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World Bank classification of
countries by per capita income

| evel of iIncome

2011 GNI per capita

L ow Income

$1,025

L ower middle income

$1,026 - $4,035

Upper middle income

$4,036 - $12,475

High income

$12,476




The demographic, health, food, and nutrition
transitions from LIC to UIC

* Population growth rates

* Disease patterns

* Food supply and consumption patterns

* Nutritional status — under- and over-nutrition



*As of Sept 15, 2012

http: //WWW Ccensus. gov/mam/www/popclock htm|




Long-term population increase,
400 B.C. to 2000 A.D.
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Expected population growth

Population {in billions}

2000
B.1 billion

Moaore developed countries
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Urban and rural populations by development
region (in millions)
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http://esa.un.org/unpd/wup/Fig_3.htm

The Millennium Development Goals Report

UNITED NATIONS
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TARGET
Feduce by two thirds, betwean 1990 and 2015, the
urnder-five mortality rate

Child deaths are falling, but not gquickly
enongh to reach the target

Under-five mortality rate per 1,000 live births,
1290 and 2008
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Infant mortality rate per 1,000 births




The global burden of disease:
Under-5 mortality by region and cause of death

Figure &: Child mortality rates by cause and region, 2004
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Major causes of death among children
under five worldwide, 2008

Levels & Trends in Report 2010 FIGURE

Chlld Estimates Dewveloped by the 9
- UN Inter- Group T

Mortality Gl Mortany Ectimation

Causes of deaths among children under age five, 20082 (percent)
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Sowce. Black R, Cousens 5, Johnson H, Lawn J, Rudan |, Bassani D, Jha B Campbell H, Walker . Cibulskis B, EiseleT, Liu L, and Mathers C,
for the Child Health Epidemiology Reference Group of WHO and UNICEER 2010, “Global, Regioral, and MNational Causes of Child Mortality in
2008 48 Systematic Analysis!” Lancet 275(9730) 1296927



Energy from the dominant starch staples,
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Relationship between GNP per capita and the

f energy from each food source, 1990
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Trends in worldwide population and health

Demographic transition

Trad | High fertility
High IMR
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popula}ion

Low fertility
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Aging, urban
population




Trends in worldwide population and health
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Trends in worldwide population and health
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Trends in worldwide population and health

Demographic __, Health _, Dietary _, Nutrition
transition transition transition transition
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FAO annual publication on global
food security

Food Insecurity in the Woerld
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FAO Hunger Map 2010

Prevalence of undernourishment in developing countries

SO FADATAT 2000 twoww P00 g Teanger)
Prevalence of undernourishiment in developing countries (2005-07)

Very high (undernourithenent 35% and above)
High lundermousishment 25-34%)

Moderately high (undemocwrishment 15-24%)
Moderately low lundermccrishment 5 14%)
Very low lundernourishment below 5%)
Missing or inaa®ficient data

*Defined as % of population for whom
food availability is less than amount
From: http://www.fao.org/economic/ess/food-security-statistics/fao-hunger-map/en/ needed to satisfy energy requirements




Prevalence of nutritional stunting (HAZ <-2 SD)
among pre-school children eeczou




Trends in young child height-for-age and
welight-for-age, by region
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Figumre 3: Trends in HAZ and WAZ meansand prena lences by region betwean 1985 and 2011
Shaded regions show the uncedainty intenal. Wie present thet rends by countr intheappende (pp 20-231). Prevalenos of children with £ soomes balow-2 includesall children belowrthis cutoff,
including thoss with £ scomres below -3 HAZ=height-for-age £ score. WA F=weight forage £ soomre.
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Mean welight-
for-age, by age
and birth weight




Risk of LBW by maternal pre-pregnancy
BMI

Welght Risk ratio (95% CI) Risk ratio (95% CI)

Study or subgroup  log(RIsk ratlo) SE (%) IV, Random IV, Random

Barton et al. 46 0.05 017 12.5 1.05 (0.75-1.47)

Bhattacharya et al.48 0.48 0.12 16.5 1.62 (1.28-2.04) Bl

Frederick et al.29 043 02 10.5 1.54 (1.04-2.28)

Hoa 1996 0.97 0.25 7.9 2.64 (1.62—4.31)

Lumme et al.=® 0.39 016 13.2 1.48 (1.08-2.02) "

Rasmussen and Borup33 1.39 1.11 0.6 4.01 (0.46—35.36) )

Ronnenberg et al.t2 0,43 0.2 10.5 1.54 (1.04—2.28) "

Tsukamoto ef al.24 0.5 018 11.8 1.65 (1.16—2.35)

Wolfe 1991 0.74 012 16.5 2.10 (1.66—2.65) el

Total (95% CI) 100.0 1.64 (1.28-1.94) (D

Heterogeneity: 12 = 0.03: ¥2 = 15.93, df = 8 (P = 0.04): I* = 50% 5 135 D’E ~ . EIU

Test for overall effect: Z= 5.75 (P < 0.00001) Lm.'mr AR in’ low BMI  Higher RR in low BMI
Figure 5 Fore d f h " weight women compared with women with norm
welght in adjus EVI ence Or t e Inter 37 weeks' gestation. Sizes of data markers indicat
the weights of ndom effects model was used for statistical poolin

generational cycle of
malnutrition




Relative importance of established factors with
direct causal impacts on intrauterine growth
restriction (IUGR) In rural developing countries

small paternal
size, other |

general
morbidity

maternal LBW,

prior LBW hx non-white race

primiparity

female sex

low caloric intake
or wt gain

malaria

short stature

low-prepregnant

Source: Kramer, 1987 wit

-

~45% of
attributable
risk due to
maternal
undernutrition



Effect of maternal iron supplementation
during pregnancy on infant birth weight*

100 T
=z Placebo ‘
E N \
% 40 1 '~ Iron supplemented
g .| | |% LBW
| (17% vs 4%, p<0.003)
- S > ; : 5

Birth weight {Kg)



Mean length-for-age Z-scores,
by age and region

0 3 6 9 12 1S 18 21 24 27 30 33 36 39 42 45 483 51 54 57 60

Age (months)

Asia —=— [.atin America and Caribbean




Relationships between nutrition and infection

Decreased dietary Infection

Intake

Malabsorption

Increased
catabolism

Nutrient Malnutrition
sequestration

Impaired
Immune
function

Decreased
barrier
protection



Relationship between breast feeding intensity and
risk of morbidity and mortality, infants <6 mo

16 15.13 14.4
14
12 10.53 Exclusive
' breastfeeding
10
8 Fredominant
preastfeeding
5
4.6 3.65 Fartial
4 3. [H i
2.28 , 7%_,,15 2.07 2.8 breastfeeding
2 1 11.26 1 9148
. m Mot
o - _ | | _ breastfeeding
Diarrhoea Pneumonia Diarrhoea Prneumonia All cause
mortality mortality Incidence incidence mortality

sodrce: Lancet 2008, HMutrition Series




Major MN deficiencies of public health

Importance In lower income countries

Vitamin A
ZInc
lron

lodine
Others?




Global prevalence of vitamin A deficiency

Figure 3 Night biindness as a public health problem by country 1985-20058: Pregnant women
a) Countries and areas with survey data

Global

prevalence of
vitamin A deficiency
in populations

at risk

1995-2005

WHQ Global Database
on Vitamin A Deficienzcy

000 0

Catezmm of public heatth
S FeEnoe [ prevak e of
night blindness)
[ Mo publicheatn

o ke (B

g@) World Health
Organization

GLOBAL PREVALEM CE OF WITAMIM A DEFICIEMCY IM POPULATION S AT RISk 1995-2005



Vitamin A supplementation and child mortality

-54%

Percent Change

5%
+6%

1988 1988 1990 1990 1991 1991 1892 1992
Aceh Java T. Nadu A.Prad. Sariahi Jumia Sudan Ghana

Iindonesia india Nepal Africa

23% reduction Iin all-cause mortality;

RR 0.77 (Cl1 0.71-0.94)



Distribution of plasma zinc concentration: children
<5 and women 15-49 yr, 3 countries

_/ e
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Zinc (ng/dlL) Zinc (ng/dL)

—NHANES 1976-80
—Mlexico 1999

——Cameroon 2010




Effect of preventive zinc supplementation on the

Incidence of diarrhea and ALRI

Bangladesh 2002 (n=299) —m— .
Bangladesh 2003b (n=318) - Eemglertzsin 2002 (EZEE) e
Bangladesh 2003b Fe (n=327) = & Bangladesh 2003b (n=318) ——
Bangladesh 2005 (n=1474) L]
Burkina Faso 2001 (n=661) e Bangladesh 2003b Fe (n=327) —m—
Chile 2001 (n=112) —= H
China 2002 (n=55) -— Bangladesh 2005 (n=1474) =
China 2002 CaVitA (n=50) t 1
Ecuador 2008 3mg (n=233) —m— Ecuador 2008 3mg (n=233) —a—
Ecuador 2008 7mg (n=232) —m—
Ecuador 2008 10mg (n=234) R Ecuador 2008 7mg (n=232) —a—
Ethiopia 2000 non-stunted (n=94) —m— -
Ethiopia 2000 stunted (n=90) e Ecuador 2008 10mg (n=234) -
Guatemala 1997 (n=89) —m— India 1996 (n=578) —.-—
India 1996 (N=579) +m
India 2002 (n=2464) (L] India 2002 (n=2220) —a—
India 2003a Daily (n=189) .
India 2003a Weeky (n=185) e Mexico 2006 (n=364)
India 2003b (n=100) —m—
India 2007b (n=1712) . Mexico 2006 VitA (n=372) L
Jamaica 1998 (n=61) —a—
Mexico 1997 (n=110) ——— Ngpel 208 (=A0H0) o
WMedse K8y (Fe (=des) = Nepal 2006 FeFA (n=1200) ——
Mexico 2006 (n=364) m—
Mexico 2006 VitA (n=372) .- Peru 2004b (n=159) —ai—
Nepal 2006 (n=4070) L
Nepal 2006 FeFA (n=1200) (o pl Peru 2007 (n=200) .
Peru 2004a (n=213) —a—
Peru 2004b (n=159) a4 South Africa 2005 (n=96) —a—
Peru 2007 (n=198)
South Africa 2005 (n=96)
USA 2006 (n=70)
Vietnam 1996 (n=146)
All (n=12376)

All (n=16665) 1

1

-2.0

-1.0

0.0

-2.0

-1.0 0.0

In (Relative risk
In (Relative risk) ( )

Preventive zinc supplementation reduces
diarrhea incidence by ~20%

Preventive zinc supplementation
reduces ALRI incidence by ~15%




Prevalence of anemia in pre-school children







Prevalence of iodine deficiency based on median
urinary iodine concentration

Bl Moderate iodine deficiency
Hl Mild icdine deficiency

Bl Cptimwm icdine nutrition
E More than adegueate sodine intake
Bl lodine excess

Bl Mo national data



Dietary diversification / modification

* EXxclusive breast feeding
(first 6 mo)

* Appropriate complementary
feeding

e Use of animal source foods
* Agricultural interventions




Intervention strategies to control MN deficiencies

Supplementation
Preventive — daily, weekly, intermittent
Therapeutic — diarrhea, PEM

Food fortification

Mass (cereal)
Targeted (infant foods, therapeutic foods)

Yiisesrvens o ;
3 Who!en’tcal 8
' -

Public health

Infection control (e.g., hygiene & &
sanitation, bednets and malaria preventlon, =7
deworming)




Screening for acute malnutrition




Dietary counseling and child feeding

Mall-MMAM Study




Projected prevalence of overweight (BMI >25
kg/M?%) among women >30 yr, 2005 and 2015




% Population under- and over-weight, 1993

Fig. 18. Percentage of population underweight and overweight, selected countries, around 7993
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Global prevalence & trends in overweight
and obesity, pre-school children
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Prevalence & trends in overweight and

obesity, pre-school children, by UN region
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Conclusions

* Most of the world’s population resides in LICs, where
the major nutrition problems are still related to
undernutrition (LBW, poor IYCF practices, stunting,
wasting, and MN deficiencies), with greatest risk among
women and young children (first 1000 d)

— Effective, public health interventions are available to ameliorate
these problems, but they are not being implemented at scale

* With increased income and changing food supply and
life styles, overweight and obesity are beginning to
emerge as public health problems, even in LICs






Income, Food,
Education,
Environment,

Poverty — === Malnutrition




Educational inefficiency,
Physical capacity,

Malnutrition —————————— poverty




Poverty




GNP vs. % underweight
(<-25D W/A)
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UNIMillenniumiDevelopmeniGoalsi(MDG) &J

By the year 2015, all 191 United Nations Member States have pledged to meet these gn r

L) QS

ERADMCATE PROMOTE GENDER

EXNTREME POVERTY ACHIEVE LINIVERSAL EQUALITY AMND RIEDLMCE

AMND HLUEMNGE R FRIMARY ELNMATION EMPOWER S MIER CHILD MORTALITY
: ENSLIRE GLOBAL

IMPEROVE EMNVIROMMEMNTAL FPARTHMERSHIP FOR

MATERMNAL HEALTH SUSTAINABILITY DEVELOPMENT

« MDG #1: Reduce extreme poverty and hunger (measured as proportion of
people with insufficient food, percent children underweight)

 MDG #4:. Reduce child mortality



The Millennium Development Goals Report

TARGET
Halve, between 1220 and 2015, the proportion of people
wrho suffer from hunger

Hunger may have spiked in 2009, one of
the many dire consequences of the global
food and financial crises
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Proportion of people who are undernourished in the
develaping regions (Fercentage) and number of
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Despite some progress, one in
tfour children in the developing
world are still underweight
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Assistance from DAC member
countries (2001) in USD billions
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Changes In the total fertility rate \\ _—
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woman) compared with changes in .
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Pre

valence of Child Malnutrition

Fy

™,

—

Percent of children underweight

- less than 10 -
020 NN

L]

20 -40
40 -50
mzre tham S0
mo data

maticnal borders

Children are defined as underarsight if
their weighi-for-age z-scores ars more
than tawo standard deviations (2 SD)
below the median of the NCHSMCDCY
WHO Intermational Refersnce
Populaticn.

Robinson Projeciion

Data Couni-| Data | Awxg. units! | 2% of world | % of non-OECD
Summary |[res units | country Population | Population
MNaticnal

data only 41 41 1.0 16 18
Subnationsal

data 74| &40 8.5 65 =]
Totial 115 651 5.9 51 S

Sources: UNICEF, Demograghic amnd Health Surveys (DHS), Mational Human Development Reports (nHDR), African
Muiriticon Database Initiative (ARMNDI.

Data for 85% of countries ars from 1295 or later. All data are from 1990 or later.

Copyright 2003, The Trustess of Columbia
University in the City of Mew York
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Global Population Density projected for 2015

Geographic Projection (LatlLong)

Persons per Km?
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Source: Poverty Mapping Urban Rural (PMUR) Database Food and Agriculture Organization of the United Nations

Date: 2005 hip: Jreww a0 . org/geonetwork




Main causes of death
in low-income countries

N South-East Asia and Africa
Estimates for 1998

Mat=rnal 2946 Mutritional 1946

Injuries 11% g

Infectious=
diseazesx
5%

Moncommunicablke
conditions 5%

http://www.who.int/infectious-disease-report/pages/graph2.htmil



Leading infectious killers

Millions of deaths, worldwide, all ages, 1998
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Confidence In survival .. °

Under-five mortality rates (per 1000
live births) related to levels of
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Major causes of death among children
under five, worldwide, 2000

Perinatal |
23%

Measles
5%
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Mumber of underfive deaths, by country, 20038 (thousands)
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Major causes of death among children
under five, worldwide, 2004

Deaths among children under five Neonatal deaths
Noncommunicable diseases
] ] {pﬂstneunatal} 4% Other % ]
Other infectious and Congenital anomalies 7%
parasitic diseases 9% ,_ Injuries (postneonatal) 4% [Py Neonatal tetanus 3%

Diarrhoeal diseases 3%

Neonatal infedions 25%
Neonatal
deaths Birth asphyxia and

37% birth trauma 23%

teasles 4% —

Malaria 7% —

Diarrhoeal diseases
{postneonatal) 1626

Prematurity and
lowr birth weight 21%

Aaute respiratory
infections (postneonatal)
17% 35% of under-five deaths are due to the presence of undernutrition

Sources: World Health Organization. fhe globaf burden of disease : 2004 update. Geneva, World Health Organization,
2008; BlackR et al. Maternal and child undernutrition: global and regional exposures and health consequences.
fancet, 2008, 371:243-260.




Shifts In the distribution of
occupation, 1972-1995

1
O Agriculture
0.8 = Manufacturing
. = Service
70
55 =
0.6 0 =
52 = =
Proportion 48 = = = =
0.4 = 35— — =
31— —= R< § | =— ::::f
é E —,“‘ .27:%
0.2 i = = = =
o -'_ i:z-: — = -:: _:_:—': .0 —.—%.;
1972-73 1980-81 1990-91 1994-95 1972-73 1980-81 1990-91 1994-95
Lower-income Countries Higher-income Countries
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CEITED BEATIONS

Goal 1
Eradicate
extreme

poverty
& hunger

TARGET
Halve, between 1990 and 2015, the proportion of people

whose income is less than 51 a day

Asia leads the decline in global poverty

Froportion of peaple living an less than $1a day, 1990 and 2002
{Parcentags)

SusSanaram Africa
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TARGET

suffer from hunger

Halve, betwean 1990 and 2015, the proportion of people whao

More people go hungry, even though worst-hir regions
show improvement and rates of hunger decline

Praportion of people living with insulfficient food
TIAD-1902, T9RE5-1987 and 20:01-2003 (Peroantage)

Sub=Saharam Africa
3z

Southern Asia

CI%, fusia®

1SS L1550
Cceania [ 19T
. FO -F00E

ZO15 barpen

Chrarie hunger - rsesgured by the proportion of
people lacking the food nesded bo meel e daily
meeds - has declimed in the developing waorld But
pragress owerall s nat fast enough o reduce the
nurnber of people going huagsy, which increased
between 19951997 and H001-2003. An estimated
B2 millian people in the develoging world were
affected by chronse bunger in 3003,

Thee warst-affected regions - sub-Saharan Alfrica and
Southearn Asia - have made progress in recant years.
Buf their advances have not Lepl pace with thoge

of the early 19905 and the number of peaple going
hungsy is increasing. OF parlicular concesn is Easiern
Agiac in the agrly 1990, The nurmbar of hurgry
people declined; bul again it is an the rise.




THHITED MATIOESS

TARGET
Reduce by two thirds, between 1990 and 2015,

Goal 4 : |
the under-five mortality rate
REL‘]LICE El]ll':l More children are surviving rtheir Arst years of

lite, though sub-Saharan Africa trails far

mortality behind

Undear-five mortality rake per 1,000 live irths, 19930 and 2004
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Children i rural areas are In some regions, the prevalence of
nearly twice as likely to be underweilght children is dramatically

underweight as those in urban higher among the poor
areas

Prapartian of under-five children who are underweight,

Ratio between the proportion of under-five by househaold wealth, around 2003 (Percentage)
children who are underweight in rural

i
areas and urban areas, 1920 and 2003
e Youthern Asia

% o Developing regions
_E]_ = ¥ Around 1990 su I:-—Saharan_.llfrica
South-Eastern Asia B B iound 2008 e Morthem AfAca
12 Parity 50 CI5, Asia

Sub-5abharan Africa

15|

14|

M ort b=rn Africa <7
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- 24]

Wiie stern Asia

L 2.4]

25 20

Eastern Asia

24
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Annual natural increase in population,
more and less developed countries

More Less
World developed developed
Population mid-1998 (millions) 5,926 1,178 4,748
Births per 1,000 population 23 11 26
Deaths per 1,000 population 9 10 9
Natural increase annual, % 1.4 0.1 1.7

Doubling time in years 49 548 40




Population of the world, 1950 and 2025

] =2 midors d habitants

Crogue pays ast TEresente par une suriace
Sesace Natoes woss properson~afie a l'mportarce de sa poculation

1 = 2wmilions dhabeares

* Projection des Nad ; ® Chagen pavs ast rapeisentd par une surlaca
Goaace Natoous wnen - greportancels & largoranc e de sa popedstian




Child mortality rate per 1,000 births, 2003

Under-five and infant mortality rates,
by WHO Region, 2003
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Mortality risk by weight-for-height
/-Score”

>-1Z -2to<-1 -3to <-2 <-3
Weight-for-height Z-score



Dietary energy supply, 2001-2003

l Calones per capita perday

< 1800 2000 2200 24900 2600 2800 S000 3200 S9400 = No data

. ’ . . AN
‘/. i FAO Statistics Division, FAQO Statistical Ye arbook 2005-2006, Vol 1 @ FAQ 2006 f‘ -
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Figwe 1: Population growth mte by country

Data from UN,2011.2
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Sub-faharanAfrica Central Az, Middke Ea=st, and north Africa Louth Asia Ez=t and sowt hesst Asia
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Fgume 2: Trends in thecuomulativedistribution functions for HAE {A) and WAL (B) by rmgion
Each cunne showrs the curmulative proportionof childen fr-axiE) that les below a given HALZ ord, £ lewel Ge-a:d=). T hersfors, the bwerthe conee, the betterthe nutntioral satusofthe egion. All
di=tributicns 3 re oo rmparedwith the WHO standands. We presentthetrends by countre intheappendo (pp 90-2310. HAE =height-for-age £ soo e WA f=weight-for-age £ scone.



Population
distributions by
age, sex, and
level of national

development
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The global burden of disease

Figure 5: Distribution of causes of death among dhildren aged under five years and within the neonatal period, w
2004
Injuries l[pastneonafq!% . SIX CaUSGS Of death account for 73%
dseases posmeoratah | of child mortality:

Otherinfectiousand
parasitic diseases
9%

=t Diarrhea (17%)

HIY AN DS
2%

Meailgg o i 3neumC)nla. (17%)

* Prematurity & LBW (11%)

thalaria
7%

Neonatal infections (9%)

Diarrhaeal diseases
{postneonatal)

16% ot » Birth trauma/asphyxia (8%)

« Malaria (7%)




Operational definition of
“International nutrition”

Those aspects of both nutrition science and related social
and behavioral sciences that are of particular relevance to
the nutritional well-being of human populations of
economically less-developed countries
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Intergenerational cycle of growth failure

Child growth
/ e \
Low—hirth weight Early pregnancy Low weight and
| o el |— | Smmm|  heightin
\ Small adult
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Copenhagen Consensus -- conclusions

Top ten investments to solve major global challenges

T —

Ll) Micronutrient supplements for children (vitamin A and zinc)

@ Micronutrient fortification (iron and salt iodization)

(6

Biofortification

Deworming and other nutrition programs at school

@ Community-based nutrition promotion



Prevalence of overweight (BMI >25 kg/M?)
among women >30 yr, 2005
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Indicators of socio-economic development*

« Economic

— GNI per capita, % GNP for education, GNP for health
« Demographic

— Population growth rate, % urban, fertility rate

- IMR, USMR, MMR
 Food supply

— Per capita energy availability
 Education

— % enrollment, % reaching grade 5, literacy (% >15)
 Health

— Access to safe water

— Physician/population, hospital bed/population

— Reproductive health, women 15-49 (contraceptive prev, HIV prev)

*See UNDP world development reports.
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Dietary energy supply by region and
economic development over time
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Number of stunted and underweight
children, by year and region
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Fgue 4: Mumberof childien inthe mild 4o severe pars of the HAZ and WAL distributions, by region
The numberofchildrenwith £ soomes below =1 inc lodesall children belowthis cotoff, including thosswith £ soores below -2 and -3, Simikrh, the nomberofchildren whith £ scores balow -2 includes all
children belvwrthis cutoff, including thoss with £ scores belowr -3 HAL =height-fo rage £ score. WA f=weight for-age £ scoe.



