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Falls contribute to substantial and growing health losses worldwide, yet
how they relate to economic output has not been quantified at the global

level. Here we estimated the macroeconomic losses attributable to falls
in190 countries and territories for 2020-2050 using a health-augmented
macroeconomic model capturing reduced labour supply from mortality
and morbidity; heterogeneity in human capital by age, education and
experience; and lower capital accumulation from treatment spending.
Under the main specification, falls are projected to reduce global output
by INT$3.939 trillion (95% uncertainty interval, 3.788-4.096), or 0.088% of
the cumulative world gross domestic product. The largest absolute losses
occurinthe USA, followed by China and Germany. Low- and middle-income
countries account for 74.8% of fall-related disability-adjusted life years

but only 32.6% of the estimated economic loss, indicating a marked
mismatch between health burden and monetized macroeconomic burden.
The macroeconomic burden of falls is unevenly distributed globally,
underscoring the need for stronger prevention efforts.

Falls present aserious global public health challenge. According to the
Global Burden of Disease (GBD) Study, falls rank among the leading
contributors to injury-related morbidity and mortality worldwide,
disproportionately affecting vulnerable populations such as children,
older adults and workers in high-risk occupations'* In 2021 alone,
falls were associated with approximately 800,000 deaths and over 48
million disability-adjusted life years (DALYs)>. Among unintentional
injuries, only road traffic injuries impose a greater disease burden’.
Between 2000 and 2021, deaths from fallsincreased by 73%, compared
with a 4% increase in deaths from all injuries combined”.

The risks vary by age group. Children often suffer fractures and
head injuries during play or sports. Older adults are more prone to
falls due to declining physical function and chronic conditions. These
may be complicated by hip fractures, traumatic braininjuries or even
death®. Without effective prevention, these burdens are expected to
grow as populations age and urbanization accelerates. Beyond their
health impacts, falls impose a substantial economic toll, including
reduced productivity, increased healthcare costs, labour losses and
family caregiving expenses. Estimating the economic burden of falls
enables policymakers to implement targeted interventions, allocate
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resources efficiently and strengthen healthcare systems to address the
growing prevalence of fall-related injuries.

Research onthe costs of falls has largely been conducted insingle
countries or specific subpopulations. For example, the economic
burden of informal caregiving related to falls among older adults in
the USA has been estimated at about US$20 billion*, and a systematic
reviewin Chinareported wide variation in the cost per fallamong older
people’. However, these studies do not provide a global picture and
often exclude other affected groups, including children and workersin
high-risk jobs.Inaddition, most prior estimates rely on cost-of-illness
methods that total direct and indirect costs but do not model how
economies adjust to illness®. When workers are injured or die, firms
may partly replace lost labour with other workers or capital; similarly,
treatment spending can alter savings and investment. Ignoring these
mechanisms may overstate the output losses attributable to falls. To
address thisissue, we build on the health-augmented macroeconomic
framework developed in earlier work on cancer, chronic obstructive
pulmonary disease and road injuries® .

In this study, we adapt that framework to falls and estimate the
macroeconomic burden associated with falls in 190 countries and
territories from 2020 through 2050. By linking fall-related mortality,
morbidity and treatment expenditure to labour supply and capital
accumulation, we aim to provide afalls-specific assessment of long-run
economicloss and its distribution across settings.

Results

Using the difference in projected gross domestic product (GDP)
between the status quo and a counterfactual scenario without falls,
our model estimates suggest aglobal output gap of INT$3.939 trillion
(in 2017 international dollars) in scenarios incorporating falls (95%
uncertainty interval, 3.788-4.096) during 2020-2050 under the 3%
discount rate used in the main analysis. This corresponds to 0.088%
(0.085-0.092) of the cumulative world GDP over the study period and
toaper capitaloss of INT$452 (434-472) (Table 1). Country-level totals
and GDP shares are shown in Figs. 1and 2.

Tableland Supplementary Figs.3 and 4 present the results of the
World Bank study for each region and country income group. Across
World Bankregions, North Americaaccounted for the greatest macro-
economicburdenassociated with falls and the highest per capitalosses,
followed by East Asia and the Pacific (Table 1and Supplementary Fig. 3).
North Americaalsorecordedthelargestlossesrelative to output, equiv-
alent to 0.209% of tax revenue (uncertainty interval, 0.209-0.209).
Thedistribution of the economicburden of falls varied across country
income groups, total GDP and per capitaeconomiclosses. High-income
countries represented the largest portion of the global burden, with
total economic losses of INT$2.654 trillion (95% uncertainty interval,
2.637-2.676) and losses per capita of INT$2,104 (2,091-2,122). In con-
trast, the estimated cost for low-income countries was INT$9 billion
(7-11) intotal and INT$10 (8-12) per capita. Subgroup analysis revealed
thatthe 45-54 age group bore the highest economic burden, amount-
ing to INT$1.350 trillion (1.315-1.396), with the burden among males
exceeding that among females (Table 1). In the intermediate scenario
analysis, we found that a20% reduction in the burden of falls by 2050
is projected to be associated with global savings of INT$1.708 trillion
(1.652-1.767).

In 2020, falls corresponded to 43.4 million DALYs worldwide.
The economic losses are distributed very differently from the health
burden. North America accounted for only 6.5% of global DALYs but
32.8% of the economic burden, whereas South Asiaaccounted for 27.2%
of DALYs and only 4.9% of economic losses. More broadly, low- and
middle-income countries represented 74.8% of global DALYs yet only
32.6% of the estimated macroeconomic burden (Table 2).

Supplementary Table 6 reports the economic burden estimates for
126 countries and areas with complete data, as well as for 64 countries
with missing data. The former group represents 86.0% of the global

Table 1| Total macroeconomic burden, economic burden as
a proportion of total GDP and per capita economic burden
attributable to fall mortality and morbidity in 2020-2050
by World Bank region, by World Bank income group, by age
group, by intermediate scenario and globally

Economic Proportionof  Per capita
loss, billions total GDPin loss, 2017
of 2017 INT$ 2020-2050, INT$
(uncertainty x10°% (uncertainty
interval®) (uncertainty interval®)
interval®)

By World Bank region

North America 1,290 209 (209-209) 3,227
(1,288-1,292) (3,223-3,232)

East Asia and Pacific 1,093 63 (58-68) 459
(1,000-1,180) (420-496)

Europe and Central Asia 989 110 (109-111) 1,070
(979-1,001) (1,059-1,083)

Middle East and North Africa 223 94 (90-100) 412
(213-236) (393-437)

South Asia 192 (163-226) 33 (28-39) 89 (76-105)

Latin America and Caribbean 126 (124-129) 50 (49-51) 181(178-185)

Sub-Saharan Africa 25 (21-31) 18 (14-21) 16 (13-19)

By World Bank country income group

High income 2,654 159 (158-161) 2,104
(2,637-2,676) (2,091-2,122)

Upper-middle income 961 53 (48-57) 338
(873-1,040) (307-366)

Lower-middle income 314 34 (29-40) 85 (73-100)
(270-368)

Low income 9 (7-11) 19 (15-23) 10(8-12)

By age group

0-14 0(0-1) 0(0-0) 0(0-1)

15-24 31(29-40) 101-1) 26 (24-34)

25-34 215 (196-244) 5 (4-5) 186

(168-209)
35-44 732(708-777) 17 (16-17) 727
(695-762)

45-54 1,350 30 (30-31) 1,520
(1,315-1,396) (1,473-1,564)

55-65 1,328 30(29-31) 1,947
(1,296-1,373) (1,893-2,006)

65+ 283 6 (6-7) 386
(273-295) (370-400)

By sex group

Male 2,892 65 (63-67) 332
(2,796-3,018) (320-345)

Female 1,047 24 (23-25) 121 (117-126)
(1,019-1,101)

By intermediate scenario

10% 1,659 38 (37-39) 193 (187-198)
(1,612-1,708)

20% 1,708 39 (37-40) 198
(1,652-1,767) (192-205)

Global (190 countries and 3,939 88 (85-92) 452

territories) (3,788-4,096) (434-470)

“Uncertainty intervals in parentheses are calculated on the basis of the lower and upper
bounds of 95% uncertainty intervals for GBD 2021 mortality and morbidity data.

population and 95.3% of the global GDP. The USA accounted for the
largest economic burden of falls, followed by China and Germany. In
terms of share of GDP, Saudi Arabia, the USA and Andorra accounted
for the largest share (0.22% each). Iceland, the USA and Malta had the
highest economic burden per capita.
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Fig.1|Macroeconomic burden due to falls from 2020 to 2050. The projected
absolute macroeconomic burden attributable to falls for 190 countries

and territories over 2020-2050, estimated using a health-augmented
macroeconomic model. Burden is defined as the cumulative difference in GDP
between astatus quo scenario and a counterfactual scenario in which falls

are eliminated at zero cost, reflecting losses in effective labour supply due to

mortality and morbidity and the diversion of treatment-related resources from
savings and investment. All estimates are reported in 2017 international dollars
and are discounted at 3% in the main analysis. Countries are shaded according to
total burden levels (darker shading indicates greater losses). Where applicable,
territories or countries with insufficient inputs for the full model are indicated as
having imputed estimates based on available data.
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Fig.2|Economic burden of falls as a proportion of total GDP in 2020-2050.
The projected macroeconomic burden attributable to falls expressed as a
percentage of cumulative GDP over 2020-2050 for 190 countries and territories,
based on the same health-augmented macroeconomic model. Relative burden
estimates capture reductions in effective labour supply due to fall-related
mortality and morbidity and reductions in physical capital accumulation via

treatment-related resource diversion from savings and investment. Countries
areshaded by burden category (darker shading indicates higher relative losses).
Estimates are discounted at 3% in the main analysis and are comparable across
countries because outputs are standardized to 2017 international dollars before
GDP shares are calculated.

For sensitivity analyses, we evaluated the macroeconomic bur-
den under different depreciation rates. When no discounting was
applied, the estimate was INT$7.315 trillion (7.039-7.601). The cor-
responding estimates were INT$4.807 trillion (4.623-4.996) at a 2%

discount rate and INT$2.704 trillion (2.599-2.813) at a 5% discount
rate (Supplementary Tables 4, 5and 7-10). Additionally, varying model
parameters across a plausible range of 50-150% produced broadly
similar results (Supplementary Table 11). These analyses did not
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Table 2 | Comparison of macroeconomic burden and lifetime health burden of falls, by World Bank region and country

income group

Economic burdenin 2020-2050,

DALYs in 2020, millions

Total GDP in 2020, billionsof  Populationin 2020,

billions of 2017 INT$ (global %) (global %) 2017 INT$ (global %) millions (global %)
By World Bank region
North America 1,290 (32.8%) 2.8 (6.5%) 21,665 (17.2%) 373 (4.8%)
East Asia and Pacific 1,093 (27.7%) 12.9 (29.7%) 41,097 (32.7%) 2,338 (30.3%)
Europe and Central Asia 989 (25.1%) 8.4 (19.4%) 30,855 (24.5%) 920 (11.9%)
Middle East and North Africa 223 (2.7%) 1.6 (3.7%) 7,431(5.9%) 451 (5.8%)
South Asia 192 (4.9%) 11.8 (27.2%) 11,182 (8.9%) 1,872 (24.2%)
Latin America and Caribbean 126 (3.2%) 3.2(7.4%) 9,273 (7.4%) 636 (8.2%)
Sub-Saharan Africa 25 (0.6%) 2.7 (6.2%) 4,188 (3.3%) 1133 (14.7%)
By World Bank country income group
High income 2,654 (67.4%) 10.9 (25.2%) 58,610 (46.7%) 1,232 (16%)
Upper-middle income 961(24.4%) 14.8 (34.2%) 45,399 (36.2%) 2,760 (35.9%)
Lower-middle income 314 (8.0%) 15.9 (36.7%) 20,394 (16.2%) 3,095 (40.2%)
Low income 9 (0.2%) 1.7 (3.9%) 1134 (0.9%) 608 (7.9%)
Global (190 countries and territories) 3,939 (100%) 43.4 (100%) 125,693 (100%) 7,724 (100%)

materially alter the estimates, supporting the robustness of the pro-
jected macroeconomic burden.

Discussion

This analysis applies a health-augmented macroeconomic model
to quantify the long-run economic burden of falls in 190 countries
and territories. After accounting for differences in education, work
experience and treatment-related factors related to capital accumu-
lation, we estimated cumulative global losses of about INT$4.0 tril-
lion between 2020 and 2050. That scale of loss is larger than the 2021
GDP of Japan in constant 2017 international dollars, indicating that
falls are not only a health problem but also a material constraint on
economic performance.

Akey findingis the pronounced disparity between the distribution
of disease burden (measured in DALYs) and economic cost. Low- and
middle-income countries account for 74.8% of fall-related DALYs and
84.0% of the global population, but only 32.6% of the estimated mac-
roeconomicburden. High-income countries, by contrast, absorb a dis-
proportionate share of economiclosses. In our analysis, this divergence
reflects fundamental differencesin the key features of the model speci-
fication, including labour market structure, wage levels and healthcare
spending. Inthe health-augmented macroeconomic framework, higher
educational attainment and earnings in high-income countries imply
higher economic value of productivity losses, while advanced medi-
cal care is associated with higher treatment expenditures. Together,
these factors contribute to a substantially higher monetized burden
per DALY in high-income settings, consistent with patterns observed
instudies of road traffic injuries and chronic diseases®®.

Regionally, the burdenis greatest in North America, followed by
East Asia and the Pacific and Europe and Central Asia; together, these
regions account for 85.6% of the global total. The comparatively large
economicburden observedinthese regions may partly reflect the pres-
ence of Chinaand the USA. Within our modelling framework, the high
economic burden estimated for China corresponds to its substantial
healthburden. Inthe USA, atypical high-income setting, the economic
burden reflects large per capita human capital losses associated with
relatively high levels of educational attainment. At the same time, sub-
stantial treatment expenditures are linked to lower levels of savings and
investment, corresponding to slower accumulation of physical capital.

Our findings support greater investment in fall prevention.
Becauseresourcesare limited, prevention strategies should be selected

not only for effectiveness but also for value for money. Existing evi-
dence points to three populations that warrant particular attention:
older adults, children and adolescents, and workers exposed to occu-
pational fall risks®.

The macroeconomic burden attributed to older adults is smaller
thantheir disease burden might suggest, potentially because labour-force
participation declines at older ages and our model incorporates human
capitaland work to assess output. That does not lessen the public health
importance of falls inlater life, which are often associated with disability,
loss of independence, poor quality of life and intensive healthcare use’.
Evidence supports multifactorial prevention in this group, including
exercise-based interventions, home hazard reduction, patienteducation
and programmes that improve strength and balance'*". Environmental
safety also matters: safer housing, more accessible public spaces and
age-friendly design can reduce exposure to fall risks™.

Our results show a low economic burden of falls among children
aged 0-14, asthey are not part of the labour force and thus contribute
little to current economic output. However, childrenare vulnerable to
severe fall-related injuries, and preventive measures remainimportant
toreduce harmand protect long-term health”. Since individuals aged
0-14 will eventually enter the workforce, injuries during this period
may impair educational attainment and skill development, with lasting
effects onfuturelabour participation and human capital accumulation.
Meta-analytic evidence supports interventions such as stair gates,
avoidance of baby walkers and guardrails on upper floors to reduce
therisk of falls”. The long-running New York City window-guard policy
illustrates the potentialimpact of structural prevention: after manda-
tory window guards and reporting requirements were introduced,
both falls and deaths from window falls dropped sharply over time™.

Our study reveals thatindividuals aged 45-54 years bear the high-
esteconomicburden of falls. Several factors are relevant here: alarge
population base, high levels of accumulated human capitaland a high
prevalence of employmentin physically demanding or high-risk occu-
pations. Taken together, it is not surprising to see that falls in this age
group are associated with substantial productivity losses and long-term
economic outcomes. Despite often being overlooked infavour of older
adultsinfall prevention efforts, this working-age population warrants
greater attention in public health and occupational safety policies to
reduce both human and economic costs. Studies have been looking
for risk-reducing strategies for workersin high-risk occupations. One
study showed that the use of slip-resistant shoes in restaurants was
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associated with a 54% reduction in the reported rate of slipping®. In
addition, the use of scaffolding that meets safety standards, as well as
safer roofing, canreduce injuries to workers fromfalls. A study in Spain
showed a 71% reduction in the incidence of worker falls in companies
that had access to safe scaffolding through subsidy policies'.

Our study has several limitations. First, we did not consider
changesin workforce participation rates of household members who
may berequiredto care for aperson after afall and therefore may have
underestimated the economic burden of falls. Second, for 64 countries
with missing data, we performed imputation using interpolation and
projection based on available information. However, the countries with
complete dataincludedin this study cover more than 90% of the global
population, so this does not substantially affect the results. Third, we
used the USA to extrapolate health expenditures related to falls for all
countriesinthis study, assuming that per capitatreatment costs scalein
proportionto per capita health expenditure; this may have influenced
the estimates, although similar approaches have beenadoptedin pre-
vious studies. Finally, this study did not consider the costs associated
withimplementing fall preventioninterventions, and futureresearch
should evaluate these costs to supportinformed policy decisions.

Conclusion

In summary, the global economic burden of falls is estimated at
INT$3.939 trillion. The economic costs and health burden of falls are
unevenly distributed among countries at different income levels.
High-income countries bear the highest macroeconomic costs. How-
ever, low-and middle-income countries bear the majority of the human
toll, highlighting the need forimprovements on multiple fronts, includ-
ing strengthening health systems and developing public health policies
toreduce fall-related risk factors. Our study highlights the urgent need
for greater investment globally to curb falls and their associated health
and economic burdens.

Methods

We estimated the macroeconomic burden of falls using an adapted
health-augmented macroeconomic model that hasbeen describedin
earlier publications®®and is summarized in Supplementary Informa-
tion (pp. 1-4). Falls were defined according to the GBD falls category.
In this framework, falls are linked to economic output through two
main channels. First, in our model, fall-related morbidity and mortal-
ity reduce the effective labour supply: morbidity lowers productivity
andincreases absenteeism, whereas mortality reduces the number of
people who can participate in production. Second, we also modelled
expenditures on fall treatment to reduce savings and investment,
thereby slowing the accumulation of physical capital. Households
may finance these costs directly through out-of-pocket payments or
indirectly through insurance premiums.

When estimating costs for 2020-2050, we followed Bloom et al.”
and compared projected GDP under two scenarios: (1) total output ¥,
inthe status quo scenario without additional interventions to reduce
mortality and morbidity from falls in year ¢, and (2) total outputY, in
the counterfactual scenario of eliminating falls at zero cost in year ¢.
Using the macroeconomic production function, we projected eco-
nomic outcomes through two channels: effective labour supply and
physical capital accumulation. The macroeconomic burden of falls
was defined as the cumulative difference in projected annual GDP
between these two scenarios:

2050

Ay= Y (V,-Y)

t=2020

Consideraneconomyinwhichtimet=1,2,...,2evolvesdiscretely.
We considered the following production function for this economy:

Y, = AKH

where Y, is the aggregate output; A,is the technological level at time ¢,
which we assume evolves exogenously; K. is the physical capital stock
(that is, machines, factory buildings and so on); and H, represents
aggregate human capital. The parameter « is the elasticity of final
output with respect to physical capital. Solow’s framework, which
underlies the original World Health Organization EPIC macroeconomic
model'®, considers only physical capital and raw labour as production
inputs'. By contrast, the aggregate production functionalsoincorpo-
rates effective labour, including health, as animportant determinant
of output.
Physical capital evolves according to

Ky =A=0)K:+Y, = C—TC, = A= 6K + ;e

where §is the depreciation rate, y is the saving rate, TC is the costs of
ongoing treatment of falls and Cis the amount of consumption. Note
that the aggregate output Y,is used for three purposes: (1) to pay treat-
ment costs (hospitalization, medicationand so on), (2) to consume the
amountand (3) to save.

Individuals of age group a are endowed with hg“) units of human
capital and supply lﬁ“) units of labour from age 15 up to their retirement
atage R; that is, for a € [15, R]. Children younger than 15 and retirees
older than R do not work. R varies by country and could correspond to
ahighage (forexample, some people older than 80 could also be work-
ing).Inthe theoretical derivations, Rindicates the upper bound of the
summation. Inour simulations, we used labour projections datafrom
the International Labour Organization where positive values for the
labour force exist for cohorts older than 65. Aggregate human capital
in the production function is then defined as the sum over the
age-specific effective labour supply of each age group:

R
@ @ p@
He= 3 hOEON,

a=15

where Nﬁ") denotes the number of individualsinage group a. Note that
aggregate human capital increases with the number of working-age
individualswholivein the economy (thatis, withahigher N, = S5 N9,
with individual human capital endowment (that is, with a higher hf")
for atleast one a) and with labour supply (that is, with a higher £ for
atleast one a). Thishuman capital functionitself allows for the substitu-
tion of capital (machines or robots) for workers. In addition, if the
disease predominantly affects one age group, then workers from other
age groups can substitute.

We followed Mincer®® and constructed the average human capital
ofthe cohortaged a according to an exponential function of education
and work experience:

(a)

2
A = exp [m(yel®) + na(a - yel® - 5) + n3(a—yel® - 5) |,

where i, is the semi-elasticity of human capital withrespect to average
years of education as given by ye!®, and 5, and 17 are the semi-elasticities
of human capital with respect to experience of the workforce
(a - ye® — 5)and experience of the workforce squared (a — ye® —5)°,
respectively. Here we assumed a school entry age of five
years throughout.

Falls impede physical capital accumulation because savings
finance part of the treatment costs. Physical capital accumulation in
the counterfactual scenario can be written as

K =7.Y:+(1-06)K,,

VYe=I =Y, - C =y¥ +xTC.

where yisthe fraction of the treatment cost thatis diverted to savings.
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Falls are modelled into the accumulation of human capital viaa
smaller populationand alower labour participationrate. The evolution
of'the labour supply in the status quo scenario is given by

L(a) [(a)N(a) with N(ll) [1 O'(a 1)] N(a—l)
t =1

where oi“) is the overall mortality rate of age group a at time ¢. In this
specification, mortality and morbidity reduce the effective labour
supply. The reduction of the population size NE“) captures the
mortality effect.

Let a“’) denote the mortality rate of people in age group a due to
falls,and let o(”) be the overall mortality rate due to causes other than
falls; then we have

—nt

(1-0) = (1-07)(1- %))

Inthe counterfactual scenario, inwhichwe denote variables with
an overbar, the size of the cohort aged a at time ¢ (Nﬁa)) evolves
according to

(a> [1_ o 1)] a- 1>.

—rt—1

The loss of labour due to mortality then accumulates over the
years according to

mln{t aj—1

NEa) — N(a)/ [1 (a 1-1)
t

rtlr

The reduction of the labour participation rate lﬁ") captures the
morbidity effect becauseillness can reduce the labour supply through
fewer working hours or complete withdrawal from the workforce. The
labour participation rate in the counterfactual scenario lta canbe
calculated as

mm{ta) 1 (a-1-7)

a9 (@ (a-1-1)

~ ’E / [1 p Urr 1 Trf ’
where &9 measures the size of the morbidity effect relative to the
relevant mortality rate and where p' is the probability that a patient
died from falls by time ¢.

Because the effect of morbidity is hard to estimate directly, we
first defined

@ _ loss of labour due to morbidity in age group a
"~ loss of labour due to mortality in age group a *

Next, we assumed that the following holds in any given year for
eachagegroupa:

@
@ ﬂ’
yLL@

where YLD represents the years lived with fallsand YLL® represents
the years of life lost due to falls.

In sum, by reducing the prevalence of falls, the counterfactual
scenarioisassociated with anincreaseinlabour supply compared with
the status quo scenario. We approximated the change in labour supply
(attime ¢t for age group a) by

min{t,a}—-1
SN Y

=0

1- 1
ALE“) (a 7) [1+pré(a 1 r)].

rtlr

Datasources
As elaborated in prior work?, this study relied on publicly available
data (Supplementary Information pp. 5-8) and therefore did not meet

the regulatory definition of human participant research, making it
exempt from Institutional Review Board review under the Common
Rule. Dataonfallincidence, prevalence, mortality, years of life lost due
to premature mortality and years lived with disability were obtained
from GBD 2021 compiled by the Institute for Health Metrics and Evalu-
ation”. Data on educational attainment, labour force participation,
population and physical capital were obtained from the Barro-Lee
Education Database®, the International Labour Organization?, the
United Nations Department of Economic and Social Affairs® and the
Penn World Table projections?, respectively. Fall treatment costs
were taken from Dieleman et al.”. GDP projections for the status quo
scenario and savings rate data were drawn from the World Bank World
Development Indicators database and the World Economic Outlook
database®™°, Detailed definitions and data sources for all compari-
sonmetrics are provided in Supplementary Information (pp. 5-8). All
economicburden estimates are reported in 2017 international dollars.
Because most data sources use 2017 international dollars, all estimates
are presented in the same unit. Purchasing power parity adjustment
facilitates valid cross-country comparisons by accounting for differ-
encesin price levels™.

We estimated the economic burden of falls for 190 countries and
territories globally and presented the results separately by World Bank
income groups (low income, lower-middle income, upper-middle
income and high income) and by World Bank regional classifications
(East Asia and Pacific, Europe and Central Asia, Latin America and
Caribbean, Middle East and North Africa, North America, South Asia,
and Sub-Saharan Africa). Of the 190 countries and territories, 126
had complete data, and their economic burden of falls was estimated
directly using the health-augmented macroeconomic model; for
the remaining 64 countries and territories, missing data were han-
dled using linear projection methods applied in previous studies
(Supplementary Tables 2 and 3). We performed a subgroup analysis
stratified by sex, separately estimating the macroeconomic burden
of falls for male and female subpopulations. We further conducted
subgroup analyses by dividing the population into seven age groups:
0-14,15-24,25-34,35-44,45-54,55-64 and >65 years. Inaddition, we
present twointermediate scenarios in this study to simulate theimpact
ofagradualreductionintheburden of fallsunder differentintervention
scenarios (10% and 20% reductions by 2050, respectively).

Sensitivity analysis

Following prior studies®®*, confidence intervals for the economic
burden of falls were derived by varying mortality and morbidity rates
within the lower and upper bounds of the 95% uncertainty intervals
in the GBD data. We also reported estimates using a 3% discount rate
in the main analysis, together with estimates based on discount rates
of 0%, 2% and 5% in Supplementary Tables 4, 5 and 7-10. To assess the
robustness of the results to parameter uncertainty, we conducted a
semi-probabilistic sensitivity analysis in which key model parameters
were sampled 200 times from uniform distributions spanning 50% to
150% of their baseline values. The resulting estimates were aggregated
to generate overall uncertainty intervals, with 95% bounds calculated
from the distribution of simulated outcomes. The analyses were con-
ducted using Rv.4.3.0%.

6-8,21

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

All data used in this study are publicly available from existing reposi-
tories and databases. Detailed descriptions of the datasources, access
links and processing procedures are provided in Methods. No new
datasets were generated for this study. Source data are provided with
this paper.
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Code availability

Allthe code used for the descriptive tables and the analysis of the pri-
mary and safety end-points is publicly available via GitHub at https://
github.com/Zhangruxu/Health-Augmented-Macroeconomic-Model.
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