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Use of the prevented fraction for the population to
determine deaths averted by existing prevalence of physical
activity: a descriptive study

Tessa Strain, Seren Brage, Stephen | Sharp, Justin Richards, Marko Tainio, Ding Ding, Jacques Benichou, Paul Kelly

Summary
Background Disease and mortality burdens of unhealthy lifestyle behaviours are often reported. In contrast, the
positive narrative around the burdens that an existing behaviour have averted is rarely acknowledged. We aimed to
estimate the prevented fraction for the population (PFP) for premature mortality averted by physical activity on a
global scale.

Methods In this descriptive study, we obtained previously published data on physical activity prevalence (2001-16) and
relative risks of all-cause mortality for 168 countries. We combined the data in Monte-Carlo simulations to estimate
country-specific, mean PFP values, corresponding to percentage of mortality averted, and their 95% ClIs. High prevented
fractions indicated an increased proportion of deaths averted due to physical activity. Using mortality data for all people
in a country aged 40-74 years, we estimated the number of premature deaths averted for all adults and by gender. We
present the median and range of the prevented fractions globally, by WHO region, and by World Bank income
classification.

Findings The global median PFP was 15-0% (range 6-6-20-5), conservatively equating to 3-9 million (95% CI
2-5-5-6) premature deaths averted annually. The African region had the highest median prevented fraction (16-6%
[range 12-1-20-5]) and the Americas had the lowest (13-1% [10-8-16 - 6]). Low-income countries tended to have higher
prevented fractions (group median 17-9% [12-3-20-5]) than high-income countries (14-1% [6-6-17 - 8]). Globally, the
median prevented fraction was higher for men (16-0% [7-8-20-7] than women (14-1% [5-0-20-4]).

Interpretation Existing physical activity prevalence has contributed to averting premature mortality across all
countries. PFP has utility as an advocacy tool to promote healthy lifestyle behaviours. By making the case of what has
been achieved, the prevented fraction can show the value of current investment and services, which might be
conducive to political support.

Funding UK Medical Research Council, British Heart Foundation, Cancer Research UK, Economic and Social
Research Council, National Institute for Health Research, Wellcome Trust, Heart Foundation Australia.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction
When making the case for the promotion of healthy
lifestyle behaviours, statistics that quantify the burden
of reciprocal unhealthy behaviours are often cited.”* For
example, physical inactivity is responsible for 6-4% of
global premature mortality, insufficient fruit and vegetable
consumption for 11- 3%, and harmful alcohol consumption
for 5-3%;™* although methodological differences can lead
to substantially different results.”” Some researchers
advocate that stressing the harms of unhealthy behaviours
can strengthen the case in promoting healthy lifestyles.®
We suggest that an alternative strategy is to present
the complementary positive, gain-framed message that
clarifies to what extent existing healthy behaviours have
already reduced burdens of disease and mortality.’

In this Article, we describe and explore the use of
the prevented fraction for the population (PFP), defined
as the proportion of a disease outcome or mortality that
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has been averted or prevented due to the presence
of a protective factor (panel).® This is not a new
concept: it was first proposed by Miettinen” in 1974,
and is included in the International Epidemiological
Association’s A Dictionary of Epidemiology,” and the
Encyclopedia of Epidemiologic Methods of the Wiley
Reference Series in Biostatistics.” PFP is a concept
closely related to population attributable fraction (PAF),
defined as the proportion of disease cases or mortality
cases attributable to a harmful risk factor® (in other
words, the proportion that could be averted or prevented
if a harmful risk factor was eliminated). The appendix
(pp 1-2) presents graphical depictions of the two concepts.
PAF would provide an aspirational indicator of what
could be achieved if all members of the public adopted a
healthy behaviour. Under most circumstances, such
widespread adoption would need new investment and
resources. Conversely, PFP can be used as a positive
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Research in context

Evidence before this study

The case for promoting healthy lifestyle behaviours is often
framed negatively in terms of the harm (disease and death)
that can be attributed to the absence of healthy behaviours or
presence of unhealthy behaviours. In an initial literature search
we aimed to identify examples of use of prevented fraction for
the population (PFP) relating to lifestyle behaviours, such as
physical activity, diet and nutrition, alcohol, and smoking.
Because of the variety of terms used for the concept, we
searched PubMed and WebofScience for the terms “prevented
fraction”, “preventive fraction” and “preventable fraction”.

We searched for papers published from database inception until
June 12, 2019, without language restrictions. Compared with
the thousands of studies on disease or mortality burden, we
identified only 12 published studies that used a version of PFP
to estimate the proportion of a disease or mortality burden that
is already being averted or prevented by existing prevalence of
a healthy behaviour. However, no studies had estimated
prevented fraction at a global level for total physical activity
behaviour, nor had the recommended formula for addressing
confounding been used.

Added value of this study
To the best of our knowledge, this study is the first to quantify
the effect that existing total physical activity prevalence has

indicator of accomplishment, in terms of how much
good is being done or has been done by the amount of
existing beneficial behaviours within a population. As
such, PFP could be a powerful advocacy tool among
policy makers, by promoting positive thinking around
healthy lifestyle behaviours (ie, “look how much benefit
this behaviour is already providing; let's create more
benefit by increasing prevalence of the behaviour
further”). Although this approach has the risk of causing
complacency (ie, “the behaviour is already providing
benefit, why invest in more?”), it could also be a lever to
protect and maintain services. As such, this could be a
potentially powerful approach with realistic targets in
challenging economic climates.

The few studies that have used PFP are not easy to trace
because of inconsistency in terminology. The terms
preventive fraction and preventable fraction are variously
used. We searched the literature for the three different
terms and found the concept in question has been used
primarily in oral health, vaccine, and genetic research
(appendix pp 3-7). We found 12 examples of use that
quantified the proportion of disease burden or mortality
burden that had been averted or could have been averted
due to a current exposure, in relation to lifestyle
behaviours or their physiological markers. Specifically,
these studies quantified averted disease or mortality
burden due to cycling or walking behaviour or fitness,
fruit and vegetable or vitamin consumption, aspirin

had on averting premature mortality at the global, regional,
and country levels. We showed that during 2001—16 across
168 countries, the median PFP for premature mortality
averted by existing physical activity prevalence was 15-0%,
conservatively equating to 3.9 million deaths averted annually.
We also provided information at a regional level: Africa had the
highest median PFP, indicating the greatest percentage of
premature mortality averted by physical activity. The Americas
had the lowest prevented fraction, closely followed by the
Eastern Mediterranean region. We further identified a
tendency towards increased prevented fractions in lower
income countries compared with higher income countries, and
in men compared with women.

Implications of all the available evidence

PFP makes the complementary positive case for physical
activity promotion, focusing on the benefits currently
accomplished rather than the harms from insufficient
compliance to recommended levels. This might be a powerful
advocacy tool in terms of persuading policy makers and wider
societies that physical activity behaviour has quantifiable
value, and that existing prevalence should be at least
preserved.

intake, use of oral contraceptives, sunscreen use, pre-
ventive measures for problem drinking, and interventions
to prevent fractures. All of these studies determined PFP
with formula 2, presented in the panel. Formula 2 is
appropriate for scenarios with no confounding factors
affecting the relationship between exposure prevalence
and the risk of the disease outcome.* As the absence of
confounding is a rarity in the study of lifestyle behaviours,
formula 3 (panel) is preferable, which addresses the
potential sources of confounding." To the best of our
knowledge, such an approach has not been applied before
to global physical activity prevalence.

In this study, we present the first global application of
PFP, using formula 3, to obtain estimates of the
proportion and number of premature deaths averted by
the existing prevalence of physical activity. We obtained
results for 168 countries with two counterfactual
scenarios for comparison: no activity in the population,
and a plausible minimum physical activity prevalence.

Methods

Study design and formulae application

We did a descriptive study to estimate PFP from the
existing prevalence of physical activity for all-cause
mortality in 168 countries, using the formula that
addresses potential confounding factors (formula 3;
panel). The study protocol including all modifications is
provided in the appendix (pp 10-11).
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We defined physical activity as meeting the WHO
global recommendation of at least 150 min of moderate-
intensity aerobic activity, or 75 min of vigorous-intensity
activity, or an equivalent combination, throughout one
week.” We used population-level, age-standardised and
harmonised prevalence data on physical activity for the
years 2001-16 for 168 countries, published by Guthold
and colleagues,” to estimate the prevalence of physical
activity among people who died (P,), with the formula:

P=(P,xRR) /[(P,xRR) +(1-P)]

In this formula (denoted formula 4; appendix p 9), P, is
the prevalence of activity in the population™ and RR is the
unadjusted relative risk of premature all-cause mortality
for active individuals of the population, compared with
inactive individuals. The unadjusted RR was taken from a
meta-analysis on the association between physical
inactivity and all-cause mortality by Lee and colleagues.”
We estimated 95% Cls for P, using the 95% Cls for P, in
this formula.

We used the P, estimates and adjusted RR, also
estimated by Lee and colleagues,” in formula 3 to
estimate PFP for each country. To estimate the error
conservatively, we generated distributions for P, and
adjusted RR that reflected their 95% ClIs. We used a
binomial distribution for P, and a normal distribution for
the natural log of RR.

Subsequently, we did 10 000 Monte-Carlo simulations,
in which each simulation selected one value from the
generated P,and RR distributions, and used them in
formula 2 (panel). We considered the 10000 estimates
produced by the simulations to represent the probability
distribution of the true PFP. We present the mean of
these simulated values, with the 95% ClIs represented by
the 2-5th and 97- 5th percentiles of the distribution. The
appendix presents a graphical overview of the method
(p 12), and the parameters for generated prevalence
distributions of RR and P, (pp 13-21).

Mortality averted estimation

To convert PFP into an estimate of number of premature
deaths averted, we obtained the country-specific number
of all-cause deaths between the ages of 40-74 years from
the mortality datasets of the UN World Population
Prospects tool. We chose this age range to reflect the ages
at which premature mortality could most plausibly be
caused by inactivity. We selected mortality data from
July 1, 2010, to June 30, 2015, which is within the period
represented by prevalence data, and divided by 5 to
estimate annual figures. By dividing the observed
number of deaths by 1 minus the prevented fraction, we
obtained estimates for the hypothetical total number of
deaths that would have been observed had there been no
activity in the population in each nation (ie, a zero
counterfactual). The total number of premature deaths
averted was the difference between the observed and
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Panel: Prevented fraction for the population (PFP)
PFP for a given outcome is defined by the formula:

. incidence rate in the unexposed-incidence rate in the population

incidence rate in the unexposed

In this equation (denoted formula 1), the exposure is protective.”® PFP can also be
expressed in terms of the prevalence of exposure (P,) and the relative risk (RR) for
exposure relative to non-exposure™ (formula 2; appendix p 8):

PFP=P, (1-RR)

If potential confounders are present that affect both the prevalence of exposure and the
risk of disease or mortality, the following formula (denoted formula 3; appendix p 9) is
recommended,” where P, is the prevalence of exposure among disease cases or deceased
cases:
P,(1-RR
PFP= Ry

[1-(1-RR)(1-Py)]
The proportion estimated by each of these formulae can be interpreted as the reduction
in the burden of disease or mortality that has occurred due to existing exposure levels,
compared with if the whole population was unexposed.

For example, in the present study of physical activity and premature mortality,

we estimated the global median PFP to be 15-0% (range 6-6-20-5). This means that, due
to existing physical activity levels, the burden of premature mortality is 15% lower than it
would have been if the whole population was inactive.

The hypothetical denominator is analogous to a situation in which an individual buys a
discounted item. The individual might pay £0-80 for an item (analogous to the observed
number of deaths), and be told that they have saved £0-20 (analogous to the estimated
number of cases that have been averted). The original £1-00 cost of the item was never
experienced (ie, the hypothetical total number of deaths), but it is the correct
denominator of the fraction to calculate the percentage saved (20%).

hypothetical totals. A 95% CI range for the estimate of
deaths averted was calculated with the lower and upper
95% Cls of the prevented fraction.

In addition to presenting the country-level estimates,
we summarised the results by WHO region, and by 2019
World Bank income classification;® each of these
groupings were further subdivided into gender-specific
results according to the UN mortality datasets. Countries
without an income categorisation (Cook Islands, Niue,
occupied Palestinian territory, and Tokelau) were
classified according to similar neighbouring economies.
As these groups of countries were small (often <20) and
the estimates did not typically follow a normal distri-
bution, we present group-level medians and ranges to
summarise the data; summary values representative of
all 168 countries are presented in the same way for
comparability.

For 14 nations we were unable to obtain mortality data;
these made up less than 0-01% of the world’s population
(appendix p 22). For these countries, we imputed
mortality data at ages 40-74 years on the basis of the
median ratio of deaths to the total population in countries
in the same WHO region and World Bank income

For the UN World Population
Prospects tool see
https://population.un.org/wpp/
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Median PFP, Deaths averted,
% (range) thousands
WHO region —&- Both genders —@- Women —&— Men
Africa - 16-6% (121-20-5) 4872
L 15-8% (10-8-20-4) 2143
—_—A 17-5% (13-2-20-6) 2767
America —_— ., 13-1% (10-8-16-6) 3493
———— 12-8% (9:0-15-6) 1262
— A 15:0% (12:3-18-5) 2338
Easterern Mediterranean & 13-2% (6-6-18-9) 1751
. 12:0% (5-0-18-6) 66-4
A 14-1% (7-8-19-4) 1142
Europe —_—.———— 14-6% (11-4-18-9) 619-9
L 2 13-8% (10-1-19-1) 2156
— A 15-5% (12-3-19-1) 412-4
South-East Asia — 16-1% (13-7-19-2) 10811
—  —————— 15.0% (11-5-18-6) 3923
— A 17:2% (15-6-19-8) 712:5
Western pacific = 15:5% (9-5-20-1) 12173
TS 14-2% (8-6-20-4) 4969
A 17-2% (10-3-207) 7235
World Bank income classification
High = 14-1% (6-6-17-8) 509-3
. 13-0% (5-0-17-8) 1707
A 15-0% (7-8-185) 3517
Upper-middle = 14-0% (9-5-18-9) 16215
. 13-1% (7-1-18-8) 6516
A 15-1% (10-3-19-8) 9794
Lower-middle ] 16:5% (12:1-20-3) 1529-9
° 15-8% (10-4-20-4) 5672
—_— A 17:3% (13:1-207) 993-8
Low » 17.9% (123-20-5) 2693
L 17-2% (10-8-20-4) 122:2
B 18.7% (13-8-20-6) 1482
Overall ' | 15.0% (6-6-20-5)  3929.9
L 2 14-1% (5-0-20-4) 1511-7
A 16-0% (7-8-20-7) 2473-0
T T T T
0 5 10 15 20
Median PFP

categories; these median ratios were multiplied by the
population of the country without mortality data.

Sensitivity analysis

We did three sensitivity analyses. The first two used
formula 2: with the unadjusted RR to provide unadjusted
results, and with the adjusted RR as this was the method
most commonly used in the literature to date (appendix
pp 4-7). In the third analysis we used a plausible
minimum physical activity prevalence counterfactual.
This comparison attempted to focus on the burden
averted due to modifiable physical activity prevalence,
not including the residual levels (ie, individuals who
would be active regardless of initiatives to promote
activity). For this comparison, we used the median of the
lowest observed prevalence of activity from each region.
We opted for this measure rather than the observed
lowest prevalence from a single nation because
environmental and cultural factors vary widely between
regions and might influence activity levels. Using
formula 4, we obtained a P, for this minimum prevalence
of activity. We adapted formula 3 to allow for a non-zero
counterfactual, analogous to the population impact
fraction formulae often used for PAF (denoted formula 5;
appendix pp 23-25)." Countries with a prevalence of
activity lower than the chosen counterfactual value were

(Figure continues on next page)

excluded from this analysis. All analyses were done in
STATA (version 15.1), and forest plots of the data were
produced in RStudio (version 1.2.5033).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

For the 168 nations included in this study, the global
median PFP (determined with formula 3) was 15-0%
(range 6-6-20-5), equating to 3-9 million (95% CI
2-5-5-6) premature deaths averted per year (figure,
table).

The WHO region with the highest PFP was Africa
(16-6% [12-1-20-5]; equating to 0-5 million deaths
(95% CI 0-3-0-7) averted annually) and the region with
the lowest prevented fraction was the Americas (13-1%
[10-8-16-6]; 0-3 million deaths (95% CI 0-2-0-5) averted
annually) closely followed by the Eastern Mediterranean
region (13-2% [6-6-18-9]; 0-2 million deaths (95% CI
0-1-0-3); figure, table). The countries with the highest
prevented fractions were Mozambique and Uganda (both
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Median PFP, Deaths averted,
% (range) thousands
Joint region and income classification | —#- Both genders -@- Women —&— Men
Africa
High [ ] 17:3% 01
] 17-0% 0-0
A 17:5% 01
Upper-middle —.— 14-3% (12-8-16-6) 57-8
—_——— 13-4% (10-8-15-5) 199
i e 15-2% (14-9-17-6) 405
Lower-middle = 15-9% (12:1-20-3) 1821
° 153% (11.0-20-3) 815
Low — A 16:9% (13-2-20-3) 1009
L 17-9% (12-3-20-5) 2473
TS 17-2% (10-8-20-4) 113-0
iy — 18:7% (13-8-20-6) 1352
Americas
High — 14-5% (11.7-16-4) 1847
— 125% (9-0-15-6) 64-4
— A 15-8% (12:9-17-3) 126:9
Upper-middle —.— 13-0% (10-8-16-6) 164-6
— 13-0% (9-3-14-8) 618
— A 14-3% (12:3-18-5) 106.9
Eastern Mediterranean
High - = 121% (6-6-14-0) 75
— 10:3% (5-0-12-4) 17
R — 12:6% (7-8-14-7) 6-0
Upper-middle = 13-2% (9-7-18.9) 356
TS 14.0% (7-1-18-6) 16-0
— A 13-9% (12:4-19-4) 21.9
Lower-middle — 14-4% (12:3-15-5) 1321
—— 12:6% (10-4-14-3) 487
— A 15-9% (14-1-16-8) 863
Europe
High —_—.— 14-2% (11-4-17-8) 2354
® 13-6% (10-1-17-8) 795
A 15-0% (12-3-17-6) 1608
Upper-middle —_— 15-2% (12-5-18-4) 288-0
—_————— 14-9% (11:5-18-3) 100-7
[ 16-2% (13:3-18-5) 189-6
Lower-middle -— 17-5% (17-1-18-9) 938
—— 17:3% (15:9-19-1) 345
— A 18-6% (17:3-19-1) 601
Low ] 14-8% 2.8
[ ] 12:6% 09
A 17-0% 2:0
South-East Asia
Upper-middle —— 15-2% (14-6-15-9) 472
—— 14-4% (13-5-15-2) 172
A 16-1% (15-6-16-5) 305
Lower-middle —_— 16:3% (137-19-2) 10147
[P 14-8% (11.5-18-6) 3667
—h— 17-5% (15-9-19-8) 6710
Low | ] 18-6% 192
o 182% 83
A 18-9% 11-0
Western pacific
High —. 13-4% (11-8-17-5) 817
— 12-8% (9-4-16-4) 25.1
R 14-9% (12-5-18-5) 581
Upper-middle » 16-3% (9-5-18-8) 1028-4
° 14-1% (8-6-18-8) 4359
A 17-8% (10:3-19-8) 5899
Lower-middle 17-6% (12-3-20-1) 107-3
3 17-0% (10-4-20-4) 35-8
_— A 18-8% (13-1-207) 755
T T T T
5 10 15 20
Median PFP

Figure: Median PFP estimates and corresponding number of deaths averted
No range is presented for region and income groups with only one country. Countries in each region and income group are shown in the appendix (pp 29-36). Deaths
averted is for the age range 40-74 years. Number of deaths averted for men and women might not add up to the estimate for both genders because the distributions
of deaths across men and women are not even, and differences are magnified when multiplied by a derivative of activity prevalence, which also varies considerably by
gender. PFP=prevented fraction for the population.

20-5% [95% CI 14-4-26-2]) and the country with the

Niue and men in Tokelau also ranking among the

lowest prevented fraction was Kuwait (6-5% [4-0-9-6]; populations with the highest prevented fractions

appendix pp 26-36). Similar results were observed for
country-level data classified by gender, with women in
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(appendix pp 37-51). The median prevented fraction in
countries classified as low income was higher than that in

e924



I Articles

(abed 1xau uo sanuiuod 3jqe] )

(60t (2691 ((R743
-1-/6) -S6/)  -L£SL1) (r6-L1)  (TTi-bn) (S01-€T)  (L0zSvT) (9:02-511) (9:02-0€1)  (F0€-TTr) (T0£-6:91) (T0E-T:61) (9:0¢-8:€1) (#-0z-8:01) (S0z-€2T)
T8yt [ea? €69t %E-/ %58 %/ %0-6T %/-/T %E-8T %8-/T %6-ST %6-9C %/-8T %C-/T %6-/T Mmo]
(9-9T¥T (2058 (r9zze
-6-£29) -/T€E) -8:8¢€6) (96-60) (0CI-6:0) (€01-T'T) (80z-8:€1) (S0z-T11) (S0z-8cr) (S0E-z0r) (T0€-€91) (6:62-8:81)  (LoT-T€r) (y-0oz-P01) (€0z-T-CT)
8-€66 /95 6-62ST %L°S %0°L %09 %8-LT %¥-9T %0-LT %0-9C %0-7C %67C %E-/T %8°ST %S9T d|ppiW-1IMoT]
(9:59€T (0-0z6  (0:69zC
-8:G€9)  -//1¥) -T9¥ol)  (9-8-T0) (€0t  (8:8-€0) (0:0z-TTT) (1:61-44) (z61-z01) (#62-791) (T-8Z-€11) (z8z-6+1) (861-€01) (8:81-T4)  (6:81-56)
7646 9159 G129T %S€  —T0) %b v %g-€ %8-ST %g8-€T %L1 %T-€C %E-0C %S-TT %T-ST %T-€T %071 9|ppiw-addn
(6:005 (S8 (0€€L
-gzee)  -§Sot)  -961€)  (1:4-0:0) (€6 (§£-€0) (68178 (#81-99) (z81-vs) (LLevar) (69z-18) (£92-501) (581-84)  (8/1-09)  (8:£1-99)
£15€ 10/T €605 %TE  -90) %IV %Y-€ %/-ST %8-€T %/ VT %6-TC %T-0C %9-TT %0°ST %0-€T %TVT ybiH
uonedyisse|d dnob awodul yueg plao
(g-zT0T (zvos  (vlolt
-1/9¥)  -6:91€) -T184)  (9:6-€:0) (ozt (1:01-50)  (g0z-T11) (S0z-T6) (€0z-z01) (S0E-T91) (T0€-9€1) (86c-6¥1) (L0z-€01) (y0z-98)  (107-56)
S-ees 6961 /17T %6°S  —£:0) %6°S %S %/-[T %6 YT %T-9T %6°GC %8 1T %9-€C %CLT %Y1 %S-GT  dyided UIdISIM
(9-0z0tT (€465 (z9gst
-g9vy)  -b€rr) -85959) (98-8€) (ror-ze) (1667 (10zz9r) (6:81-€Tr) (S61-b¥1) (W6T-L€0) (8Lc-6/1) (98c-Tid) (861-9:ST) (9-81-ST1) (T6T-LET)
STt €26€ T-180T %9-G %19 %9°G %L-L1 %9-GT %/-9T %6-GC %6-TC %Y¥T %C-/T %0-GT %T-9T  BISY Ise3-YIN0S
(2945 (9-¥0€ (5-€/8
-8997)  -8/f1)  -¥66§£)  (8£-00) (£01-90) (68-€0) (¥61-T€T) (561-g01) (€61-T-¢1) (58z-1:61) (587-8S1) (€8z-g/1)  (T61-€71) (T61-1:01) (68T-111)
jgans 991 6619 %9-€ %/ %6-€ %T-9T %YL %T-ST %9-€C %T-TC %E-TT %S-ST %8-€T %91 adoing
(T€91 (866  (£95t
-1¢) -06€) -6:901)  (0:8-1-0) (oot  (gg-T1)  (961-¥8) (881-99) (vb1-vs) (LgePver) (LLe18) (TgT-Sor) (r61-84)  (981-09)  (6:81-9'9)  uedUERLRUPAW
TYTT ¥-99 T-6/T %ET  -6:0) %EE %T-€ %/ VT %8-TT %6-ET %9-TT %/-8T %¥-0T %TVT %0-TT %T-ET usaise]
(g-6z€ (9zgt  (z86¥
-z-051) -16/)  -61te)  (1/+0) (89 (z9-€0) (681-0€1) (z91-£6) (TL1-911) (LLz-061) (LE€tv1) (1Sz-691)  (S81-€¢1)  (9:51-06) (9:91-8-01)
8-€et 9zt £6¥¢ %€ ~T0) %0V %EE %9-ST %S-ET %8-ET %6°TC %61 %T-0C %0°ST %8TT %T-ET sexswy
(0-58€ (rooe (2089
-9081)  -Tger)  -TS1E)  (6-01) (v T) (SOT-TT)  (L0z-8€D) (90T-STD) (9:0z-8Tn)  (b0E-€07) (T0€-891) (z0€-881)  (90z-TED) (Yoz-go1) (S0z-T-TT)
19/t [ and [a74:34 %09 %6-9 %19 %0-8T %¥-9T %T-LT %¥-9¢ %0¥C %0-GC %S-/T %8-GT %9-9T ey
uoibar OHM
(0-gg¥€  (688Tz (#2095
-9:€851)  -S¥E6) -€ogke)  (96-00) (TTI-z0) (S01-€0)  (80z+8) (9095 (90zvs) (Soetr)  (106-T'8) (T0£-501) (02-84)  (102-09)  (507-9-9)
0-€LvT [TIST  6:626€ %EY %ES %S %9-9T %/YT %9-GT %TYT %9-TC %6-TC %0-9T %TYT %0-ST [BI9AQ
siapuab siapuab siapuab siapuab siapuab
uayy UWOAN ylog uapy UWOAN yiog uapy UWOAN yiog uapyy USWOAN yiog usapy UWOAN yiog
§(jenpep=3unod $(jen1pepi23UN0d 1(jenpepi23UN0d «(lemoep91unod
AAIR %E-HG) WS parsnipy K1ADE %0) 91BWINSS paisnipe A|jened K1A1E %0) 91BWINASY pasnipeun K1A1E %0) 91BWIASY paisnipe urepy
(s1sAjeue

ureyy) spuesnoyy ‘sieak /-0
sabe Uaam)aq pajIane syleaq

% ‘d4d

www.thelancet.com/lancetgh Vol 8 July 2020

e925



Articles I

(abed 1xau O SANUUOD J|qe] )

(6 (o-€tT (e-€e€
-¥-€01) -G09)  -£0S1)  (1'9-00) (£6-90) (S/-€0) (0gr-T€r) (81-g01) (rgr-Ten) (59z-T:61) (6:92-8ST) (£9z-g/1) (9/1-E€21) (8/1-101) (8/1-¥TIT)
8091 S6/ ¥-G€T %T-€ %S %Y-€ %/-ST %EVT %81 %6-TC %8-0C %/1C %0°ST %9-€T %T YT ybiH
adoing
(g€t (Sv.  (g¥6T
-G¥9) -/-[7) -6/ (1500 (€5-01) (05€1) (EL1LVvD) (6VI-TTD) (T91-0€1) (P'Sz-910) (6Tev91) (9€z-061)  (891-T+1) (EvVI-¥01) (GST-E-CT)
€98 18y T-CET %T¥ %S-€ %€ %S-9T %Y-ET %0-ST %TYT %9-6T %T-CC %6°ST %9-CT %Y¥T  3lpplW-1amo]
(T1€ (92 (605
-6-€1) -£01) -Szr) (08-10) (00t (88-€0) (961-T€1) (881-L4) (T61-501) (£8-€61) (LLc-€11) (T8-€S1)  (#61-b¢1)  (981-T4)  (6:81-L6)
6TC 09T 9:G€ %gT -87) %T9 %/-T %9-VT %9-VT %6-€T %ETT %Y TT %¥-0C %6-€T %01 %CEL  dpplw-addn
(60T
(98-2€) (L7-0T) -9tv) (Lz€o0) (re60) (zer1)  (€S1vg)  (0€1-99)  (9V1-Ty)  (peever)  (061-1:8)  (STE-501) (LY1-g4)  (Fe1-09)  (0-¥1-99)
09 as S/ %8°T %0°T %TT %E-ET %0°TT %8-TT %561 %T9T %/-8T %9-TT %E-0T %T-CT ybiH
mecmtwt_uw_z ulojsey
(15T (68 (r-Sge
-€-89) -£-g€)  -0vo1)  (T/£10) (85 (z9€0) (681-0€1) (#ST-001) (T/1-9TT) (LLz-0-61) (9Tz-9¥1) (TSz-691) (S81-€¢1)  (8¥1-€6) (9-91-801)
6901 819 991 %¥T  -7:0) %0-¥ %TT %0-ST %/-€T %/-€T %0-CC %T-0C %T-0C %EVT %0-ET %0-€T  dJppiw-saddn
(r-8L1 (ze6  (679C
-618) -vov)  -6/11)  (L5L0) (89 (09-90) (£/1-9°€1) (291-£6) (0/1-vT1) (092-0-00) (L€c-tv1) (8¥e-1-81)  (E/1-6T1)  (951-06) (#-91-LTT)
6-971 9 [¥81 %0Y  -TT) %6-€ %8-€ %91 %C-ET %T-ST %0¥C %¥-6T %T-TT %8-ST %S-CT %S¥T ybiH
seduwy
(6981 (6-95T (reve
-9-88) -9€/) -€191) (#6-£1) (Ta-1) (SOT-€T)  (L0T-S¥T) (9:0T-GTT) (907-0€T) (#0€-7TT) (10€-691) (T0E-T:61)  (9:02-8€1) (F-0z-g01) (S0z-€C1)
TSET 0-€TT €7t %E-L %58 %L %0-6T %/-[T %E-8T %8-/T %6-GC %6-9T %/-8T %T-/T %6-/T Mo
(oTh1 vt (E¥ST
-/-59) -€29)  -€/11)  (16-01)  (0oTr-41) (€01-TT)  (boz-g€r) (Soz-£11) (S0z-ger) (6:6z-€07) (0-0€-z/1) (667-8:81)  (€0z-Ter) (€0z-0TT) (E0T-TCT)
6-00T S18 1-281 %T'S %9 %¥-S %V-LT %6°ST %591 %Y-GT %CT-€T %TYT %6-9T %E-ST %6-GT  d[PpI-19MmoT]
(045 (v6t (628
-:92) €zt 98 (19-0€)  (99v1D  (T96T)  (z8r-SST) (L9T-STD)  (0/1-G€1)  (§9z-£Td) (9€-891) (0Gz-861)  (9/1-6¥1) (§S1-801) (9:91-8-CT)
Sov 661 845 %€ %EY %9-€ %6-GT %TYL %6YT %C-EC %L-0C %6-1C %CST %€ %EYL  dppiu-addn
(T0-00)  (0:0-0-0) (1T:0-T-0)
10 00 10 %6°G %E-g %69 %6-/T %S-/T %/-/1 %¥-9C %9-GC %0-9C %S-/T %0-/T %ELT ybiH
oY
uoneyissepd dnoib awodul yueg paon pue uoibas QHM
(abed snoiaaid woly panunuod)
siapuab s1apuab siapuab siapuab siapuab
usyy UsWIOM ylog us\ UsWop ylog usyy UsWop yiog VETN] USWOM yiog usy UsWo/M yiog
§(jen1dep23unod +(|en1pep3UN0d 1(jen1pep33UN0> L(len1oepR1UN0d
QAR %E-G) dewnsa pasnlpy  AIAIDE %0) 1ewilss pajsnipe Ajjened K1Ande 9%0) 1eWIIS? pajsnfpeun K11Ande 9%0) 91eWIIS? pajsnipe ureyy
(s1sKjeue

ureyy) spuesnoyy ‘sieak y/-0¥
sabe Usamaq parane syleaq

% ‘d4d

€926

www.thelancet.com/lancetgh Vol 8 July 2020



sasAeue K1IAI1ISURS pUE UleL Ul PIlJaAe sy1eap Jo Jaquinu buipuodsaiiod pue s31ewilss d4d :a|qoL

"PIPN|IXD 1M (%E HG> dudjendsd A1IAII0e) d4d dAITeDAU B Y1IM SILIZUNOD {[eN1OBLIBIUNOD DAIIIE %E-1G pue “yy paisnipe

a3 (Gz-€z dd xipuadde) § ejnwiiog yam pare|ndjed saxewwIss paisnipe ay | § ‘|enideya1unod AlIARDe %0 pue Yy paisnipe ays ‘(jaued) z ejnwioy buisn pajejndjed sajewinsa paisnfpe Ajjented ay |  [en1oe023UN0D A1IAIIE %0 PUE Yy paasnipeun syl
‘(joued) Z e|nLWIO) YIM pale|ndled sajewwisa palsnipeun ay | | ‘[en1oepIa1unod AJIAIDR %0 pue Yy parsnipe ayy ‘(jaued) € ejnLuIo) Yaim paje|ndjed sajewilss ulew ay |, Sisu aaneRI=yy ‘uone|jndod ay3 1oy uoydel) pajuanaid=44d 19puab Aq A|qelapisuod
SalieA OS[e Yydiym ‘@duafenald A11A3Oe JO aAIRALIRP B Aq pai|dian Uaym payiubeLl a1e S2OURIBHIP PUB ‘USAS 10U 1B USLLIOM PUE USLL SSOIDB SUIBIp JO SUORNGUISIP 3y} 3snedq s1apuab y1oq 1oy a3ewinss ay3 o3 dn ppe jou 3ybiw uswom pue usw

10} papaAe sy1eap Jo saquinN ‘(9€-6¢ dd) xipuadde sy u umoys ase dnoib swodul pue uoibas Yyaes ul saL3uN0) K13unod suo Ajuo yam sdnoib swodul pue uoibas pauiquiod 1) payuasald st abues oN *(SID %S6) Jaquinu 1o (abues) ueipaw ase ejeq

(9:901 (619 (9-25T

-8-g¥) -5-70) -z89) (96-60) (0t1-6:0) (1:01-€1) (8:0z-8€1) (50z-TT1) (£07-0€1) (S0&-z:07) (T:0£-€91) (862-0-61)  (L0T-T-€1) (V-0z-v-01) (T-0T-ECT)

SG/ 8-5€ €01 %L %8 %E-L %T-6T %b-/T %T-gT %6-£T %9-5C %592 %8-8T %0-/T %91 dPPIW-19MOT
(€618 (L9  (ggept

-9¥8¢)  -6:087) -£999) (9:8-80) (£01-£0) (9:¢-50) (00z-TTD) (1'61-¢6) (T:61-01) (F62-791) (1-8-9€1) (0-8-6¥1)  (861-€01) (881-98)  (8:81-56)

6685 6:9EY 8201 %9 %9 %0-L %T-§T %8 YT %8-9T %9-9C %/ TT %9¥C %81 %TYT %E9T  dppiw-1addn

(6-/8 (168 (gSuT

-£-€€) -9-€1) -€9¥)  (1:/-€0) (92 (z/-80) (6§1-¢E€D) (6-91-1:01) (6/1-G¢1) (LLe¥61) (LYe-gv1) (€9z-+81)  (981-G¢l)  (P91-¥6) (S/1-8TT)

-39 1-5¢ /T8 %6C  —6T) %6°€ %9°C %S-ST %S-€T %TYT %.-TC %6°6T %/-0C %6 VT %8-CT %¥-ET ybiH
RITTRINRUIEILEIY

(992

(¢S1-z0) (ST1-99)  -9T1)
0TI €3 61 %S/ %6 %8 %C-6T %9-8T %6-8T %T-8C %E-LT %/-LT %6-8T %C-8T %9-8T MO

(5796 (z195  (E€6¥T

-/-61¥)  -0£07) -6T19) (9¢-T¥) (T01-¢d) (16-67) (10z-991) (6:81-€T1) (S61-v¥1) (P6C-T¥2) (8Le-6/1) (98z-rTe) (861-6S1) (9:81-G11) (T61-L€T)

0149 £-99¢€ /%101 %09 %8G %8S %61 %¥-ST %8-9T %E-9T %S-TT %9-C %S-LT %81 %E9GL  IIPPILU-19MOT]

(0€v (9¥z (z99

-6:6T) -0°TT) -0€)  (8v-8€) (€9¥¥) (S6€) (T/1-¢91) (6ST-Tvr) (991-26T)  (0Sz-2€0) (€€2-600) (Tve-€7ad) (§91-9:ST) (TST-G€1)  (6:ST-9¥1)

S-0€ (743 (o474 %EY %S %9 %9-9T %T-ST %8-ST %EYT %T-TC %T-ET %T-9T %Y1 %T'ST  9lppiw-~1addn
eISy 15e3-Yinos

(gz€1) (€1-90) (0v-8T)

0z 60 8T %E-S %Y-€ %Y %S-LT %Y-ET %¥-ST %9-5T %9-6T %9-2C %0-/T %9-CT %81 Mo
(Tv8 (V214 (1€t

-1-6€) -220) -£-09) (84S (Lor-1L) (6:8-£9) (W61-L/1) (561-591) (£61-9/1) (582-097) (S8z-¢ve) (€8z-£S7)  (T61-€/1) (T61-6:ST) (6:QT-T-LT)

1-09 S¥E 8-€6 %T-L %9-8 %L/ %6-8T %8-LT %6-LT %L-LT %097 %T-9T %9-8T %E-/T %S /T 3|PPIW-IRMOT]

(6-€9¢ (91vr  (8¥0O¥
-0-€¢1) -S¥9)  -z9g1)  (04t1) (L6670 (z8-ST) (88T-T¥1) (Lg1-€21) (L-81-€€1) (9/7-907) (£/t-0-81) (S/z-€61)  (SQT-€€1) (£81-G11) (V-81-G-CT)
9-681 £-00T 0887 % %09 %91 %/-9T %9-ST %8-ST %S¥T %8-2C %T-€T %T-9T %6-VT %T'ST  9ppiw-~raddn

(abed snonaid wouy panuiuod)

siapuab siapuab siapuab siapuab siapuab
U3y USWOM Y109 uapy UBWOAN o9 uapy UBWOAN yiog uspy USWOAN Y109 uapy UBWOAN yiog
§(jen1depuN0d +(|en1deuN0d 1(jemdea3un0d L (Jen1depuN0d
AAIE %E-1G) d1eWNSD pAasnfpy  ANAIDE %0) 21ewss paisnipe A|jeinred K1AIDR %0) 91eWISd paisnipeun K1IAIDR %0) 91eWISD paisnlpe uleyy

(s1sKjeue

ureyy) spuesnoyy ‘sieak /-0
sabe usamiaq pariane syleaq % ‘ddd

I Articles

www.thelancet.com/lancetgh Vol 8 July 2020

e927



Articles

lower-middle-income countries (17-9% [range 12-3-20-5]
vs16-5% [12-1-20- 3]; figure, table). In turn, lower-middle-
income countries showed a higher prevented fraction
than countries classified as upper-middle income (14-0%
[9-5-18-9]) or high income (14-1% [6-6-17-8]). We
identified a broad pattern of higher median prevented
fractions for countries of lower income classifications
within most regions, but the ranges overlapped.

The global median PFP was 14-1% (5-0-20-4) for
women and 16-0% (7-8-20-7) for men (figure, table,
appendix pp 37-51). The regional median prevented
fraction values were between 1.7 and 3-0 percentage
points lower for women, with the greatest difference in
the Western Pacific region. The median prevented
fraction values based on World Bank income classification
were between 1-5 and 2-0 percentage points lower for
women, with slightly greater differences between men
and women in higher income countries than in lower
income countries. We estimated that 1-5 million (95% CI
0-9-2-2) annual deaths had been averted for women and
2-5 million (1-6-3-5) annual deaths for men by existing
physical activity prevalence across all countries.

Sensitivity analyses with formula 2 produced higher
estimates of the prevented fractions than our main analy-
sis with formula 3. The global median prevented fraction
with an unadjusted RR was 22-9% (range 10-5-30-2) and
with an adjusted RR was 15-6% (7-2-20-6; table). In our
third sensitivity analysis, we used a counterfactual of the
median lowest observed prevalence of activity for each
region, as opposed to 0% of the population meeting the
physical activity guidelines (formula 5). The median
lowest prevalence was 54-3%, which corresponded to
a P, of 44.7%. Countries that had a prevalence of activity
lower than this counterfactual value were excluded
(six countries overall; on gender-specific analyses, nine
for women and four for men). In this analysis, global
median prevented fraction was 4-5% (0-3-10-5%), which
was 11-5 percentage points lower than our previous
estimate (table). In all sensitivity analyses, the same
patterns according to region, income classification, and
gender were evident.

Discussion

Across 168 countries, the median percentage of premature
mortality averted was 15-0%, conservatively equating to
3.9 million deaths per year. We identified variations by
WHO region and World Bank income classification:
Africa had the highest median PFP, while the Americas
and Eastern Mediterranean regions had the lowest.
Countries with low-income classification tended to have
higher prevented fractions than high-income countries.
The prevented fractions were higher for men than for
women, with similar patterns across regions and income
classifications. To the best of our knowledge, these are the
first national and global estimates of PFP associated with
total physical activity. Furthermore, they are the first
estimates derived from a formula that minimises bias

www.thelancet.com/lancetgh Vol 8 July 2020

from potential confounding in the disease—exposure
relationship, and from the unequal distribution of activity
across potential confounders. Use of PFP in this way has
the potential to create a positive discourse around the
existing efforts to promote physical activity.

Global differences in the prevented fractions reflect the
differential prevalence of physical activity; estimations of
averted deaths also factor in population size and mortality
rates among people aged 40-75 years. The policy
implications of the differences in activity prevalence have
been discussed elsewhere.* We view the implications of
the present study to be similar across all nations and
regions: a positive case can be made about existing
amounts of physical activity, and we believe the results
and the approach in general are powerful advocacy tools
for policy makers and other stakeholders in public health.
Use of PFP could support a positive position on physical
activity that might be more conducive to political support
than criticism of current policy, by showing the value of
existing investment and services, particularly during
economic hardship. We encourage the incorporation of
these positive messages into the discourse and advocacy
around physical activity policy at the global, regional, and
country levels; for example, via scenario modelling to
support the WHO Global Action Plan on Physical
Activity' and the contribution of physical activity to the
attainment of the Sustainable Development Goals.”

PFP is a complementary statistic to PAF, with each
supporting a different approach to framing public health
advocacy and messaging. PFP compares the current
situation with the worst-case scenario, whereas PAF
compares against the best-case scenario. Therefore, if
activity prevalence increases, we would expect PFP to
increase (representing increased benefits being accrued),
and PAF to decrease (representing decreased potential
for further gains). However, they are not directly
comparable as proportions because they have different
denominators: the number of deaths in a hypothetical
worst-case scenario (PFP), and the number of deaths in
the current situation (PAF). With that in mind, we
compare our PFP estimate of 15-0% for physical activity
with a PAF for physical inactivity, derived with similar
methods by Ding and colleagues,* of 6-4%. These
statistics indicate that, although mortality burden could
be reduced by 6-4% by increases in activity, if the
prevalence of activity were to decrease to zero, mortality
would be 15-0% higher.

Despite PAF being a standard epidemiological
approach, one caveat, which also applies to PFP, is that
the counterfactual is the most extreme scenario. Some
researchers might argue that 0% or 100% of a population
meeting the global physical activity recommendations is
implausible; others might debate whether a minimum
physical activity prevalence exists.”” We therefore also
estimated PFP using a minimum plausible activity
prevalence of 54-3% as a counterfactual. The global
median prevented fraction was 11-5 percentage points
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lower than when a 0% activity prevalence counterfactual
was used (4-5% vs 15-0%). Levine” argued that PAF
estimates are only meaningful if an intervention can be
identified that could cause the assumed reduction in
disease or mortality. The equivalent for PFP would be
identifying the residual amount of activity that exists
regardless of intervention.” However, the burden that
governments or individual initiatives claim to prevent
becomes the quantity that they are responsible for
maintaining, and so we believe these statistics have merit
as an advocacy tool to start that discussion. Regarding
the interpretation of these statistics, two further points
should be considered. Firstly, changes in activity preva-
lence are unlikely to occur independent of other risk
factors such as obesity, which causes difficulty in
attributing any burden of mortality entirely to one risk
factor.”® Secondly, reductions in premature mortality,
despite being a good health indicator, do not necessarily
translate to an extended healthy lifespan or a reduced
overall burden on the health system.**

Assumptions to note in the present study include our
treatment of physical activity as a binary exposure,
implying no benefits of undertaking a level of activity
that is insufficient to meet the global recommendation.
We know this not to be the case: the greatest reduction
in mortality risk is evident with initial increases in
activity at the low end of the activity level spectrum, and
further benefits are associated with doing more than the
minimum recommended amount.** Therefore, we
expect our estimates to be conservative. Our method is
in line with previous work on the global burden of
physical activity that used PAF estimates,*”” but differs
from the approach of Global Burden of Disease (GBD)
studies, which used a multilevel categorisation of
physical activity and the equivalent of our formula 2.
These factors, along with the choices of prevalence and
mortality data, and of RR values, make a considerable
difference to estimates of PAF.®” For example, estimates
from two different approaches gave a difference of
2 million deaths attributable to physical activity."” We
expect similar variation with regard to PFP and estimated
number of deaths averted. A 2020 study suggests that
the magnitude of RR values for mortality associated with
inactivity are increased when derived from accelerometer-
measured behaviours.” When global activity prevalence
estimates are derived from standardised accelerometry
protocols, the overall effect on estimates of PFP will be
interesting to reassess.

We chose to be conservative by limiting data to deaths
occurring between age 40-74 years. This age range
matches that of many studies used to derive RR, and
avoids counting causes of death that are not directly
attributable to physical activity, such as neonatal
complications or deaths among the oldest age groups
that stretch the definition of avertable. We considered
estimating the number of averted deaths in populations
with non-communicable disease, but the available data

were not provided for each country by age group. This
avenue should be considered by future work if the data
become available, although the events around
coronavirus disease 2019 have brought into focus the role
that physical activity might have in promoting immune
function and preventing deaths from communicable
disease.” The number of assumptions required, and the
variability in estimates derived from different data
sources led Lee and colleagues® to question whether such
differences make estimates of disease or mortality
burden worthless. They concluded that their provision of
a reference point still had substantial utility. We concur
that these statistics are helpful indications of pre-
vented, preventable, and attributable disease and
mortality burdens; a way of translating the results of
epidemiological or intervention studies into public
health policy and practice. Some situations such as cross-
country comparisons will favour use of the prevented
fraction, while others such as within-country advocacy
might suit the use of the absolute number of deaths
averted.

In conclusion, we estimated the median global burden
of premature mortality averted by physical activity to be
15-0%, conservatively equating to 3-9 million deaths
annually. We propose use of PFP as a complimentary
statistic to PAF in promoting healthy lifestyle behaviours,
to make the cases of both what has been and of what
could be achieved.
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