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1.0. Compliance with the Guidelines for Accurate and Transparent
Health Estimates Reporting (GATHER)

ltem #

Checklist item

Description of
Compliance

Objectives and funding

1 Define the indicator(s), populations (including age, Summary; Introduction
sex, and geographic entities), and time period(s) for
which estimates were made.

2 List the funding sources for the work. End Notes

Data Inputs

For all data inputs from multiple sources that are synthesized as part of the study:

3 Describe how the data were identified and how the Methods (Data); Sl
data were accessed. section 2
4 Specify the inclusion and exclusion criteria. Identify Sl section 2;
all ad-hoc exclusions. Supplementary Tables
1-3
5 Provide information on all included data sources and | Supplementary Figures
their main characteristics. For each data source used, 1-5; List of included
report reference information or contact data sources provided
name/institution, population represented, data through
collection method, year(s) of data collection, sex and | http://ghdx.healthdata.or
age range, diagnostic criteria or measurement method, | g/lbd-publication-data-
and sample size, as relevant. input-
sources?field_rec_ihme
publication_tid=29093
6 Identify and describe any categories of input data that | Sl section 2.2
have potentially important biases (e.g., based on
characteristics listed in item 5).
For data inputs that contribute to the analysis but were not synthesized as part of the study:
7 Describe and give sources for any other data inputs. Sl section 3,

Supplementary Table 5

For all data inputs:

8

Provide all data inputs in a file format from which
data can be efficiently extracted (e.g., a spreadsheet
rather than a PDF), including all relevant meta-data
listed in item 5. For any data inputs that cannot be
shared because of ethical or legal reasons, such as
third-party ownership, provide a contact name or the
name of the institution that retains the right to the data.

Available through
http://ghdx.healthdata.or
g/lbd-publication-data-
input-

sources?field rec_ihme
publication tid=29093
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http://ghdx.healthdata.org/lbd-publication-data-input-sources?field_rec_ihme_publication_tid=29093

Data analysis

9 Provide a conceptual overview of the data analysis

method. A diagram may be helpful.

Methods (Analysis),
Extended Data Figure 1;
Sl section 2;
Supplementary Figure 6

10 Provide a detailed description of all steps of the
analysis, including mathematical formulae. This
description should cover, as relevant, data cleaning,
data pre-processing, data adjustments and weighting
of data sources, and mathematical or statistical

model(s).

Methods; S| sections 4

11 Describe how candidate models were evaluated and

how the final model(s) were selected.

Sl section 4.3;
Supplementary Figures
13-15, Supplementary
Table 7

12 Provide the results of an evaluation of model
performance, if done, as well as the results of any

relevant sensitivity analysis.

Sl section 4.3;
Supplementary Table 7

13 Describe methods for calculating uncertainty of the
estimates. State which sources of uncertainty were,
and were not, accounted for in the uncertainty

analysis.

Methods (Geostatistical
model); S sections 4
and 6

14 State how analytic or statistical source code used to

generate estimates can be accessed.

Available through
https://qgithub.com/ihme
uw/lIbd/tree/ebf-Imic-
2021

Results and Discussion

15 Provide published estimates in a file format from

which data can be efficiently extracted.

Available through
http://ghdx.healthdata.or

g/record/ihme-
data/global-exclusive-

breastfeeding-
prevalence-geospatial-
estimates-2000-2019

16 Report a quantitative measure of the uncertainty of the | Supplementary Figures
estimates (e.g., uncertainty intervals). 10-12, Extended Data
Figure 3
17 Interpret results in light of existing evidence. If Discussion

reasons for changes in estimates.

updating a previous set of estimates, describe the

18 Discuss limitations of the estimates. Include a
discussion of any modelling assumptions or data
limitations that affect interpretation of the estimates.

Methods (Limitations);
Sl section 6
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2.0. Data Sources and Processing

The data sources used to model EBF are described below. Information on geographic detail, the
citation(s) and name(s) of the survey(s) used in the mapping of EBF prevalence among infants
under 6 months in low- and middle- income countries (LMICs) can be downloaded through the
GHDx website (http://ghdx.healthdata.org/lIbd-publication-data-input-sources?field_rec_ihme
publication_tid=29093).

Out of 349 surveys, 162 were from the Demographic and Health (DHS) series, 156 from the
UNICEF Multiple Indicator Cluster Survey (MICS) series, and 31 from other sources.
Supplementary Figures 1-5 show the spatial and temporal extent of data availability by country.

Supplementary Information (SI) Section 2.1 provides detailed information on surveys that were
not included in the modelling (Supplementary Tables 1-3). Although they are categorized as
LMICs, we do not estimate for Libya, Djibouti, Ecuador, Venezuela, Malaysia, Sri Lanka, Iran,
or Dominica for which no data were identified meeting the inclusion and exclusion criteria
described below (Sections 2.1 and 2.2), nor do we estimate for island nations where survey data
were not available (Mauritius, Seychelles, and Cape Verde). Supplementary Figure 6 describes
the detailed steps performed during data extraction and data processing workflow.
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Supplementary Figure 1. Data availability in Africa (with Yemen) for EBF among infants under 6 months by type and country, 1998-2018
a, EBF data used in this study for Africa by country. Color indicates the data source: DHS; MICS; or other survey type. Shape type indicates
whether a data source has point (GPS) or polygon (for example, aggregated to an administrative level) location information. Size indicates the
relative effective sample size for each source. A full list of data sources, with additional details about data type (such as survey microdata and
survey reports) and geographic details, is provided through the GHDx website (http://ghdx.healthdata.org/Ibd-publication-data-input-
sources?field_rec_ihme_ publication_tid=29093). b, Maps of EBF data coverage displayed at 5-year intervals. Maps show the spatial resolution of
the underlying data in our models, and the color indicates the EBF prevalence as estimated from the data sources. Countries in white have no
available survey data in the given time range.
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Supplementary Figure 2. Data availability in Central Asia and Middle East for EBF among infants under 6 months by type and country,
1998-2018
15 a, EBF data used in this study for Central Asia and Middle East by country. Color indicates the data source: DHS; MICS; or other survey type.
Shape type indicates whether a data source has point (GPS) or polygon (for example, aggregated to an administrative level) location information.
Size indicates the relative effective sample size for each source. A full list of data sources, with additional details about data type (such as survey
microdata and survey reports) and geographic details, is provided through the GHDx website (http://ghdx.healthdata.org/Ibd-publication-data-
input-sources?field_rec_ihme_ publication_tid=29093). b, Maps of EBF data coverage displayed at 5-year intervals. Maps show the spatial

20  resolution of the underlying data in our models, and the color indicates the EBF prevalence as estimated from the data sources. Countries in white
have no available survey data in the given time range.
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25  Supplementary Figure 3. Data availability in Southeast Asia and Oceania for EBF among infants under 6 months by type and country,

1998-2018

a, EBF data used in this study for Southeast Asia and Oceania by country. Color indicates the data source: DHS; MICS; or other survey type.
Shape type indicates whether a data source has point (GPS) or polygon (for example, aggregated to an administrative level) location information.
Size indicates the relative effective sample size for each source. A full list of data sources, with additional details about data type (such as survey
30  microdata and survey reports) and geographic details, is provided through the GHDx website (http://ghdx.healthdata.org/Ibd-publication-data-
input-sources?field rec_ihme_ publication_tid=29093). b, Maps of EBF data coverage displayed at 5-year intervals. Maps show the spatial

resolution of the underlying data in our models, and the color indicates the EBF prevalence as estimated from the data sources. Countries in white
have no available survey data in the given time range.
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Supplementary Figure 4. Data availability in South Asia for EBF among infants under 6 months by type and country, 1998-2018
a, EBF data used in this study for South Asia by country. Color indicates the data source: DHS; MICS; or other survey type. Shape type indicates
whether a data source has point (GPS) or polygon (for example, aggregated to an administrative level) location information. Size indicates the

40 relative effective sample size for each source. A full list of data sources, with additional details about data type (such as survey microdata and
survey reports) and geographic details, is provided through the GHDx website (http://ghdx.healthdata.org/Ibd-publication-data-input-
sources?field_rec_ihme_ publication_tid=29093). b, Maps of EBF data coverage displayed at 5-year intervals. Maps show the spatial resolution of
the underlying data in our models, and the color indicates the EBF prevalence as estimated from the data sources. Countries in white have no
available survey data in the given time range.

45

10


http://ghdx.healthdata.org/lbd-publication-data-input-sources?field_rec_ihme_%20publication_tid=29093
http://ghdx.healthdata.org/lbd-publication-data-input-sources?field_rec_ihme_%20publication_tid=29093

Bolivia
Peru

Belize

Cuba

Dominican Republic
Guyana

Haiti

Jamaica

Suriname

Trinidad and Tobago

Colombia
Costa Rica
El Salvador
Guatemala
Honduras
Mexico
Nicaragua
Panama

Brazil

Paraguay

1o

2000

Andean Latin America
L]
coAAA

Caribbean

A S

Central Latin America

A

Tropical Latin America
A

2005 2010

2015

Points Polygons

s24 19
2048 72
0 19
0 25
851 88
30 20
838 0
0 28
0 25
0 a4
0 23
0 7
23
30
16
288
0 119
0 295
0 10
0 9

Data Source
B MACRO DHS
M OTHER

M UNICEF MICS

Data Type
® Point
A Polygon

Sample Size
-0

. 300

® 600

® 900

® 1200

1998-2002

2008-2012

2003-2007

2013-2018

Prevalence
of EBF (%)

l 60+

45

30

Supplementary Figure 5. Data availability in Latin America for EBF among infants under 6 months by type and country, 1998-2018

a, EBF data used in this study for Latin America by country. Color indicates the data source: DHS; MICS; or other survey type. Shape type
50 indicates whether a data source has point (GPS) or polygon (for example, aggregated to an administrative level) location information. Size
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microdata and survey reports) and geographic details, is provided through the GHDx website (http://ghdx.healthdata.org/Ibd-publication-data-

input-sources?field_rec_ihme_ publication_tid=29093). b, Maps of EBF data coverage displayed at 5-year intervals. Maps show the spatial

resolution of the underlying data in our models, and the color indicates the EBF prevalence as estimated from the data sources. Countries in white
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Supplementary Table 1. Data excluded from both the geostatistical model and GBD estimates

Standards Measurement Survey — Integrated
Survey on Agriculture 2010-2011. Washington
DC, United States: World Bank.

Country Series Year(s) Citation NID* Rationale for exclusion
Ethiopia LSMS 2015-2016 | Central Statistical Agency (Ethiopia), World 286657 | Estimates considered
Bank. Ethiopia Socioeconomic Survey 2015— implausible (zero values)
2016. Washington DC, United States: World
Bank, 2015.
Mali Multiple Indicator | 2009-2010 | Ministry of Health (Mali), National Institute of | 270627 | Survey estimates are
Cluster Survey Statistics (INSTAT) (Mali), United Nations systematically low compared to
(MICS) Children’s Fund (UNICEF). Mali Multiple estimates from other established
Indicator Cluster Survey 2009-2010. New York, survey series (2006 DHS, 2012
United States: United Nations Children’s Fund DHYS)
(UNICEF), 2017.
Mali LSMS 2014-2015 | Ministry of Rural Development (Mali), National | 260407 | Survey estimates are
Institute of Statistics (INSTAT) (Mali), World implausibly high compared to
Bank. Mali Agricultural Integrated Economic estimates from other established
Survey 2014-2015. Washington DC, United survey series (2012 DHS)
States: World Bank.
Nigeria Core Welfare 2006-2007 | National Bureau of Statistics (Nigeria). Nigeria | 9522 Survey estimates are
Indicators Core Welfare Indicators Questionnaire Survey systematically high compared
Questionnaire 2006. Abuja, Nigeria: National Bureau of to administrative-level
Survey (CWIQ) Statistics (Nigeria). estimates and estimates from
other established survey series
(2008 DHS, 2007 MICS).
Senegal Multiple Indicator | 2015-2016 | National Agency of Statistics and Demography | 287639 | Estimates considered
Cluster Survey (Senegal), United Nations Children’s Fund implausible (zero values).
(MICS) (UNICEF). Senegal — Dakar Urban Multiple
Indicator Cluster Survey 2015-2016. New York,
United States: United Nations Children’s Fund
(UNICEF), 2018.
Uganda LSMS 2010-2011 | Uganda Bureau of Statistics. Uganda Living 142934 | Survey estimates are

systematically high compared
to estimates from other
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Country Series Year(s) Citation NID* Rationale for exclusion
established survey series (2006
DHS, 2011 DHS, 2016 DHS)
Uganda LSMS 2011-2012 | Uganda Bureau of Statistics. Uganda Living 142935 | Survey estimates are
Standards Measurement Survey — Integrated systematically high compared
Survey on Agriculture 2010-2011. Washington to estimates from other
DC, United States: World Bank. established survey series (2006
DHS, 2011 DHS, 2016 DHYS)
Zambia LSMS 1998 Central Statistical Office (Zambia), London 14015 | Estimates considered
School of Hygiene and Tropical Medicine. implausible (zero values).
Zambia Living Conditions Monitoring Survey
1998. Lusaka, Zambia: Central Statistical Office
(Zambia).
Zambia Zambia Living 2002-2003 | Central Statistical Office (Zambia). Zambia 14027 | Estimates considered
Conditions Living Conditions Monitoring Survey 2002— implausible (zero values).
Monitoring 2003. Lusaka, Zambia: Central Statistical Office
Survey (Zambia).
*NID = Data source unique identifier in the Global Health Data Exchange (GHDX) (http://ghdx.healthdata.org/). Additional information about
each data source is available via the GHDX, including information about the data provider and links to where the data can be accessed or
requested (where available). NIDs can be entered in the search bar to retrieve the record for a particular source.

60

65

70

13



http://ghdx.healthdata.org/

Supplementary Table 2. Data excluded from GBD estimates but included in geostatistical model

Cluster Survey
(MICS), DHS
Standard
Demographic and
Health Survey
(DHS), Lao Social
Indicator Survey

Sports (Laos), Ministry of Health (Laos), United
Nations Children's Fund (UNICEF). Laos Multiple
Indicator Cluster Survey 2017. New York, United
States of America: United Nations Children's Fund
(UNICEF), 2018.

Country Series Year(s) | Citation NID* Rationale for exclusion
Brazil Brazil Survey of 2008 Ministry of Health (Brazil). Brazil Survey of 233960 | Not extracted
Prevalence of Prevalence of Breastfeeding in Capitals and the
Breastfeeding in Federal District 2008.
Capitals and the
Federal District
Dominican | Multiple Indicator 2006 National Statistics Office (Dominican Republic), 3465 Not extracted
Republic Cluster Survey United Nations Children's Fund (UNICEF).
(MICS) Dominican Republic Multiple Indicator Cluster
Survey 2006.
Dominican | Dominican Republic | 2009 International Labour Organization (ILO), National 65416 | Not extracted
Republic National Statistics Office (Dominican Republic), United
Multipurpose Nations Children's Fund (UNICEF). Dominican
Household Survey Republic National Multipurpose Household Survey
2009-2010. 2011.
India India National Health | 2005 Central Bureau of Health Intelligence (India). India | 59322 | Not extracted
Profile National Health Profile 2011. New Delhi, India:
Central Bureau of Health Intelligence (India), 2012.
Iraq Multiple Indicator 2018 Central Statistical Organization (Iraq), United 385708 | Released after GBD 2019
Cluster Survey Nations Children's Fund (UNICEF). Irag Multiple data addition deadline
(MICS) Indicator Cluster Survey 2018. New York, United
States of America: United Nations Children's Fund
(UNICEF), 2019.
Laos Multiple Indicator 2017 Lao Statistics Bureau, Ministry of Education and 375362 | Not extracted
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(LSIS), DHS
Program Surveys

Madagascar | Multiple Indicator 2012 National Institute of Statistics (Madagascar), United | 125594 | Not nationally
Cluster Survey Nations Children's Fund (UNICEF). Madagascar — representative. Only
(MICS) South Multiple Indicator Cluster Survey 2012. New sampled the south of
York, United States of America: United Nations Madagascar.
Children's Fund (UNICEF), 2015.
Mali Multiple Indicator 2015 Ministry of Health (Mali), Ministry of Planning 248224 | Not extracted
Cluster Survey (Mali), National Institute of Statistics (INSTAT)
(MICS) (Mali), United Nations Children's Fund (UNICEF).
Mali Multiple Indicator Cluster Survey 2015. New
York, United States of America: United Nations
Children's Fund (UNICEF), 2017.
Mali Multiple Indicator 2010 Ministry of Health (Mali), National Institute of 270627 | Not extracted
Cluster Survey Statistics (INSTAT) (Mali), United Nations
(MICS) Children's Fund (UNICEF). Mali Multiple Indicator
Cluster Survey 2009-2010. New York, United
States of America: United Nations Children's Fund
(UNICEF), 2017.
Mali Mali National 2016 National Directorate of Health (Mali), National 297069 | Not extracted
Anthropometric Institute of Statistics (INSTAT) (Mali). Mali
Nutrition Survey and National Anthropometric Nutrition Survey and
Mortality Mortality Retrospective June—August 2016.
Retrospective
Mexico Mexico National 2006 National Institute of Public Health (Mexico). 8618 Not extracted
Survey of Health and Mexico National Survey of Health and Nutrition
Nutrition 2005-2006. Cuernavaca, Mexico: National Institute
(ENSANUT) of Public Health (Mexico).
Mongolia Multiple Indicator 2016 National Statistical Office of Mongolia, United 336042 | Not nationally

Cluster Survey
(MICS)

Nations Children's Fund (UNICEF). Mongolia —
Nalaikh District Multiple Indicator Cluster Survey
2016. New York, United States of America: United
Nations Children's Fund (UNICEF), 2018.

representative. Only

sampled Nalaikh district in

the municipality of
Ulaanbaatar.
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Mongolia

Mongolia National
Nutrition Survey

2016

Ministry of Health (Mongolia), National Center for
Public Health (Mongolia), United Nations Children's
Fund (UNICEF). Mongolia National Nutrition
Survey 2016.

340363

Not extracted

Nepal

NA

2009

Renzaho AMN. Child Grant Programme and the
Health and Nutritional Well-being of Under-Five
Children in the Karnali Zone of Nepal: Assessing
the Impact of Integrated Social Protection Services
and Trend Analysis in Five Districts-Re-analysis of
secondary data. New York, United States: United
Nations Children's Fund (UNICEF), 2017,

330625

Not extracted

Nepal

NA

2013

Renzaho AMN. Child Grant Programme and the
Health and Nutritional Well-being of Under-Five
Children in the Karnali Zone of Nepal: Assessing
the Impact of Integrated Social Protection Services
and Trend Analysis in Five Districts-Re-analysis of
secondary data. New York, United States: United
Nations Children's Fund (UNICEF), 2017.

330625

Not extracted

Nepal

NA

2015

Renzaho AMN. Child Grant Programme and the
Health and Nutritional Well-being of Under-Five
Children in the Karnali Zone of Nepal: Assessing
the Impact of Integrated Social Protection Services
and Trend Analysis in Five Districts-Re-analysis of
secondary data. New York, United States: United
Nations Children's Fund (UNICEF), 2017.

330625

Not extracted

Niger

Niger Nutrition and
Child Survival
Survey

2009

Ministry of Public Health (Niger), National Institute
of Statistics (Niger). Niger Nutrition and Child
Survival Survey 2009.

160053

Not extracted

Pakistan

DHS Standard
Demographic and
Health Survey

2018

ICF International, Ministry of National Health
Services, Regulations & Coordination (Pakistan),
National Institute of Population Studies (Pakistan).
Pakistan Demographic and Health Survey 2017—

286783

Released after GBD 2019
data addition deadline
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(DHS), DHS

Program Surveys

2018. Fairfax, United States of America: ICF
International, 2018.

Pakistan Multiple Indicator 2017 Pakistan Bureau of Statistics, Planning and 308316 | Not nationally
Cluster Survey Development Department, Government of Gilgit- representative. Only
(MICS) Baltistan (Pakistan), United Nations Children's Fund sampled Gilgit-Baltistan in
(UNICEF). Pakistan — Gilgit-Baltistan Multiple Pakistan.
Indicator Cluster Survey 2016-2017. New York,
United States of America: United Nations Children's
Fund (UNICEF), 2020.
Palestine Pan Arab Project for | 2006 League of Arab States, Palestinian Central Bureau of | 9999 Not extracted
Family Health Statistics, United Nations Children's Fund
(PAPFAM) (UNICEF). Palestine Family Health Survey 2006—
2007.
Rwanda NA 2006 Concern Worldwide. Rwanda — Gisagara 24148 | Not extracted
Knowledge, Practices, and Coverage of Services
Survey 2006.
Somalia Somalia District 2003 International Federation of Red Cross and Red 142166 | Not extracted
Nutrition Survey Crescent Societies, Muslim Aid, United Nations
Children's Fund (UNICEF). Somalia — Jubbada
Hoose Nutrition Survey in Kismayo District 2003.
Thailand Multiple Indicator 2016 National Health Security Office (Thailand), National | 296646 | Not extracted
Cluster Survey Statistical Office (Thailand), United Nations
(MICS) Children's Fund (UNICEF). Thailand Multiple
Indicator Cluster Survey 2015-2016. New York,
United States of America: United Nations Children's
Fund (UNICEF), 2018,
Timor-Leste | NA 2013 Ministry of Health (Timor-Leste). Timor-Leste Food | 286211 | Not extracted
and Nutrition Survey 2013.
Yemen NA 2011 Ministry of Public Health and Population (Yemen), | 291261 | Not extracted

United Nations Children's Fund (UNICEF). Yemen
— Al Hudaydah Nutrition Survey Among Under 5
Children 2011.
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Yemen Yemen Nutritional 2016 Ministry of Public Health and Population (Yemen), | 292315 | Not extracted
Status and Mortality United Nations Children's Fund (UNICEF). Yemen
Survey — Ad Dali Nutritional Status and Mortality Survey
2016.
Yemen Yemen Nutritional 2017 Ministry of Public Health and Population (Yemen), | 292489 | Not extracted
Status and Mortality United Nations Children's Fund (UNICEF). Yemen
Survey — Shabwah Nutritional Status and Mortality Survey
2017.
Yemen Yemen Nutritional 2016 Ministry of Public Health and Population (Yemen), | 292491 | Not extracted
Status and Mortality United Nations Children's Fund (UNICEF). Yemen
Survey — San,Aoa Nutrition Survey 2016.
Yemen Yemen Nutritional 2018 Action Against Hunger (ACF), Ministry of Public 373856 | Not extracted
Status and Mortality Health and Population (Yemen), United Nations
Survey Children's Fund (UNICEF). Yemen — Hajjah
Nutrition and Retrospective Mortality Survey 2018.
Yemen Yemen Nutritional 2018 Abyan Governmental Health Office, Action Against | 373862 | Not extracted
Status and Mortality Hunger (ACF), Ministry of Public Health and
Survey Population (Yemen). Yemen — Abyan Nutrition
and Retrospective Mortality Survey 2018.
Yemen Yemen Nutritional 2017 Ministry of Public Health and Population (Yemen), | 373869 | Not extracted
Status and Mortality United Nations Children's Fund (UNICEF). Yemen
Survey — Ibb Nutrition and Mortality Survey 2017.
Zambia Zambia Living 2010 Central Statistical Office (Zambia). Zambia Living | 58660 | Not extracted
Conditions Conditions Monitoring Survey 2010.
Monitoring Survey
Zambia NA 2014 European Union (EU), Government of Zambia, 281731 | Not extracted

Liverpool School of Tropical Medicine, United
Nations Children's Fund (UNICEF). Zambia Lot
Assurance Quality Sampling Survey 2014.

*NID = Data source unique identifier in the Global Health Data Exchange (GHDX) (http://ghdx.healthdata.org/). Additional information about
each data source is available via the GHDX, including information about the data provider and links to where the data can be accessed or

requested (where available). NIDs can be entered in the search bar to retrieve the record for a particular source.
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Supplementary Table 3. Data excluded from geostatistical model but included in GBD estimates

Country Series Year(s) | Citation NID* Rationale for exclusion
Afghanistan Multiple Indicator 2003 Central Statistics Organization 561 The data is not
Cluster Survey (Afghanistan), United Nations Children's subnationally
(MICS) Fund (UNICEF). Afghanistan Multiple representative.
Indicator Cluster Survey 2003.
Afghanistan Afghanistan Health 2006 Indian Institute of Health Management 18468 The data is not
Survey (AHS) Research (IIHMR), Johns Hopkins subnationally
University, Ministry of Public Health representative.
(Afghanistan). Afghanistan Health Survey
2006.
Algeria Multiple Indicator 2000 Ministry of Health and Population (Algeria), | 26449 There is no sample size for
Cluster Survey National Institute of Public Health (Algeria), each of the subnational
(MICS) National Office of Statistics (Algeria), location.
United Nations Children's Fund (UNICEF).
Algeria Multiple Indicator Cluster Survey
2000.
Algeria Pan Arab Project for 2002 National Office of Statistics (Algeria), 627 Missing age in months.
Family Health Ministry of Health, Population and Hospital
(PAPFAM) Reform (Algeria), League of Arab States.
Algeria Family Health Survey 2002—2003.
Colombia DHS Standard 2004 Macro International, Inc, Profamilia 19324 Estimates considered
Demographic and (Colombia). Colombia Demographic and implausible (zero or
Health Survey (DHS), Health Survey 2004-2005. Fairfax, United extreme values).
DHS Program Surveys States of America: ICF International, 2005.
Colombia DHS Standard 2009 ICF Macro, Profamilia (Colombia). 21281 Estimates considered
Demographic and Colombia Demographic and Health Survey implausible (zero or
Health Survey (DHS), 2009-2010. Fairfax, United States of extreme values).
DHS Program Surveys America: ICF International, 2011.
Dominican DHS Standard 2002 Center for Social and Demographic Studies 19444 Estimates considered
Republic Demographic and (Dominican Republic) (CESDEM), Macro implausible (zero or

Health Survey (DHS),
DHS Program Surveys

International, Inc. Dominican Republic
Demographic and Health Survey 2002.

extreme values).
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Fairfax, United States of America: ICF
International.

El Salvador Reproductive Health 2002 Asociacion Demografica Salvadorefia 27599 Missing relevant
Survey (RHS) (ADS), Division of Reproductive Health — breastfeeding indicators.
Centers for Disease Control and Prevention
(CDC). (2004) El Salvador Reproductive
Health Survey 2002-2003. San Salvador, El
Salvador: ADS.
El Salvador Reproductive Health 2008 Asociacion Demografica Salvadorefia 27606 Missing relevant
Survey (RHS) (ADS), Division of Reproductive Health — breastfeeding indicators.
Centers for Disease Control and Prevention
(CDC). (2009) EI Salvador Reproductive
Health Survey 2008. San Salvador, El
Salvador: ADS.
Equatorial DHS Standard 2011 ICF International, Ministry of Health and 76884 The data is not
Guinea Demographic and Social Welfare (Equatorial Guinea), Ministry subnationally
Health Survey (DHS), of Planning, Economic Development and representative.
DHS Program Surveys Public Investment (Equatorial Guinea).
Equatorial Guinea Demographic and Health
Survey 2011. Fairfax, United States of
America: ICF International, 2012.
Guinea-Bissau Multiple Indicator 2000 Secretary State of Planning, National 4808 Estimates considered
Cluster Survey Institute of Statistics and Census (INEC), implausible (zero or
(MICS) United Nations Children's Fund (UNICEF). extreme values).
Guinea-Bissau Multiple Indicator Cluster
Survey 2000. New York, United States:
United Nations Children's Fund (UNICEF).
Guinea-Bissau Multiple Indicator 2010 Centers for Disease Control and Prevention 27215 Missing relevant

Cluster Survey
(MICS)

(CDC), National Statistics Institute (Guinea-
Bissau), United Nations Children's Fund
(UNICEF). Guinea-Bissau Multiple Indicator
Cluster Survey 2010. New York, United

breastfeeding indicators.
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States: United Nations Children's Fund
(UNICEF), 2018.

Honduras

Reproductive Health
Survey (RHS)

2001

Honduras Family Planning Association
(ASHONPLAFA), Ministry of Health
(Honduras), and Division of Reproductive
Health — Centers for Disease Control and
Prevention (CDC). Honduras Reproductive
Health Survey 2001. Tegucigalpa, Honduras:
Honduras Family Planning Association
(ASHONPLAFA).

27551

Missing relevant
breastfeeding indicators.

India

Multiple Indicator
Cluster Survey
(MICS)

2000

United Nations Statistical Division, World
Health Organization (WHO), United Nations
Educational, Scientific, and Cultural
Organization (UNESCO), United Nations
Population Fund (UNFPA), World Bank
(WB), London School of Hygiene and
Tropical Medicine, United Nations
Children's Fund (UNICEF). India Multiple
Indicator Cluster Survey 2000. New York,
United States: United Nations Children's
Fund (UNICEF).

5127

There is no sample size for

each of the subnational
location.

Indonesia

DHS Standard
Demographic and
Health Survey (DHS),
DHS Program Surveys

2002

Macro International, Inc, Ministry of Health
(Indonesia), National Family Planning
Coordinating Board (Indonesia), Statistics
Indonesia. Indonesia Demographic and
Health Survey 2002—2003. Fairfax, United
States of America: ICF International.

20011

Estimates considered
implausible (zero or
extreme values).

Jordan

DHS Standard
Demographic and
Health Survey (DHS),
DHS Program Surveys

2002

Department of Statistics (Jordan), Macro
International, Inc. Jordan Demographic and
Health Survey 2002. Fairfax, United States
of America: ICF International.

20073

Estimates considered
implausible (zero or
extreme values).
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Kenya Multiple Indicator 2007 Kenya National Bureau of Statistics, United | 155335 | Estimates considered
Cluster Survey Nations Children's Fund (UNICEF). Kenya implausible (zero or
(MICS) — North Eastern Province Multiple Indicator extreme values).
Cluster Survey 2007. Nairobi, Kenya: Kenya
National Bureau of Statistics.
Laos Laos Reproductive 2005 National Statistical Center (Laos). Laos 43045 The survey does not
Health Survey Reproductive Health Survey 2005. specify a 24-hour recall
period.
Lesotho Multiple Indicator 2000 Bureau of Statistics (Lesotho), United 7721 Missing survey weights.
Cluster Survey Nations Children's Fund (UNICEF). Lesotho
(MICS) Multiple Indicator Cluster Survey 2000. New
York, United States of America: United
Nations Children's Fund (UNICEF).
Morocco Multiple Indicator 2006 Ministry of Health (Morocco), United 8852 The data is not
Cluster Survey Nations Children's Fund (UNICEF). subnationally
(MICS) Morocco Multiple Indicator Cluster Survey representative.
2006.
Nepal DHS Standard 2001 Macro International, Inc, Ministry of Health | 20450 Estimates considered
Demographic and and Population (Nepal), New ERA. Nepal implausible (zero or
Health Survey (DHS), Demographic and Health Survey 2001. extreme values).
DHS Program Surveys Fairfax, United States of America: ICF
International.
Nicaragua Reproductive Health 2006 Division of Reproductive Health, Centers for | 9270 Missing relevant
Survey (RHS) Disease Control and Prevention (CDC), breastfeeding indicators.
National Institute for Development
Information (Nicaragua). Nicaragua
Reproductive Health Survey 2006—2007.
Managua, Nicaragua: National Institute for
Development Information (Nicaragua).
Nigeria Nigeria General 2008 Central Bank of Nigeria, National Bureau of | 24915 Estimates considered

Household Survey

Statistics (Nigeria), Nigerian
Communications Commission (NCC).
Nigeria General Household Survey 2008.

implausible (zero or
extreme values).
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Pakistan Multiple Indicator 2014 Bureau of Statistics Punjab (Pakistan), 236266 | Estimates considered
Cluster Survey United Nations Children's Fund (UNICEF). implausible (zero or
(MICS) Pakistan — Punjab Multiple Indicator extreme values).
Cluster Survey 2014. New York, United
States of America: United Nations Children's
Fund (UNICEF), 2015.
Paraguay Reproductive Health 2004 Division of Reproductive Health — Centers | 10370 Missing relevant
Survey (RHS) for Disease Control and Prevention (CDC). breastfeeding indicators.
(2005): Paraguay Reproductive Health
Survey 2004. Asuncion, Paraguay,
Paraguayan Center for Population Studies
(CEPEP).
Paraguay Reproductive Health 2008 Paraguay Center for Population Studies 27525 Missing relevant
Survey (RHS) (CEPEP). Paraguay Reproductive Health breastfeeding indicators.
Survey 2008. Asuncién, Paraguay:
Paraguayan Center for Population Studies
(CEPEP).
The Philippines | DHS Standard 2003 Macro International, Inc, National Statistics | 20699 Estimates considered
Demographic and Office (Philippines). Philippines implausible (zero or
Health Survey (DHS), Demographic and Health Survey 2003. extreme values).
DHS Program Surveys Fairfax, United States of America: ICF
International.
Republic of the | DHS Standard 2005 Macro International, Inc, National Center for | 19391 Missing relevant
Congo Demographic and Statistics and Economic Studies (Congo, breastfeeding indicators.
Health Survey (DHS), Rep.). Congo Demographic and Health
DHS Program Surveys Survey 2005. Fairfax, United States of
America: ICF International.
Sudan Multiple Indicator 2010 Federal Ministry of Health and Central 153563 | Missing age in months.

Cluster Survey
(MICS)

Bureau of Statistics, Sudan Household and
Health Survey — 2, 2012, National report.
Khartoum, Republic of Sudan: Federal
Ministry of Health and Central Bureau of
Statistics.
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Syria Pan Arab Project for 2001 Central Bureau of Statistics (Syria), League | 12379 Missing relevant
Family Health of Arab States. Syria Family Health Survey breastfeeding indicators.
(PAPFAM) 2001.
Syria Multiple Indicator 2006 General Administration for Palestine Arab 10023 The data is not
Cluster Survey Refugees (GAPAR), Palestinian Central representative of Syrian
(MICS) Bureau of Statistics, Pan Arab Project for population.
Family Health (PAPFAM), United Nations
Children's Fund (UNICEF). Palestinians in
Syria Multiple Indicator Cluster Survey
2006.
Tunisia Multiple Indicator 2006 Ministry of Public Health (Tunisia), National | 12985 Lacking geographic
Cluster Survey Office for Family and Population, Ministry information.
(MICS) of Public Health (Tunisia), United Nations
Children's Fund (UNICEF). Tunisia Multiple
Indicator Cluster Survey 2006.
Turkmenistan DHS Standard 2000 Gurbansoltan Eje Clinical Research Center 20956 The report is in Turkmen
Demographic and for Maternal and Child Health and has not been translated
Health Survey (DHS), (GECRCMCH), Macro International, Inc, for this round of modeling.
DHS Program Surveys Ministry of Health and Medical Industry
(Turkmenistan). Turkmenistan Demographic
and Health Survey 2000.
Uganda Child Verbal Autopsy | 2007 MEASURE Evaluation Project, Carolina 23289 Lacking geographic
Study (CVAS) Population Center, University of North information.
Carolina, Macro International, Inc, Ministry
of Health (Uganda), Uganda Bureau of
Statistics. Uganda Child Verbal Autopsy
Study 2007. Calverton, United States: Macro
International, Inc.
Vietnam Multiple Indicator 2010 General Statistics Office (Vietnam), United | 57999 The data can not be

Cluster Survey
(MICS)

Nations Children's Fund (UNICEF). Vietnam
Multiple Indicator Cluster Survey 2010—
2011. New York, United States of America:
United Nations Children's Fund (UNICEF).

geomatched to the correct
subnational locations.
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Zambia Zambia Living 2004 Central Statistical Office (Zambia). Zambia | 14063 Estimates considered
Conditions Monitoring Living Conditions Monitoring Survey 2004— implausible (zero or
Survey 2005. Lusaka, Zambia: Central Statistical extreme values).
Office (Zambia).

*NID = Data source unique identifier in the Global Health Data Exchange (GHDX) (http://ghdx.healthdata.org/). Additional information
about each data source is available via the GHDX, including information about the data provider and links to where the data can be accessed
or requested (where available). NIDs can be entered in the search bar to retrieve the record for a particular source.
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2.1. Data excluded from model
To identify potential survey biases, we reviewed national-level survey estimates for each country
and compared with national-level estimates from DHS, GBD, and the geospatial model. In cases
where a survey’s estimates appeared implausible in comparison with other existing survey-based
80  data sources, we inspected differences in definitions, data collection, or other methodological
explanations. Supplementary Table 1 provides a list of surveys that were excluded from both
geostatistical model and GBD 2019 estimates®. Supplementary Table 2 provides a list of surveys
that were included in the geostatistical model but excluded from GBD estimates (in cases where
surveys were non-nationally representative but could provide spatial information for the
85  geostatistical model). Additionally, a number of surveys were included in GBD estimates but
excluded from the geostatistical model (Supplementary Table 3). For each case, we specified
reasons for exclusion in the tables.

2.2. Data processing
90 The technical descriptions of data processing and methods for resampling are consistent with
those previously used in the geospatial modelling of EBF across Africa?.

The scope of our data extraction included Demographic and Health Surveys (DHS), Multiple
Indicator Cluster Surveys (MICS) and country-specific surveys collected from 1998 to 2018 in
95 LMICs. As a first step, we completed the following data extraction process:
e Searched the Global Health Data Exchange (GHDx: http://ghdx.healthdata.org/) for all
surveys in LMICs tagged as containing exclusive breastfeeding indicators of interest;
e Designed and tested a codebook, or survey data extraction framework, for breastfeeding
variables present in the household surveys;
100 e Extracted and geo-matched (either to GPS data or administrative units) all surveys
available for LMICs;
e Refreshed our query of the GHDx for surveys performed in LMICs.

Some surveys directly ask the question: “did you exclusively breastfeed?”. However, in our
105 preliminary analysis we found that responses to this question were widely inconsistent across
surveys. This is likely because the respondent may not understand the meaning of “exclusively
breastfeed” or the question may be misinterpreted with translation. Instead, we used the
following survey response information to determine exclusive breastfeeding for children under
six months:
110 e Whether the child is still being breastfed;
e Food and liquid items given to a child in the past 24 hours.

Surveys were excluded from this analysis if they lacked subnational geographic identifiers, were
not available at the individual level, or did not contain sufficient information to generate the
115  exclusive breastfeeding indicator. Specifically, our inclusion criteria for survey microdata with
complete records were the following:
e “Survey responses must be available at the individual level;
e Survey must contain subnational geographic identifiers, which could include either
subnational areal units (typically administrative units) or GPS coordinates. Data
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referenced to subnational areal units must also contain survey weights for each
observation;

e Survey must have been conducted between 1998 and 2018;

e Survey must contain questions about the age of the child, whether the child is still being
breastfed, and whether the child has consumed other food or liquid items. Typically,
consumption during the past 24 hours is recorded. In 22 out of 349 household surveys,
the question about food or liquid items did not specify a particular recall period. After
performing sensitivity analysis, we decided to keep those surveys in our model.

In cases where survey microdata were not available, we were instead able to include estimates of
EBF prevalence from survey reports. Survey reports were excluded from this analysis if they
lacked subnational geographic identifiers, did not include a sample size or confidence interval, or
the estimates reported appeared implausible. Specifically, our inclusion criteria for these surveys
were the following:
e Survey must contain subnational identifiers, which could include subnational areal units
(typically administrative units);
e Survey must have been conducted between 1998 and 2018;
e Survey must contain the prevalence of exclusive breastfeeding with a sample size or the
lower and upper bounds for the 95% confidence interval.

After data extraction, the following steps were performed prior to using these data in our models:
e Aggregated the individual-level responses from survey microdata to calculate EBF
prevalence and the effective sample size at the finest possible spatial resolution available,
incorporating individual-level sample weights and using the Kish approximation® for the
effective sample size.

o For surveys where a latitude and longitude pair representing the location of each
survey cluster were available (“point data”), data were aggregated to these
specific coordinates.

o For surveys where cluster-specific latitude and longitude pairs were not available,
the smallest geographic area was used instead (“polygon data”). Typically, these
polygons correspond to administrative units.

e Resampled data matched to polygons to generate pseudo-point data based on the

underlying population distribution within the polygon.

The methods for the resampling are consistent with those previously used in geospatial
modelling of under-5 mortality”. Specifically, for each polygon-level observation, we randomly
sampled 10,000 locations among 5 x 5-km grid cells in the given polygon with probability
proportional to grid-cell population. Grid cells were defined to be contained within the polygon
if their centroid fell within the geographic boundary. We performed k-means clustering (with k
set to 1 per 40 grid cells) on the sampled points to generate a reduced set of locations to be used
in modelling based on the k-means cluster centroids. Weights were assigned to each pseudo-
point proportional to the number of sampled points contained in each of the k-means clusters
(i.e., the number of sampled points divided by 10,000). Each pseudo-point generated by this
process was assigned the EBF prevalence and sample size observed for the polygon as a whole,
and the weights associated with each pseudo-point were applied during all stages of model
fitting.
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Supplementary Figure 6. Flowchart for data extraction (a) and data cleaning (b) processes

(a) Data extraction refers to the manual extraction process where a survey will be excluded if it does not contain geography variables that we can
match to, specific questions for exclusive breastfeeding, and field for age information; (b) Data cleaning refers to the process where the extractions
170  are collapsed in our post-processing code and we exclude a survey if it does not contain survey weights, sufficient geographic information, age
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information that can be converted to months, observations in our time study period, observations for children 0-5 months, or valid responses for
specific breastfeeding questions. We also exclude surveys that contain outlier observations at this stage.
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2.3. Geographic inclusion

We included 94 low- and middle- income countries (LMIC) in this analysis. LMIC status was determined by the Global Burden of
175 Disease’s (GBD) Socio-demographic Index (SDI), which is a composite variable of poverty, education, and fertility and which

indicates a country’s level of development. The countries of Ecuador, Venezuela, Malaysia, Sri Lanka, Iran, Djibouti, Libya, Cape

Verde, Dominica, Grenada, and Seychelles were excluded despite Low, Low-Middle, or Middle status due to insufficient data.

Supplementary Figure 7 represents a map of the countries included in this study, and Supplementary Table 4 provides the list of 94

countries along with region name, SDI and ISO3 code for each country.

Modelling Regions
- Andean South America
- Central America and the Caribbean

I:I Central Asia

D Central Sub-Saharan Africa

- EastAsia

- Eastern Sub-Sarahan Africa
[ middie East

I:] North Africa

- Oceania

I:l South Asia

- Southeast Asia

- Southern Sub-Saharan Africa
- Tropical South America

180 I:I Western Sub-Saharan Africa
Supplementary Figure 7. Countries included in this analysis and modeling regions
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Supplementary Table 4. Countries included in the analysis (94) grouped by modelling

regions.
Region name Country name ISO3 | Socio-demographic
Code | Index
Andean South America Bolivia BOL | Low-Middle SDI
Colombia COL | Middle SDI
Peru PER | Middle SDI
Trinidad and Tobago TTO | Middle SDI
Central America and the Belize BLZ | Low-Middle SDI
Caribbean Costa Rica CRI | Middle SDI
Cuba CUB | Middle SDI
Dominican Republic DOM | Low-Middle SDI
El Salvador SLV | Low-Middle SDI
Guatemala GTM | Low-Middle SDI
Haiti HTI | Low SDI
Honduras HND | Low-Middle SDI
Jamaica JAM | Middle SDI
Mexico MEX | Middle SDI
Nicaragua NIC | Low-Middle SDI
Panama PAN | Middle SDI
Central Asia Afghanistan AFG | Low SDI
Kyrgyzstan KGZ | Low-Middle SDI
Pakistan PAK | Low-Middle SDI
Tajikistan TIJK | Low-Middle SDI
Turkmenistan TKM | Middle SDI
Uzbekistan UZB | Middle SDI
Central sub-Saharan Angola AGO | Low-Middle SDI
Africa Central African Republic CAF | Low SDI
Democratic Republic of the COD | Low SDI
Congo
Equatorial Guinea GNQ | Middle SDI
Gabon GAB | Middle SDI
Republic of the Congo COG | Low-Middle SDI
East Asia Mongolia MNG | Middle SDI
Eastern sub-Saharan Burundi BDI | Low SDI
Africa Comoros COM | Low SDI
Eritrea ERI Low SDI
Ethiopia ETH | Low SDI
Kenya KEN | Low-Middle SDI
Madagascar MDG | Low SDI
Malawi MWI | Low SDI
Mozambique MOZ | Low SDI
Rwanda RWA | Low SDI
Somalia SOM | Low SDI
South Sudan SSD | Low SDI
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Tanzania TZA | Low SDI
Uganda UGA | Low SDI
Yemen YEM | Low SDI
Zambia ZMB | Low-Middle SDI
Middle East Iraq IRQ | Low-Middle SDI
Jordan JOR | Middle SDI
Palestine PSE | Low-Middle SDI
Syria SYR | Middle SDI
North Africa Algeria DZA | Middle SDI
Egypt EGY | Low-Middle SDI
Morocco MAR | Low-Middle SDI
Sudan SDN | Low-Middle SDI
Tunisia TUN | Middle SDI
Oceania Indonesia IDN | Middle SDI
Papua New Guinea PNG | Low SDI
The Philippines PHL | Middle SDI
Timor-Leste TLS | Low-Middle SDI
South Asia Bangladesh BGD | Low SDI
Bhutan BTN | Low-Middle SDI
India IND | Low-Middle SDI
Nepal NPL | Low SDI
Southeast Asia Cambodia KHM | Low-Middle SDI
Laos LAO | Low-Middle SDI
Myanmar MMR | Low-Middle SDI
Thailand THA | Middle SDI
Vietnam VNM | Middle SDI
Southern sub-Saharan Botswana BWA | Middle SDI
Africa Eswatini SWZ | Low-Middle SDI
Lesotho LSO | Low-Middle SDI
Namibia NAM | Middle SDI
South Africa ZAF | Middle SDI
Zimbabwe ZWE | Low-Middle SDI
Tropical South America Brazil BRA | Middle SDI
Guyana GUY | Low-Middle SDI
Paraguay PRY | Middle SDI
Suriname SUR | Middle SDI
Western sub-Saharan Benin BEN | Low SDI
Africa Burkina Faso BFA | Low SDI
Cameroon CMR | Low-Middle SDI
Chad TCD | Low SDI
Céte d'lvoire ClV | Low SDI
Gambia GMB | Low SDI
Ghana GHA | Low-Middle SDI
Guinea GIN | Low SDI
Guinea-Bissau GNB | Low SDI
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Liberia LBR | Low SDI
Mali MLI | Low SDI
Mauritania MRT | Low-Middle SDI
Niger NER | Low SDI
Nigeria NGA | Low-Middle SDI
Sdo Tomé and Principe STP | Low-Middle SDI
Senegal SEN | Low SDI
Sierra Leone SLE | Low SDI
Togo TGO | Low SDI

3.0. Covariates
The descriptions of covariates for the underlying geostatistical model are consistent with those
previously used in the geospatial modelling of EBF across Africa?.

In these analyses, we included the following socioeconomic, environmental, and health-related
covariates to improve the predictions of exclusive breastfeeding: urban proportion of the location
™V, night-time lights ™V, travel time to the nearest settlement >50,000 inhabitants, population ™,
Human Development Index (HDI) T, educational attainment in women of reproductive age (15—
49 years old) ™V, number of people whose daily vitamin A needs could be met, number of
children under 5 per woman of childbearing age ™, Healthcare Access and Quality Index
(HAQI) ™, proportion of pregnant women who received four or more antenatal care visits ™,
and human immunodeficiency virus (HIV) prevalence ™V ("V=time-varying covariates). Of these,
the covariates for the Healthcare Access and Quality Index® and the proportion of pregnant
women who received four or more antenatal care visits® were indexed at the national level, while
all others were indexed at the subnational level.

These covariates were selected because they are factors or proxies for factors that previous
literature has identified to be associated (not necessarily causally) with exclusive breastfeeding
prevalence. The first four covariates were included as measures or proxies for connectedness and
urbanicity as EBF is typically found to be different in urban areas compared to rural locations’~
11 Human Development Index (HDI; a composite indicator of key aspects of development:
namely, education, economy, and health) was chosen based on prior studies relating country
development to EBF*. Educational attainment in women of reproductive age (15-49 years old)
was included because previous studies highlight education as a maternal factor influencing the
decision to initiate and continue EBF*3*, Number of people whose daily vitamin A needs could
be met was chosen as a proxy of maternal nutrition while breastfeeding®>¢. Number of children
under 5 per woman of childbearing age was selected as a previous study suggest that EBF rates
are higher among women with more than 4 children®’. Healthcare Access and Quality Index was
chosen because maternal care practices that promote breastfeeding are influenced by access to
high-quality health care®*°. Proportion of pregnant women who received four or more antenatal
care visits due to positive association between EBF and antenatal care?®. Human
immunodeficiency virus (HIV) was included given the known risks of mother-to-child
transmission of HIV and consequent potential avoidance of breastfeeding in hyperendemic
settings over the study period?'~2*, These covariates underwent spatial and temporal processing
in preparation for their inclusion in analysis.
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Spatial processing involved resampling the input covariate raster to align the spatial resolution of
the covariate to the 5 x 5-km resolution used in modelling. For covariates that were originally at
a finer resolution, we resampled the raster by taking the neighbourhood average (travel time to
the nearest settlement of more than 50,000 inhabitants, night-time lights) or using the nearest
neighbour (urbanicity) or sum (total population) of the finer covariate raster to produce one ata 5
x 5-km resolution. Educational attainment in women of reproductive age and HIV covariates
were natively at a 5 x 5-km resolution and thus did not require additional spatial processing. For
covariates that were originally at lower resolution (HDI and nutritional yield for vitamin A), we
resampled the raster using bilinear interpolation, with the effect of smoothing some of the hard
grid-cell boundaries in the raw data to make for a 5 x 5-km resolution raster.

Temporal processing was required in instances where the original temporal resolution of the
covariate was anything other than annual. To resolve from a coarser time period to an annual
time period, we filled the intervening years with the value from the nearest neighbouring year
(urbanicity) or utilizing an exponential growth rate model (total population). Night-time lights,
educational attainment, and HIV prevalence were available at a one-year temporal resolution and
did not require interpolation. As travel time to the nearest settlement of more than 50,000
inhabitants and nutritional yield for vitamin A covariates were available only for a single
representative year (2015 and 2005, respectively) these covariates were set to be unchanged over
time. After interpolation, night-time lights, human development index and urbanicity were still
missing the most recent years of the 2000 to 2018 analysis period, and in these instances we
filled out the end of the time-series carrying forward the most recent year without modification.

We filtered these covariates for multi-collinearity within each modeling region (see
Supplementary Figure 7) using variance inflation factor?® (VIF) analysis based on a threshold of
VIF <3. We list detailed information on temporal resolution and source(s) for each included
covariate (11) in Supplementary Table 5. In addition, calendar year was utilized as a covariate in
our model. Supplementary Figure 8 provides maps of spatial covariates. Supplementary Table 6
lists the final covariates selected for each region based on VIF analysis.
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Supplementary Table 5. Sources for covariates used in mapping.

Covariate Tempo_ral Source Reference
resolution
Educational Institute for Health Graetz, N. et al. Local variation in educational
attainment in women Annual Metrics and Evaluation | attainment in low- and middle-income
of reproductive age (IHME), University of | countries, 2000—2017. Nature 577, 235-238
(1549 years old)™v Washington (2020).
National Oceanic and Atmospheric
NOAA DMSP Administration (NOAA) (United States),
United States Air Force (USAF). DMSP-OLS
Night-time lights™ | Annual Nighttime Lights Time Series, V4. United
States of America: National Oceanic and
Atmospheric Administration (NOAA) (United
States).
Lloyd, C. T., Sorichetta, A. & Tatem, A. J.
WorldPop High resolution global gridded data for use in
Y population studies. Sci. Data 4, (2017).
Population Annual World Pop. Get data. Available at:
http://www.worldpop.org.uk/data/get_data/.
(Accessed: 25th July 2017)
i Malaria Atlas Project, Weiss, D. J. et al. A global map of travel time
Travel time to Big Data Institute, to cities to assess inequalities in accessibility
nearest Static Nuffield Department of | in 2015. Nature 533, 333-336 (2018).
settlement >50,000 Medicine, University of
inhabitants Oxford
Friedl, M. & Sulla-Menashe, D.
Urban proportion of MODIS MCD12Q1v006.MODIS/Terra+Aqua Land _
the location Annual Cover Type Yearly L3 Global 500m SIN Grid
(landcoven)™ https://doi.org/10.5067/MODIS/MCD12Q1.00
6 (NASA EOSDIS Land Processes DAAC,
2019).
Number of people Herrero et al (modelled) | Herrero, M. et al. Farming and the geography
whose daily vitamin Static of nutrient production for human use: a
A needs could be transdisciplinary analysis. Lancet Planet.
met (nutrient yield) Health 1, e33—e42 (2017).
Human Kummu et al Kummu, M. et al. Gridded global datasets for
Develo t Ind A | (modelled) Gross Domestic Product and Human
pment Index nnua
(HDI) TV De_velc_)pment Inqex over 1990-2015.
Scientific data, 5:180004 (2018)
Human Institute for Health Dwyer-Lindgren, L. et al. Mapping HIV
| . Metrics and Evaluation | prevalence in sub-Saharan Africa between
mmunodeficiency | Annual

Virus (HIV)™

(IHME), University of
Washington

2000 and 2017. Nature 570, 189-193 (2019).
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Temporal

Covariate . Source Reference
resolution
Number of children WorldPop (derived) Lloyd, C. T., Sorichetta, A. & Tatem, A. J.
under 5 per woman Annual High resolution global gridded data for use in
of childbearing age population studies. Sci. Data 4, (2017).
(fertility) ™V
Institute for Health Fullman, N. et al. Measuring performance on
Healthcare Access Metrics and Evaluation | the Healthcare Access and Quality Index for
. (IHME), University of | 195 countries and territories and selected
and Quality Index Annual Washi bnational locations: ) Ivsi
(HAQN™Y ashington subnational locations: a systematic analysis
from the Global Burden of Disease Study
2016. The Lancet 391, 2236-2271 (2018).
Institute for Health Lozano, R. et al. Measuring progress from
Metrics and Evaluation | 1990 to 2017 and projecting attainment to
Proportion of (IHME), University of | 2030 of the health-related Sustainable
P Washington Development Goals for 195 countries and
pregnant women L ; .
. territories: a systematic analysis for the Global
who received four or | Annual

more antenatal care
visits"V

Burden of Disease Study 2017. The Lancet
392, 2091-2138 (2018).

Note: SDI numbers were updated based on the
GBD 2019 studies
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Supplementary Figure 8. Map of spatial covariates

Covariate raster layers of possible socioeconomic, environmental, and health-related covariates used as inputs for the stacking modelling process:
(1) travel time to the nearest settlement >50,000 inhabitants, (2) nighttime lights™, (3) population™, (4) number of children under 5 per woman of
childbearing age™, (5) urban proportion of the location™, (6) number of people whose daily vitamin A needs could be met, (7) educational
attainment in women of reproductive age (1549 years-old)™, (8) Human Development Index (HDI)™, and (9) human immunodeficiency virus
(HIV) prevalence™ ("V=time-varying covariates). The two other covariates in the model were (10) Healthcare Access and Quality Index™ and
(11) the proportion of pregnant women who received four or more antenatal care visits™, but these were indexed at the national level and thus not
shown in this figure. Time-varying covariates are presented for the most recent year. For the year of production of non-time-varying covariates,
please refer to the individual covariate citation in Supplementary Table 5 for additional detail. Maps reflect administrative boundaries, land cover,
lakes, and population; grey-colored grid cells had fewer than ten people per 1 x 1-km grid cell and were classified as “barren or sparsely
vegetated”, or were not included in this analysis?®-3L,
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Supplementary Table 6. Covariates used in ensemble covariate modelling via stacked
generalization, stratified by modeling region

Region Educational Night- Popula- | Travel | Urban Nutrient | HDITY HIVTY Fertility | HAQI™ | Antenatal

attainment™ | time tion™ time proportion | yield W care™

lights™ of the
location™

Andean
South
America TRUE FALSE TRUE TRUE TRUE TRUE FALSE FALSE TRUE TRUE FALSE
Central
America and
the
Caribbean TRUE TRUE TRUE TRUE FALSE TRUE FALSE FALSE TRUE FALSE FALSE
Central Asia | TRUE FALSE TRUE TRUE TRUE TRUE  FALSE FALSE  TRUE  FALSE FALSE
Central sub-
Saharan
Africa TRUE TRUE TRUE TRUE TRUE TRUE FALSE TRUE TRUE FALSE TRUE
East Asia TRUE FALSE TRUE  TRUE TRUE TRUE  FALSE FALSE  TRUE  FALSE FALSE
Eastern sub-
Saharan
Africa TRUE FALSE TRUE TRUE TRUE TRUE FALSE TRUE TRUE TRUE TRUE
Middle East TRUE TRUE TRUE TRUE FALSE TRUE FALSE FALSE TRUE FALSE FALSE
North Africa TRUE FALSE TRUE TRUE TRUE TRUE FALSE TRUE TRUE FALSE FALSE
Oceania TRUE TRUE TRUE TRUE FALSE TRUE TRUE FALSE TRUE TRUE FALSE
South Asia TRUE TRUE TRUE TRUE FALSE TRUE TRUE FALSE TRUE TRUE TRUE
Southern
sub-Saharan
Africa TRUE FALSE TRUE TRUE TRUE TRUE FALSE TRUE TRUE TRUE TRUE
Tropical
South
America TRUE TRUE TRUE TRUE FALSE TRUE TRUE FALSE TRUE FALSE TRUE
Western sub-
Saharan
Africa TRUE FALSE TRUE TRUE TRUE TRUE FALSE TRUE TRUE FALSE TRUE
285
290
295

39




300

305

310

315

320

325

4.0. Statistical model

The technical descriptions of methods for the underlying geostatistical model are consistent with
those previously used in the geospatial modelling of EBF across Africa?.

4.1. Ensemble covariate modelling process

We implemented an ensemble covariate modelling method to select covariates and capture
possible non-linear effects and complex interactions between them®2. Our methods largely follow
the approach described by Bhatt and colleagues®® and that was previously applied to mapping
child growth failure, educational attainment, under-5 mortality, diarrhoea, and lower respiratory
infections34-3,

We fit three sub-models (a generalised additive model, boosted regression trees, and lasso
regression) to the exclusive breastfeeding data covariates described above. We selected these
three sub-models based on ease of implementation through existing software packages, the
fundamental differences in their approaches, and a proven track record in predictive accuracy®,
Sub-models were fit in R using the mgcv, xgboost, gimnet, and caret packages.

Each sub-model was fit using five-fold cross-validation to avoid overfitting, and hyper-parameter
fitting was performed to maximise predictive power. For each sub-model, we produced two sets
of predictions: out-of-sample and in-sample. Out-of-sample predictions for each model were
generated by compiling the predictions from the five holdouts from each cross-validation fold,
and in-sample predictions were generated by re-fitting the sub-models using all available data.
The out-of-sample sub-model predictions were used as explanatory covariates when fitting the
geostatistical model described below, and the in-sample predictions were used when generating
predictions from the geostatistical model in order to maximise data use. In both cases, the logit-
transformation of the predictions was used to put these predictions on the same scale as the linear
predictor in the geostatistical model.

40



330

335

340

345

350

355

360

365

370

4.2. Geostatistical model
We fit the geostatistical model below for 14 regions as defined in GBD (see Supplementary
Figure 7)*°. For each region, we write the hierarchy that defines our Bayesian model as follows:

ebf;|pi, N;~Binomial(p;, N;)

logit(p;) = Bo + Xif +Vci + €gpi + €

Yo

Yei~N(O, Gczountry)
€;~N(0, O_r%ug)
e-GPlz'space, Ztime~GP(O' Zspace ® Ztime)

We modelled the number of children who were categorized as “exclusive breastfed” (ebf;)
among a sample size (N;) at space-time location i as a binomial random variable. The logit-
transformed prevalence of exclusive breastfeeding (p;) was specified as a linear combination of a
regional intercept (8,), a weighted combination of the logit-transformed predictions from the
three sub-models (X;B), country-level random effects (y;), a correlated spatiotemporal error
term (e¢p;), and an independent nugget (unstructured residual error) effect (¢;). Weighting
coefficients (B) are constrained to sum to 1%, The spatial covariance, X4, is modelled using
an isotropic and stationary Matérn function*!. The temporal covariance, Z; ., is an annual
autoregressive function over the 18 years represented in the model.

The intercept captures the overall mean level of EBF prevalence while the covariate effects
capture the spatial and temporal variation in EBF prevalence that can be described as a function
of spatial and temporal variation in the included covariates. The country random effects capture
additional variation between countries, while the spatially and temporally correlated random
effects capture additional variation by location (within and between countries) and time that
varies smoothly in space and time. Finally, the uncorrelated error term (or nugget effect) captures
any additional, non-structured variation by location and time.

The Matérn covariance function is associated with two hyperparameters, x and t (v is fixed at 1),
while the AR1 covariance function is associated with one hyperparameter, p. The following
hyper-priors were set for each these parameters:

0, = log(r) ~ Normal(ug,, 05, )
6, = log(x) ~ Normal(ug,, 05 )
log((1+ p)/(1 — p)) ~ Normal(4, 1.2%)
The prior for the temporal correlation parameter, p, corresponds to a mean of 0.96 and a

distribution that is wide enough to include approximately 0.2 to 1 within three standard
deviations of the mean. This relatively informative prior was chosen because temporal

41



375

380

385

390

395

400

correlation was expected to be high. g, , 09, , tg,, and og, were automatically determined by
INLA. Priors for fixed effects and hyper-priors for other random effects were set as:

Bo ~ Normal (0, 3%)

1/0Zuntry ~ gamma(rate = 1, shape = 0.00005)
1/07%ugget ~ gamma(rate = 1, shape = 0.00005)

This model was fit in R-INLA*? using the stochastic partial differential equations (SPDE)*®
approach to approximate the continuous spatiotemporal Gaussian random fields (e;p;). We
constructed a finite elements mesh for the SPDE approximation to the Gaussian process
regression using a simplified polygon boundary (Supplementary Figure 9).

After fitting each model based on regional classification, we generated 1,000 draws of all model
parameters from the approximated joint posterior distribution using the inla.posterior.sample()

function in R-INLA. For each draw s of the model parameters we constructed a draw of pi(s) as:
pi(s) = logit‘l(ﬁés) + X;BS) + yc(is) + eé“;)i + ei(s))

Additional processing of the output from inla.posterior.sample() is required for the correlated

spatiotemporal error term (eé‘?i) and the nugget effect (ei(s)) prior to constructing pi(s) according

to the equation above. Specifically, for eé‘?i, draws are generated initially only at the vertices of
the finite element mesh, so we project from this mesh to each location i desired for prediction
(i.e., the centroid of each grid cell on a 5 x 5-km grid) as well as years from 2000 to 2018. For
the nugget effect, we generate ei(s) for each i by sampling from Normal (O, a,%ug(s)). At the end

of this process, we have 1,000 draws of p; for each grid cell and year. Supplementary Figure 10-
12 present posterior means and 95% uncertainty intervals maps for EBF in 2018 by aggregation
levels (5 x 5-km, and first- and second-administrative levels).
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Supplementary Figure 9. Example of finite elements mesh for geostatistical models
The finite elements mesh used to fit the space-time correlated error for the eastern sub-Saharan Africa
(ESSA) region overlaid on the countries in ESSA. Both the fine-scale mesh over land in the modelling

405
region and the coarser buffer region mesh are shown.
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Supplementary Figure 10. Posterior means and 95% uncertainty intervals for EBF prevalence by 5 x

5-km level in 2018.

Maps reflect administrative boundaries, land cover, lakes, and population; grey-colored grid cells had

fewer than ten people per 1 x 1-km grid cell and were classified as “barren or sparsely vegetated”, or were
415  notincluded his analysis?®3L,
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Supplementary Figure 11. Posterior means and 95% uncertainty intervals for EBF prevalence by

the first administrative level in 2018.

Maps reflect administrative boundaries, land cover, lakes, and population; grey-colored grid cells had
fewer than ten people per 1 x 1-km grid cell and were classified as “barren or sparsely vegetated”, or were
not included in this analysis?®-32,
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Supplementary Figure 12. Posterior means and 95% uncertainty intervals for EBF prevalence by

the second administrative level in 2018.

Maps reflect administrative boundaries, land cover, lakes, and population; grey-colored grid cells had
fewer than ten people per 1 x 1-km grid cell and were classified as “barren or sparsely vegetated”, or were
not included in this analysis?®-32,

46



440

445

450

455

460

465

470

4.3. Model validation
The technical descriptions of methods for model validation are consistent with those previously
used in the geospatial modelling of EBF across Africa?.

We utilized five-fold cross-validation in order to assess the performance of the modelling
framework described above. To do so, we first split all survey data into five groups by randomly
sorting a list of unique identifiers for each survey, calculating the cumulative effective sample
size represented by the surveys in this list, and then dividing the list into five parts at the point
where this cumulative sample size was closest to 20%, 40%, 60%, and 80% of the total. This
results in five groups that are approximately equal in terms of the total effective sample size and
which contain entire surveys (i.e., all of the data points derived from each survey are contained
exclusively within only one fold). We then fit the model described above five times, excluding
each of the five groups of data in turn.

After fitting the model five times, the data withheld from each model were matched with
predictions from that model, and then these data-prediction pairs were compiled across all five
models, resulting in a complete dataset of out-of-sample predictions corresponding to all survey
data included in the analysis. EBF prevalence estimates based on single survey clusters are
generally quite noisy due to very small sample sizes, and are consequently insufficient as a “gold
standard” for evaluating the model predictions®. To address this issue, we aggregated both the
observed data and the corresponding out-of-sample predictions within countries and within first-
and second-administrative units, by calculating a weighted mean of each using the effective
sample sizes as the weights. Then, across all data-estimate pairs, we calculated the following
measures: the mean error (ME: a measure of bias), the mean absolute error (MAE: measure of
total variation in the errors), the correlation, and the root-mean-square error (RMSE: a measure
of total variance). In addition, for each data-estimate pair, we constructed 95% prediction
intervals from the 2.5 and 97.5" percentiles of 1,000 draws from a binomial distribution
corresponding to each of the 1,000 posterior draws of EBF prevalence with p equal to EBF
prevalence in a given posterior draw and N equal to the effective sample size for the data point
type. We then calculated coverage as the percentage of data-estimate pairs where the data point
was contained within this 95% prediction interval. Supplementary Figures 13—-15 compare in-
sample EBF data and predictions aggregated to the national and subnational levels, with 95%
uncertainty intervals. Supplementary Table 7 provides a summary of in-sample and out-of-
sample predictive validity metrics for EBF across national, and first- and second-administrative
levels.
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Supplementary Figure 13. In-sample comparison of data and estimates, aggregated to the national
level and year
Comparison of in-sample EBF data and predictions aggregated to the national level and year, with 95%
uncertainty intervals.
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Supplementary Figure 15. In-sample comparison of data and estimates, aggregated to the second

administrative level and year
Comparison of in-sample EBF data and predictions aggregated to the second administrative level and
year, with 95% uncertainty intervals.

50



510

515

520

525

530

535

Supplementary Table 7. VValidation metrics by level of aggregation

Aggregation | 1S/O0S ME RMSE Correlation Coverage
level (%)
National level IS -0.0640 1.0942 0.9985 97.6060
00S -0.1730 11.4750 0.9313 91.8937
First IS -0.0640 6.1229 0.9639 97.6060
administrative
level 00S -0.1730 15.4702 0.9056 91.8937
Second IS -0.0640 12.0638 0.8831 97.6060
administrative 00s -0.1730 | 20.1755 0.8116 91.8937

level
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4.4. Post-estimation

The technical descriptions of methods for post-estimation are consistent with those previously
used in the geospatial modelling of EBF across Africa?.

4.4.1. Calibration to Global Burden of Disease 2019

To take advantage of the extensive data-gathering and analysis of GBD 2019, which included,
in some cases, data sources outside of the scope of our geospatial modelling framework, we
preformed post-hoc calibration of our estimates to the GBD estimates.

First, each grid cell in our 5 x 5-km grid was assigned to a GBD geography based on the location
of the grid-cell centroid. Then, for each country and year, we defined a raking factor that was the
ratio of the GBD estimate for this geography and year to the population-weighted posterior mean
EBF prevalence in all grid cells within this geography and year. Finally, this raking factor was
used to scale each draw of EBF prevalence for each grid cell within the GBD geography and
year. National time series plots of the post-GBD calibration final estimates (including
uncertainty ranges) are presented along with the aggregated input data (classified by survey
series, data type, and sample size) in Extended Data Figure 2.

Point estimates for each 5 x 5-km grid cell were calculated as the mean of the scaled draws, and
95% uncertainty intervals were calculated as the 2.5th and 97.5th percentiles of the scaled draws.
An example of relative uncertainty in EBF estimates map for 2018 is given in Extended Data
Figure 3.
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4.4.2. Aggregation to first- and second-level administrative units

In addition to estimates of EBF prevalence on a 5 x 5-km grid, we also constructed estimates of
EBF prevalence for first- (admin 1) and second-level (admin 2) administrative units. These
estimates were derived by calculating population-weighted averages of EBF prevalence of
estimates for each grid cell within a given first- or second-level administrative unit. This was
carried out for each of the 1,000 posterior draws (after calibration to GBD 2019 as described
above), and then point estimates and uncertainty intervals were derived from the mean, 2.5
percentile, and 97.5™ percentile of these draws, respectively. In cases where an administrative
unit did not contain the centroid of any grid cell, the nearest grid cell to it was assigned as its
proxy prevalence.

4.4.3. Geographic Inequality

We calculated national-level geographic inequality using the Gini coefficient. The Gini
coefficient assesses the magnitude of disparity between the richest and poorest individuals (ref).
The Gini coefficient can be calculated directly from the Lorenz curve, which sorts individuals by
their income and plots cumulative percentages of individuals against their corresponding fraction
of wealth. For the purposes of this study, “wealth” is defined as EBF prevalence in each second
administrative unit. The Gini coefficient is then calculated as one minus twice the area under the
Lorenz curve. An alternative formulation of the Gini coefficient, which gives the same result,
calculates the relative mean absolute difference in wealth, and then observes that the Gini
coefficient is half the resulting quantity. If x; is the wealth of the i** individual (out of n
individuals), the Gini coefficient, G, is given as:

=1 2}21 |x; — Xj|

2n Yt x;
Absolute inequality is calculated as absolute differences between districts with the highest and
lowest EBF prevalence in each country:

G =

Absolute inequality = max(prevyy;;) — min(prev,;t)

Relative inequality is calculated as absolute difference between each unit and country mean
relative to the mean:

prevynit — PTe€Vcountry

prevcountry

Relative inequality =

4.4.4. Projections

We compared our estimated rates of improvement in EBF prevalence over the last 18 years with

the improvements needed between 2018 and 2025 to meet the WHO GNT by performing a

simple projection calculation. We first calculated log-additive annual rates of change at each grid
l

cell (i) by logit-transforming our 18 years of posterior mean prevalence estimates, prev; ,,,. and

calculating the annual rate of change between each pair of adjacent years starting with 2001.:

1 ! !
AROCilyr = previy, — previy,_q.
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We then calculated a weighted AROC for each grid cell by taking a weighted average across the
years, where more recent AROCs are given more weight in the average. We defined the weights

to be:

(yr — 2000)Y
Wy =
T X500 (yr — 20007,

where y may be chosen to give varying amounts of weight across the years. For this set of
projections we selected y = 1, resulting in a linear weighting scheme that has been tested and
vetted for use in projecting the health-related Sustainable Development Goal (SDG)®. For any
grid cell, we then calculated the weighted AROC to be:

2018
AROC; = Z wyAROC},,
2001

Finally, we calculated the projections by applying the weighted AROC at each grid cell to our
mean 2018 mean prevalence estimates:

Proji 3025 = logit ™ (prev} 415 + AROC; ; X 8).

We use the same process to project country-level and admin-level AROCs.
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5.0. Supplementary Results
5.1. National differences in rates of change from 2000 to 2018
Supplementary Table 8. Countries with annualized increases and decreases in all districts

(a) Increases

Countries with annualised
increases in all districts
(28 LMICs)

Countries with annualised

(25 LMICs)

increases >2.5% in all districts

Countries with annualised
increases >5% in all districts
(14 LMICs)

Angola, Bangladesh, Belize,
Botswana, Burkina Faso,
Burundi, Cambodia, Cote
d'lvoire, Eritrea, Eswatini,
Guinea-Bissau, Jamaica, Kenya,
Lesotho, Liberia, Mauritania,
Morocco, Myanmar, Namibia,
Nepal, Palestine, Sdo Tomé and
Principe, Sierra Leone, South
Africa, Sudan, Timor-Leste,
Turkmenistan, Zimbabwe

Angola, Bangladesh, Belize,
Botswana, Burkina Faso,
Burundi, Cambodia, Cote
d'lvoire, Eritrea, Eswatini,
Guinea-Bissau, Kenya,
Lesotho, Liberia, Mauritania,
Morocco, Myanmar, Namibia,
Palestine, Sdo Tomé and
Principe, Sierra Leone, South
Africa, Sudan, Turkmenistan,
Zimbabwe

Angola, Burkina Faso, Cote
d'lvoire, Eritrea, Guinea-
Bissau, Kenya, Mauritania,
Myanmar, Namibia, Sierra
Leone, South Africa, Sudan,
Turkmenistan, Zimbabwe

(b) Decreases

(c) Decreases and Increases

Countries with annualised
decreases in the majority of

Countries with annualised
decreases in all districts

Countries with districts with
annualised decreases (<-2.5%)

districts (1 LMIC) and annualised increases (>5%)
(13 LMICs) (7 LMICs)
Afghanistan, Bolivia, Brazil, Chad India, Mozambique, Niger,

Chad, Colombia, Comoros,
Dominican Republic,
Equatorial Guinea, Haiti,
Jordan, Madagascar, Pakistan,
Uzbekistan

Nigeria, Philippines, Somalia,
Thailand
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5.2. Achievement of the original WHO GNT (50% EBF) by 2018 and 2025

We mapped probabilities of LMICs meeting the original WHO GNT of >50% EBF by 2018 and
2025 (Supplementary Figures 16-18 and Figure 6). By 2018, more than half of LMICs (53.2%
(50 of 94)) had low probability (<5%) of having already met the original WHO GNT of >50%
EBF at a national level, while 27.7% (26 of 94) and 19.1% (18 of 94) of LMICs had low
probability of having met this target in all their first-administrative level (e.g., provinces) and
second-administrative-level units (e.g., districts), respectively. Overall, 11 LMICs had a high
probability (>95%) of having already met the 50% EBF WHO GNT in 2018 at the national level:
Burundi, Ethiopia, India, Cambodia, Lesotho, Mongolia, Nepal, Peru, Papua New Guinea,
Rwanda and Uganda. Only 2 LMICs (Burundi and Rwanda), however, had a high probability of
having met the 50% target in 2018 in all their provinces and districts. Across LMICs, 58.2%
(14,286 of 24,556) of districts located in 63 LMICs had a low probability, and 5.7% (1,396 of
24,556) of districts in 25 LMICs had a high probability of having met the 50% EBF prevalence
target in 2018. Ten LMICs had district-level units with both high and low probability of having
met the 50% target in 2018: Afghanistan, Brazil, Guatemala, Indonesia, India, Laos, Pakistan,
the Philippines, Sudan, and Tanzania.

Estimating probability of achieving the original WHO GNT of 50% EBF prevalence, 35.1% (33
of 94), 12.3% (12 of 94), and 8.5% (8 of 94) of LMICs are expected to have a low probability
(<5%) of meeting this target by 2025 (the original target year) nationally, and in all of their
province- and district-level units, respectively. On the other hand, 10 LMICs had a high
probability (>95%) of achieving the 50% target in 2025 at the national level: Burundi, Indonesia,
India, Cambodia, Lesotho, Mongolia, Nepal, Rwanda, Sudan. Subnationally, only 3 LMICs
(Burundi, Lesotho, Rwanda) have a high probability of meeting the 50% target by 2025 in all
provinces, as well as in all districts. Across the 94 LMICs in our analysis, 4.2% (1,042 of
24,556) of districts located in 23 LMICs have a high probability, while 40.2% (9,861 of 24,556)
of districts in 42 LMICs have a low probability of meeting the >50% target by 2025. Broad
inequalities are expected to continue and eight LMICs are expected to have both high and low
probabilities of achieving the 50% target by 2025 in their district-level units: Afghanistan, Benin,
Brazil, Indonesia, India, Laos, Pakistan, and the Philippines.
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Probability of meeting

Supplementary Figure 16. Probability of meeting the 250% WHO GNT for EBF in 2018

a—b, Probability of having met the WHO GNT of at least 50% exclusive breastfeeding prevalence in 2018
at the national level (a) and second administrative level (b). Dark blue indicates a high probability (>95%
posterior probability) and dark red indicates a low probability (<5% posterior probability) of having met
the WHO GNT by 2018. Maps reflect administrative boundaries, land cover, lakes, and population; grey-
colored grid cells had fewer than ten people per 1 x 1-km grid cell and were classified as “barren or

sparsely vegetated”, or were not included in this analysis?-3L,
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Supplementary Figure 17. Projected prevalence for exclusive breastfeeding for 2025 and

probability of meeting the WHO GNT by 2025

a-b, Projected exclusive breastfeeding prevalence for 2030 at the national (a) and second administrative
level (b). c, Probability of meeting the WHO GNT of at least 70% exclusive breastfeeding prevalence by
2030 at the second administrative level. Dark blue indicates a high probability (>95% posterior
probability) and dark red indicates a low probability (<5% posterior probability) of meeting the WHO
GNT by 2030. Maps reflect administrative boundaries, land cover, lakes, and population; grey-colored
grid cells had fewer than ten people per 1 x 1-km grid cell and were classified as “barren or sparsely
vegetated”, or were not included in this analysis?3L,
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Supplementary Table 9. Countries and administrative units achieving the original WHO
GNT of 50% prevalence of EBF with high and low probabilities

(a) High probability (>95% posterior probability) of achieving the original WHO GNT of
50% prevalence of EBF

Region

High probability in meeting the
WHO GNT at National or in all
Administrative units by 2018

High probability in meeting the WHO
GNT at National or in all

Administrative units by 2025

National | All Admin | All Admin | National All Admin | All Admin
1 Units 2 Units 1 Units 2 Units
Andean South Peru Peru
America
Eastern sub- Burundi, Burundi, Burundi, Burundi, Burundi, Burundi,
Saharan Africa | Ethiopia, | Rwanda Rwanda Rwanda, Rwanda Rwanda
Rwanda,
Uganda,
Southern sub- Lesotho Lesotho Lesotho Lesotho
Saharan Africa
North Africa Sudan
South Asia India, India, Nepal
Nepal
Southeast Asia | Cambodia Cambodia
East Asia Mongolia Mongolia
Oceania Papua Indonesia
New
Guinea

The regions of Western sub-Saharan Africa, Central sub-Saharan Africa, and Central Asia did not
have any countries that had a high probability of achieving the original WHO GNT of 50% EBF in
2018 or 2025 at the national level or in all first or all second administrative-level units.
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(b) Low probability (<5% posterior probability) of achieving the original WHO GNT of
50% prevalence of EBF

Region Low probability in meeting the WHO Low probability in meeting the WHO

GNT at National or in all Administrative | GNT at National or in all

units by 2018 Administrative units by 2025

National All Admin | All Admin | National All Admin | All Admin

1 Units 2 Units 1 Units 2 Units

Central Belize, Cuba, Belize, Belize, Belize, Dominican | Dominican
America and Dominican Dominican | Dominican | Dominican | Republic Republic
the Caribbean | Republic, Republic, Republic, Republic,

Honduras, Mexico, Panama Mexico,

Haiti, Jamaica, | Panama Panama

Mexico,

Nicaragua,

Panama
Andean South | Colombia, Trinidad Trinidad Colombia, | Trinidad Trinidad
America Trinidad and and and Trinidad and Tobago | and Tobago

Tobago Tobago Tobago and

Tobago

Tropical South | Brazil, Guyana, Guyana, Brazil, Guyana , Paraguay,
America Guyana, Paraguay, | Paraguay, | Guyana, Paraguay, Suriname

Paraguay, Suriname | Suriname Paraguay, | Suriname

Suriname Suriname
Western sub- Benin, Chad, Chad, Cote | Chad, Benin, Chad Chad
Saharan Africa | Cote d’Ivoire, | d’Ivoire, Niger Cameroon,

Cameroon, Niger, Chad,

Guinea, Guinea,

Gambia, Mali, Niger,

Niger, Nigeria, Nigeria

Senegal
Central sub- Angola, Comoros, | Comoros, | Comoros, | Comoros, Comoros,
Saharan Africa | Central Equatorial | Equatorial | Equatorial | Gabon, Gabon

African Guinea, Guinea, Guinea, Somalia,

Republic, Gabon, Gabon, Gabon, Yemen

Comoros, Republic of | Somalia Republic of

Equatorial the Congo, the Congo,

Guinea, Somalia, Somalia,

Gabon, Yemen Yemen

Republic of the

Congo,

Somalia,

Yemen
Southern sub- Botswana, South South
Saharan Africa | South Africa, Africa Africa
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North Africa Algeria, Algeria, Algeria, Algeria, Tunisia Tunisia
Morocco, Tunisia Tunisia Tunisia
Tunisia
Middle East Irag, Jordan, Iraq, Jordan, Iraq,
Palestine, Syria | Jordan, Palestine Jordan,
Palestine Palestine
Central Asia Pakistan, Tajikistan, | Uzbekistan | Pakistan, Uzbekistan | Uzbekistan
Tajikistan, Uzbekistan Tajikistan,
Uzbekistan Uzbekistan
Southeast Asia | Laos, Thailand Thailand,
Myanmar, Vietnam
Thailand,
Vietnam
Oceania The
Philippines

The regions of East Asia and South Asia did not have any countries that had a low probability of achieving
the original WHO GNT of 50% EBF in 2018 or 2025 at the national level or in all first or all second
administrative-level units.
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5.3. Achievement of the updated WHO GNT (70% EBF) by 2030

GNT (%)
8

Probability of meeting

Supplementary Figure 18. Probability of meeting the 270% WHO GNT for EBF in 2018

a—b, Probability of having met the WHO GNT of at least 70% exclusive breastfeeding prevalence in 2018
at the national level (a) and second administrative level (b). Dark blue indicates a high probability (>95%
posterior probability) and dark red indicates a low probability (<5% posterior probability) of having met
the WHO GNT by 2018. Maps reflect administrative boundaries, land cover, lakes, and population; grey-
colored grid cells had fewer than ten people per 1 x 1-km grid cell and were classified as “barren or
sparsely vegetated”, or were not included in this analysis?-3L,
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Supplementary Table 10. Countries and administrative units achieving the updated WHO
GNT of 70% prevalence of EBF with high and low probabilities

(a) High probability (>95% posterior probability) of achieving the updated WHO GNT of
70% prevalence of EBF

Region

High probability in meeting the WHO
GNT at National or in all
Administrative units by 2018

High probability in meeting the WHO
GNT at National or in all

Administrative units by 2030

National All Admin | All Admin | National All Admin | All Admin
1 Units 2 Units 1 Units 2 Units
Eastern sub-
Saharan Rwanda Rwanda
Africa

The regions of Andean South America, Central America and the Caribbean, Tropical South America,
Western sub-Saharan Africa, Central sub-Saharan Africa, Southern sub-Saharan Africa, North Africa,
Middle East, Central Asia, South Asia, Southeast Asia, East Asia, and Oceania did not have any
countries that had a high probability of achieving the updated WHO GNT of 70% in 2018 or 2030 at
the national level or in all first or all second administrative-level units.
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(b) Low probability (<5% posterior probability) of achieving the updated WHO GNT of
70% prevalence of EBF

Region Low probability in meeting the WHO GNT Low probability in meeting the

at National or in all Administrative units by | WHO GNT at National or in all

2018 Administrative units by 2030

National All Admin1l | All Admin2 | National All All

Units Units Adminl | Admin 2
Units Units

Central Belize, Costa Belize, Belize, Belize, Cuba, | Belize, Belize,
Americaand | Rica, Cuba, Costa Rica, | CostaRica, Dominican Dominica | Dominica
the Caribbean | Dominican Cuba, Cuba, Republic, n n

Republic, Domini Dominican Honduras, Republic, | Republic

ominican . .\ :

Guatemala, ) Republic, Haiti, Mexico,

Honduras, Republic, Haiti, Jamaica, Panama

Haiti, Honduras, Jamaica, Mexico,

Jamaica, Haiti, Mexico, Nicaragua,

Mexico, Jamaica, Nicaragua, Panama

Nicaragua, Mexico, Panama

Panama, El :

Salvador Nicaragua,

Panama,
El Salvador

Andean South | Colombia, Colombia, Trinidad and | Colombia, Trinidad Trinidad
America Trinidad and Trinidad and | Tobago Trinidad and | and and

Tobago Tobago Tobago Tobago Tobago
Tropical Brazil, Guyana, Guyana, Brazil, Guyana, Guyana,
South Guyana, Paraguay, Paraguay, Guyana, Paraguay, | Paraguay,
America Paraguay, suri Suriname Paraguay, Suriname | Suriname

; uriname .

Suriname Suriname
Eastern sub- | Comoros, Comoros, Comoros, Comoros, Comoros, | Comoros
Saharan Kenya, Somalia, Somalia, Somalia, Somalia,
Africa Madagascar, | South Sudan, | Yemen Yemen Yemen

Mozambique, | Yemen

Somalia,

South Sudan,

Tanzania,

Yemen
Western sub- | Benin, Benin, Benin, Benin, Cote | Nigeria, Chad
Saharan Burkina Faso, | Burkina Faso, | Cote d'lvoire, | d'lvoire, Chad
Africa Cote d'lvoire, | Céte d'lvoire, | Cameroon, Cameroon,

Cameroon, Cameroon, Guinea, Guinea,

Ghana, Guinea, Gambia, Gambia,

Guinea, Gambia, Mali, Niger,

Gambia, Mali, Niger, Nigeria,

Guinea- Mauritania, Nigeria, Senegal,

Bissau, Niger, Chad Chad
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Mali, Nigeria,
Mauritania, Sierra Leone,
Niger, Chad
Nigeria,
Senegal,
Sierra Leone,
Chad,
Togo
Central sub- | Angola, Central Central Central Gabon Gabon
Saharan Central African African African
Africa African Republic, Republic, Republic,
Republic, Republic of Republic of Republic of
Democratic Congo, Congo, Congo,
Republic of Gabon, Gabon, Gabon,
the Congo, Equatorial Equatorial Equatorial
Republic of Guinea Guinea Guinea
Congo,
Gabon,
Equatorial
Guinea
Southern sub- | Botswana, Botswana, Botswana, Botswana,
Saharan Eswatini, Eswatini, Eswatini, South Africa
Africa Lesotho, Namibia, Namibia,
Namibia, South Africa, | South Africa
South Africa, | Zimbabwe
Zimbabwe
North Africa | Algeria, Algeria, Algeria, Algeria, Algeria, Tunisia
Egypt, Egypt, Egypt, Egypt, Morocco,
Morocco, Morocco, Morocco, Morocco, Tunisia
Sudan, Sudan, Sudan, Tunisia
Tunisia Tunisia Tunisia
Middle East Iraq, Iraq, Iraq, Irag, Jordan, | Iraq, Jordan,
Jordan, Jordan, Jordan, Palestine, Jordan, Palestine
Palestine, Palestine, Palestine, Syria Palestine
Syria Syria Syria
Central Asia | Afghanistan, | Kyrgyzstan, Tajikistan, Afghanistan, | Uzbeki- Uzbeki-
Kyrgyzstan, Pakistan, Turkmenistan, | Pakistan, stan stan
Pakistan, Tajikistan, Uzbekistan Tajikistan,
Tajikistan, Turkmenistan, Uzbekistan
Turkmenistan, | Uzbekistan
Uzbekistan
South Asia Bangladesh, India
Bhutan,
India
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Southeast Laos, Laos, Myanmar, Laos, Thailand

Asia Myanmar, Myanmar, Thailand, Thailand,
Thailand, Thailand, Vietnam Vietnam
Vietham Vietnam

East Asia Mongolia Mongolia

Oceania Indonesia, Timor-Leste Timor-Leste Indonesia,
The the
Philippines, Philippines,
Papua New Papua New
Guinea, Guinea
Timor-Leste

All regions had at least one country that had a low probability of achieving the updated WHO GNT of
70% EBF in 2018 or 2030 at the national level or in all first or all second administrative-level units.
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5.4. Global Breastfeeding Scorecard (GBS) Exemplars

Supplementary Table 11. Countries meeting and not meeting GBS* criteria

(a) Meeting GBS Criteria

$4.70 per Comprehensive | Met minimum Individual >50% births Implemented
newborn on Code recommendations breastfeeding | in Baby community
breastfeeding | Legislation of 14 weeks paid counselling in | Friendly programs in all
support (24 LMICs) maternity leave and | all primary hospitals and | districts
programs appropriate healthcare maternities (29 LMICs)
(6 LMICs) workplace nursing | facilities (6 LMICs)
areas (6 LMICs) (28 LMICs)
Guinea- Afghanistan, Colombia, Cuba, Bhutan, Costa Rica, Bhutan, Brazil,
Bissau, Haiti, | Bangladesh, India, Paraguay, Burkina Faso, | Cuba, Cote d'lvoire,
Nepal, Benin, Bolivia, | Tajikistan, Vietnam | Comoros, Eswatini, Cuba, Eritrea,
Rwanda, Botswana, Cote d'lvoire, | Tajikistan, Eswatini,
Somalia, Brazil, El Salvador, Thailand, Ethiopia,
Timor-Leste | Dominican Eritrea, Turkmenistan | Guatemala,
Republic, Gambia, Guyana,
Gabon, Gambia, Ghana, Honduras,
Ghana, India, Indonesia, Jamaica,
Madagascar, Jamaica, Kyrgyzstan,
Mozambique, Lesotho, Lesotho, Liberia,
Nepal, Pakistan, Liberia, Madagascar,
Panama, Peru, Malawi, Malawi,
Philippines, Mexico, Morocco,
South Africa, Morocco, Mozambique,
Uganda, Mozambique, Nepal, the
Tanzania, Namibia, Philippines,
Vietnam, Nepal, Rwanda, Sao
Yemen, Rwanda, Sdo Tomé and
Zimbabwe Tomé and Principe, Sierra
Principe, Leone, South
South Africa, Africa,
Suriname, Suriname,
Timor-Leste, Timor-Leste,
Turkmenistan, Uganda,
Uganda, Vietnam,
Uzbekistan, Zambia
Vietnam,
Zambia
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(b) Not meeting GBS Criteria**

<$1 per newborn on breastfeeding
support programs
(50 LMICs)

No legal measures protecting against BMS marketing
(25 LMICs)

Algeria, Angola, Belize, Benin,
Botswana, Brazil, Cameroon,
Central African Republic, Chad,
Colombia, Costa Rica, Cote
d’Ivoire, Cuba, Democratic
Republic of the Congo, Dominican
Republic, Egypt, EI Salvador,
Eritrea, Eswatini, Gabon,
Guatemala, Guinea, India,
Indonesia, Irag, Jamaica, Jordan,
Kenya, Lesotho, Madagascar,
Mexico, Morocco, Myanmar,
Nigeria, Pakistan, Panama, Papua
New Guinea, Paraguay, the
Philippines, South Africa, Sudan,
Suriname, Syria, Tajikistan,
Thailand, Togo, Tunisia,
Turkmenistan, Uzbekistan, Vietnam

Angola, Belize, Bhutan, Central African Republic,
Chad, Republic of Congo, Equatorial Guinea, Eritrea,
Eswatini, Guinea, Guyana, Haiti, Jamaica, Lesotho,
Liberia, Mauritania, Morocco, Namibia, S80 Tomé and
Principe, Sierra Leone, Somalia, South Sudan,
Suriname, Timor-Leste, Togo
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5.5. Comparison of EBF with respect to other key indicators

Low

EBF Prevalence

(S —

High -=--> Low
ORS Prevalence

Supplementary Figure 19. Comparison of ORS (oral rehydration solution) prevalence among
children under 5 years and EBF prevalence by area

Overlapping population-weighted tertiles of ORS prevalence (in children under 5 years)*® and EBF
prevalence (in children under 6 months) in 2000 and 2017. Cut-offs for the tertiles were 32.5% and 48.2%
for the EBF prevalence axis, and 31.7% and 48.3% for the ORS prevalence axis. Maps reflect
administrative boundaries, land cover, lakes, and population; grey-colored grid cells had fewer than ten
people per 1 x 1-km grid cell and were classified as “barren or sparsely vegetated”, or were not included
in this analysis?®3L,
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Access to Piped Water

Supplementary Figure 20. Comparison of access to piped water and EBF prevalence by area
Overlapping population-weighted tertiles of access to piped (improved) waster*® and EBF prevalence (in
children under 6 months) in 2000 and 2017. Cut-offs for the tertiles were 32.5% and 48.2% for the EBF
prevalence axis, and 31.0% and 64.6% for the access to piped (improved) water axis. Maps reflect
administrative boundaries, land cover, lakes, and population; grey-colored grid cells had fewer than ten
people per 1 x 1-km grid cell and were classified as “barren or sparsely vegetated”, or were not included

in this analysis?®=,
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Low

EBF Prevalence

High s>

Supplementary Figure 21. Comparison of diarrhea prevalence among children under 5 years and

EBF prevalence by area

Overlapping population-weighted tertiles of diarrhea prevalence (in children under 5 years)® and EBF
prevalence (in children under 6 months) in 2000 and 2017. Cut-offs for the tertiles were 32.5% and 48.2%
for the EBF prevalence axis, and 2.4% and 3.8% for the diarrhea prevalence axis. Maps reflect
administrative boundaries, land cover, lakes, and population; grey-colored grid cells had fewer than ten
people per 1 x 1-km grid cell and were classified as “barren or sparsely vegetated”, or were not included
in this analysis?®=,
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Low

EBF Prevalence

High s>

Supplementary Figure 22. Comparison of stunting prevalence among children under 5 years and

EBF prevalence by area

Overlapping population-weighted tertiles of stunting prevalence (in children under 5 years)* and EBF
prevalence (in children under 6 months) in 2000 and 2017. Cut-offs for the tertiles were 32.5% and 48.2%
for the EBF prevalence axis, and 15.4% and 33.1% for the stunting prevalence axis. Maps reflect
administrative boundaries, land cover, lakes, and population; grey-colored grid cells had fewer than ten
people per 1 x 1-km grid cell and were classified as “barren or sparsely vegetated”, or were not included
in this analysis?®=,
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EBF Prevalence

High s>

Under-5 Death Prevalence

Supplementary Figure 23. Comparison of mortality rate of children under 5 years (USMR) and EBF
prevalence by area

Overlapping population-weighted tertiles of USMR?" and EBF prevalence (in children under 6 months) in
2000 and 2017. Cut-offs for the tertiles were 32.5% and 48.2% for the EBF prevalence axis, and 3.2%
and 6.1% for the USMR axis. Maps reflect administrative boundaries, land cover, lakes, and population;
grey-colored grid cells had fewer than ten people per 1 x 1-km grid cell and were classified as “barren or
sparsely vegetated”, or were not included in this analysis?-3L,
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Supplementary Table 12. First administrative-level units with the lowest decile of EBF

prevalence, as well as either the lowest decile of oral rehydration solution (ORS) coverage,

highest prevalence of child diarrheal disease, highest decile of child stunting prevalence, or
highest under-5 mortality rates, for year 2017.

Low ORS High High Stunting | High Under-5 | Low access to
Diarrheal Mortality piped water
Disease
Region | Country | Admin 1 Units | Admin 1 Units | Admin 1 Units | Admin 1 Units | Admin 1 Units
WSSA | Chad Mayo-Kebbi Mayo-Kebbi Mayo-Kebbi Mayo-Kebbi
QOuest, Ouest, QOuest, QOuest,
Mayo-Kebbi Mayo-Kebbi Mayo-Kebbi
Est, Est, Est,
Logone Logone Logone
Occidental, Occidental, Occidental,
Mandoul, Mandoul, Mandoul,
Tandjile, Tandjile, Tandjile,
Logone Logone Logone
Oriental, Oriental, Oriental,
Hadjer-Lamis, | Hadjer-Lamis, | Hadjer-Lamis, | Hadjer-Lamis,
Salamat, Salamat, Salamat,
Chari- Chari- Chari-
Baguirmi, Baguirmi, Baguirmi,
Batha, Batha, Batha, Batha,
Moyen-Chari, | Moyen-Chari, Moyen-Chari,
Lac, Lac, Lac, Lac,
Barh el Barh el Barh el Barh el
Ghazel, Ghazel, Ghazel, Ghazel,
Guéra, Guéra, Guéra,
Borkou, Borkou, Borkou, Borkou,
Ennedi Ouest, | Ennedi Ouest, | Ennedi Ouest, | Ennedi Ouest,
Kanem, Kanem, Kanem, Kanem,
Ennedi Est, Ennedi Est,
Tibesti, Tibesti, Tibesti, Tibesti,
Ouaddat, Ouaddat, Ouaddat,
Sila, Sila, Sila,
Wadi Fira, Wadi Fira, Wadi Fira
Ville de Ville de Ville de
N'Djamena N'Djamena N'Djamena
Nigeria | Yobe, Yobe, Yobe,
Bauchi, Bauchi, Bauchi,
Kebbi Kebbi, Kebbi,
Katsina, Katsina,
Jigawa, Jigawa,
Kano Kano,
Niger
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Niger Zinder, Zinder,
Diffa
Dosso
ESSA | Yemen Shabwabh,
Abyan,
“Adan,
Ma'rib,
Lahij,
Ta'izz,
Al Bayda',
Al Dali', Al Dali',
Al Hudaydah,
Ibb Ibb
Somalia Nugaal,
Sool,
Galguduud,
Mudug,
Shabeellaha
Dhexe,
Bari,
Sanaag,
Shabeellaha
Hoose,
Togdheer
Comoros Mwali
CSSA | Gabon Woleu-Ntem
SEAS | Thailand Sakon Nakhon,

Roi Et,
Bangkok
Metropolis,
Maha
Sarakham,
Songkhla,
Mwali,
Udon Thani,
Nakhon Si
Thammarat,
Surat Thani,
Khon Kaen

WSSA=Western sub-Saharan Africa, ESSA=Eastern sub-Saharan Africa, CSSA=Central sub-Saharan

Africa, SEAS=Southeast Asia
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6.0. Limitations

Data Availability

This work should be assessed in full acknowledgement of the data and methodological
limitations. Most importantly, the accuracy of our estimates is critically dependent on the
quantity and quality of the underlying data. Availability of relevant data varies both spatially and
temporally across LMICs (Supplementary Figures 1-5). For example, temporal data gaps are
observed in South Sudan (for the 2000-2002 period) and in Namibia (for the 2008-2012 period),
whereas spatial data gaps are seen in Botswana (for the 2003—2007 period) and in South Africa
(for the 2013-2018 period). We have constructed a large database of geo-located EBF
prevalence data for the purposes of this analysis; nonetheless, important gaps in data coverage,
both spatial and temporal, remain (Supplementary Figures 1-5), and these gaps are main sources
of uncertainty around our estimates (as seen in Extended Data Figure 3).

More local data are necessary to monitor health outcomes and guide quality improvement efforts
and increase certainty of our results. Collecting local data from all communities every year
would be an insurmountable task for most countries; this study aids in filling the current
knowledge gap by producing estimates for areas without data collection based on learned
patterns from well-surveyed areas, using the same estimation methods for all areas for
comparable results across communities.

Data Accuracy

In addition, there are several factors related to data quality that should be acknowledged. Data in
our analyses were obtained from caregivers of infants at any time point between birth and 6
months of age. Though an infant’s EBF status was based on a single time point (the 24 hours
preceding the survey interview), which is known to over-estimate EBF practice for the full six-
month period as infants may be fed other foods and liquids either before or after the survey, this
estimation is standard practice*’ >, Following the standard approach for estimating EBF based
on international guidelines, the proportion of infants who are exclusively breastfed for the full
six months is calculated by estimating prevalence of EBF for all children under 6 months of age
(though EBF is known to decline with age). Due to the age range (0—5 months-old infants)
relevant to the purpose of estimating EBF prevalence, our sample sizes are relatively smaller
than previous efforts mapping localised estimates for health conditions, outcomes, and
socioeconomic indicators®#*¢-38 further contributing to the relatively large degree of uncertainty
associated with our estimates.

The location information associated with the data compiled for these analyses is subject to some
error. In order to protect respondents’ confidentiality, most surveys that collect GPS coordinates
perform some type of random displacement on those coordinates prior to releasing data for
secondary analyses. For example, GPS coordinates for Demographic and Health Surveys (DHS)
are displaced by up to 2 km for urban clusters, up to 5 km for most rural clusters, and up to 10
km in a random 1% of rural clusters®?. Furthermore, data associated with polygons rather than
GPS coordinates were resampled so that they could be included in the geostatistical model, but
this process essentially assumes that EBF prevalence is constant over the polygon. Research on
scalable methods for better integration of polygon data in geostatistical models similar to those
used in this analysis is currently ongoing.
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Modelling Limitations

With respect to the modelling strategy, the primary limitation is the difficulty in assessing model
performance at the grid-cell level. We used cross-validation to assess model performance but due
to the substantial impact of sampling error on estimates derived from single survey clusters, it
was necessary to aggregate both the data and predictions when assessing error. Additionally,
while we have attempted to propagate uncertainty from various sources through the different
modelling stages, there are some sources of uncertainty that have not been propagated. In
particular, it was not computationally feasible to propagate uncertainty from the sub-models in
stacking through the geostatistical model. Similarly, although the WorldPop population raster is
also composed of estimates associated with some uncertainty, this uncertainty is difficult to
quantify and not currently reported, and so we were unable to propagate this uncertainty into our
estimates of EBF prevalence for administrative units that were created using population-
weighted averages of grid-cell estimates.

Model fitting was carried out using an integrated nested Laplace approximation to the posterior
distribution, as implemented in the R-INLA package*?. Prediction from fitted models was
subsequently carried out using the inla.posterior.sample() function, which generates samples
from the approximated posterior of the fitted model. Both model fitting and prediction thus
require approximations, and these approximations may introduce error. While it is difficult to
assess the impact of these approximations in this particular use case, our validation analysis
found that our final model has low bias and good coverage of the 95% prediction intervals which
provides some reassurance that the approximation method used—as well as other potential
sources of error—are not resulting in appreciable bias or poorly described uncertainty in our
reported estimates.

Furthermore, our projection methods are derived from the previous spatiotemporal historical

trends and based on the assumption that recent trends will continue; thus, we are not projecting
underlying drivers (such as increasing urbanisation or changes in population)’->354,
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7.0. Supplementary Discussion

Additional barriers to EBF include cultural perceptions and generational feeding practices, which
can be highly variable across communities. Mothers who perceive their breast milk to be
insufficient or nutritionally inadequate are more likely to discontinue practice of EBF*. Infant
cues when feeding (such as fussiness and crying) and problems when breastfeeding (such as
breast pain or engorgement, or problems latching) are commonly cited barriers to EBF®. A
common misconception and practice is the discarding of mothers’ early breast milk (colostrum),
which has important protective properties for infants, as it is perceived to be sour and difficult to
digest>®°8. This instead is replaced by prelacteal feeding of water, formula, or animal milk, and
makes establishing breastfeeding difficult®®"*8, Some cultural practices involve feeding
newborns water, sugar water, tea, honey, butter, animal milk, or porridges before they are fed at
the breast, or during their first few months of life®®>’. Breastfeeding counselling to increase
maternal knowledge on the importance of EBF and provide lactation support can help counteract
these barriers®®*. Fathers and grandparents can influence a woman’s decision to
breastfeed®®>">°, whereas positive encouragement from family and sharing of household
responsibilities increases the likelihood mothers will continue breastfeeding for the newborn’s
first six months®6,

The subnational maps in this study highlight where further efforts are needed to reduce barriers
to breastfeeding so more infants can receive the health benefits of EBF. Furthermore, when
combined with maps of other health conditions and interventions, these estimates provide policy
makers with quantitative tools for evaluating subnational health disparities and needs and
identifying sub-populations that could benefit most from targeted investments. Lessons learned
from countries that have made progress towards the WHO GNT could also be adapted and
applied in other contexts, where appropriate. The WHO-UNICEF Global Breastfeeding
Collective (GBC) provides government leaders with key policy actions to provide a supportive
environment to encourage breastfeeding. Further local investigations of the underlying drivers of
these subnational inequalities, including on local customs and perceptions of breastfeeding, is
important for planning and implementing effective strategies and behaviour change interventions
to increase EBF practice.
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