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Increased food energy supply as a major driver of the obesity epidemic:
a global analysis

Stefanie Vandevijvere,? Carson C Chow,® Kevin D Hall,> Elaine Umali® & Boyd A Swinburn?

Objective We investigated associations between changes in national food energy supply and in average population body weight.
Methods We collected data from 24 high-, 27 middle- and 18 low-income countries on the average measured body weight from global
databases, national health and nutrition survey reports and peer-reviewed papers. Changes in average body weight were derived from
study pairs that were at least four years apart (various years, 1971-2010). Selected study pairs were considered to be representative of an
adolescent or adult population, at national or subnational scale. Food energy supply data were retrieved from the Food and Agriculture
Organization of the United Nations food balance sheets. We estimated the population energy requirements at survey time points using
Institute of Medicine equations. Finally, we estimated the change in energy intake that could theoretically account for the observed change
in average body weight using an experimentally-validated model.

Findings In 56 countries, an increase in food energy supply was associated with an increase in average body weight. In45 countries, the
increase in food energy supply was higher than the model-predicted increase in energy intake. The association between change in food
energy supply and change in body weight was statistically significant overall and for high-income countries (P < 0.001).

Conclusion The findings suggest that increases in food energy supply are sufficient to explain increases in average population body
weight, especially in high-income countries. Policy efforts are needed to improve the healthiness of food systems and environments to
reduce global obesity.

Abstracts in G 13, Francais, Pycckuii and Espaiiol at the end of each article.

Introduction

Overweight and obesity have become major global public
health problems. Worldwide, the proportion of adults with a
body mass index (BMI) of 25 kg/m? or greater increased from
28.8% to 36.9% in men, and from 29.8% to 38.0% in women
between 1980 and 2013." Urgent action from governments
and the food industry is needed to curb the epidemic.” Action
needs to be directed at the main drivers of the epidemic to
meet the global target of halting the rise in obesity by 2025.°

The drivers of the obesity epidemic have been much de-
bated.*” An increased food energy supply and the globalization
of the food supply, increasing the availability of obesogenic
ultra-processed foods, are arguments for a predominant food
system driver’ of population weight gain. Increasing motoriza-
tion and mechanization, time spent in front of small screens
and a decrease in transport and occupational physical activity,
point to reducing physical activity as a predominant driver®*
of the obesity epidemic.

A model used to predict body-weight gain, assuming
no change in physical activity, follows the simple rule that a
sustained increase in energy intake of 100 kJ per day leads toa
predicted increase of 1 kg body weight on average, with half of
the weight gain being achieved in about one year and 95% in
about three years.” According to this model, the oversupply of
food energy is sufficient to drive the increase in energy intake
and increases in body weight observed in the United Kingdom
of Great Britain and Northern Ireland and the United States of
America.””"! This is despite the fact that, in the United States,
food waste has increased by approximately 50% since 1974,
reaching about 5800 k] per person per day in 2003."” Here
we test the hypothesis that an increase in food energy supply

is sufficient to explain increasing population body weight,
using data from 24 high-income, 27 middle-income and 18
low-income countries.

Methods
Food energy supply

Food balance sheets of the Food and Agriculture Organiza-
tion of the United Nations (FAO) estimate the food supply of
countries, by balancing local production, country-wide stocks
and imports with exports, agricultural use for livestock, seed
and some components of waste. Waste on the farm, during
distribution and processing, as well as technical losses due
to transformation of primary commodities into processed
products are usually taken into account. However, losses of
edible food, e.g. during storage, preparation and cooking, as
plate-waste or domestic animal feed, or thrown away, are not
considered. The data are expressed as the annual per capita
supply of each food item available for human consumption."
The FAO’s database contains national level data from 1961 to
2010 for 183 countries. For each country, data on food energy
supply were extracted to match the time periods of data on
adult body weight.

Measured body weight

Three major strategies were used to collect data on measured
average adult body weight. First, an electronic search of major
databases on obesity prevalence and BMI was performed,
including the World Health Organization’s (WHO) global
infobase,'* WHO’s global database on BML," the International
Association for the Study of Obesity (now World Obesity

?School of Population Health, University of Auckland, 261 Morrin Road, Auckland, New Zealand.
© Laboratory of Biological Modeling, National Institutes of Health, Bethesda, United States of America.

Correspondence to Stefanie Vandevijvere (email: s.vandevijvere@auckland.ac.nz).

(Submitted: 17 November 2014 — Revised version received: 12 February 2015 — Accepted: 16 February 2015)

446 Bull World Health Organ 2015;93:446-456 | doi: http://dx.doi.org/10.2471/BLT.14.150565



Research

(" " "sanu1U07)

m S0 (85 Araqdl 8L < ¥9-GC suonseNQ Yi[esH — SnSus20.IN VIINOW OHM 600¢ €861 OH Aueuiony
S €59 ¢ 514 veC Ll 79-Gl 677Gl A3AINS S431S A3nNg yiedH diydeibouwss( [euoneN 600¢ 000¢ DIN-1addn uoqes
HM £90 § /9 L0 7L 8l < ¥9-G¢ Asning [eaibojojwapids [euonen VOINOW OHM 600¢ 9861 JIH oouel
) 687 C 678 QLECL #9-G¢ #9-G¢ Aanins cozm_jaoa |BUOI1D9S-SS0I) Aanins COEE_JQOQ |BUOI1D9S-SS0I) /661 /861 JIH puejul4
m 88 L0E ¢ ¢LE0L G681 5581 (ASming uonmInN [euoneN) ASAING S431s ASAINS UONINN pue poo [euoneN 700¢ 0861 DIN-1addn I[E|
MWV eve L— 192 G9S5 £ 677Gl 67—Gl ASMINS yjesH d1ydeibowaq [euoneN A3nINS yesH diydeibouwss( [euoneN S00¢ 000¢ oI eldoiy3
a L= €9— 69S 9 677Gl 667Gl ASMINS yjesH diydeibowaq [euoneN A3nINS yesH dlydeibowss( [euoneN £00¢ G661 oI eal1lg
S ¥8C € 12 wlel 6751 6751 ASAInS Wjeap dlydeibowq [euoiieN ASnins yijeat dlydeibowsq feuoneN 5007 7661 DIN-IaMOT 10463
5 Jl|gnday
38 6L L0g 5206 6v=Gl 676l A9AINS yjesH d1ydelbowsq [euoeN Aaning yijesH diydeiboussg [euoeN 9661 l66L  DIA-RddN uedjuiwoQ
- S6LT 798 oLl ¥9-5C ¥9-57 VDINOW OHM VOINOW OHM 1661 €861 JIH ewua(
ASAING ASAING
€59 ¢ €eg 6lLTl 5/=S1 S/-61 uone|ndog 42820 93 JO SN1LIS YiesH uone|ndod yoaz) 9y Jo snieis yeaH  200¢ €661 DIH dl|gndy Yoz
0l5¢ 831 ££801L 6v=Gl 676l ASAINS UjesH d1ydelbowaq [euoneN Aanng uieaH dlydelbows( [eUoleN  S00¢ S66L  DIW-1addn BIqWIo|0D)
966 L 8YS L Ly 0L /-S¢ Sr-0C ASnIns |eUOIIDIS-SS0.1) ASAINS UONIINN PUB Y[eaH BUIYD  000C 66l DIW-1addn euIyd
5997 00l £90T1 G1= L1Z ASMINS yfeaH [euonen AoMING UYyjeaH jeuoneN 6007 €007 DIH 21D
599 |- 568 0wl L 6v=51 ! ASAING yjesH dydeibowaq [euoneN ASAING yiesH dlydelbowss( [BUOEN 007 9661 Bl peyd
9€9°¢ 6EE T 651 Cl 81 < 69-0C ASAINS Yy[esH Aunwiwio) uejpeued) ASAING epRURD LORINN  800T 1261 JH epeue)
6¥9— v/l 0/88 6751 6751 ASMING YijesH d1ydesbowaq [euoiien A9AINS YijeaH dlydeibows( [euonen 002 2661 JIN-IIMoT uooIaWEe)
L6l 650 L 806 8 ¥9-5C 6—S1 Aonng S4315 Aonng yiesy diydesbowaq jeuoneN 0107 000C oI eipogue)
37/ 60L— 76001 6v=51 ! ASAINS yjesH d1ydeibowsaq [euoneN Aaning yiesH diydeibouss [euoeN 8661 €661 N 0se4 eupjing
(Jo 2es
|euoleutinid)
87— hS 9/£8 6v=51 6751 AonIng yijea d1ydesbows( [euoeN AanIng yijeay diydesbowag [euolleN  800C ¥66L  DIWN-19mMOT einljog
SiL S 666 ! 6751 AonIng Yijea d1ydesbows( [euoneN AanIng yijeay siydesbowsg euoieN 100C 9661 o1 uluag
800 SLS 65t 71 vE-5C YE-5C YDINOW OHM VOINOW OHM 1661 9861 JIH wnibjag
Aaning
viv ¢ oy|— 96 LI 96—8| G < w_\:wEOQOF_E< pue COSQEijou pO0o4 \A_o_ﬁm JIHSDI 000¢ G661 JIH Ssopeqgleg
905 34l 6788 6751 6751 ASnng yjeaH dydeibowaq feuone Asnng yiesH dlydeibowaq [euolleN  £00T 9661 N Ysape|bueg
/86 C 65 676 CL 8L< 8L< ASAINS U1[ea [euoneN ASnIng uoninN feuonen £00C 661 JH elensny
856 ¢ 7oy | G8E Ll ¥9-G¢ 59-91 ASAINS S431S ASnIns [pUORDPS-S501) £00¢ 9861 DJIW-2ddn eusbly
Kanins
= SITET] £anins £anins £anins £anins fanins
g jessadxy  abuey) iy puodag iy 7 fanang L faning puodas ST
HW £13uno>
g Aep/my 10 [9A3]
m “jddns £613ud pooq s1eaf ‘abuei aby awodu| £13uno)
(]
m 0L0Z-LL6L “yyb1am £poq pue Kjddns K61aua pooy jo siskjeue jeqob e ui papnpul skaains pue sauuN0) | 3|ge|

447

Bull World Health Organ 201 5;93:446—456' doi: http://dx.doi.org/10.2471/BLT.14.150565



Research

Stefanie Vandevijvere et al.

Food energy supply and global obesity

(" " "sanu13u07)
/8 €59 | SL06 6v—=G1 6751 A3nINS Yo diydeibouss( [euoneN ASMINS yesH d1ydelbowsaq [euoeN 600C l66L  DIW-eddn niad
08¢ € 66 96| €1 6/—0C 0Cc< A9AINS memg-co:m_jqoa w>_uumamoi AaAIns memg-cozm_jaoq wZUmeo& 100¢ 0661 JIH >m>>\_oz
74 vEL— 601 L1 =Sl 6yl A3AINS Yo diydeibouss( [euoneN A3MINS yiesH diydeibows( [euoeN  €00C 6661 DIN-1aMOT] eL3bIN
ST0l— 8651 wl s =Sl 6yl A3AINS yeoH d1ydeibouss( [euoneN ASMINS yieoH diydeibows( [euoeN  900¢ 2661 on 130IN
veC € 63¢ 8/8C1 V! ¥9-G¢ ASAINS UORIINN 3NPY ZN YOINOWOHM 6007 7861 JIH puejeaz moN
176 SST 63€ €1 5961 5961 ASAINS yyjesH ASMINS YiesH 6007 000¢ JIH spuepayIoN
99/ v/9 vEC6 Y961 6751 ASMINS S431S ASMINS yeoH d1ydeibowaq [euoneN £00¢C 9661 Bl ledaN
87/~ LT €9z 8 6v—=S1 ! A3ning yyjesH diydesbowaq [euonen ASAINS yeoH d1ydeibowaq [euoieN €007 1661 Bl aNbiqezop
119t Leg | LILTL 6—S1 6yl A3ning yyjesH oiydesbowaq [euonen ASAINS yieoH dlydeibowsq [euoleN €007 7661 DIN-IBMOT 022010
168— viL olv 6 ¥9-G1 ¥9-G1 ASNINS S431S ASAINS S4A1S  600C S00Z  DIN-emOT] eljobuopy
9€9 | 65 LSE L1 Y961 ! ASMINS S431S A3ming yyjesH iydesbowaq [euonen 900¢ 000 DIN-19MOT] ejueINepy
0€l € 789 | Lzl 59-81 ¥9-5¢ Asning ajf1say YOINOW OHM 9007 861 JIH elel
445 SSLL 1206 6v—G1 6761 ASnINg YyjeaH dlydeibowsq [euoneN ASMINS Y1jeaH dlydeibowsq [euoneN 900 S661 Bl Ilew
S/ € 18y— sseel ¥9-GC 0C< ASAING S431S ASMING AUPICIOW 3 U3eaH [euoiieN 5007 9661 DIN-Rddn eisAele||
069— 989 7106 ¥9-G¢ §L= ASmIng S431S ASAINS [PUONDSS-SS01) 6007 €861 on IMele
19— SSL 7€L8 ¥9-6¢ 6751 ASNING S431S A3ning yyjesH iydesbowaq [euonen 5007 1661 Bl Jedsebepely
€36 ¢ 89¢ Y6l 0c< 0c< AanIns |BUOI1D9S-SSOID |eUOIRN AoAIns |BUOID9S-SSOID [eUONEN 600¢ 1661 u_S_-_maaD uoueqgo]
81E |- a4 56 £ 6v—S1 6751 ASnIng YyjeaH diydesbowsq [euoneN ASMING Y1jeaH dlydeibows( [euoneN £€00C €661 Bli eAUSY
Sy 8LLE— LILEL 6751 ]! ASning yyjesH siydesbowsq [euonen A3ning yyesH oiydesbowsq [euoneN 6661 S661  DIW-1eddn uelsyezey]
8//7 07 SSE L1 6751 §T= ASnIng yyjeay dlydesbowsq [euoneN ASAINS [eUONDRS-SSOI) 00T [661  DIN-leddn uepior
6L Y VA oy vl ¥9-G¢ ¥9-5¢ YIINOW OHM VOINOW OHM €661 €861 JIH Ajey
v8T ¥ 8T/ 6.6 €l ¥9-5¢ ¥9-5¢ ASAINS UOILIANN PUE U[BSH [euOlieN YOINOW OHM 0007 G861 JIH [9els|
60 S 601 996 71 ¥9-81 ¥9-G¢ ASAINS uonINN NPy [euoneN ASmins [puondes-sso) 6007 5861 JIH puefl]
(Jod1jgnday
ors € 94 671 €l ¥9-G1 5961 ASNING S431S ASNING G431 600 ¥00C  DIN-addn JIWejs|) uel|
e d! 9/C 5196 596l ! ASAING S431S ASAINS |PUOIIDS-SS01) 1002 €861 DIN-1BMOT elssuopu|
SlL Ll 1596 ¥9-G1 6761 ASAING S431S A3ning yyjesH iydesbowaq [euonen L00C 8661  DIN-IaMOT eIpu|
[SLT ehe— veeel ¥9-G¢ ¥9-5¢ YIINOW OHM VOINOW OHM €661 €861 JIH pueR)]
0v9v €5/ 9e8 171 ¥9-G¢ ¥9-GC YDINOW OHM YOINOWOHM /861 861 DIN-Rddn Aiebuny
676 1— €0/ 91/ 6751 6yl A3nINS yjesH diydeibouss( [euoneN A9AINS yesH diydeibouwss [euoeN  500¢ 661 on ey
€le 637 L 39% 6 6751 ]! ASning yyjesH oiydesbowisq [euonen A3ming yyesH diydeibowsq [puoneN €007 €661 DIN-1BMOT eueyn
£3anans
SITETN fanins £anins fanins fanins Kanins
jessaxy  abuey) 1414 puo’s 15414 7 faning L f3ning puodas 18414
£1uno>
fep/ry Jo[aA9)
‘fjddns K613ud poo s1eaf ‘abuel aby leap awodu| £13uno)

(panuruoo- -« )

Bull World Health Organ 201 5;93:446—456' doi: http://dx.doi.org/10.2471/BLT.14.150565

448



Stefanie Vandevijvere et al.

" = wn o)
B N >0 p VWV MO MmO — S O o <
A2E 20 m T YOO WA S ™
] = s DR I VOIS e o 2
;_":’a#|-—lmm<rlr\m<\1 o~
= =
o
s "
@
< =) Nt oo~ 02 o d a0 - o
> ® = TN — O O MM M B D~ O
o3 [ N0 NN O S & o~ N
g2 =2 S !
7]
k=3
53
o > [to) ~ o O o — 0 O o
) S 89 R AT R ™Mo S
£ 2 S Hx NTF ot AL nF N ~ 3
=3 ITNdoz-dFo22d HNo
o 2 2 T T U TITID o [eANe)
S S 2 CYLYLYYYLYY =" YY
5 —
o o S DD WD D W W D Y A Q VoY
> S3 B — — — — = — =
o
=
S
= > < o N S S O D < S
) T O U U AN O U R U
4] - —
= i 5 DL AL DWW Dn D A Q L
2 — — — — = — —
c
k)
=
[ge]
> > > > c >
[} v v (5] = [
> > > > e >
- c c c
> S S =} ] =]
(%) A N (%) i (%)
- c < - — <
= = = = S =
© G (© © = ©
f; (] L O o o E q>,1\CU
T T T T ¢ &5 > T
S o fEae; 82 509
= = c = = v =
= [} S a s S © c o
o c ey TR = o &
) IS > O =)
< © S O O S < £ 2 o
U € > E&X 0 > E T © =
= 023 0,=2 0 50 E o
O z2o0oao= 20O 5 clla)
Ss52ws=sd282=0s_D=
c 5, c 2 o £ © € >c C
oo o oFod o908 =o0o
© ©
I‘&S,“_J‘&S‘EEI“,_"%’@‘&SS@%
=Sz zzZ2=HhzZIT=Zzn =
c
i}
=
©
> > > > > c > >
D T O [T = o O
> > > > > & > >
- c c = = c
> s I | > D < s - |
w vy wv U ik} v
= == = = s £ =
© C (O C (O — C (O
- (] v QO v UV T E v O
> T T T T T c &5 T T
s> (SRS L L2 vwv
5 c v < < c = o c c
a Q 2 o o o o § T Q o
mjmrv T ([© C C (©
o o @ C o5 S ©
S o) o O O [
<O7Doo<<oo“;£ S O
SEEEE33ccos £k
§o0coo0ggigons5T [alya
© ¥V © © © ®© LV © © ©
=29 22==2 2222
O 9 99 000 9 o= 0% o o
I 8o csLTIT K"K KBS T &
= S © ®©
=z0z=z==2z=ZzzZITzxn = =
= 5 NN LN — S O :n O ~N o
e = DO OO OO D= O DO o O
o = NSO DS DO Do ODD S &
g 2 —ANN N NN - NN N —
S
]
]
=
- o M O WO N LW ! mm N O <
v S 0V S A DD DV DV DNDN D I N O
= 5 SIS N =) = e =) =) B ) ™ O
wv
(G @) @}
25 = = = =
ES E VUL TTOUOUTOY Ty
o 5> =3 T ¢ T T O L T T L I
S @ © = 2 Q B
—_—— o &£ o (o)
= D o =
— IS
E S 4
(ae) © 5]
3 3 S ° 2 & c o
S S = = £ T 2
S
= T < wm < S % 92 53
S| = T T8 - o L O > T T =Z ©
S| e C S5 @S T No I I D o O
2| 5 s 38 25 0= § ¥ £ £ o €
|8 © 2 s o == 2 65 £ < N =
AR a oc v v v D EEFE DD o N

Bull World Health Organ 2015;93:446-456| doi: http://dx.doi.org/10.2471/BLT.14.150565

LIC: low-income country; Lower-MIC: lower-middle-income country; HIC: high-income country; ICSHIB: the International Comparative Study of Hypertension in Blacks; Upper-MIC: upper-middle-income country; WHO: World Health Organization.

Energy excess was calculated by subtracting energy requirements at the first survey from the

Note: Estimations of population energy requirements were performed for each country using the Institute of Medicine equations for males and females.””

energy supply at the same survey.

Research
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Federation) database'® and the Organ-
isation for Economic Co-operation and
Development’s health data.'” As these
databases only included data on obesity
rates or mean BMI, the original sources
of the data were searched. Second,
data on average measured body weight
were gathered from reports of national
health and nutrition surveys in various
countries. The WHO MONICA proj-
ect’® and WHO STEPwise approach to
surveillance (STEPS) country reports®
included anthropometric measures for
male and female adult samples. We also
calculated body weight for women of
child-bearing age using mean BMI and
height data from Demographic and
Health Surveys.” Third, an electronic
search of Medline was conducted. For
each country, a separate search was per-
formed using the following keywords:
“obesity”, “weight”, “anthropometric”,
“BMI”, “health survey” and “national
survey” (using the Boolean operator
OR). Finally, specific national health
and/or nutrition surveys identified by
some of the above sources were elec-
tronically searched.

Studies fulfilling the following cri-
teria were extracted: (i) weight was mea-
sured after 1961 and again before 2010 (to
match the FAO food balance sheet data);
(ii) the study samples were representative
of a national or subnational adolescent
or adult population; (iii) the survey
method was comparable with previous or
future surveys conducted in the country;
(iv) the year in which each survey was
conducted could be identified; at least
four years elapsed between the two sur-
veys; and (v) FAO food supply data were
available for the relevant period.

If there were more than two eligible
studies from a country, the surveys which we
judged to be the best quality were included.
Criteria for estimating study quality in-
cluded national representativeness, sample
size and length of time between surveys.

Demographic data

Demographic data (total population,
by age and sex) were retrieved from the
United Nations Department of Econom-
ic and Social Affairs.”’ Average female
and male height at survey time points
were derived from http://www.averageh
height.co/. For 13 countries, data were
not available and average height data
from a neighbouring country were used
for calculating energy requirements.
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Fig. 1. Change in food energy supply and change in average body weight for 69 countries, 1971-2010
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Data analysis

Three types of analysis were performed.
First, we compared the changes in food
energy supply with changes in average
body weight over time for each coun-
try. Second, estimates of population
energy requirements at survey time
points were performed for each country
using Institute of Medicine equations.”
Low active physical activity levels (1.4 <
PAL <1.6) were assumed for high- and
upper-middle-income countries. Ac-
tive physical activity levels (1.6 < PAL
<1.9) were used for all other countries.
Finally, we used a physiologically-based,
experimentally-validated predictive
energy intake body-weight model, to es-
timate the change in average population
energy intake that would be required
to account for the observed change in
average body weight.’

Results

In total, 83 countries had at least two
surveys with data on measured body
weight; 24 countries had more than
two surveys at different time points. We

450

excluded countries where the period
between surveys was less than four years
(eight countries), survey populations
were not comparable in terms of area
representativeness (eight countries) or
FAO food supply data for the country
were not available (three countries).
Survey pairs from 69 countries were
included. Of those, 36 survey pairs in-
cluded data for women of childbearing
age only. One survey pair (Saudi Arabia)
included data for men only. Data from
24 high-income, 27 middle-income and
18 low-income countries were included.
The average period between the surveys
was 12 years (range 4-37 years; Table 1).
At the time of the initial survey, food en-
ergy supply was greater than the average
energy requirements in 52 countries. For
37 of these countries, this excess food
energy supply was more than 2000 kJ/
day (Table 1).

For 56 countries (81%) both food
energy supply and body weight in-
creased between the survey pairs. For 45
of these countries (80%) the increase in
food energy supply was more than suf-
ficient to explain the increase in average

body weight. This is shown in Fig. 1 with
56/69 countries being in the top right
quadrant and 45/56 being to the right
of the model-predicted change in energy
intake needed to produce the increase in
mean body weight for that country. This
same pattern was observed for countries
of all income levels (Fig. 2, Fig. 3, Fig. 4
and Fig. 5). For 11 countries (Benin,
Chile, the Dominican Republic, Gabon,
India, Indonesia, Ireland, Italy, Leba-
non, Mauritania and New Zealand) in
the top right quadrant, the increase in
food energy supply was insufficient to
account for the observed increase in
weight (Fig. 1).

Five countries (Barbados, Burkina
Faso, Kazakhstan, Nigeria and Switzer-
land) experienced reductions in both
food energy supply and average body
weight. For Kazakhstan the food energy
supply decreased by 3778 kJ/day, from
13 117 kJ/day to 9339 kJ/day over a
four year period (Table 1), accompanied
by a decrease in average body weight of
0.9 kg. For the four other countries, de-
creases in food energy supply were much
more modest (100-300 kJ/day; Table 1).

Bull World Health Organ 2015;93:446-456 | doi: http://dx.doi.org/10.2471/BLT.14.150565
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Fig. 2. Change in food energy supply and change in average body weight for 24 high-income countries, 1971-2009
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population.”

For five other countries (Eritrea,
Iceland, Malaysia, Turkey and Uzbeki-
stan), discordant changes were observed
with reductions in food energy supply
over the same period as increases in av-
erage body weight. The decrease in food
energy supply was highest for Uzbeki-
stan (2615 kJ/day) and lowest for Eritrea
(63 kJ/day; Table 1). Apart from Eritrea,
food energy supply at baseline for those
five countries was relatively high (rang-
ing from 12 242 to 15 531 kJ/day) and
higher than the values of at least half
of the other countries included in this
study. In addition, excess food energy
supply at baseline was high for those five
countries (2757-7251 kJ/day; Table 1).

For three countries (the Islamic
Republic of Iran, Rwanda and South
Africa) there were discordant changes
in the other direction with increases in
food energy supply over the same period
as reductions in average body weight.
However, for two of those countries, the
change in average weight was small (a
reduction of 5 g for the Islamic Republic
of Iran and 100 g for South Africa). In
Rwanda, the reduction in weight was
800 g while the food energy supply

over the same time period increased by
674 kJ/day (Table 1).

The correlation between the change
in food energy supply and change in
average body weight was significant
(P=0.011). When stratifying by type of
country, associations were significant for
high-income countries (P<0.001), but
not for other country groups.

Discussion

For most of the countries included
in this study, the change in per capita
food energy supply was greater than the
change in food energy intake theoreti-
cally required to explain the observed
change in average body weight. The
associations between changes in food
energy supply and average population
body weight were significant overall
and for high-income countries. This
suggests that, in high-income countries,
a growing and excessive food supply is
contributing to higher energy intake, as
well as to increasing food waste.'
Other factors, such as a decrease
in physical activity, may also lead to an
increase in body weight and could oc-
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cur simultaneously with an increase in
food energy supply. It has been shown
that among 3.7 million participants in
the United States at the county level, in-
creased physical activity has only a very
small impact on obesity prevalence.” It
is likely that in some countries, such as
China, the impact of reduced physical
activity on obesity is more important.***
A reduction in physical activity with no
compensatory drop in energy intake
will cause weight gain until sufficient
weight is gained to create energy bal-
ance (through both an increased resting
metabolic rate and increased energy
required to move the larger body).
Researchers have suggested ad-
ditional contributing factors for obe-
sity, such as pollutants, infections and
changes in the gut microbiota. These fac-
tors have an effect on metabolism, body
composition and/or energy balance
efficiencies. However, more evidence is
needed to understand the importance
of these factors in weight gain.” Ideally,
the cause of obesity in humans would be
assessed through randomized controlled
trials, where food energy availability is
increased randomly and average body
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Fig. 3. Change in food energy supply and change in average body weight for 15 upper-middle-income countries, 1980-2009
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weight is then measured. However, such
an experiment is not practical, since it
is difficult to measure food intake over
long time periods and it would require
that non-obese subjects be randomly
assigned to environments with different
food energy supplies.

Our findings suggest that there is
an excess of energy available from an
increasing national average food en-
ergy supply in countries of varying in-
come levels.” Therefore, policy efforts
need to focus on reducing population
energy intake through improving
the healthiness of food systems and
environments.»' "’ Achieving WHO’s
target to halt the rise in obesity by
2025 will require major action by
governments and the food industry.’ A
combination of several policy actions
will be needed to significantly improve
diets and reduce overconsumption.’
These policies include restriction of
unhealthy food marketing to children,
front-of-pack supplementary nutrition
labelling,”® food pricing strategies,”
improving the quality of foods in
schools™ and other public sector set-
tings. The impact of trade and invest-
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ment agreements’ and agricultural
policies®> on domestic food environ-
ments should be assessed.

The main strength of this study is
the inclusion of nationally representa-
tive body weight and food energy sup-
ply data for a range of countries and
over many years. Weaknesses include
the limitations on the measurement of
national per capita food energy sup-
ply (e.g. losses of edible food during
storage, preparation and cooking, as
plate-waste or domestic animal feed,
and subsistence farming are not taken
into account) and the variable qual-
ity of energy supply data. In addition,
low- and middle-income countries, in
different phases of the nutrition transi-
tion,”** are likely to have poorer data
and have higher levels of subsistence
farming, which is not included in the
FAO food supply data.”

The association between changes
in food supply and changes in body
weight may be confounded by changes
in physical activity levels, changes in
food waste or changes in the demo-
graphic profile of countries. Demo-
graphic changes, particularly size,

ageing, and racial/ethnic diversifica-
tion of populations, may contribute to
increasing obesity levels.”” About half
the data sets on weight status used in
this study are for women only and thus
only represent half of the population. A
limitation of the energy-balance model
is that it assumes that metabolic physi-
ology and physical activity levels are
similar globally. While this is likely to
be true for industrialized countries for
which accurate data on the relationship
between energy expenditure and body
weight are available and for which the
model has been calibrated, it is not clear
how well this assumption applies for
developing countries. The model also
assumes that population-wide changes
in physical activity are negligible over
the periods investigated.

In conclusion, in high-income
countries, observed increases in body
weight over recent decades are as-
sociated with increased food energy
supply. In addition, increases in food
energy supply are sufficient to explain
increases in average population weight.
Due to the nutrition transition and a
potential decrease in physical activity,
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Fig. 4. Change in food energy supply and change in average hody weight for 12 lower-middle-income countries, 1983-2009
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Fig. 5. Change infood energy supply and change in average body weight for 18 low-income countries, 1983-2009
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Résumé

L'accroissement de la disponibilité énergétique alimentaire comme facteur majeur de I'épidémie d’obésité : une analyse a

I'échelle internationale

Objectif Nous avons enquété sur les associations entre [évolution des
disponibilités énergétiques alimentaires nationales et celle du poids
moyen des populations.

Méthodes Nous avons collecté les données de 24 pays a revenu élevé,
27 pays a revenu intermédiaire et 18 pays a faible revenu concernant
le poids moyen de la population, tel que renseigné dans les bases de
données mondiales, les rapports denquétes nationales sur la santé
et la nutrition et des articles examinés par comité de lecture. Les
changements de poids ont été déterminés par des paires détudes
espacées d'au moins quatre années d'intervalle (diverses années sur la

454

période 1971a2010). Les paires détudes sélectionnées sont considérées
comme représentatives d'une population adolescente ou adulte, a
des échelles nationales ou sous-nationales. Les données relatives aux
disponibilités énergétiques alimentaires ont été extraites des bilans des
disponibilités alimentaires de I'Organisation des Nations Unies pour
I'alimentation et I'agriculture (FAO). Nous avons estimé les besoins
calorigues des populations aux moments de réalisation des enquétes en
utilisant les équations de I'lnstitute of Medicine (IOM). Enfin, al'aide d'un
modeéle validé expérimentalement, nous avons estimé le changement
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de I'apport calorique qui pourrait correspondre théoriquement aux
changements observés du poids moyen.

Résultats Dans 56 pays, une augmentation de la disponibilité
énergétique alimentaire a été associée a une augmentation du poids
moyen. Dans 45 pays, l'augmentation de la disponibilité énergétique
alimentaire a été plus importante que I'augmentation de I'apport
calorique déduit du modele. L'association entre Iévolution de Ia
disponibilité énergétique alimentaire et le changement de poids a été

Research
Food energy supply and global obesity

statistiquement significative, de maniere générale et dans les pays a
revenu élevé (P < 0,001).

Conclusion Ces résultats suggerent que l'accroissement de
la disponibilité énergétique alimentaire suffit a expliquer les
augmentations du poids moyen de la population, notamment dans les
pays a revenu élevé. Des efforts politiques sont nécessaires pour obtenir
des environnements et systemes alimentaires plus sains afin de réduire
lobésité a I'échelle mondiale.

Peslome

MoBblLweHNe KaNOPUINHOCTU NULLM KaK OCHOBHOI $aKTop, CMoCo6CTBYIOLMI pacnpoCTPaHEHUIO INUAEMUN

OXUpeHuna: rno6anbHbIV aHanu3

Lenb ViccneposaHve B3aMMOCBA3N MEXAY VM3MEHEHUAMN B
KanopuMHOCTM MPOAYKTOB MUTaHWA W CpefHell Maccol Tena y
HaceneHus.

MeTopab! bbinvi cobpaHbl JaHHbIE O CpeHEN Macce Tenay HaceneHus
Ha OCHOBaHMM robarnbHbIX 6a3 AaHHbIX, PELIEH3MPYEMBIX [JIOKYMEHTOB
1 OTYETOB O HaLIMOHANIbHOM UCCed0oBaHNM COCTOAHNA 300POBbA U
AUTaHNA HaceneHna. AHanv3 NPoOBOAMACA MO AaHHBIM 13 24 CTPaH
C BbICOKMM YPOBHEM [1OXOAa, 27 CTPaH CO CpefHUM YPOBHEM
noxoAa W 18 CTpaH C HM3KKMM ypoBHeM goxofa. MHbopmauna
06 V3MeHeHWM CpefHel Macchl Tena bbina nonydyeHa B xone
MCCNeAoBaHMA Nap, BO3PACT KOTOPbLIX OTANYANCA KakK MUHUMYM
Ha YeTblpe rofda (pa3nuuHble rofa B nepuoa ¢ 1971 no 2010T.).
BblbpaHHble AnA UCCnefoBaHMs Napbl CUUTANUCh XapaKTePHbIMU
[N NOAPOCTKOBOTO 1 B3POCIONO HaceneHus Ha HalMoHaIbHOM U
CybHaLMoHanbHOM ypoBHe. [laHHble O KanopunHOCTY MWLM Obin
NOAyYeHbl 13 MPOAOBOMNBCTBEHHOMO 6anaHca [PoA0BONLCTBEHHOM
N cenbckoxo3ancTeeHHorm OpraHnzaunn O6beanHeHHbIX Hauni.
SHepreTudeckmne NoTpedHOCTN HaceNeHWA OLIeHNBANMCh HAa MOMEHT
MCCNeaoBaHNA C CNONb30BaHVEM YPaBHEHWN VIHCTUTYTa MEAVUMHDI.

MI3MeHeHUA B KaNopUMHOCTL NoTpebnaemon NuiKM, KoTopble
TeopeTUYeCKM MOMIN CAYXNTb MPUYMHOW AnA Habnogaemoro
M3MEHeHWA cpefHei MacChl Tena, OLeHNBaNMCh C UICNOSb30BaHVIEM
3KCNepUMEHTaNbHO NPOBEPEHHOM MOAENM.

Pe3synbtatbl B 56 CTpaHax MoBbllWeHWEe KaNnoOpUMNHOCTY MWK
ObINIO CBA3AHO C YBENUYEHVEM CpeaHel Macchl Tena. B45 cTpaHax
MOBbILEHWE KaNOPUAHOCTU MMM NPEBbIWAN0 3HaYeHue,
nporHo3npyemoe mogenbio. B3aumocsasb Mexay n3mMeHeHnem
KanopUIMHOCTV MLV U M3MEHEHVIEM MaCCbl TeNna Obina CTaTUCTUYECKN
3HauMMa NOBCEMECTHO, B TOM UMCSIe U ANA CTPaH C BbICOKMM YPOBHEM
noxofa (P < 0,001).

BbiBop Pe3ynbtathl MCCNefoBaHWI CBUAETENLCTBYIOT O TOM, UTO
MOBbILIEHME KAaNOPUAHOCT MUKW C AOCTATOYHOW BEPOATHOCTLIO
06bACHAET yBeNMYEHNe CpefHel MaccChl Tena y HaceneHus,
0CcobeHHO B CTPaHax C BbICOKMM YPOBHEM Aox0Aa. [Ana CHuKeHnA
YPOBHA OXMPEHVA B MMPOBOM MacClTabe HyHO NpeanpuHMMaTh
CTpaTernyeckre mepbl, HanpaBieHHble Ha CO3AaHMe MULLEBOrO
OKPYKEHWA 1 CUCTEM NTaHKA, B OOMbLIEN Mepe CNoCOOCTBYIOLINX
340POBOMY YPOBHIO KM3HW.

Resumen

El aumento del suministro de energia alimentaria como el principal impulsor de la epidemia de obesidad: un analisis

internacional

Objetivo Se investigo la relacion entre los cambios en el suministro
nacional de energfa alimentariay el peso corporal medio de la poblacién.
Métodos Se recopilaron datos de 24 paises de ingresos altos, 27 de
ingresos medios y 18 de ingresos bajos en relacién con el peso corporal
medio a partir de bases de datos internacionales, informes de estudios
sobre salud y nutricion nacional y estudios revisados por homdlogos. Los
cambios en el peso corporal medio se obtuvieron a partir de estudios
por pares realizados con una diferencia de al menos cuatro afios
(distintos afios, 1971-2010). Los estudios seleccionados se consideraron
representativos de una poblacién adolescente o adulta, a nivel nacional
0 subnacional. Los datos de suministro de energfa alimentaria se
obtuvieron de los balances sobre alimentacion de la Organizacion de las
Naciones Unidas para la Agricultura y la Alimentacion. Se calcularon los
requisitos energéticos de la poblacién en el momento de la realizacion
de los estudios utilizando ecuaciones del Instituto de Medicina. Por

Ultimo, se calculd el cambio en la ingesta de energia que, en teorfa,
podria explicar el cambio observado en el peso corporal medio mediante
el uso de un modelo experimentalmente validado.

Resultados En 56 paises, se relacioné un aumento del suministro de
energia alimentaria con un aumento del peso corporal medio. En 45
paises, el aumento del suministro de energia alimentaria fue mayor que
el aumento de ingesta energética previsto en el modelo. La relacién
entre el cambio en el suministro energético alimentario y el cambio
en el peso corporal fue estadisticamente significativo en general y en
paises de ingresos altos (P < 0,001).

Conclusion Los resultados sugieren que el incremento en el suministro
de energia alimentaria basta para explicar el aumento del peso corporal
medio de la poblacién, en especial en paises de ingresos altos. Es
necesario que los politicos se esfuercen por mejorar la salubridad de
los entornos y sistemas alimentarios para reducir la obesidad mundial
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