tables 15 and 16, available online).
Compared with the base case (no discounting applied),
for all the 3 modeled scenarios, applying 3% discounting
for the health outcomes reduced the total number of
HALYs gained over the lifetime of the 2019 Australian
population for both anxiety and depression by about
60% (Table 4 and Appendix Table 17, available online).
The total HALYs gained increased with time (Appendix
Table 18, available online). TaggedEnd
TaggedPCompared with the base case (no discounting applied),

applying 7% discounting to the healthcare costs reduced
the total cost offsets in the lifetime of the 2019 Australian
June 2023
population for all 3 modeled scenarios for both anxiety
and depression by more than 80% (Table 4 and Appendix
Table 19, available online). For the scenario where all peo-
ple adhered to the PA guidelines in Australia, 7% discount-
ing reduced the total cost offsets by »4.5 billion AUDs for
each health outcome (anxiety and depression). Additional
results for the additional 2 modeled scenarios and over dif-
ferent time periods are shown in Appendix Tables 19 and
20 (available online).TaggedEnd
TAGGEDH1DISCUSSION TAGGEDEND

TaggedPWe found that if all Australians adhered to the recom-
mended minimum PA levels, in 25 years’ time, the bur-
den of these 2 conditions could be reduced substantially
—by 6.4% (95% UIs=2.5−10.6) for anxiety and by 4.4%
(95% UIs=2.3−6.5) for depression. Over the lifetime of
the 2019 Australian population, the gains could add up
to 640,592 years in perfect health (HALYs) for anxiety
and 523,717 HALYs for depression and healthcare cost
savings of 5.4 billion AUD for anxiety and 5.8 billion
AUD for depression. The health and economic impacts
are larger for females than for males. This is largely
because a greater percentage of females than males
across all ages were in the inactive and low active PA cat-
egories at baseline (Appendix Table 1, available
online).11 In addition, women had a higher starting
prevalence of anxiety and depression (Appendix Table 2,
available online).1TaggedEnd
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TaggedPTo our knowledge, this is the first study to quantify
the impact of PA on the burden of anxiety and depres-
sion over the life course in Australia or any other coun-
try. Specifically, we assessed the impact of achieving 3
policy targets: attainment of the Australian PA guide-
lines, a 10% relative reduction in the prevalence of insuf-
ficient PA is achieved by 2025, and a 15% relative
reduction in the prevalence of physical inactivity by
2030.6−8 We report estimates on changes in incidence,
prevalence, HALYs, and healthcare costs. Given that we
model across the lifetime of the population, our study
provides a comprehensive picture of the potential health
gains because of increased PA levels, as opposed to other
study types with shorter time horizons. This is valuable
information for health planning and prevention policy. TaggedEnd
TaggedPOur work complements earlier studies that have

applied the proportional multistate life table method to
investigate the health impact of strategies that increase
PA.21−26 Findings from these previous studies confirm
the health and economic benefits of increasing PA at the
population level. Our study expands this research by
investigating the health and economic impact of PA on
the outcomes of anxiety and depression. These outcomes
have not previously been included in health and eco-
nomic assessments of PA. Our study complements the
GBD 2019 study and the Australian Burden of Disease
2015 study,49,50 which have estimated the disease burden
attributable to physical inactivity in Australia. Neither of
the 2 studies included mental health outcomes. Our
findings show that the inclusion of mental health bene-
fits of PA into burden of disease estimates could have
substantial policy implications. The findings from our
review add to the recently published criticism of the esti-
mation of the latest version of the GBD study using out-
dated and incomplete evidence on the health risks
attributable to PA.51TaggedEnd

TaggedH2Limitations TaggedEnd
TaggedPOne of our study limitations is that for the strength of
the associations between PA and depression and anxiety,
we rely on the evidence from previous studies—primary
cohort studies summarized in systematic reviews37,38

with pooled estimates. In their main analysis, the pri-
mary studies included by the review authors had varying
definitions of high and low PA. Efforts to get additional
information included contacting the corresponding
author of the systematic reviews37,38 and our review of
their included primary cohort studies. Owing to the var-
iations presented, we could not establish homogenous
PA categories. We applied the assumption that the low-
est and highest PA categories reported in the review
studies37,38 refer to the inactive and highly active catego-
ries in our model, respectively. Additional limitations of
this evidence are discussed in our companion review
study.16 Another limitation is that the pMSLT model
has an assumption that modeled diseases are indepen-
dent.28−30 This might lead to a slight overestimation of
impact because with the disability-weight formula used
to combine the impact of the 2 conditions, the impact is
smaller if both are in the same individual. However, this
would have a limited impact on overall estimates.29 In
addition, our model did not incorporate migration, but
the lifetable approach does include the effects of popula-
tion aging. The UIs reflect only uncertainty in RRs and
PA input parameters and not all uncertainty in the anal-
ysis, particularly, disease rates. The proportions shift
method that we used to model changes in PA has been
found to introduce nonlinearities where there should be
none.47 However, for our case, the proportions shift
method was the most intuitive for our model scenarios
where we simplify and redistribute people to different
PA categories. TaggedEnd
TaggedPThe use of self-reported data in the estimate of the

Australian PA levels was limiting, but this is appropriate,
given that the risk measures were also based on studies
that used self-report. TaggedEnd
TaggedPThe reduction of prevalent cases owing to increased

PA levels might happen faster than reported in this
study because in our model, an increase in PA levels
modifies only incidence and does not include established
beneficial effects in people living with anxiety or depres-
sion.52−55 As such, our estimates are conservative, and
the true benefits of measures that increase PA are likely
to be even greater. TaggedEnd
TaggedPOur findings are relevant to policy makers, clinicians,

epidemiologists, and public health researchers. Our
study provides empirical support for the adoption of PA
in strategies for the prevention of mental ill health.
Efforts to increase PA levels can make significant contri-
butions to improving mental health.TaggedEnd
TaggedPAt an individual level, our findings show that even a

modest increase of PA for individuals with less-than-
optimal PA levels (i.e., inactive or insufficient PA) could
result in a significant benefit to mental health. The
potential impact of PA on the burden of anxiety and
depression may also encourage clinicians to emphasize
PA as a key aspect of the prevention of mental ill health
for their clients, in particular, clients who currently have
low levels of PA. TaggedEnd
TaggedPAt a population level, tackling broader social and

environmental determinants that support active lives
such as secure walkable neighborhoods; access to green
and blue spaces; and safe roads for pedestrians, cyclists,
and other active transport users can improve the uptake
of PA at the population level.8,56,57 Evidence shows that
strategies that seek to create healthier environments that
www.ajpmfocus.org
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encourage PA are more effective than those that only
target individuals.8 Furthermore, our research supports
prioritizing PA interventions for populations who expe-
rience relatively higher levels of physical inactivity such
as people living in socioeconomically disadvantaged
communities.13 These findings are particularly impor-
tant for informing policy making in light of evidence
that suggests that without targeted approaches, place-
based infrastructure investments tend to benefit those
already socioeconomically advantaged, therefore missing
opportunities to both address health equity and allocate
limited resources where they will achieve the best out-
comes.58−60 TaggedEnd
TaggedPOur findings make a strong case for the inclusion of

PA in potential strategies for the prevention of mental ill
health. For example, they could be used in economic
appraisals for business cases of such prevention strate-
gies. The true benefits of measures that increase PA lev-
els are likely to be even much greater because the mental
health benefits would be additional to those accrued
from the reduction of other diseases associated with PA
such as cardiovascular disease, diabetes, several types of
cancer, and other chronic health conditions.61,62 TaggedEnd
TaggedPFor the strength of the associations between PA and

depression and anxiety, further research could
strengthen the evidence base for sex- and age-specific
measures of association. This is important because with
the low prevalence of optimal PA levels in Australia and
globally,11,12 even a modest effect of PA on anxiety and
depression could result in a significant benefit to mental
health from interventions that improve the levels of PA. TaggedEnd
TaggedPFuture studies should also assess the size and distribu-

tion of the benefits for different socioeconomic and eth-
nic groups and could be expanded to include children
and adolescents (aged <15 years). TaggedEnd
TaggedPWhen people are being physically inactive, they

often spend a lot of their time in sedentary behavior
such as sitting. Emerging evidence suggests that high
levels of sedentary behavior may also be unfavorably
associated with depression and anxiety.63−65 Further
research is needed to quantify the impact that seden-
tary behavior has on mental health among both
children and adults. TaggedEnd
TAGGEDH1CONCLUSIONS TAGGEDEND

TaggedPAdherence to the Australian PA guidelines7 and achieve-
ment of the 20256 and 2030 global PA targets6,8 could
lead to a substantial reduction of the burden of anxiety
and depression. Over the lifetime of the 2019 Australian
population, if all adhered to the recommended minimum
PA levels, the gains could add up to 640,592 years in per-
fect health (HALYs) for anxiety and 523,717 HALYs for
June 2023
depression and healthcare cost savings of 5.4 billion AUD
for anxiety and 5.8 billion AUD for depression.TaggedEnd
TaggedPThis study provides empirical support for the inclu-

sion of PA in strategies for the prevention of mental ill
health. TaggedEnd
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