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The problem of childhood undernutrition

In 2011, ~7 million children died before

reaching 5 years of age. Estimated nutrition-attributable deaths
in 2014

45% of these deaths (3.1 M) were
attributable to undernutrition.

THE LANCET

Maternal and Child Nutrition

aqenda must put addressingal forms of malnutrtion atthe top of ts goals

Black RE et al. Lancet, 2013.




Deaths of U-5 children attributable to nutritional disorders,
by type of nutrition-related problem

Nutritional disorder No of deaths % of total USMR

Fetal growth restriction (<1 mo) 817 12%
Stunting (1-59 mo) 1017 17%
Underweight (1-59 mo) 999 17%
Wasting (1-59 mo) 875 12%
Vitamin A deficiency (6-59 mo) 157 2.3%
Zinc deficiency (12-59 mo) 116 1.7%
Sub-optimal breast feeding (0-23 mo) 804 12%

Joint effects (all nutritional disorders)

Black RE et al. Lancet, 2013.

3



Number of under-5 deaths attributable to vitamin
and mineral deficiencies of children or their mothers

Series I

Maternal and Child Nutrition 1 @+k®

Maternal and child undernutrition and overweight in
low-income and middle-income countries
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Estimated global birth prevalence of neural tube
defects in 2015 and related U-5 mortality
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Estimates of global and regional prevalence of neural tube

defects for 2015: a systematic

analysis

Hannah Blencowe, (* Vijaya Kancherla, Sowmiya Moorthie, Matthew W. Darlison.*
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and Bernadette Modell

Neural tube defects (NTDs) are associated with substantial mortality, morbi

y, disability, and psychological and

economic costs. Many are preventable with folic acid, and access to appropriate services for those affected can
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Introduction

Neural tube defects (NTDs) are a group of severe
congenital disorders associated with substantial
mortality, morbidity, long-term disability, and
psychological and economic costs.' Many NTDs
are preventable with folic acid* and long-term
survival and quality of life among those living with
NTDs can be improved through access to appro-
priate clinical care and rehabilitative services>7
However, efforts for primary prevention and
addressing the needs of those living with NTD have
been hampered by a lack of transparent prevalence
estimates o quantify the burden, especially in
resource-poor settings. The Modell Database of
Congenital Disorders (MGDb) was developed

nyas. 1354
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e

spina bifida

recently to estimate the birth prevalence of congen-
ital disorders globally™® Previous global estimates
using this method were published in the March of
Dimes Global Report on Birth Defects, 1 These pro-
vided an estimate of 323,900 live births with NTDs
in 20015 however, neither detailed methodology
nor uncertainty estimates were provided.” Here,
we build on the Modell methadology to generate
current global and regional prevalence estimates
for NTDs, with uncertainty intervals (Uls), for the
year 2015 using updated input parameers.

Data to inform the prevalence of NTD are
available from a number of sources, including
population- and  hospital-based  bicth  defect
surveillance registries: multicenter birth defects
monitoring networks, such as the European

Asaseny of seences 1
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260,100 NTD-affected birth outcomes (prevalence =
18.6 /10,000 live births

59,300 elective terminations of pregnancy
57,800 stillbirths

143,000 NTD-affected live births

117,900 under-five deaths of affected live births

Estimated neural tube defect
risk per 1000 births
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Blencowe H et al.

Annals NYAS, 2017.

Bailey LB et al. Annals NYAS, 2017.



Thiamine deficiency in Myanmar

* 5.6% of pregnant and lactating women had elevated
ETKAC

* Infantile beriberi is listed as fifth leading cause of infant
mortality (7.1% of infant deaths)




Changes in U5 deaths from 2004 to 2011
T oo

U5 deaths ~10,000,000 ~7,000,000
Nutrition-attributable 3.5M 3.1 M
deaths

% nutrition- 35% 45%

attributable deaths
Why have infectious diseases declined

more rapidly than under-nutrition?
* Resources
* Global coordination
* Focused interventions
e Better data




Development assistance (ODA) disbursements to nutrition, as % of health ODA
and total ODA, 2004-2015
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Programs directed at Infectious Diseases and Nutrition
at WHO & BMGF

WHO BMGF
TN T T

HIV/AIDS Nutr for Health & Devl Nutrition

TB Prevention of NCDs Enteric & Diarrheal Diseases

Malaria (MNCH) Pneumonia

Polio eradication Malaria

Neglected Tropical Diseases TB

Food safety/Zoonoses Neglected Tropical Diseases

Immunization/Vaccines Vaccine Develop/Delivery

(MNCH) Polio




Global coordination for control of infectious diseases

* |[n 2013, there were 528,000 malaria ¢ In 2015, there were 1.1 million AIDS-

deaths, ~412,000 in children <5 related deaths, ~190,000 in children <15
* Roll back malaria partnership * UNAIDS
* WHO, UNICEF, UNDP, World Bank * Leadership/partnerships

* Achieve consensus, coordinate action,
mobilize resources

* Global Malaria Action Plan, Action and e s
. e Resource mobilization
Investment to defeat Malaria

ROl BAED
i) e

PARTNERSHIP

* Advocacy
* Monitoring

90-90-90
An ambitious treatment target
to help end the AIDS epidemic

‘‘‘‘‘‘‘‘‘‘
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Prevalence of Falciparum malaria in sub-Saharan
Africa in 2000 and 2015, and attributable effects
of malaria control programs*
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*5 km? spatial resolution

Bhatt S et al. Nature, 2015.
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Prevalence of stunting (2000-2015) in children
<5 years and progress toward 2025*

*5 km? spatial resolution Osgood-Zimmerman et al. Nature, 2018.




Problems with manual anthropometry

Portability
Personnel training & standardization
Accuracy & precision

13



Accuracy and precision of manual anthropometry

A -for-
g‘:\; Hsﬂg Figure 5. Standard deviations of height-for-age (HAZ) z-scores, DHS surveys 2005-2014

AN ASSESSMENT OF THE QUALITY
OF DHS ANTHROPOMETRIC DATA,
2005-2014

DHS METHODOLOGICAL
REPORTS 16

e 52 DHS Surveys that included height, weight, HAZ, WAZ, WHZ children under 5
* Wide range of data quality between surveys

e High variability in length measures for children under 2




Using body imaging to simplify and improve
manual anthropometry*

*Photos provided by Gene Alexander,
Body Surface Translations.




Using body imaging to obtain anthropometric
data*

*Figures provided by Gene Alexander, Body Surface Translations.




Estimated prevalence of vitamin A deficiency in
2013, and number of countries providing data

Figure 1: Number of data sources used in the analysis, by country

N = 134 data sources from 83 countries since 1990

55 countries had no data; 54 had just one data source
Stevens GA et al. Lancet 2015
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Countries with representative data on zinc or thiamine status

Zinc status (n = 20) Thiamine status (n = 2)

Hess SY. Food Nutr Bull, 2017. Whitfield KC et al. Annals NYAS, in press.




Data needs for nutrition programming

“There are many gaps I

in data on nutrition Low birth weight (SGA)

outcomes, programs
\ and resources... for
[GLOBAL the 4 WHA indicators | MN status/anemia |
\ REPORT where rules exist to
classify countries as on

Food access/Dietary intake

Program coverage

ACTIONS AND

course, only 60% of Program costs
o] |
wonp SRR countries have data” Issues of data quality,
ON NUTRITION frequency, sub-national

\ ‘ disaggregation
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Approaches and challenges to assessing population

micronutrient status

Type of information Advantages Challenges

Food availability

Individual dietary intake

Natl food balance
sheets

Dietary recall surveys

Routinely collected

Estimates of % of
individuals with
inadequate intake

Natl level data only

Cumbersome data
collection and
processing; variable
accuracy

20



Approaches and challenges to assessing population
micronutrient status

Type of information Advantages Challenges

Food availability Natl food balance Routinely collected Natl level data only
sheets

Individual dietary intake Dietary recall surveys Estimates of % of Cumbersome data
individuals with collection and
inadequate intake processing; variable

accuracy
Clinical exam (e.g., Surveys, surveillance Functional indicator Not pathognomonic;
xerophthalmia, rickets) low prevalence

(large sample sizes)
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Approaches and challenges to assessing population
micronutrient status

Type of information Advantages Challenges

Food availability Natl food balance Routinely collected Natl level data only
sheets

Individual dietary intake Dietary recall surveys Estimates of % of Cumbersome data
individuals with collection and
inadequate intake processing; variable

accuracy
Clinical exam (e.g., Surveys, surveillance Functional indicator Not pathognomonic;
xerophthalmia, rickets) low prevalence

(large sample sizes)

Biochemical Surveys with clinical Direct information on MN  Cost, complexity,
assessment specimen collection status acceptability

22



Per capita availability of selected nutrients
in national food supplies of two countries

Improving nutrition security through

agriculture: an analytical framework based Country Avail- Energy Vit A Vit C Ribofl Folate
on national food balance sheets to estimate

nutritional adequacy of food supplies ablllty (kcal) (ug RE) (mg) (mg) (ug)

Joanne E. Arsenault, Robert J. Hijmans Ban g ladesh Amount 2429 0.68
& Kenneth H. Brown

% req 25 58 78 47 96
.ﬁ:‘:mmw % adeq <1 8 18 <1 44

DOI 10.1007/512571-015-0452+y

| Food Security

@ Springer
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Per capita availability of selected nutrients in
national food supplies of two countries

Improving nutrition security through

agriculture: an analytical framework based Country Avail- Energy VitA Vit C Ribofl Folate
on national food balance sheets to estimate

nutritional adequacy of food supplies ablllty (kcal) (ug RE) (mg) (mg) (ug)

Joanne E. Arsenault, Robert J. Hijmans Bangladesh ~ Amount 2429 0.68

& Kenneth H. Brown
% req 25 5_8 78 4_7 96

l % adeq <1 8 18 <1 44

The Science, Sociology and Economics e amd
‘of Food Production and Access to Food

Informatlon on nutrient content of food
supply can be used to prompt decisions on:
- Agricultural policy
- Food importation 102 241 152 168 108
- Large-scale food fortification 52 99 87 91 62

461 118 1.24 444 8.9

24



Use of national food balance sheets to assess
national-level risk of zinc deficiency

_ . . Countries with an elevated risk of zinc
Estimated prevalence of inadequate zinc deficiency based on FBS data, stunting

intake prevalence, or both

5 & 3 :
|:| [ Unknown or Inadequate Zn intake < 25% and stunting < 20%
Unknown I:l <15 % |:| 15-25% - >25%

[ stunting > 20%

|:| Inadequate Zn intake > 25%

Wesse”s KR’ Brown KH_ PLOS ONE’ 2012_ I (nadequate Zn intake > 25% and stunting > 20%
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Obstacles to obtaining more/better information
on biomarkers of population MN status

* Perceived high cost of data collection

 Lack of agreement on which
assessment methods to use and how
to interpret them.

* Logistical challenges in specimen
collection, processing and transport

* Lack of laboratory capacity and trained
personnel




FONDATION MERIEUX

* Increasing access to diagnosis
e Developing infrastructure
* Strengthening skills and processes
e Building laboratory networks
* Improving lab management & efficiency

e Supporting public health initiatives
* Enhancing research capabilities
* Improving conditions for mothers and children




Achieving consensus on use and interpretation of MIN status

BOND/NIH
- lodine
- lron
- Zinc
- Folate
- Vitamin A
- Vitamin B12
- Inflammation

NYAS committees
- Thiamine
- Vitamin D
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Methodologic approach for the Biomarkers Reflecting Inflammation
and Nutritional Determinants of Anemia (BRINDA) project

irant J Aaron,” Ravi Varadhan, Janet M Peerson,* and Parminder S Suchdev®” on behalf of the

Sorrel ML Namaste

BRINDA Working Group

DC: 'Global Allisnce for
Nurition, University of
Univensity, Alanta, GA

INTRODUCTION

Gilobal and country-level decision makers frequently make
policy and program decisions with the use of uncertain data,
Improving methods 1o accurately estimate priceity global health
indicators facilitates the reduction of such uncertainty and assists




Biomarkers of population MIN status recommended by
BOND and NYAS

Vitamin A p RBP, retinol

Zinc s/p zinc

lodine s/p TSH, thyroglobulin; u lodine

Iron s/p ferritin, sTfr

Folate RBC folate; s/p folate, Hcy

Vitamin B12 s/p total B12, transcobalamin, MMA
Thiamine p ThDP; RBC ETKAC

Vitamin D p 25(0OH)D

Inflammation s/p CRP, AGP



Centrifugation and hood for separating plasma




Portable, battery-operated cooler and
liquid nitrogen storage




Approaches to expand information on global MN status

Simplify and reduce costs of Simplify and reduce costs of
specimen collection, processing, laboratory analyses
transport
* Low specimen volume,
- Dried matrix spots multiplexed lab assays
*  Field separation of plasma and cells * Regional resource laboratories

* Point of collection analysis?
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Separation of dried blood spot specimens for analysis of MIN status biomarkers

Venous/Capillary blood I

Plasma I I RBCs
Multiplexed ELISA HPLC/MS Duplex ELISA AAS/ICP-AES Microbiological HPLC Spectroscopy

Ferr Vitamin B12 Vitamin B12* Zinc assay ThDP ETKAC
sTfR 25(0H)D 25(0OH)D* Other minerals (?) RBCfolate
RBP
CRP
AGP
TG
HRP2

*
I/ICI\Z/IA* KEY: Ferr = ferritin; sTfR = soluble transferrin receptor; RBP = retinol binding protein; CRP = C reactive protein;
iPTH* AGP = a1l acid glycoprotein; TG = thyroglobulin; TC2 = transcobalamin 2; iPTH = intact parathyroid hormone;

MMA = Methyl malonic acid; HRP2 = histidine rich protein 2 (P. falciparum antigen); 25(0OH)D = vitamin D;
ThDP = thiamine diphosphate; ETKAC = erythrocyte transketolase activity coefficient.

* = Assays in development




Additional requirements for expanded laboratory
analyses of MN status biomarkers

* Network of well-equipped (regional) resource laboratories
* National buy-in
* Respected management organization

 Standardized, consensus laboratory methods

* Initial and refresher training of laboratory personnel

* Global reference laboratory and quality control system
e Certified reference material
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Consequences of data limitations on
population nutritional status

Failure to recognize existing nutritional problems

- 1 = Missing those at risk, or providing insufficient
' ' amounts of nutrients

Unnecessary/redundant coverage
un necessary costs

Risk of excessive intake

Alain Mérieux: “Without diagnostics, medicine
IS [public health programs are] blind.”




Options for vitamin A deficiency control programs

High potency
capsules

Dietary
diversification

Breast feeding
promotion

Biofortification

A -

Food fortification

Low dose supplements (MNP, LNS)




Options for vitamin A deficiency control programs

High potency
capsules

Dietary
diversification

Breast feeding
promotion

Biofortification

A -

Food fortification

Low dose supplements (MNP, LNS)




An example based on control of vitamin A deficiency
(Cameroon — Target group: children 6-59 months)

Estimated prevalence of vitamin A deficiency

among children12-59 months, by region
Deficiency defined as inflammation-adjusted plasma
retinol binding protein concentrations <0.83 pmol/L

Cluster location average
® <20%
® 21%-40%
® >40%
Regional average
25%
[7126% - 33%
N 34% - 36%
. 54%

Data Source 2009 Cameroon food fortification survey, from Engle-Stane etal, 2012

Vitamin A intake among non-
breastfeeding children 12-59 mo

Vitamin A Intake (ug RAE/day)
By Cluster

® <110

@® 111-210 g

D >210 .
By Region 1 [ )
<110 y o
111 - 210 o\
[1>210 e \

Extreme-North

N o

South-West

" s0.66 |

$0.81

E-t “his

Survey of 1002 HHSs; children 1-4 y & WRA; 3 strata

Engle-Stone R et al. J Nutr, 2012,

Brown KH et al. Food Nutr Bull,

2013, 2014,

2015.




Conclusions from optimization analyses

VAS

All All All All All All All All All All

All All All All All All All All All All
O|I fort All All All All All All All All All All
Total
Effectively 1,193 1,212 1,233 1,254 1,275 1,296 1,316 1,336 1,356 1,376 12,846
Covered (‘000s)
Total cost per
year (‘000s)

$3,549 $3,553 $3,560 $3,566 $3,571 $3,576 $3,582 $3,586 $3,591 $3,596\ $35,531

UC Davis MINIMOD Team.



Conclusions from optimization analyses

VAS

All All All All All All All All All All

All All All All All All All All All All
O|I fort All All All All All All All All All All
Total

Effectively 1,193 1,212 1,233 1,254 1,275 1,296 1,316 1,336 1,356 1,376 12,846
Covered (‘000s)

Total cost per
year (‘000s)

$3,549 $3,553 $3,560 $3,566 $3,571 $3,576 $3,582 $3,586 $3,591 $3,596\ $35,531
Oil fort

Cube fort

Maizebiol  10-year cost savings = $16,248,000

VAS

DW

MNP

Total Effe

Covered ( AR 13,035
Total Cost] $19.283

Year(009 Cost of data acquisition & analysis = $871,740

UC Davis MINIMOD Team.



Take-away messages

Nutrition-attributable child mortality remains high in LMICs and represents an increasing
proportion of child deaths

There are multiple different nutrition-related diseases that need unique forms of
intervention; lessons from infectious disease control should be applied for nutrition (better
data, focused interventions)

To improve the quantity and quality of data on population nutritional status, novel
methods are being developed for anthropometry, dietary, and biochemical assessment

There is growing consensus on the best biomarkers for assessing population MN status and
there are increasing efforts to resolve logistical challenges in collecting and analyzing
clinical specimens

Nutrition interventions can be more coherent with better data for program planning, cost-
effectiveness
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