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Figure 1.1. Seasonality of acute malnutrition in Bangladesh
(for children 0-59 months)
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Seasonality of Consumption of Nonstaple
Nutritious Foods among Young Children from
Nepal's 3 Agroecological Zones
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Abstract
Background: Childrans diatary pattarns vary agricultura
sattings like Mepal, but tha saasonality of nutritious nonstaple food consumption is not wall

particuary in subsi

explarad in the Herature.

bjactive: This study aimed 1o examine seasaral diffarances in chidren’s consumation of
pravitamin f-rich fruit and vegetables, dairy, aggs, meat, and fish in Mepals 3 agreacciagical
zonas, and to assass whather seasonal pattams vary by waalth and castafathnicity.

Mathode Muitivariabla negative binomial ragrassion madels wars usad to anshyze dictary dats
from 7-d faod-fragquancy quastionnairs, producing cacfficient estimates in the form of inddanca
rata ratics (RRs). Data were collected 3 imes per yaar for 2 y from childran aged &-72 ma in
Mapals mauntains (n = 224], hills (n = 168}, and plains {n = 225).
Regults: Thare ware signifi 1 Hiff: in childran’s
fruit and wagatsblas, dairy, moat, and fish that variad by agroecological zona. Adopting mensaon
seasan as the referent for all comparisons, children in the mountains ate pravitamin A-nich frut

1 of provitamin A-rich

and vagetables less fraquantly during the postmonsaon and wintar seasars (Afs: 0.5 and 0.7,
raspactively; both P < 0.004), wharaas in the plains, childrans consumption of these foods was
lowar only during the postmonsoon scason (RR: 0.2; P = 0.001]. Children's dairy intake
frequency increasad during the wintar in the meuntains (8% 0.7; P< 0.004) and decreased
during tha winter in tha hills (RR: 1.5; P < 0.007). Only in tha plains did children's meat and fish
intakes vary saasanally, incraasing dising the pastmansoon saason (IR 1.4; P = 0.004). Weahh
and caste/athnicity variability influencad children’s consumptian of each of these nutritious.
grouss of focds, snd modarated ssasonal affacts in sama instances.

Condusions: Chilren's diats varied differently by saassn within sach agreecclagical zone of
Mol and in soma casas acress sooiceooncmic groups, ravialing tha impertanca of faking a

saasan- and lacation-spodiic appraach to assassing dicts and tailorng dictary stratagics.  Curr

. nutrients
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Abstract Animal source foods (ASF) provide nutrients essential to child grow th and development
yet remain infrequently consumed in rural Nepal. Agriculture and nutrition programs aim to increase
ASF intake among children through smalk-scale animal husbandry projects. The relationship bebween
livestock ownership and children's consumption of ASE, however, is not well established. This
study examined associations between livestock uwnen:]‘llp and the frequency with which Nepali
children consume eggs, dairy, and meat. We inal 7-day food freq data from
sentinel surveillance sites of the Policy and Scmme of Health, Agriculture and [\utntmn (PoSHAN)
study. Data consisted of surveys from 485 Nepali farming households conducted twice per year for
two years (a total of 1449 surveys). We used negative binomial regression analysis to examine the
association between the number of cattle, poultry, and meat animals (small livestock) owned and
children's weekly dairy, egg, and meat intakes, mspechve]v adjusting for household expenditure on
each food type, mother's Ci level, ical region, season, and child age
and sex. We caleulated predicted marginal values based on model estimates. Children consumed
dairy 1.4 (95% CT 1.1-2.0), 2.3 (17-3.0) and 3.0 (2.1-4.2) more times per week in households owning
1, 24 and >4 cattle, res) ively, compared to children in households without cattle. Children
consumed eggs 2.8 (21-37) more times perweek in households owning 1 or 2 chickens compared to
children in households without chickens. Child intake of meat was higher only in households owning
more than seven meat animals. Children’s intakes of dairy, eggs, and meat rose with household
expenditure on these foods. Small-scale animal production may be an effective strategy for increasing
children’s consumption of eggs and dairy, but not meat. Increasing household ability to access ASF via
purchasing appears to be an important approach for raising children's intakes of all three food types.

Keywords: animal source foods; livestock husl ry; agri ition pathways; child ition;
dietary diversity; Nepal
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Season of Data Collection of Child Dietary Diversity Indicators May Affect
Conclusions About Longer-Term Trends in Peru, Senegal, and Nepal
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ABSTRACT

Background: Tha WHO-UNICEF minimum dietary diversty MDD} indicatar for childran sged 6-23 mo = a global mantaring indicatar ued 1o
track mult-year populatian-leval changes in distary quality, but the influenca of sessznality on MDD estimatas ramsin unclear

‘Dbjectives: To examine how seasonality of data collection may influsnce population-level MDD estimates and inferences about MDD changes
over multiple survey years.

Methods: We selectad countries with 3 or more consecutive years of MDD data collection, induding contiuaus national Demagraphic Health
Surveys in Senegal (2012-2017; n — 12,783} and Pery {2005-2014; n — 35,272) and the Palicy and Science for Health, Agriculture, and Mutrition
sentinel site seazonal surveys (covering 3 seasonaly) in Mepal (2013-2014: 0 — 1309). The MDD prevalence (=5 of & food growps) and an B-item
continuous Food Group Score (FGS) and $5% Clswens astmated by month and compared for laan and noa-lean seasons using ordinary least
squares regression with dummy variables for year

Results: The naticnal prevalence of MDD was higher in Peru (75.4%) than in Mepal (39.1%) or in Sanegal {15.7%]. Children in Pen ware 1.8%
(eoaflicient, -0.017%; 95% CI, ~0.033 to —0.002) less likely to achieve MDD during the lean season. Similar seasonal magnitudss were chserved in
Senegal fcoefficient, 0.0347; 55% C, —0.0549 o —0.011) and Mepal (coeficient, -0.0133; 95% C1, <0107 ta 0.081). The FGS was about 0.1 item
lower churing the lman seassn in all 3 countries. In comparissa, MDD increassd by an average rate of caly 4.2 and 4.4 percentage paints per 5 yin
Per and Senagal, respectively. Intakes of specic food groups were stable scrass months in sl countries, with the provitamin A-nich food group
exhibiting the mast seasanalite

‘Conclusions: The magritude of seasonal variation in MDD prevalence was smaller than expected but large relative to longerterm changes. If
large-scale sunveys are not conducted in the same season, biased conclusions about trends are possible.  Curr Dew Nutr 2021:5:nzsb055

Keywords: dictary diversity. s=asonality, season. Nepal, Peru. Senegal, child
2 The Aetherdsl 221 Paslabast Ery Chefore Univansity Press on behal
Aeetution Loaes i

jets, dictary quakiy, indicator

by 1, 2071 Fublnhes
e B Foc o e Lo ititon, i iy the Untad States Ageney bar

e
ety e ———

thx chucdzmsree Th methors regaee e cerficts o ters:
Tea bunchar il mat iy  reke it casicn, impdarmart
Sepphrana s -4 r Spemre Tl 1-7
ot it mcade
[oEp———

et i o he e
Suppemartary data” hrk = the aeline pestng o the articks and frarm the sarm ok it b el of contents

b Sy P, oG Sore 0, ol sy b
o or chsnen; OIS,

 LAIC, o ard
Bgeeaiim, mnd

P, Johes Hophina Biacm by Schal of Pl He
\anst e, PoSHAR, Peicy rel Scaren for e

Fawtions VOC, wlaca develoramars camvrieas.

GERALD J. AND DOROTHY R.
Friedman School of
Nutrition Science and Policy

JOHNS HOPKINS

BLOOMBERG SCHOOL
of PUBLIC HEALTH

USAID

FROM THE AMERICAN PEOPLE

771NNy
oy

-

UNIVERSITY



,FEED:FUTURE

The U.S. Government's Global Hunger & Food Security Initiative

THE IMPORTANCE OF NON-STAPLE FOODS

» Poor diet quality is linked to impaired child
growth and development

» Child diets consist primarily of staple grains
and increasingly highly processed foods

» Increasing household access to nutrient
dense foods could help improve growth and
development
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PoSHAN Study

National Surveys from 2013-2016 in 21 VDC’s
/ per agro-ecological zone

* N~5000 households per year

* 3 sentinel sites (| per zone)

LEGEND

- Mountain VDCs
I Hil vbes

- Terai VDCs

' Seasonal Sentinal VDCs
KTM*  Kathmandu

Klemm RDW et al. Pathways from Agriculture-to-Nutrition: Design and Conduct of the National
PoSHAN Surveys of Nepal. Journal of Food Security 2018;6:79-89.
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SENTINEL SITE SEASONAL SURVEYS

Postmonsoon Winter Lean
Harvest | |

Monsoon |

Postmonsoon Winter Lean
Harvest 2 2
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Paper |.Seasonality of consumption of

| F E E D E F UT U RE nonstaple nutritious foods among young

The U.S. Government's Global Hunger & Food Security Initiative Ch i I d ren from N epal’s 3 agroecological zones

Background Research questions

« What seasonal patterns exist
In child consumption of non-
staple nutritious foods in
different regions of Nepal?

* Does household wealth
buffer seasonality of child
consumption of nutritious

« Seasonal patterns in child
diets are not well
understood

e Systematic review identified
only 1 paper on seasonality
of child diets in South Asia
(Madan, 2018)

foods?
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Non-Staple Foods: Pro-vitamin A-Rich Non-Staple Foods: Animal Source Foods
Fruits & Vegetables

Papaya Leafy
Greens Meat

Broaddus-Shea, E.T,, Thorne-Lyman,A. L., Manohar, S., Nonyane, B.,Winch, P. |., & West, K. P, Jr (2018). Seasonality of Consumption of Nonstaple
Nutritious Foods among Young Children from Nepal's 3 Agroecological Zones. Current developments in nutrition, 2(9), nzy058.
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|. CONSUMPTION OF ALL FOOD GROUPS IS LOW

Fruits & Vegetables %% Eggs ()

~ Mountains Hills Terai « Mountains Hills Terai
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* Average consumption of all foods less than once/day (except for dairy in
the hills)
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2.VARIABILITY IN SEASONAL PATTERNS BY REGION

Fruits & Vegetables %% Eggs ()

Mountains Hills Terai ~, Mountains Hills Terai
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Seasonal variation in fruit and vegetable consumption frequency in the
mountains and Terai
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2.VARIABILITY IN SEASONAL PATTERNS BY REGION

Fruits & Vegetables %% Eggs ()

=« Mountains Hills Terai = Mountains Hills Terai

mption Frequency
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3.VARIABILITY IN SEASONAL PATTERNS BY WEALTH

Fruits & Vegetables, Mountains Region ¥¢

o ©
c
[}
=}
g
W WO+
5 « Wealth disparities are greater in
E < the winter than other times of the
g year
v  Wealth does help buffer against
= M .
3 seasonal decreases in
% consumption, but does not prevent
g ST : : them entirely
g Monsoon Postmonsoon Winter
< _
Wealth Tertile
——— High —— Medium +~— Low
— GERALD J. AND DOROTHY R.
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Implications

- Interventions to ensure adequate intake of quality
foods around the year and/or micronutrients for children
are needed.

- Need a better understanding of what drives different
seasonal pattern of household access to non-staple
nutritious foods

GERALD J. AND DOROTHY R.
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Background

Increasing evidence that ASF
are important for child growth
and development

Many donor investments in

?”  FROM THE AMERICAN PEOPLE

Paper 2. Small-scale livestock production in Nepal is
directly associated with children’s increased intakes of
eggs and dairy, but not meat

How strong is the association
between livestock and poultry
ownership and consumption of

different ASF by children (6-72

small-scale poultry and animal months)?
production
A‘ g ]OHNS HOPKINS ;El_u(ll_n J. ANSDﬁoRcIJTl}Y R.
USAID Tufts | Kt oo i poiicy

of PUBLIC HEALTH



,FEED:FUTURE

The U.S. Government's Global Hunger & Food Security Initiative

« Three relationships were explored:
o Cow/buffalo ownership =» Child dairy consumption
o Chicken ownership=>» Child egg consumption
o Meat animals =» Child meat consumption

« Estimated direct effects of livestock ownership on
consumption (independent of food purchases)

GERALD J. AND DOROTHY R.
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ANALYSIS 2: LIVESTOCK & ASF CONSUMPTION

7-Day Dairy Consumption Frequency
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ANALYSIS 2: LIVESTOCK & ASF CONSUMPTION

7-Day Dairy Consumptidl Frequency @?
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ANALYSIS 2: LIVESTOCK & ASF CONSUMPTION

7-Day Dairy Consumption Frequency @?
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ANALYSIS 2: LIVESTOCK & ASF CONSUMPTION

7-Day Dairy Consumption Frequency @?
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ANALYSIS 2: LIVESTOCK & ASF CONSUMPTION

7-Day Dairy Consfimption Frequency
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Take-aways and implications

1. Findings provide empirical support for programs
promoting small scale animal production.

2. Increasing meat consumption may require a stron

Income-generation emphasis to enable households to
Increase expenditure

GERALD J. AND DOROTHY R.
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Paper 3. Season of data collection of child dietary

F E E D E F UT U RE diversity indicators may affect conclusions about

The U.S. Government's Global Hunger & Food Security Initiative | o) nge r term tren d S i n Pe ru , Se N egal an d N e Pal

Background Research questions
e Child minimum dietary * Could seasonality lead to
diversity is an important Incorrect conclusions about
indicator of child dietary longer term (~5 year) time
guality in many countries trends in MDD if surveys are
and projects collected in different
seasons?

e Surveys are not always
conducted In the same
season over time and can
take 3 months+ to complete

(National continuous DHS data
from Peru, Senegal and
PoSHAN Nepal)

1°1; Data
111] DENT

Data for Decisions to Expand
Nutrition Transformation
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SEASONAL DIFFERENCES WERE PRESENT BUT
SMALLER THAN EXPECTED ~2-4%

o » . N
. A eru Minimum Dietary Diversity C Senegal Minimum Dietary Diversity E Nepal Minimum Dietary Diversity
o -
_ - _8
O 4 O o T
2~ 32 © 28
=] 8" 3
F— EJ‘ = E »
: £=
E 52 5¥ o
® o ¢ X A &
E ~ Oy 8
= g b= 1
2 - §
- ] -] : ' T T T
Lean Monlean Lean Monlean “ﬂ';t: ' Mc;::go " hzl?u?;a’t

* Compared with 5 year changes of 4.2% and 4.4% for Peru and Senegal, if
surveys are done in different seasons, incorrect conclusions could be
reached! Even more so for rural areas...

GERALD J. AND DOROTHY R.
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Understanding the role of isolation in
nutritional risk: past, present, and future

Dr. Gerald Shively, Purdue University

Contact: shivelyg@purdue.edu
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Rewind the tape to 2010

DHS paradox: rich data set, but 50%+ of variation in
z-scores is hidden/missing. Is it just noise?

DHS data lacking in agricultural and environmental
details. Can we combine data?

A tricky data matching problem presenting both
conceptual and empirical challenges.

Proof-of-concept in a series of early papers adding
NDVI, yields, rainfall, temperature, etc. to DHS.

=" USAID

PURDUE Tuft

5 year-old
children
measured

relevant period for long-term indicator (stunting)
e

relevant period for short-
term indicator (wasting)

IlIIIIIIIIIIIIIIIIII@I‘]IIIIII@I‘IIIIIII@I‘IIIIIII@I‘IIIIIII@I‘HIII[II@I‘I]II[I@P
2005 2006 2007 2008 2009 2010 2011
in utero birth year

O relevant growing season for major crops in location A

. relevant growing season for major crops in location B

Source: Figure 4 in Brown, Grace, Shively, Johnson and Carroll (2014) Using Satellite Remote
Sensing and Household Survey Data to Assess Human Health and Nutrition Response to
Environmental Change. Population and Environment 36(1): 48-72.
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Research story circa 2015

—— Dose Response /

= = 95% confidence interval /

« By merging data, portions of “hidden” variation in z-scores
“discovered” in features of communities, landscapes, and
local environments.

* |solation matters to U5 growth in Nepal and Uganda
- Environmental risks mitigated by infrastructure
- Agricultural prices buffered by roads and bridges
- Access to markets and services is key

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0

Treatment level (road density index in 2006, In)

Confidence Bounds at .95 % level
Dose response function = Linear prediction

Source: Figure 5 in Thapa & Shively (2018) A dose-response model of road development and
child nutrition in Nepal. Research in Transportation Economics 70: 112-24..
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-1.50

Circa 2018-19: a puzzle emerges

» Even after controlling for a broad set of child, household, ~2.00-
community, and environmental factors, child growth seems

to be strongly and negatively associated = 750-
-
with altitude in Nepal.
* |s isolation alone driving this pattern? ~3.00-
- wealth and access to markets mitigate
: : ~3.50- |
* |s this pattern unique to Nepal? | , | |
0 1000 2000 3000

Elevation (masl)

« What might “altitude” be telling us?

Source: Figure 1 in Shively, Smith and Paskey (2020). Altitude and Child Linear Growth in
Nepal. Mountain Research and Development 40(3): R11-R20.
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2021: New results, bigger picture, new avenues 1 10, cuwen,

Seneég?t.)on :Comoro;’am

* Egypt * Tajikistan
. . . Ghaq%-o. Nar.ng)iao'I "
« Findings for 47 countries and 600,000+ U5s e | o el
Liberi Guinea o ’h?gaarzcej:;r; L * Peru
. . . . . . 450 nenaa-i: iE SN < Nigeria
« Pernicious effect of elevation: is it just isolation? 190 e B Leor il
Cambodia , Mozarp.bizq;rgbia
- Three hypotheses: hypoxia, health/disease, soils Bargaceen - republe? Lespiho - Ethiopla
Malawi® e Madagascar, ;\l (ggaaltemala
. . - - - . s = .Benin
* Soil hypothesis especially intriguing 200
- iron/zinc/selenium/iodine deficiencies in upland soils 'TBUfU"Ldit
. . . . . . ® limor-Leste
could translate into deficiencies in locally-sourced diets
- markets may be “importing” elements from lowlands, and e
those who can afford to purchase staples may benefit 500 0 1000 2000 3000 4000 5000
Altitude (masl)

Source: Figure 5 in Shively and Schmiess (2021). Altitude and early child

New research avenue? teSting/tagging/traCing growth in 47 countries. Population and Environment.
https://doi.org/10.1007/s11111-021-00390-w
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Related NIL open-access USAID-supported publications

*  Shively, G & J Schmiess. 2021. Altitude and early child growth in 47 countries. Population and Environment. https://doi.org/10.1007/s11111-021-00390-w.

*  Shively, G, T Smith & M Paskey. 2020. Altitude and Child Linear Growth in Nepal. Mountain Research and Development 40(3): R11-R20. https://doi.org/10.1659/mrd-journal-d-
19-00063.1

*  Omiat, G & G Shively. 2020. Rainfall and Child Weight in Uganda. Economics and Human Biology 38. http://dx.doi.org/10.1016/j.ehb.2020.100877.

*  Smith, T & G Shively. 2019. Multilevel analysis of individual, household, and community factors influencing child growth in Nepal. BMC Pediatrics 19: 91-105.
http://dx.doi.org/10.1186/s12887-019-1469-8.

* Thapa, G & G Shively. 2018. A dose-response model of road development and child nutrition in Nepal. Research in Transportation Economics 70: 112-24.
https://doi.org/10.1016/j.retrec.2018.11.002.

*  Shively, G. 2017. Infrastructure mitigates the sensitivity of child growth to local agriculture and rainfall in Nepal and Uganda. Proceedings of the National Academy of Sciences of
the United States. https://doi.org/10.1073/pnas.1524482114.

*  Omiat, G & G Shively. 2017. Charting the cost of nutritionally-adequate diets in Uganda, 2000-2011. African Journal of Food, Agriculture, Nutrition and Development 17(1):
11571-11591. https://doi.org/10.18697/ajfand.77.16340.

*  Shively, G & G Thapa. 2017. Markets, transportation infrastructure and food prices in Nepal. American Journal of Agricultural Economics. 99(3): 660-682.
https://doi.org/10.1093/ajae/aaw086.

*  Mulmi, P, S Block, G Shively & W Masters. 2016. Climatic conditions and child height: Sex-specific vulnerability and the protective effects of sanitation and food markets in Nepal.
Economics and Human Biology 23: 63-75. https://doi.org/10.1016/j.ehb.2016.07.002.

*  Shively, G, C Sununtnasuk & M Brown. 2015. Environmental Variability and Child Growth in Nepal. Health and Place 35(1): 37-51.
https://doi.org/10.1016/j.healthplace.2015.06.008.

*  Shively, G & C Sununtnasuk. 2015. Agricultural Diversity and Child Stunting in Nepal. The Journal of Development Studies 51(8): 1078-1096.
https://doi.org/10.1080/00220388.2015.1018900.

*  Brown, M, K Grace, G Shively, K Johnson & M Carroll. 2014. Using Satellite Remote Sensing and Household Survey Data to Assess Human Health and Nutrition Response to
Environmental Change. Population and Environment 36(1): 48-72. https://www.]stor.org/stable/24769633.
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Climate shocks and child growth:
What have we learned
about when and how to intervene!?

William A. Masters, Tufts University

https:/Isites.tufts.edu/willmasters
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Climate shocks are big recurrent threats to child growth,
especially in remote rural areas with poor sanitation

Climate affects all aspects of family life and child
gI‘OWth: livelihoods, markets, disease Weekly variation in vegetation across Nepal, Jan-Dec 2010

* To guide intervention, we need data on child
growth over wide variation in time and space

* Early NIL studies used existing DHS surveys
to identify protective effects of intervention

* We found that child height is linked to climate

. . S © Prajula Mulmi (2017), Agriculture, Climate and Child Nutrition in Nepal.

IN Pregnanc)' for bo)’s, and earl)’ |nfanC)’ for P?\%rfj?sserr?a{ggn, Furigjllman Scho%?g?NLllthiitic;rqngci(fagge anél Poliucy”alto{)ulfrt)s o
. . . University. https://www.proquest.com/docview/1868414486.

gII”|S, but On|)' at Survey sites Wlth IeSS use Of Data shown are NDVI from http://www.star.nesdis.noaa.gov/smcd/emb/vci.

food markets and less household sanitation

Source: P. Mulmi, S. A. Block, G.E. Shively and W.A. Masters (2016), Climatic conditions and child height: Sex-specific vulnerability and the
protective effects of sanitation and food markets in Nepal. Economics & Human Biology 23: 63-75. https://doi.org/10.1016/j.ehb.2016.07.002.



https://www.proquest.com/docview/1868414486
http://www.star.nesdis.noaa.gov/smcd/emb/vci
https://doi.org/10.1016/j.ehb.2016.07.002
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A household’s own farm production has only limited potential to
overcome agroclimatic constraints

' Link between a household’s own production diversity and
The first two rou’nds of PoSHAN dat'c.l revgaled child diet diversity in Nepal, 2013-2014

how a household’s own production diversity has erosicive Margins whth 50% G by Weaih Guintie

limited links to child dietary diversity et e e

* only in poorer households HM . A SRR

(who cannot buy from markets)

01 2 3 4 5 86 7 8

* only for older children
(who eat the family diet, not special foods)

Fourth Highest

Linear prediction of CDDS

* particularly for F&V, dairy and eggs
(which were less easily purchased) BEEREEERENEEREDERE

No.of food groups grown

Source: Prajula Mulmi (2017), Agriculture, Climate and Child Nutrition in Nepal.
PhD dissertation, Friedman School of Nutrition Science and Policy at Tufts
University. https://www.proquest.com/docview/1868414486.

Source: Mulmi, P., Masters, W.A., Ghosh, S., Namirembe, G., Rajbhandary, R., Manohar, S., Shrestha, B., West, K.P. and Webb, P., 2017.
Household food production is positively associated with dietary diversity and intake of nutrient-dense foods for older preschool
children in poorer families: Results from a nationally-representative survey in Nepal. PloS one, 12(11), p.e0186765.
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Nutritional resilience varies by type of outcome:
Not all variables bounce back after decline

With four rounds of PoSHAN data, we could If:)egree of resilienc.:e as measured by recovery after decline
rom year to year in Nepal, 2013-16

test for the degree to which households m - ———
recover after a negative shock evers'on after decline

Women’s weekly DDS -0.36***

_ . , Resilience
* We found statistically significant recovery in

7-day dietary recall data, but not in the Children’s weekly DDS™._-0.54*** Resilience
noisier 24-hr recall or body weight Women’s daily DDS -0.03 Random walk
* We found suggestive evidence of more Children’s daily DDS  -0.03  Random walk
recovery in placeSOW|tI.1 more m.ar.ket activity, o BMI 0.40% Momentum
but small sample size limits statistical power
Children’s WHZ 0.19** Momentum

to measure differences in degree of recovery

OLS regressions, corrected for bias. *p<0.1, ** p<0.05, **p<0.01.
Nepal: n=3,752 (women) & 2,203 (children)

Source: Zaharia, S. et al., Recovery Without Resilience? A Novel Way to Measure Nutritional Resilience in Nepal, Bangladesh, and
Uganda. Nutrition Innovation Lab manuscript in review at Global Food Security.
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Market prices for nutrient-rich foods fluctuate greatly

New food composition data for Malawi, together with market price data
reveals fluctuating cost of meeting nutrient requirements

Cost of nutrient adequacy at 29 markets in Malawi, Jan. 2007 — Dec. 201 6)

E.D T T T T T
I | | I I I I | |
I | | I I I I | |
1.5 I | | I I I I | |
% I I | | | | | | | 5. Oils and Fats
- 1.04 I | I I I I I I 4. Fruits and Vegetables
- - I | | ,
= - 3. Animal Foods
(|
0.5+ . 2. Pulses, Nuts and Seeds
. 1. Starchy Staples

00-
2007/01 2008/01 2009/01 2010/01 2011/01 2012/01 2013/01 2014/01 2015/01 2016/01

Source: Y. Bai, E.N. Naumova and W.A. Masters (2020), Seasonality of diet costs
reveals food system performance in East Africa. Science Advances 6 (49), eabc2162.
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Interventions to lower and stabilize prices differ by food group

The timing and magnitude of seasonal

fluctuations varies by food group

* Animal-source and packaged foods have
little or no seasonality in price

* Cereals and legumes have synchronized
price peaks in December-March

* Fruits and vegetables have diverse
price peaks throughout the year

=> Interventions should target production
and distribution of each food group

Source: Y. Bai, E.N. Naumova and W.A. Masters (2020), Seasonality of diet costs

reveals food system performance in East Africa. Science Advances 6 (49), eabc2162.

Maize flour 4

White bread 4

Starchy Potatoes 4
staples

Maize J

Rice 4

Sweet potatoes 4

lan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

.

_

Pulses, nuts, ¢.o,ndnuts
and seeds

Cow milk J

Animal Beef J

foods Fresh fish J

Chicken eggs 4

Green leafy veg.
Cabbage A

Papaya 4

Tomatoes A

Fruits and
vegetables Onions J
Mangoes A

Banana 4

Avocado 4

Oranges 4

Oils and fats Cooking oil |

Sweets White sugar J

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month and height peak prices by food in Malawi, 2007-16

Seasonality

Im%

20%

Peak time estimate

=  Monsignificant
&  Significant


https://doi.org/10.1126/sciadv.abc2162
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It is particularly difficult to meet all nutrient requirements when
household meals are shared by members with diverse needs

* Fluctuations in price and availability of
each food imply need for frequent
substitution between items to meet
each person’s nutrient requirements

* People of diverse age and sex have
different needs, and meeting them all
with a single shared meal is
particularly expensive

=> Interventions should target
needs of each population group

Median daily cost per capita (2011 US$)

Monthly cost of meeting nutrient needs -
for households in Malawi, 2013-17

\ Household Sharing
‘ L}
\

nutrient-adequate diets in Malawi. Manuscript in review at American Journal of Agricultural Economics.
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For agriculture and food systems, the biggest challenge remains
for early childhood in lower-income households

* As we acquire and analyze more data, Child diet diversity by age in months
we find more opportunities to ~1 (n=76,641 children in 42 countries, 2006-2013)
prevent malnutrition by intervening
earlier in life, in more targeted ways

Threshold of 4 food groups confidence interval
------------------------------------ richest tercile
......... ———- middle tercile
poorest tercile

* Many interventions are needed, but
for agriculture and food systems
much improvement is needed for
infant and child diets!

o

———— ——————
——
-
—
-
—
—
-

Child dietary diversity score (7 food groups)

=> New work focuses on key foods 1, . . ; .
10 15 20 25

. 5
needed at each place and time Child's age (months)

Source: S. Choudhury, D.D. Headey and W.A. Masters (2019), First foods: Diet quality
among infants aged 6—-23 months in 42 countries. Food Policy. 88: p101762.



https://doi.org/10.1016/j.foodpol.2019.101762
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Conclusions:
What have we learned about when and how to intervene?

* Climate shocks are multidimensional and complex, with interacting roles of temperature,
precipitation, wind and evaporation over time and space
-- Vegetative growth (NDVI) used in our Nepal study is just one aspect of climate,
new frontiers include role of heat waves and thermal stress indexes
-- Studying how climate shocks relate to outcomes reveals mechanisms and
informs interventions to protect against shocks and help at normal times too
" Lessons to guide interventions are context-dependent, but:
-- Access to long-distance trade is key to stability and diversity of diets, complementing
local farm production at each place
-- Sanitation and health services are key to maternal and child development, building
resilience to cycles of poor diets and high disease burdens
-- Newer data and analysis permits targeting of interventions earlier in life
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Women’s diet quality: Measurement, role of food
systems and implications for child health outcomes
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MATERNAL DIET QUALITY — STATUS 6 YEARS AGO

Minimum Diet Diversity Index -
‘Women & children have poor diets (LMICs): Women (MDD-W)

sum out of 10 food groups

-monotonous, plant-based, limited animal foods, seasonal

fruits and vegetables MDD-W
Starchy staple foods
Beans and peas
. . : N d seed
- MDDW - Correlated with micronutrient adequacy: ”tsgzir;ee °
Vit A, thiamin, riboflavin, niacin, vitamin B6, folate, vitamin Flesigﬁ:ods
B12, vit C, calcium, iron, zinc Vitamin A-rich dark green leafy
vegetables
i .. Other vitamin A-rich vegetables and
« Gap: Does not capture global dietary transition and Fruits
consumption of unhealthy foods in LMICs Other vegetables
Other fruits
- ° GERALD J. AND DOROTHY R.
; Us AI D HARVARD SCHOOL OF PUBLIC HEALTH @ lh' Tufts Friedman School of
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NO GLOBALLY ACCEPTED MEASURES OF DIET QUALITY
FOR WOMEN!?

1. Is dietary diversity sufficient as a measure of quality of diets in LMIC? Urban and rural areas
iIn SSA?

2. Definitions, measurement: Varying definitions of diet quality
1. nutrient adequacy/food variety or food diversity
2. moderation - saturated fat, sodium, sugar, nutrients associated with excess disease risk

3. balance - energy-yielding macronutrients

3. Tools not validated in low- and middle-income countries (LMICs)

GERALD J. AND DOROTHY R.
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EXAMPLE |: MEASUREMENT & IMPLICATIONS FOR CHILD HEALTH
The American Journal of (‘\N 'S“O"C‘gtiﬁgr

Nutrition
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and Practice
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Maternal dietary diversity and dietary quality scores in
relation to adverse birth outcomes in Tanzanian women

Isabel Madzorera ™, Sheila Isanaka, Molin Wang, Gernard | Msamanga, Willy Urassa, Ellen Hertzmark,
Christopher Duggan, Wafaie W Fawzi

The American Journal of Clinical Nutrition, Volume 112, Issue 3, September 2020, Pages 695-706,
Volume 112, Issue 3 https://doi-org.ezp-prodl.hul.harvard.edu/10.1093/ajcn/nqaal72
September 2020 Published: 11 July2020 Article history v

Study in Dar es Salaam, Tanzania among 8,428 pregnant women, 12-27 weeks gestation

Dietary intake: Repeated 24-hour dietary recalls during pregnancy
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Prime diet quality score (PDQS)
2| food groups (score range 0-42)

Healthy (14)

dark green leafy vegetables other vit A rich vegetables

cruciferous vegetables other vegetables

whole citrus fruits other fruits

fish poultry Associations in high income contexts
legumes nuts Cardio-vascular disease

low fat dairy whole grains

eggs liquid vegetable oils Gestational diabetes, hypertension in pregnancy
red meat processed meats

refined grains and baked goods sugar sweetened beverages
desserts and ice cream fried foods away from home

potatoes
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FINDINGS

* Measurement of Diet quality:

« Consumption of unhealthy foods: =24 servings/wk of refined grains, red meats (22%),
desserts (13%).

« Low consumption of healthy foods: nuts, whole grains, citrus fruits, and eggs by women.

« PDQS (diet quality): inversely associated with preterm, low birth weight and fetal loss.
« MDD-W (dietary diversity): inversely associated with small for gestational age (SGA).
« Implications for child health:

« Low maternal dietary diversity and quality may be modifiable risk factors for adverse birth outcomes
iIn Tanzanian mothers.
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EXAMPLE 2: ROLE OF FOOD SYSTEMS IN DIET QUALITY

Food Crop Diversity, Women's Income-Earning
Activities, and Distance to Markets in Relation to

Maternal Dietary Quality in Tanzania

|sabel Madzorera 28, Mia M Blakstad, Alexandra L Bellows, Chelsey R Canavan,
Dominic Mosha, Sabri Bromage, Ramadhani A Noor, Patrick Webb, Shibani Ghosh,

Joyce Kinabo ... Show more

Volume 151, Issue 1

January 2021 The Journal of Nutrition, Volume 151, Issue 1, January 2021, Pages 186-196,
https://doi.org/10.1093/jn/nxaa329
< Previous Next= Published: 26 November 2020  Article history v

HANU Intervention: homestead production of diverse, nutrient-rich foods - vegetable seed, garden training,
behavior change communication, 880 women

Rufiji rural district, Eastern Tanzania, 10 villages from Health and Demographic Surveillance System (HDSS)
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DIET QUALITY FINDINGS

BMI for rural women in Rufiji, Tanzania Frequency of consumption of unhealthy
. . foods by women in rural Tanzania
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FINDINGS

Low food crop diversity: 2 (£2) crops

Food crop diversity: Food crops produced by household

t Positively associated with PDQS, but the association was
strengthened by proximity to markets.

Distance to markets:
lNegativer associated with women’s diet quality

Women’s employment:
Women'’s salaried employment positively associated
with women’s diet quality
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NEXT STEPS

1. We need data on overall diet quality (in addition to diet diversity) in LMICs for all age groups.
« Track increasing consumption of unhealthy foods — women, children etc
2. Further validation of measures of diet quality e.g. GDQS and other refined tools
«  Associations with disease outcomes
3. Evaluation of complex of pathways from food systems to improved diet quality
* Inrural and urban settings — personal and external food environments, agriculture production
4. Policies and programs to improve diet quality:

 Consider market access and women’s access to off-farm income in addition to diversifying
household crop production.

I HARVARD
USAID % TH.CHAN

£ FROM THE AMERICAN PEOPLE

Y .h GERALD J. AND DOROTHY R.
SCHOOL OF PUBLIC HEALTH ® l l T'I.lf Friedman School of
° e 0® Nutrition Science and Policy

UNIVERSITY



The U.S. Government's Global Hunger & Food Security Initiative

ACKNOWLEDGEMENTS

PARTICIPANTS IN HANU AND PNS PROJECTS

IZUMI FOUNDATION

IFAKARA HEALTH INSTITUTE, TANZANIA

» Honorati Masanja, Dominic Mosha

SOKOINE UNIVERSITY, TANZANIA

« Joyce Kinabo

HARVARD TH CHAN SCHOOL OF PUBLIC HEALTH

+ Wafaie W. Fawzi, Mia M. Blakstad, Alexandra L. Bellows, Chelsey R. Canavan, Sabri Bromage, Ramadhani A. Noor
NUTRITION INNOVATION LAB, TUFTS FRIEDMAN SCHOOL OF NUTRITION

* Patrick Webb, Shibani Ghosh

138 o GERALD J. AND DOROTHY R.
; U SAI D HARVARD SCHOOL OF PUBLIC HEALTH .. ' h ' T ft Friedman School of

TH.CHAN ‘e 0® r \yf um§ Nutrition Science and Policy

£ FROM THE AMERICAN PEOPLE



R,

FEED:FUTURE

The U.S. Government's Global Hunger & Food Security Initiative

10.

11.

FROM THE AMERICAN PEOPLE

REFERENCES

Madzorera |, Isanaka S, Wang M, Msamanga Gl, Urassa W, Hertzmark E, Duggan C, Fawzi WW: Maternal dietary diversity and dietary quality scores in relation
to adverse birth outcomes in Tanzanian women. Am J Clin Nutr 2020.

Gicevic S, Gaskins AJ, Fung TT, Rosner B, Tobias DK, Isanaka S, Willett WC: Evaluating pre-pregnancy dietary diversity vs. dietary quality scores as
predictors of gestational diabetes and hypertensive disorders of pregnancy. PLoS One 2018, 13(4):e0195103.

Fung TT, Isanaka S, Hu FB, Willett WC: International food group-based diet quality and risk of coronary heart disease in men and women. The American
journal of clinical nutrition 2018, 107(1):120-129.

Alvarez-Alvarez |, Toledo E, Lecea O, Salas-Salvadé J, Corella D, Buil-Cosiales P, Zomefio MD, Vioque J, Martinez JA, Konieczna J et al: Adherence to a priori
dietary indexes and baseline prevalence of cardiovascular risk factors in the PREDIMED-Plus randomised trial. Eur J Nutr 2020, 59(3):1219-1232.

Alkerwi Aa: Diet quality concept. Nutrition 2014, 30(6):613-618.

Trijsburg L, Talsma EF, de Vries JHM, Kennedy G, Kuijsten A, Brouwer ID: Diet quality indices for research in low- and middle-income countries: a systematic
review. Nutrition reviews 2019, 77(8):515-540.

Sibhatu KT, Qaim M: Review: Meta-analysis of the association between production diversity, diets, and nutrition in smallholder farm households. Food
Policy 2018, 77:1-18.

Jones AD: Critical review of the emerging research evidence on agricultural biodiversity, diet diversity, and nutritional status in low- and middle-income
countries. Nutrition reviews 2017, 75(10):769-782.

Bellon M, Ntandou-Bouzitou G, Caracciolo F: On-Farm Diversity and Market Participation Are Positively Associated with Dietary Diversity of Rural Mothers in
Southern Benin, West Africa. PLoS One 2016, 11(9):e0162535.

Bellows AL, Canavan CR, Blakstad MM, Mosha D, Noor RA, Webb P, Kinabo J, Masanja H, Fawzi WW: The Relationship Between Dietary Diversity Among
Women of Reproductive Age and Agricultural Diversity in Rural Tanzania. Food Nutr Bull 2019:379572119892405.

Arimond M, Wiesmann D, Becquey E, Carriquiry A, Daniels MC, Deitchler M, Fanou-Fogny N, Joseph ML, Kennedy G, Martin-Prevel Y et al: Simple food group
diversity indicators predict micronutrient adequacy of women's diets in 5 diverse, resource-poor settings. The Journal of nutrition 2010, 140(11):2059S.

T ® GERALD J. AND DOROTHY R.
} U SAI D HARVARD SCHOOL OF PUBLIC HEALTH .. l h! Tufts Friedman School of
‘e ©®

TH.CHAN

Txivresrty | Nutrition Science and Policy



FEED:FUTURE

The U.S. Government's Global Hunger & Food Security Initiative

&A

GERALD J. AND DOROTHY R.

: Us AI D Tufts Friedman School of

FROM THE AMERICAN PEOPLE Triviesry | Nutrition Science and POliCY




FEED:FUTURE

The U.S. Government's Global Hunger & Food Security Initiative

www.feedthefuture.gov

GERALD J. AND DOROTHY R.

Tufts Friedman School of

Nutrition Science and Policy




