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Summary
Background The pandemic of physical inactivity is associated with a range of chronic diseases and early deaths. 
Despite the well documented disease burden, the economic burden of physical inactivity remains unquantifi ed at the 
global level. A better understanding of the economic burden could help to inform resource prioritisation and motivate 
eff orts to increase levels of physical activity worldwide.

Methods Direct health-care costs, productivity losses, and disability-adjusted life-years (DALYs) attributable to physical 
inactivity were estimated with standardised methods and the best data available for 142 countries, representing 93·2% 
of the world’s population. Direct health-care costs and DALYs were estimated for coronary heart disease, stroke, type 2 
diabetes, breast cancer, and colon cancer attributable to physical inactivity. Productivity losses were estimated with a 
friction cost approach for physical inactivity related mortality. Analyses were based on national physical inactivity 
prevalence from available countries, and adjusted population attributable fractions (PAFs) associated with physical 
inactivity for each disease outcome and all-cause mortality.

Findings Conservatively estimated, physical inactivity cost health-care systems international $ (INT$) 53·8 billion 
worldwide in 2013, of which $31·2 billion was paid by the public sector, $12·9 billion by the private sector, and 
$9·7 billion by households. In addition, physical inactivity related deaths contribute to $13·7 billion in productivity 
losses, and physical inactivity was responsible for 13·4 million DALYs worldwide. High-income countries bear a 
larger proportion of economic burden (80·8% of health-care costs and 60·4% of indirect costs), whereas low-income 
and middle-income countries have a larger proportion of the disease burden (75·0% of DALYs). Sensitivity analyses 
based on less conservative assumptions led to much higher estimates.

Interpretation In addition to morbidity and premature mortality, physical inactivity is responsible for a substantial 
economic burden. This paper provides further justifi cation to prioritise promotion of regular physical activity 
worldwide as part of a comprehensive strategy to reduce non-communicable diseases.

Funding None.

Introduction
Around the world, eff orts to address risk factors for non-
communicable diseases (NCDs) are often hampered by 
an absence of understanding of the true burden that 
these risk factors impose on societies. This defi ciency is 
problematic because information about disease burden 
is used to galvanise public support for health promotion, 
to convince key decision makers to take action, and to 
prioritise funding decisions in an era of increasingly 
tight budgets.1,2 Typically, burden estimates include 
mortality, morbidity, and economic costs, all of which are 
indispensable for informed decision making.

Physical inactivity is recognised as a global pandemic 
that requires global action.3 Based on a large body of 
scientifi c literature and data from global surveillance, Lee 
and colleagues4 quantifi ed the global burden of physical 
inactivity in terms of morbidity and mortality. However, 
estimation of the economic burden of physical inactivity 
remains a major gap in the fi eld.5 As Kohl and colleagues3 
advocated in the previous Lancet Physical Activity Series, 
an “in-depth global analysis [of the economic burden of 
inactivity] is needed”.

To date, for several countries national estimates of the 
economic costs of physical inactivity have been 
published.5 However, most of these analyses were 
limited to direct health-care costs only, without 
estimating indirect costs (eg, productivity losses due to 
morbidity and premature mortality), and almost all 
analyses were conducted in high-income countries. 
This latter point is a major limitation because low-
income and middle-income countries now account for 
most of the global NCD burden,6 and also have high 
levels of physical inactivity.7 Furthermore, methods 
used in published studies varied, making it diffi  cult to 
compare data across countries or to extrapolate existing 
estimates to other countries. Most previous studies 
were also subject to major methodological limitations, 
such as not taking into account confounding or 
comorbidity. Additionally, although existing studies 
report aggregate estimates, it is important to also 
consider where the economic burden falls, including 
on the public sector, private sector, and out-of-pocket 
household expenditure. This inclusion will provide 
additional information regarding who pays for the 
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downstream costs of inactivity, and might help to focus 
prevention eff orts by coordinating responses from 
diff erent sectors.

Therefore, the primary aim of this study is to use a 
consistent method to produce country-specifi c 
estimates and an overall global estimate of the 
economic burden of physical inactivity by taking into 
account both direct costs (health-care expenditure) and 
indirect costs (productivity losses). The second aim is 
to determine where the burden of inactivity falls by 

investigating the distribution of costs across the public 
and private sectors and households. The expectation is 
that the economic burden will be driven by high-
income countries given more developed health and 
economic systems. Therefore, a third aim is to estimate 
the lifetime disease burden attributable to physical 
inactivity in terms of disability-adjusted life-years 
(DALYs), as an initial analysis to investigate the extent 
to which the global distribution of economic burden is 
consistent with the disease burden. This is intended to 
show potential inequality issues if the disease burden 
is driven by countries that can least aff ord to respond 
to the pandemic of physical inactivity.

This paper represents the fi rst detailed quantifi cation of 
the global economic burden of physical inactivity. It 
provides key information to help researchers and decision 
makers tackle the global pandemic of physical inactivity.

Methods
General approach
We estimated direct health-care costs, productivity 
losses, and DALYs due to physical inactivity based on 
existing data and established methods. The approach 
for each is discussed in the subsections below and 
further in the appendix. Overall, all costs were estimated 
for the year 2013, without projecting future costs 
incurred by morbidity and mortality that occurred in 
2013. Following standard practice, to enable comparison 
of the economic burden between countries, all costs 
were converted to international $ (INT$, and 

Research in context

Evidence before this study
The pandemic of physical inactivity is known to cause 
substantial disease burden worldwide in terms of morbidity and 
mortality. However, less is known about the economic burden 
of physical inactivity and how this burden varies across 
countries. We systematically searched the literature and 
identifi ed a few studies that estimated the national costs of 
physical inactivity. Based on these estimates, physical inactivity 
contributed to 1–4% of total direct health-care costs. However, 
these studies were all conducted in high-income countries, 
using heterogeneous methods, and most did not estimate 
indirect costs. A comprehensive global estimate of the 
economic burden of physical inactivity is needed.

Added value of this study
To our knowledge, this study is the fi rst ever to estimate the 
economic burden of physical inactivity worldwide. Using 
consistent methods, we estimated direct health-care costs 
and indirect productivity costs for 142 countries, representing 
93% of the world’s population. We also included a ‘‘who pays’’ 
analysis for each country to apportion the amount of health-
care costs paid by the public sector, private sector or third party, 
and households. For the fi rst time, our study showed that the 
economic burden of physical inactivity is distributed unequally 

across regions and disproportionately in relation to the disease 
burden (as measured by disability-adjusted life-years 
attributable to physical inactivity). Generally, poorer countries 
have more unmet health need, due to less developed health 
and economic systems. Ultimately, poor households pay the 
most in terms of premature morbidity and mortality, showing 
inequalities. Although the current economic costs are borne 
mainly in high-income countries, the expectation is that as 
low-income and middle-income countries develop 
economically, their economic burden due to physical inactivity 
will also escalate. Overall, this study helps to make the 
economic case for a global response to promote physical 
activity to tackle non-communicable diseases, and mitigate the 
current and future economic burden, and by so doing also 
reduce health inequalities.

Implications of all the available evidence
The analysis of the economic costs contributes to a more 
comprehensive understanding of the overall burden of the 
physical inactivity pandemic. This is intended to help to 
emphasise the need to promote physical activity, undertake 
economic evaluations to identify cost-eff ective interventions, 
and further encourage resource-constrained decision makers to 
prioritise and invest in physical activity strategies. 
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Panel 1: Nine steps to estimate global health-care costs of physical inactivity

1 Identify major non-communicable diseases where physical inactivity is a recognised 
risk factor

2 For each disease, quantify the relative risk (RR) as a result of physical inactivity
3 Quantify prevalence of physical inactivity for each country
4 Calculate country-specifi c adjusted population attributable fractions (PAFs) to quantify 

the fraction of each disease (from Step 1) that is attributable to physical inactivity
5 Estimate the total number of cases for each disease in each country
6 Estimate the average annual costs per case of disease for each country
7 Calculate disease-specifi c and country-specifi c health-care costs attributable to physical 

inactivity based on estimates from Steps 4–6
8 For each country and globally, quantify the total health-care costs attributable to 

physical inactivity by summing across disease-specifi c estimates from Step 7, and 
subtracting potential double counting between diseases due to common comorbidity

9 Address the ‘‘who pays’’ question by estimating the health-care costs paid by the public 
sector, private sector or third party, and households within each country, and sum the 
costs for each sector across countries 
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Direct costs Indirect costs Total costs (direct + indirect costs)

Cost amount (uncertainty level) % of total health–care costs Cost amount (uncertainty level) Cost amount (uncertainty level)

Africa

Algeria 117 641 (41 629–272 639) 0·4 (0·14–0·92) 50 092 (17 556–105 764) 167 733 (59 186–378 402)

Benin 283 (92–685) 0·03 (0·01–0·08) 597 (190–1 317) 880 (282–2 001)

Botswana 4 516 (1 387–11 386) 0·24 (0·07–0·61) 3 724 (855–10 788) 8 240 (2 241–22 174)

Burkina Faso 1 865 (617–4 624) 0·1 (0·03–0·25) 2 845 (987–5 901) 4 710 (1 604–10 525)

Cameroon 7 022 (904–24 175) 0·23 (0·03–0·79) 12 911 (1 263–44 171) 19 933 (2 167–68 346)

Cape Verde 342 (103–842) 0·24 (0·07–0·59) 225 (57–615) 566 (160–1 457)

Central African Republic 24 (2–110) 0·02 (0·–0·1) 298 (19–1 293) 322 (22–1 403)

Chad 1 201 (131–4 555) 0·12 (0·01–0·47) 5 078 (400–19 133) 6 279 (531–23 688)

Comoros 44 (14–113) 0·06 (0·02–0·17) 73 (21–177) 117 (35–290)

Republic of the Congo 390 (37–1 724) 0·04 (0·–0·16) 3 986 (328–14 847) 4 376 (365–16 572)

Côte d’Ivoire 5 153 (511–20 123) 0·14 (0·01–0·54) 9 155 (754–34 475) 14 309 (1 265–54 598)

Democratic Republic of the Congo 536 (144–1 551) 0·03 (0·01–0·08) 8 970 (2 758–19 904) 9 505 (2 902–21 455)

Eritrea 75 (24–187) 0·04 (0·01–0·1) 484 (157–1 078) 560 (181–1 264)

Ethiopia 3 751 (348–15 941) 0·06 (0·01–0·25) 13 260 (1 039–49 966) 17 011 (1 387–65 907)

Gabon 780 (73–3 508) 0·06 (0·01–0·29) 6 148 (473–23 858) 6 927 (546–27 366)

The Gambia 192 (62–481) 0·1 (0·03–0·26) 310 (82–840) 502 (144–1 321)

Ghana 6 793 (2 317–16 509) 0·12 (0·04–0·29) 7 844 (2 603–16 594) 14 637 (4 920–33 104)

Guinea 504 (48–2 135) 0·07 (0·01–0·3) 890 (60–3 715) 1 394 (108–5 850)

Kenya 4 056 (413–16 711) 0·09 (0·01–0·38) 10 780 (821–44 746) 14 836 (1 235–61 457)

Lesotho 427 (134–976) 0·07 (0·02–0·16) 388 (132–850) 815 (265–1 826)

Liberia 1 123 (384–2 649) 0·3 (0·1–0·7) 519 (172–1 102) 1 641 (556–3 751)

Madagascar 942 (308–2 405) 0·07 (0·02–0·18) 2 715 (853–6 211) 3 658 (1 161–8 616)

Malawi 527 (186–1 310) 0·04 (0·01–0·09) 654 (228–1 380) 1 181 (414–2 690)

Mali 2 794 (303–10 250) 0·14 (0·01–0·51) 4 335 (361–16 134) 7 129 (663–26 383)

Mauritania 2 342 (382–7 075) 0·44 (0·07–1·33) 3 057 (386–9 673) 5 399 (767–16 748)

Mauritius 8 457 (996–30 363) 0·78 (0·09–2·79) 3 038 (272–10 645) 11 495 (1 268–41 009)

Mozambique 421 (129–1 084) 0·02 (0·01–0·06) 1 201 (328–2 696) 1 622 (457–3 780)

Namibia 2 914 (361–10 156) 0·17 (0·02–0·58) 4 150 (373–14 751) 7 064 (735–24 907)

Niger 1 192 (389–2 952) 0·11 (0·04–0·27) 2 593 (890–5 338) 3 786 (1 279–8 290)

Nigeria 31 616 (3 394–119 736) 0·08 (0·01–0·32) 143 714 (12 644–507 269) 175 329 (16 038–627 004)

Rwanda 1 014 (326–2 553) 0·06 (0·02–0·14) 1 236 (426–2 571) 2 250 (751–5 124)

São Tomé and Príncipe 52 (18–125) 0·14 (0·05–0·34) 37 (12–83) 89 (30–208)

Senegal 5 584 (697–19 462) 0·41 (0·05–1·42) 3 500 (297–12 707) 9 085 (994–32 169)

Seychelles 426 (154–978) 0·51 (0·18–1·16) 265 (93–523) 691 (247–1 501)

Sierra Leone 1 075 (336–2 665) 0·08 (0·02–0·19) 1 128 (369–2 475) 2 202 (704–5 140)

South Africa 408 375 (143 716–958 690) 0·69 (0·24–1·61) 226 036 (76 651–479 128) 634 410 (220 366–1 437 818)

Swaziland 2 486 (341–8 171) 0·35 (0·05–1·16) 2 564 (258–8 569) 5 050 (599–16 740)

Togo 435 (149–1 055) 0·05 (0·02–0·13) 511 (172–1 091) 946 (321–2 146)

Tanzania 891 (249–2 547) 0·01 (0·–0·04) 4 534 (1 523–9 825) 5 425 (1 772–12 372)

Zambia 2 476 (257–9 882) 0·08 (0·01–0·34) 7 825 (614–30 691) 10 301 (871–40 573)

Zimbabwe* 1 075 (132–3 877) .. 4 110 (305–16 338) 5 184 (437–20 215)

Regional total 631 810 (202 193–1 596 959) 0·33 (0·11–0·84) 555 780 (127 781–1 539 228) 1 187 590 (329 974–3 136 187)

Americas†

Latin America and Caribbean

Argentina 328 567 (42 967–1 092 225) 0·45 (0·06–1·49) 207 047 (25 550–607 920) 535 613 (68 518–1 700 145)

The Bahamas 1 244 (336–3 461) 0·2 (0·05–0·54) 1 927 (559–4 478) 3 171 (895–7 939)

Barbados 3 155 (1 072–7 478) 1·05 (0·36–2·5) 798 (259–1 745) 3 953 (1 331–9 223)

Brazil 1 634 368 (191 754–5 866 486) 0·55 (0·06–1·98) 365 211 (34 587–1 222 533) 1 999 579 (226 341–7 089 019)

(Table 1 continues on next page)
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Direct costs Indirect costs Total costs (direct + indirect costs)

Cost amount (uncertainty level) % of total health–care costs Cost amount (uncertainty level) Cost amount (uncertainty level)

(Continued from previous page)

Chile 69 226 (23 410–172 085) 0·23 (0·08–0·58) 34 078 (12 244–67 542) 103 304 (35 655–239 626)

Colombia 372 615 (127 745–881 621) 0·93 (0·32–2·21) 133 642 (45 693–283 585) 506 257 (173 438–1 165 205)

Dominica 239 (70–1 060) 0·56 (0·16–2·47) 77 (19–411) 315 (90–1 471)

Dominican Republic 41 084 (7 570–116 012) 0·63 (0·12–1·79) 18 825 (2 962–60 285) 59 909 (10 533–176 296)

Ecuador 15 839 (1 628–66 122) 0·13 (0·01–0·54) 16 204 (1 337–62 233) 32 042 (2 965–128 355)

Grenada 473 (157–1 125) 0·61 (0·2–1·46) 204 (69–423) 676 (226–1 548)

Guatemala 12 268 (1 244–51 954) 0·17 (0·02–0·71) 5 027 (402–20 718) 17 295 (1 646–72 671)

Jamaica 7 020 (821–24 853) 0·51 (0·06–1·79) 3 047 (250–11 576) 10 068 (1 071–36 429)

Mexico 699 578 (261 007–1 504 875) 0·53 (0·2–1·15) 186 036 (66 491–361 906) 885 614 (327 499–1 866 781)

Paraguay 15 333 (1 636–58 075 0·33 (0·03–1·24) 5 093 (391–19 353) 20 426 (2 027–77 427)

Saint Lucia 1 245 (424–2 983) 0·76 (0·26–1·82) 403 (129–898) 1 648 (554–3 881)

Trinidad and Tobago 23 295 (7 988–55 757) 1·04 (0·36–2·49) 10 279 (3 562–21 061) 33 574 (11 550–76 818)

Uruguay 24 131 (7 512–62 115) 0·41 (0·13–1·06) 14 277 (4 888–29 642) 38 408 (12 400–91 756)

Regional total 3 249 679 (677 343–9 968 286) 0·53 (0·11–1·63) 1 002 173 (199 393–2 776 306) 4 251 852 (876 737–12 744 592)

North America

Canada 946 441 (98 291–3 696 008) 0·57 (0·06–2·21) 182 243 (15 390–646 082) 1 128 684 (113 681–4 342 091)

USA 24 733 376 (8 629 173–58 651 943) 0·85 (0·3–2·03) 3 059 178 (1 148 712–5 990 063) 27 792 555 (9 777 885–64 642 006)

Regional total 25 679 818 (8 727 465–62 347 951) 0·84 (0·29–2·04) 3 241 421 (1 164 102–6 636 145) 28 921 239 (9 891 567–68 984 097)

Eastern Mediterranean

Egypt 174 849 (58 719–422 749) 0·37 (0·12–0·89) 120 451 (42 009–250 992) 295 301 (100 728–673 742)

Iran 504 393 (173 112–1 182 579) 0·46 (0·16–1·08) 104 903 (36 571–223 362) 609 296 (209 683–1 405 941)

Iraq 222 827 (76 509–503 970) 0·95 (0·33–2·15) 79 242 (24 569–181 319) 302 069 (101 078–685 289)

Jordan 24 535 (9 181–54 828) 0·5 (0·19–1·12) 2 429 (808–5 143) 26 964 (9 989–59 970)

Kuwait 126 342 (47 888–275 334) 1·48 (0·56–3·23) 17 978 (6 737–34 674) 144 320 (54 625–310 009)

Lebanon 40 589 (13 842–96 165) 0·83 (0·28–1·96) 11 047 (3 511–25 581) 51 636 (17 354–121 745)

Libya 48 552 (17 929–108 576) 1·01 (0·37–2·27) 13 337 (4 260–29 148) 61 889 (22 188–137 724)

Pakistan 92 215 (11 118–319 497) 0·4 (0·05–1·4) 106 279 (8 256–417 463) 198 494 (19 374–736 960)

Qatar 58 222 (20 388–133 036) 0·96 (0·34–2·2) 9 490 (3 169–20 388) 67 712 (23 557–153 425)

Saudi Arabia 869 019 (336 673–1 880 725) 1·71 (0·66–3·71) 169 442 (57 332–363 040) 1 038 461 (394 005–2 243 765)

Tunisia 30 811 (3 259–115 735) 0·36 (0·04–1·34) 10 161 (765–39 716) 40 972 (4 024–155 452)

United Arab Emirates 163 031 (23 159–523 622) 0·81 (0·11–2·59) 21 037 (1 859–83 048) 184 068 (25 018–606 670)

Regional total 2 355 384 (791 777–5 616 816) 0·76 (0·25–1·80) 665 796 (189 847–1 673 874) 3 021 180 (981 623–7 290 691)

Europe

Andorra 1 369 (168–4 988) 0·54 (0·07–1·97) 553 (59–1 800) 1 922 (227–6 787)

Austria 194 326 (19 776–758 844) 0·47 (0·05–1·83) 61 229 (5 400–212 635) 255 555 (25 176–971 479)

Belgium 283 073 (35 250–971 197) 0·56 (0·07–1·92) 105 580 (10 374–340 628) 388 653 (45 625–1 311 826)

Bosnia and Herzegovina 12 899 (1 392–49 298) 0·36 (0·04–1·39) 4 162 (363–15 514) 17 061 (1 755–64 812)

Bulgaria 36 760 (3 882–146 381) 0·42 (0·04–1·66) 24 295 (2 099–86 796) 61 055 (5 981–233 177)

Croatia 26 660 (2 673–109 198) 0·41 (0·04–1·69) 11 910 (931–44 701) 38 570 (3 604–153 899)

Cyprus 15 619 (2 006–53 493) 0·62 (0·08–2·13) 4 360 (458–13 956) 19 979 (2 464–67 449)

Czech Republic 129 484 (40 694–321 634) 0·62 (0·2–1·54) 52 012 (18 062–103 295) 181 496 (58 755–424 929)

Denmark 79 694 (7 946–329 122) 0·31 (0·03–1·29) 38 411 (3 318–136 809) 118 105 (11 264–465 931)

Estonia 4 480 (461–20 054) 0·23 (0·02–1·05) 3 274 (241–12 676) 7 754 (702–32 730)

Finland 149 872 (15 172–594 883) 0·76 (0·08–3·03) 33 316 (2 724–117 174) 183 188 (17 896–712 057)

France 1 040 124 (313 158–2 607 358) 0·36 (0·11–0·91) 350 416 (127 335–689 751) 1 390 540 (440 493–3 297 109)

Georgia 14 900 (5 328–34 810) 0·48 (0·17–1·11) 5 350 (1 978–10 607) 20 250 (7 306–45 417)

Germany 2 150 731 (227 602–8 601 791) 0·55 (0·06–2·22) 565 523 (49 398–2 014 108) 2 716 254 (277 000–10 615 899)

Greece 116 452 (10 819–524 515) 0·42 (0·04–1·89) 30 531 (2 500–116 447) 146 983 (13 320–640 961)

(Table 1 continues on next page)
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Direct costs Indirect costs Total costs (direct + indirect costs)

Cost amount (uncertainty level) % of total health–care costs Cost amount (uncertainty level) Cost amount (uncertainty level)

(Continued from previous page)

Hungary 67 684 (7 078–268 088) 0·37 (0·04–1·47) 35 426 (2 867–130 220) 103 110 (9 944–398 309)

Ireland 132 224 (15 966–479 653) 0·74 (0·09–2·7) 33 383 (3 471–111 764) 165 607 (19 437–591 417)

Italy 906 680 (98 788–3 464 606) 0·48 (0·05–1·84) 498 021 (49 542–1 604 263) 1 404 701 (148 330–5 068 869)

Kazakhstan 60 028 (7 000–219 610) 0·34 (0·04–1·26) 49 331 (3 996–191 222) 109 359 (10 996–410 833)

Kyrgyzstan 2 149 (767–4 963) 0·17 (0·06–0·39) 1 108 (387–2 253) 3 257 (1 154–7 216)

Latvia 10 903 (1 098–43 228) 0·41 (0·04–1·64) 8 956 (729–31 715) 19 859 (1 827–74 943)

Lithuania 21 251 (5 776–57 677) 0·46 (0·12–1·24) 12 335 (3 755–26 649) 33 586 (9 532–84 327)

Luxembourg 24 385 (2 627–90 733) 0·69 (0·07–2·56) 6 888 (605–24 241) 31 272 (3 231–114 974)

Malta 9 909 (1 323–31 880) 0·88 (0·12–2·84) 2 401 (292–7 345) 12 310 (1 616–39 225)

Netherlands 356 616 (35 755–1 481 410) 0·38 (0·04–1·57) 71 838 (5 788–281 164) 428 454 (41 543–1 762 574)

Norway 169 574 (18 280–656 606) 0·53 (0·06–2·05) 47 890 (4 338–160 267) 217 464 (22 618–816 873)

Poland 272 385 (27 692–1 124 067) 0·46 (0·05–1·91) 119 487 (10 252–440 347) 391 872 (37 944–1 564 414)

Portugal 256 331 (32 560–845 928) 0·98 (0·12–3·23) 70 327 (7 458–222 370) 326 658 (40 019–1 068 298)

Moldova 3 009 (1 000–23 538) 0·15 (0·05–1·2) 1 526 (559–11 234) 4 535 (1 558–34 772)

Romania 120 526 (13 597–446 361) 0·61 (0·07–2·26) 77 720 (7 129–266 621) 198 246 (20 726–712 982)

Russia 292 419 (83 109–745 860) 0·13 (0·04–0·33) 290 193 (96 840–603 315) 582 612 (179 949–1 349 175)

Serbia 84 169 (11 541–268 387) 1·19 (0·16–3·8) 31 032 (3 906–91 386) 115 200 (15 448–359 774)

Slovakia 46 187 (4 915–177 119) 0·4 (0·04–1·52) 17 029 (1 335–61 264) 63 216 (6 250–238 384)

Slovenia 25 365 (2 691–97 747) 0·47 (0·05–1·83) 8 644 (710–32 308) 34 009 (3 401–130 055)

Spain 2 024 831 (248 392–6 745 047) 1·53 (0·19–5·08) 286 821 (30 311–940 645) 2 311 652 (278 703–7 685 692)

Sweden 163 850 (15 887–664 072) 0·4 (0·04–1·63) 80 499 (7 360–269 538) 244 349 (23 247–933 610)

Turkey 508 709 (63 820–1 707 173) 0·64 (0·08–2·16) 169 711 (15 921–574 787) 678 420 (79 742–2 281 960)

Ukraine 54 448 (5 551–237 789) 0·17 (0·02–0·76) 47 766 (3 460–183 885) 102 214 (9 011–421 674)

UK 1 849 940 (681 317–4 103 191) 0·87 (0·32–1·93) 558 020 (212 382–1 056 970) 2 407 960 (893 699–5 160 162)

Uzbekistan 23 206 (8 139–52 339) 0·23 (0·08–0·52) 12 102 (3 855–27 108) 35 308 (11 994–79 447)

Regional total 11 743 217 (2 080 997–39 164 640) 0·55 (0·10–1·1·84) 3 829 379 (702 489–11 269 780) 15 572 597 (2 783 486–50 434 419)

Southeast Asia

Bangladesh 43 773 (16 041–99 389) 0·29 (0·11–0·66) 51 156 (16 491–106 375) 94 929 (32 532–205 764)

Bhutan 292 (102–678) 0·14 (0·05–0·33) 199 (54–548) 490 (156–1 226)

India 495 943 (170 309–1 124 002) 0·18 (0·06–0·41) 489 405 (160 015–1 042 358) 985 348 (330 324–2 166 360)

Indonesia 243 932 (89 176–581 886) 0·33 (0·12–0·79) 249 986 (82 592–526 274) 493 918 (171 768–1 108 159)

Maldives 2 331 (285–8 053) 0·53 (0·06–1·82) 302 (27–1 076) 2 632 (312–9 129)

Myanmar 4 077 (1 403–9 891) 0·21 (0·07–0·51) 7 915 (2 033–21 862) 11 992 (3 436–31 753)

Nepal 1 249 (377–2 773) 0·03 (0·01–0·07) 976 (332–2 186) 2 225 (709–4 959)

Sri Lanka 27 946 (9 578–65 453) 0·45 (0·15–1·05) 20 343 (6 978–42 197) 48 290 (16 556–107 650)

Thailand 116 287 (41 964–279 000) 0·26 (0·09–0·63) 73 624 (23 950–156 046) 189 911 (65 914–435 045)

Regional total 935 830 (329 234–2 171 123) 0·22 (0·08–0·52) 893 906 (292 473–1 898 922) 1 829 736 (621 707–4 070 045)

Western Pacifi c

Australia 441 498 (46 819–1 700 424) 0·46 (0·05–1·75) 114 113 (10 160–394 851) 555 611 (56 980–2 095 275)

Cambodia 1 907 (646–4 778) 0·06 (0·02–0·14) 2 560 (901–5 225) 4 467 (1 548–10 003)

China 3 075 139 (1 194 333–6 635 493) 0·35 (0·14–0·76) 1 783 000 (622 150–3 555 485) 4 858 139 (1 816 483–10 190 978)

Fiji 1 114 (401–2 582) 0·39 (0·14–0·89) 661 (208–1 512) 1 776 (609–4 094)

Japan 4 171 889 (542 475–14 270 968) 0·88 (0·11–3·) 1 090 581 (118 658–3 418 006) 5 262 470 (661 132–17 688 974)

Kiribati 108 (35–260) 0·53 (0·17–1·28) 46 (13–113) 153 (47–373)

Laos 909 (317–2 222) 0·15 (0·05–0·35) 1 615 (448–4 061) 2 524 (765–6 284)

Malaysia 284 269 (104 258–649 278) 1·03 (0·38–2·35) 119 313 (42 378–235 990) 403 582 (146 636–885 268)

Marshall Islands 181 (55–438) 0·49 (0·15–1·18) 59 (17–145) 241 (72–583)

Micronesia 234 (84–554) 0·5 (0·18–1·19) 60 (17–158) 294 (101–713)

(Table 1 continues on next page)
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$ thereafter) using purchasing power parity (PPP) 
conversion factors in 2013.

Direct health-care costs
Health-care costs attributable to physical inactivity were 
estimated using a population attributable fraction (PAF) 
approach.8 This approach requires nine steps (panel 1). 
More specifi c information regarding each step is 
presented in the appendix.

Step 1: in addition to coronary heart disease, type 2 
diabetes, breast cancer, and colon cancer, which were 
included in the paper by Lee and colleagues,4 we expanded 
this list to include stroke, based on the US Physical 
Activity Guidelines Advisory Committee report and 
available data on health-care costs.9 Step 2: we used the 
adjusted relative risks (RRs) reported in Lee and 
colleagues4 for coronary heart disease, type 2 diabetes, 
breast cancer, and colon cancer. For stroke, we derived the 
adjusted RR from a meta-analysis.10 Step 3: we used the 
most recent country-specifi c prevalence estimates of 
physical inactivity (defi ned as not meeting the WHO 
recommendations of 150 min of moderate-to-vigorous 
physical activity per week11) for 146 countries, which are 
presented in this Series (overall prevalence 23·3% 
[range 4·1–65·0]).12 Step 4: PAFs are calculated based on 
the prevalence of physical inactivity and the adjusted RR 
using the formula presented in the appendix (p 3). The 
PAFs can be interpreted as the proportion of disease or 
mortality that would not exist if physical inactivity (based 
on the WHO recommendations) was eliminated. We used 
Monte Carlo simulation techniques (50 000 simu lations) 
to estimate the 95% CIs for PAFs (appendix p 11). Step 5: 
we extracted prevalent cases of all diseases identifi ed in 

Step 1 from the 2013 Global Burden of Disease (GBD) 
Study,13 which provides prevalence estimates for major 
diseases in 187 countries. In view that the evidence on the 
protective eff ects of physical activity only applies to type 2 
diabetes and colon cancer, and that the GBD provides 
overall prevalence estimates for “diabetes mellitus” and 
“colon and rectal cancer”, we applied adjustment factors 
derived from international literature14,15 to extrapolate 
prevalence of type 2 diabetes and colon cancer from GBD 
estimates (appendix p 3). Step 6: we estimated country-
specifi c average annual health-care costs per case of 
disease. For type 2 diabetes, this information was obtained 
from the International Diabetes Federation (IDF).16,17 For 
coronary heart disease, stroke, breast cancer, and colon 
cancer, because there were no global per case cost 
estimates, we extracted national disease-specifi c health-
care cost data for 27 European Union countries (EU-27).18,19 
We then calculated per case costs for EU-27 using GBD 
disease prevalence data and extrapolated costs to other 
countries using a country weighting factor (appendix 
p 27). The country weighting factor was based on health-
care expenditure per capita and was previously used by the 
Economist Intelligence Unit20 and the World Economic 
Forum21 reports. It is comparable with the IDF’s approach 
to estimate health-care expenditure for diabetes.17 Step 7: 
for each disease, we calculated disease-specifi c total 
health-care costs per country by multiplying the total 
number of prevalent cases by the estimated average 
annual costs per case. Then, we applied country-specifi c 
adjusted PAFs to the total costs of each disease to generate 
disease-specifi c health-care costs attributable to physical 
inactivity (appendix p 31). Step 8: in view that cardio-
vascular disease is likely to co-occur with diabetes, we 

Direct costs Indirect costs Total costs (direct + indirect costs)

Cost amount (uncertainty level) % of total health–care costs Cost amount (uncertainty level) Cost amount (uncertainty level)

(Continued from previous page)

Mongolia 3 491 (1 282–7 904) 0·22 (0·08–0·49) 3 567 (1 203–7 661) 7 059 (2 486–15 565)

New Zealand 107 402 (36 691–259 763) 0·71 (0·24–1·72) 31 028 (11 690–59 995) 138 430 (48 382–319 758)

Papua New Guinea 1 894 (667–4 302) 0·23 (0·08–0·52) 1 716 (489–4 402) 3 610 (1 156–8 704)

Philippines 65 760 (6 776–261 741) 0·23 (0·02–0·93) 37 078 (2 559–162 221) 102 838 (9 334–423 962)

South Korea 831 859 (107 464–2 423 806) 0·69 (0·09–2·01) 236 263 (31 029–667 249) 1 068 122 (138 493–3 091 054)

Samoa 201 (71–464) 0·28 (0·1–0·64) 70 (23–158) 271 (95–622)

Singapore 159 627 (58 218–352 413) 0·83 (0·3–1·82) 41 459 (15 552–80 082) 201 086 (73 770–432 495)

Solomon Islands 374 (133–870) 0·63 (0·22–1·46) 205 (56–542) 579 (189–1 412)

Tonga 102 (35–237) 0·39 (0·13–0·9) 55 (17–123) 157 (52–360)

Vanuatu 28 (9–72) 0·1 (0·03–0·25) 32 (9–83) 60 (18–154)

Vietnam 67 367 (19 786–170 990) 0·24 (0·07–0·62) 45 401 (12 007–113 181) 112 769 (31 793–284 172)

Regional total 9 215 354 (2 120 555–26 749 559) 0·54 (0·13–1·58) 3 508 884 (869 586–8 711 243) 12 724 238 (2 990 141–35 460 802)

Global total 53 811 093 (14 929 564–
147 615 335)

0·64 (0·18–1·75) 13 697 338 (3 545 671–34 505 499) 67 508 432 (18 475 235–182 120 834)

Uncertainty levels calculated based on analysis of extremes. *Direct health-care cost data are incomplete for Zimbabwe due to the lack of WHO health expenditure data; the current total direct costs were 
estimated based on type 2 diabetes only. †The Region of the Americas is further divided into Latin America and Caribbean and North America (Canada and USA only) due to diff erent patterns of disease burden, 
levels of economic development, and health-care expenditure.

Table 1: Direct, indirect, and total costs attributable to physical inactivity, by country and WHO region (in 1000 Int$, 2013) 

For World Bank PPP conversion 
factors see http://data.

worldbank.org/indicator/PA.
NUS.PPP 
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estimated the probable double counting between diabetes 
and coronary heart disease or stroke based on a meta-
analysis of 102 prospective studies.22 For each country, we 
summed the total costs across diseases, minus the overlap 
due to comorbidity. Step 9: to determine who bears the 
health-care costs of inactivity within each country, we 
used the health expenditure data provided by the WHO 
to calculate the amount of expenditure paid by: 
(1) the public sector (resources channelled to health 
services through government budgets, parastatals, or 
extra-budgetary entities); (2) the private sector or third 
party (expenditure from pooled non-governmental 
resources, such as voluntary health insurance); and 
(3) households (out-of-pocket payments).

Indirect productivity costs
Physical inactivity related diseases indirectly cost 
society in many ways.18,19 Owing to the absence of data 
regarding morbidity eff ect on absenteeism, presenteeism 
(compromised productivity at work due to ill health), and 
informal care at the global level, we restricted the analysis 
to the fi nancial value of lost productivity due to premature 
mortality using a friction cost approach that takes into 
account replacement within the labour market (3-month 
friction period).23

We estimated the total costs of productivity losses from 
physical inactivity related deaths for each country using 
the formula in the appendix (p 4), based on the mortality 
data from the GBD, the employment rates among the 
population aged 15 years or older from the International 
Labour Organization, the 2013 GDP data from the World 
Bank,24 and adjusted PAFs for physical activity and all-
cause mortality (appendix p 11).

Lifetime disease burden: DALYs
We estimated lifetime disease burden using DALYs, 
which sum the years of life lost due to premature 
mortality (years of life lost [YLLs]) and to morbidity or 
disability, while alive (years lost due to disability [YLDs]). 
The GBD study estimated the DALYs lost for each disease 
for all 187 countries.25 We extracted DALYs for each of the 
fi ve diseases and applied the relevant PAFs described 
above to calculate the DALYs lost for each disease 
attributable to physical inactivity. We then summed these 
DALYs across diseases as the total DALYs lost due to 
physical inactivity. The GBD estimates already accounted 
for comorbidity, therefore, we did not further adjust for 
double counting due to comorbidity.13

Sensitivity analysis
We did an ‘‘analysis of extremes’’ to generate a base 
estimate, a lower estimate, and a higher estimate, based 
on mean, lower, and upper limits of all input variables. 
Additionally, to facilitate comparison of our estimates 
with previous national-level estimates,5 all of which used 
unadjusted PAFs, we repeated all analyses using 
unadjusted PAFs.

Results
Based on the prevalence of physical inactivity presented 
in this Series,12 we estimated the global median 
adjusted PAFs to be 4·0% for coronary heart disease, 
4·5% for stroke, 4·9% for type 2 diabetes, 7·1% for 
breast cancer, 7·0% for colon cancer, and 6·4% for all-
cause mortality. Overall, PAFs are the largest in the 
Eastern Mediterranean region and smallest in 
southeast Asia.

Globally, summed across fi ve major NCDs, we 
estimated the health-care costs of physical inactivity to be 
$53·8 billion in 2013 (table 1). Of this, $5·0 billion were 
spent on coronary heart disease, $6·0 billion on stroke, 
$37·6 billion on type 2 diabetes, $2·7 billion on breast 
cancer, and $2·5 billion on colon cancer (appendix p 31). 
By WHO region, physical inactivity was responsible for 
more than $0·6 billion of health-care costs in Africa, 
$3·2 billion in Latin America and the Caribbean, 
$25·7 billion in North America, $2·4 billion in the 
Eastern Mediterranean region, $11·7 billion in Europe, 
$0·9 billion in southeast Asia, and $9·2 billion in the 
Western Pacifi c region. In the context of national 
health-care expenditure, physical inactivity related direct 
costs represent an average of 0·33% of total health-care 
expenditure in Africa, 0·53% in Latin America and 
Caribbean, 0·84% in North America, 0·76% in the 
Eastern Mediterranean region, 0·55% in Europe, 0·22% 
in southeast Asia, 0·54% in the Western Pacifi c region, 
and 0·64% globally.

The proportion of health-care costs borne by households, 
public and private sectors diff ered remarkably by WHO 
region and country. Globally, in 2013 the largest proportion 
of economic burden of physical inactivity ($31·2 billion, 
58·0%) was borne by the public sector, ranging from 
40·5% in southeast Asia to 75·3% in Europe. Globally, the 
smallest proportion of health-care costs attributable to 
physical inactivity was paid by households ($9·7 billion); 
however, the relative burden on households was 
particularly high in southeast Asia, where nearly half of 
the health-care costs were paid out-of-pocket. $12·9 billion 
health-care costs were paid by private sectors, and 80·0% 
occurred in North America ($10·3 billion; table 2).

Physical inactivity related deaths cost $13·7 billion in 
productivity losses in 2013. Of those, $0·6 billion occurred 
in Africa, $0·7 billion in the Eastern Mediterranean region, 
$0·9 billion in southeast Asia, $1·0 billion in Latin America 
and Caribbean, $3·2 billion in North America, $3·5 billion 
in the Western Pacifi c region, and $3·8 billion in Europe.

When indirect costs were combined with direct costs, 
physical inactivity was responsible for a total cost of 
$67·5 billion worldwide.

Physical inactivity was responsible for 13·4 million DALYs 
worldwide (appendix p 49). In table 3, we compared the 
global distribution of direct costs, indirect costs, and DALYs 
attributable to physical inactivity. The economic burden, 
particularly direct health-care costs, is distributed 
disproportionately with population size and DALYs. For 

For WHO health expenditure 
data see http://apps.who.int/
gho/data/node.main.75

For ILO employment rate data 
see http://www.ilo.org/global/
research/global-reports/global-
employment-trends/2014/
WCMS_234879/lang--en/index.
htm
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The public sector The private sector/third party Households

Amount % of total direct 
costs

Amount % of total direct 
costs

Amount % of total direct 
costs

Africa

Algeria 87290 74·2 823 0·7 29 528 25·1

Benin 153 54·2 14 4·9 116 40·9

Botswana 2579 57·1 1694 37·5  244 5·4

Burkina Faso 1091 58·5 155 8·3 619 33·2

Cameroon 2437 34·7 267 3·8 4319 61·5

Cape Verde 252 73·7 11 3·2 79 23·1

Central African Republic 12 50·3 1 4·7 11 45·0

Chad 443 36·9 25 2·1 733 61·0

Comoros 14 32·7 10 22·2 20 45·1

Republic of the Congo 302 77·5 3 0·8 85 21·7

Côte d’Ivoire 1706 33·1 809 15·7 2638 51·2

Democratic Republic of the Congo 284 53·1 76 14·2 175 32·7

Eritrea 34 45·4 0 0 41 54·6

Ethiopia 2288 61·0 135 3·6 1328 35·4

Gabon 424 54·4 52 6·7 303 38·9

The Gambia 115 60·1 36 18·9 40 21·0

Ghana 4116 60·6 217 3·2 2459 36·2

Guinea 180 35·8 39 7·8 284 56·4

Kenya 1691 41·7 556 13·7 1809 44·6

Lesotho 338 79·1 28 6·5 61 14·4

Liberia 403 35·9 428 38·1 292 26·0

Madagascar 590 62·6 69 7·3 284 30·1

Malawi 263 50·0 202 38·3 62 11·7

Mali 1109 39·7 6 0·2 1679 60·1

Mauritania 1147 49·0 110 4·7 1084 46·3

Mauritius 4152 49·1 372 4·4 3932 46·5

Mozambique 195 46·4 199 47·2 27 6·4

Namibia 1760 60·4 947 32·5 207 7·1

Niger 438 36·7 122 10·2 633 53·1

Nigeria 8726 27·6 980 3·1 21 910 69·3

Rwanda 596 58·8 231 22·8 187 18·4

São Tomé and Príncipe 15 28·8 6 11·3 31 59·9

Senegal 2921 52·3 603 10·8 2061 36·9

Seychelles 392 92·0 22 5·1 12 2·9

Sierra Leone 154 14·3 262 24·4 659 61·3

South Africa 197 653 48·4 181 727 44·5 28 995 7·1

Swaziland 1 857 74·7 365 14·7 263 10·6

Togo 227 52·1 32 7·4 176 40·5

Tanzania 324 36·3 272 30·5 296 33·2

Zambia 1 444 58·3 344 13·9 688 27·8

Zimbabwe* .. .. .. .. .. ..

Regional total 330 116 52·2 192 249 30·4 108 370 17·2

Americas†

Latin America and Caribbean

Argentina 222 440 67·7 36 799 11·2 69 328 21·1

The Bahamas 547 44·0 321 25·8 376 30·2

Barbados 1 925 61·0 224 7·1 1 006 31·9

Brazil 787 765 48·2 356 292 21·8 490 310 30·0

Chile 32 813 47·4 14 468 20·9 21 945 31·7

(Table 2 continues on next page)
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The public sector The private sector/third party Households

Amount % of total direct 
costs

Amount % of total direct 
costs

Amount % of total direct 
costs

(Continued from previous page)

Colombia 283 188 76·0 37 634 10·1 51 794 13·9

Dominica 168 70·6 6 2·5 64 26·9

Dominican Republic 21 446 52·2 3615 8·8 16 023 39·0

Ecuador 8442 53·3 428 2·7 6969 44·0

Grenada 224 47·3 10 2·2 239 50·5

Guatemala 4588 37·4 1448 11·8 6232 50·8

Jamaica 4079 58·1 1158 16·5 1783 25·4

Mexico 361 682 51·7 29 382 4·2 308 514 44·1

Paraguay 5903 38·5 751 4·9 8678 56·6

SaintLucia 688 55·3 29 2·3 528 42·4

Trinidad and Tobago 11 554 49·6 1537 6·6 10 203 43·8

Uruguay 16 940 70·2 3089 12·8 4102 17

Regional total 1 764 392 54·3 487 193 15·0 998 094 30·7

North America

Canada 660 616 69·8 142 913 15·1 142 913 15·1

USA 11 649 420 47·1 10 165 418 41·1 2 918 538 11·8

Regional total 12 310 036 47·9 10 308 330 40·1 3 061 451 11·9

Eastern Mediterranean

Egypt 71 164 40·7 2 273 1·3 101 412 58·0

Iran 205 792 40·8 35 812 7·1 262 789 52·1

Iraq 141 495 63·5 0 0 81 332 36·5

Jordan 16 193 66·0 2576 10·5 5766 23·5

Kuwait 104 358 82·6 2148 1·7 19 836 15·7

Lebanon 20 579 50·7 6088 15·0 13 922 34·3

Libya 34 132 70·3 0 0 14 420 29·7

Pakistan 33 935 36·8 7654 8·3 50 626 54·9

Qatar 48 790 83·8 4541 7·8 4891 8·4

Saudi Arabia 557 910 64·2 139 043 16·0 172 066 19·8

Tunisia 18 271 59·3 1 664 5·4 10 876 35·3

United Arab Emirates 114 611 70·3 17 770 10·9 30 650 18·8

Regional total 1 367 230 58·0 219 570 9·3 768 585 32·6

Europe

Andorra 1031 75·3 86 6·3 252 18·4

Austria 147 105 75·7 16 518 8·5 30 703 15·8

Belgium 214 569 75·8 12 172 4·3 56 332 19·9

Bosnia and Herzegovina 9029 70·0 129 1·0 3741 29·0

Bulgaria 21 799 59·3 404 1·1 14 557 39·6

Croatia 21 328 80·0 2000 7·5 3333 12·5

Cyprus 7310 46·8 984 6·3 7325 46·9

Czech Republic 107 860 83·3 1295 1·0 20 329 15·7

Denmark 68 059 85·4 1434 1·8 10 201 12·8

Estonia 3490 77·9 143 3·2 847 18·9

Finland 112 854 75·3 9292 6·2 27 726 18·5

France 806 096 77·5 157 059 15·1 76 969 7·4

Georgia 3204 21·5 2473 16·6 9223 61·9

Germany 1 651 761 76·8 221 525 10·3 277 444 12·9

Greece 80 934 69·5 4775 4·1 30 743 26·4

Hungary 43 047 63·6 6024 8·9 18 613 27·5

Ireland 89 516 67·7 20 495 15·5 22 214 16·8

(Table 2 continues on next page)
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The public sector The private sector/third party Households

Amount % of total direct 
costs

Amount % of total direct 
costs

Amount % of total direct 
costs

(Continued from previous page)

Italy 707 210 78·0 36 267 4·0 163 202 18·0

Kazakhstan 31 875 53·1 360 0·6 27 793 46·3

Kyrgyzstan 1268 59·0 99 4·6 782 36·4

Latvia 6 760 62·0 164 1·5 3 980 36·5

Lithuania 14 153 66·6 170 0·8 6 928 32·6

Luxembourg 20 410 83·7 1 341 5·5 2 634 10·8

Malta 6 570 66·3 208 2·1 3 131 31·6

Netherlands 284 580 79·8 52 779 14·8 19 257 5·4

Norway 144 986 85·5 1 017 0·6 23 571 13·9

Poland 189 580 69·6 20 701 7·6 62 104 22·8

Portugal 165 846 64·7 22 301 8·7 68 184 26·6

Moldova 1 384 46·0 283 9·4 1 342 44·6

Romania 96 059 79·7 723 0·6 23 744 19·7

Russian 140 654 48·1 11 404 3·9 140 361 48·0

Serbia 50 922 60·5 1 347 1·6 31 900 37·9

Slovakia 32 331 70·0 3 649 7·9 10 207 22·1

Slovenia 18 162 71·6 4 135 16·3 3 069 12·1

Spain 1 425 481 70·4 137 689 6·8 461 661 22·8

Sweden 133 538 81·5 3 605 2·2 26 708 16·3

Turkey 393 741 77·4 38 662 7·6 76 306 15·0

Ukraine 29 674 54·5 1 470 2·7 23 304 42·8

UK 1 544 700 83·5 133 196 7·2 172 044 9·3

Uzbekistan 11 835 51·0 673 2·9 10 698 46·1

Regional total 8 840 706 75·3 929 050 7·9 1 973 461 16·8

Southeast Asia

Bangladesh 15 452 35·3 1 970 4·5 26 352 60·2

Bhutan 215 73·8 2 0·8 74 25·4

India 159 694 32·2 47 611 9·6 288 639 58·2

Indonesia 95 133 39·0 37 078 15·2 111 721 45·8

Maldives 1 342 57·6 114 4·9 874 37·5

Myanmar 1 109 27·2 188 4·6 2 781 68·2

Nepal 541 43·3 131 10·5 577 46·2

Sri Lanka 12 268 43·9 2 683 9·6 12 995 46·5

Thailand 93 146 80·1 10 001 8·6 13 140 11·3

Regional total 378 901 40·5 99 777 10·7 457 152 48·8

Western Pacifi c

Australia 293 155 66·4 62 693 14·2 85 651 19·4

Cambodia 391 20·5 378 19·8 1 139 59·7

China 1 715 927 55·8 316 739 10·3 1 042 472 33·9

Fiji 751 67·4 130 11·7 233 20·9

Japan 3 425 121 82·1 146 016 3·5 600 752 14·4

Kiribati 89 82·5 19 17·4 0 0·1

Laos 448 49·3 97 10·7 364 40·0

Malaysia 155 779 54·8 25 868 9·1 102 621 36·1

Marshall Islands 152 83·6 7 4·0 22 12·4

Micronesia 211 90·3 0 0·2 22 9·5

Mongolia 2 102 60·2 98 2·8 1 292 37·0

New Zealand 89 144 83·0 6 766 6·3 11 492 10·7

(Table 2 continues on next page)
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example, southeast Asia accounts for 20·1% of the DALYs, 
but only 1·7% of direct costs, while North America accounts 
for only 8·0% of the DALYs, but nearly half of the direct 
costs. Noticeably, despite the relatively low economic burden 
of physical inactivity in middle-income and low-income 
countries (19% of global direct costs), the disease burden, as 
measured by DALYs is large (75% of global DALYs; table 3).

After taking into account the upper and lower limits of 
input variables, we estimated that in 2013 physical 

inactivity accounted for $14·9–147·6 billion of health-
care costs, $3·5–34·5 billion of productivity losses, and 
6·4–20·3 million DALYs worldwide (appendix 
pp 36–44, 49–52).

We re-ran the analysis using unadjusted PAFs, 
similar to previous studies, and found that the total 
health-care costs attributable to physical inactivity 
would be estimated as $123·9 billion ($40·9–291·2), 
the indirect costs of productivity losses would be 

The public sector The private sector/third party Households

Amount % of total direct 
costs

Amount % of total direct 
costs

Amount % of total direct 
costs

(Continued from previous page)

Papua New Guinea 1 523 80·4 163 8·6 208  11·0

Philippines 20 780 31·6 7 694 11·7 37 286 56·7

South Korea 444 213 53·4 83 186 10·0 304 460 36·6

Samoa 180 89·5 8 3·9 13 6·6

Singapore 63 532 39·8 5 427 3·4 90 668 56·8

Solomon Islands 352 94·0 10 2·6 13 3·4

Tonga 83 81·8 6 5·8 13 12·4

Vanuatu 25 87·3 2 5·5 2 7·2

Vietnam 28 227 41·9 5 861 8·7 33 279 49·4

Regional total 6 242 183 67·7 661 168 7·2 2 312 003 25·1

Global total 31 233 565 .. 12 897 338 .. 9 679 116 ..

Percentages of health-care costs paid by the public, households, and private sector are from WHO. *Direct health-care cost data are incomplete for Zimbabwe due to the lack 
of WHO health expenditure data; the current total direct cost was estimated based on type 2 diabetes only. †The Region of the Americas is further divided into Latin America 
and Caribbean and North America (Canada and USA only) due to diff erent patterns of disease burden, levels of economic development, and health-care expenditure.

Table 2: Direct health-care costs attributable to physical inactivity paid by the public sector, private sector, and households, by country and WHO region 
(in 1000 Int$, 2013)

Population 
(1 000 000, 
global %)

Direct costs 
(INT$1 00 000, 
global %)

Per capita 
direct costs 
(INT$)

Indirect costs 
(INT$1 000 000, 
global %)

Per capita 
indirect 
costs (INT$)

DALYs (1000, 
global %)

DALYs per 
1000 
persons

By WHO region*

Africa 853 (12·8%) 632 (1·2%) 0·7 556 (4·1%) 0·7 859 (6·4%) 1·0

Latin America and the 
Caribbean

492 (7·4%) 3250 (6·0%) 6·6 1002 (7·3%) 2·0 1157 (8·6%) 2·4

North America 352 (5·3%) 25 680 (47·7%) 73·0 3241 (23·7%) 9·2 1080 (8·0%) 3·1

Eastern Mediterranean 453 (6·8%) 2355 (4·4%) 5·2 666 (4·9%) 1·5 1174 (8·7%) 2·6

Europe 848 (12·7%) 11 743 (21·8%) 13·9 3829 (28·0%) 4·5 2270 (16·9%) 2·7

Southeast Asia 1858 (27·8%) 936 (1·7%) 0·5 894 (6·5%) 0·5 2699 (20·1%) 1·5

Western Pacifi c 1819 (27·3%) 9215 (17·1%) 5·1 3509 (25·6%) 1·9 4202 (31·3%) 2·3

By World Bank country income group

High 1248 (18·7%) 43 484 (80·8%) 34·8 8404 (61·4%) 6·7 3362 (25·0%) 2·6

Upper-middle 2281 (34·1%) 8886 (16·5%) 3·9 3814 (27·8%) 1·7 5581 (41·5%) 2·4

Lower-middle 2422 (36·3%) 1366 (2·5%) 0·6 1350 (9·9%) 0·6 3723 (27·7%) 1·5

Low 723 (10·8%) 75 (0·1%) 0·2 130 (0·9%) 0·2 775 (5·8%) 1·1

Global 6674 (100%) 53 811 (100%) 8·1 13 697 (100%) 2·1 13 441 (100%) 2·0

*The Region of the Americas is further divided into Latin America and Caribbean and North America (Canada and USA only) due to diff erent patterns of disease burden, levels 
of economic development, and health-care expenditure.

Table 3: Comparison of mean direct and indirect costs of physical inactivity and lifetime disease burden (measured by disability-adjusted life-years, 
DALYs) by country income group (2013) 
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$21·3 billion ($6·1–47·6), and the DALYs 26·2 million 
(16·7–32·5).

Overall, the total economic burden of physical 
inactivity in 2013 was estimated to range from 
$67·5 billion (18·5–182·1) in a conservative analysis to 
$145·2 billion (47·0–338·8) in a less conservative 
analysis.

Discussion
This study provides the fi rst global estimate for the 
economic burden of physical inactivity. Based on data 
from 142 countries, representing 93·2% of the world’s 
population, we conservatively estimated that in 2013 the 
eff ect of physical inactivity on fi ve major NCDs and 
all-cause mortality cost the world economy more than 

Panel 2: Strengths and limitations

Strengths
• Using standard methods and the best global data available, 

including data from the Global Burden of Disease study, the 
International Diabetes Federation, the WHO, the World Bank, 
and the International Labour Organization.

• Applying adjusted population attributable fractions (PAFs) 
that take into account confounding factors, which are 
associated with both physical inactivity and health-care 
costs.

• Accounting for comorbidity, which addresses one of the key 
limitations identifi ed in previous studies.

• Estimating indirect costs of productivity losses in addition to 
direct health-care costs.

• Transparent communication; we have provided a full 
appendix in addition to the methods and results, to present 
details of the methods and step-by-step intermediate 
results. This allows for easy replication of our analysis and is a 
key improvement compared with previous estimates.

• Thorough sensitivity analysis to account for uncertainty, 
including parameter uncertainty (eg, using the confi dence 
intervals in the adjusted PAFs) and also method or structural 
uncertainty (eg, applying unadjusted versus adjusted PAFs).

• Through a simple ‘‘who pays’’ analysis, we estimated how 
the economic burden is apportioned between diff erent 
sectors.

• Quantifying the lifetime health burden and comparing this 
with the economic burden to show inequalities at the 
global level.

Limitations
• Estimates are based on fi ve major non-communicable 

diseases out of the 22 diseases and conditions documented to 
be associated with physical inactivity based on moderate to 
strong evidence. Other outcomes, such as hypertension, 
metabolic syndrome, and falls,9 were not considered. This 
approach underestimates direct health-care costs and 
disability-adjusted  life-years (DALYs) by an unknown 
amount.

• The PAFs used in this study are based on the counterfactual 
of the entire population meeting the minimal level of the 
WHO physical activity recommendations (150 min of 
moderate-to-vigorous physical activity per week), which 
does not consider risk reduction from activity levels below 
the 150 min threshold or further risk reduction beyond this 
threshold. This could either underestimate or overestimate 
direct and indirect costs.

• The adjusted relative risks used in the calculation of PAFs are 
not based on a standard measure or defi nition of physical 
inactivity and are not consistently identical to the WHO 
recommendations. This could lead to either underestimated 
or overestimated direct and indirect costs.

• Physical activity prevalence was estimated based on 
self-report only, which considerably underestimated the 
prevalence of physical inactivity26 and consequently the 
economic costs and DALYs.

• Indirect costs only include productivity losses due to 
premature mortality. Other indirect costs, such as 
productivity losses due to disability, absenteeism, 
presenteeism (compromised productivity at work due to ill 
health), informal care, and other non-medical costs, were 
not estimated. We did not have suffi  cient data to extrapolate 
the EU-27 estimates for these costs to all other countries. 
Studies in Europe showed that the total indirect costs of 
cardiovascular disease and cancers could be 2–3 times higher 
than mortality costs alone,18,19 which means that the total 
indirect cost of physical inactivity, if relevant data were 
available, could be estimated as INT$27–41 billion.

• The data sources used for indirect cost analysis did not take 
into account the informal economy (and home production), 
which is often not fully accounted for in country-level 
national accounts regarding GDP and employment. 
This could result in underestimated indirect costs.

• Employment data from the International Labour 
Organization did not provide confi dence intervals to allow 
additional sensitivity analysis.

• The who pays analysis could not be extended to productivity 
losses to estimate the specifi c share of GDP lost to the public 
sector (eg, tax revenue), private sector (eg, profi ts), and 
households (eg, net wages), due to a lack of consistent 
country-level data regarding such proportions.

• An analysis of extremes sensitivity analysis does not inform 
the likelihood of extreme scenarios. Monte Carlo simulation 
would be preferable, but there was an absence of 
information concerning probability distributions of key 
input variables. Assumptions would have been arbitrary and 
the resulting confi dence intervals might convey a misleading 
impression. The analysis of extremes approach provided 
more transparency regarding our limitations, is in common 
with similar studies, and is consistent with the underlying 
cost-of-illness studies upon which the global estimates 
are made. 
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$67·5 billion through health-care expenditure and 
productivity losses. This is equivalent to the total GDP of 
Costa Rica (ranked around 80th out of all 193 countries 
with data) in the same year. The lifetime disease burden 
associated with physical inactivity for the same fi ve 
NCDs amounts to 13·4 million DALYs worldwide. 
Further, sensitivity analysis using less conservative 
assumptions led to much higher estimates of the 
economic burden and DALYs lost. Despite imperfect 
data, this estimate is a key step towards a more 
comprehensive understanding of the true burden of the 
pandemic of physical inactivity, and provides useful 
information for policy making, funding allocation, and 
benchmarking in global NCD prevention.

The economic burden of physical inactivity is 
distributed unequally across regions, and dis pro-
portionately in relation to the disease burden. This is 
likely to be driven by diff erential levels of economic 
development, and consequentially health-care 
expenditure. Further, when taking into account the 
‘‘who pays’’ analysis, individuals and households from 
some regions might fi nancially suff er even more, due 
to the high proportion of out-of-pocket health-care 
expenditure, such as southeast Asia and Latin America 
and Caribbean. Generally, the poorer the country, the 
more the unmet health need, and so it is individuals 
and households who ultimately pay in the form of 
premature morbidity and mortality.

In the context of overall health-care expenditure, our 
estimated direct costs of physical inactivity represent 
0·64% of global health expenditure in 2013. Our 
estimates are lower than most previous national 
estimates due to several reasons. First, we used PAFs 
based on maximally adjusted RRs, which is conservative. 
Applying unadjusted PAFs would double the current 
estimates (appendix pp 36-48), resulting in estimates 
that are more comparable with previous national 
estimates from a few high-income countries.5 Second, 
in our estimates, we accounted for comorbidity by 
subtracting double counting between diabetes and 
coronary heart disease or stroke, which is a key 
limitation identifi ed by previous studies. Third, we 
applied a friction approach for productivity losses, 
which is conservative and assumes complete 
replacement within the labour market in 90 days. 
Fourth, this study relied on estimates of physical 
inactivity12 based on the current recommendations,11 
which resulted in lower prevalence estimates of 
inactivity compared with previous work,7 which used the 
older recommendations. Fifth, we estimated the 
economic burden for 2013 only. Extending the 
timeframe would involve making increasingly arbitrary 
assumptions of key input variables, such as PAFs, unit 
costs, employment rates, and an appropriate discount 
rate, especially if future generations were to be included 
in modelling. Additionally, our study had several 
methodological limitations, such as focusing on the fi ve 

major NCDs only and using self-reported physical 
activity prevalence, which have also contributed to our 
conservative estimates (panel 2).

Future estimates of the economic burden of physical 
inactivity will benefi t from the inclusion of more 
diseases and adverse events known to be caused by 
physical inactivity, including emerging areas such as 
mental health and cognitive function. Improvements 
and geographical expansion of ongoing physical activity 
surveillance and disease-specifi c health expenditure will 
also help. In 2011, WHO developed a System of Health 
Accounts to assist countries in reporting expenditure by 
disease, using a consistent method. As of May 2015, 
27 countries had produced preliminary health accounts 
that are currently being verifi ed by WHO (personal 
communication, Brindley C, WHO).

Over time, we hope to repeat our economic burden 
analysis using country-specifi c estimates of 
disease-specifi c health-care costs and a more complete 
assessment of indirect costs. Finally, there might be a 
need for future research to more comprehensively 
investigate the potential inequality between economic 
eff ects and health burden. We show that although 
inactivity is more prevalent in high-income countries, 
most of the health burden is in low-to-middle-income 
countries. As such countries develop economically, so 
will the consequent economic burden, if the pandemic 
of physical inactivity spreads as expected. It might be 
important to investigate this further, and especially to 
consider potential policy responses, such as generating 
an economic case to invest in a global response to 
promote physical activity, and perhaps to assist low-
income and middle-income countries to promote 
physical activity to mitigate against future scenarios 
where the economic burden escalates. Overall, our 
analysis is a fi rst step in understanding the global 
economic burden of physical inactivity.

Physical inactivity is a global pandemic that causes not 
only morbidity and mortality, but also a major economic 
burden worldwide. Low-income and middle-income 
countries share the largest disease burden from physical 
inactivity, but a much smaller proportion of the economic 
burden. Results from this study could be used to inform 
global policy and practice in physical activity related areas. 
It is important to continue to improve the estimates 
through establishing more robust and consistent 
methodologies and better epidemiological and economic 
data, particularly in low-income and middle-income 
countries. A global pandemic requires global collaboration 
to fully understand its eff ect, develop solutions, and 
mobilise change.
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