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1. GBD 2017 malnutrition estimation methods
The materials presented here are adapted from the following sources:

o GBD 2017 Risk Factors Collaborators. Global, regional, and national comparative risk assessment of
84 behavioural, environmental and occupational, and metabolic risks or clusters of risks for 195

countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study
2017. Lancet 2018; 392: 1923-94.

o GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national
incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries

and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017.
Lancet 2018; 392: 1789-858.

o GBD 2017 SDG Collaborators. Measuring progress from 1990 to 2017 and projecting attainment to
2030 of the health-related Sustainable Development Goals for 195 countries and territories: a
systematic analysis for the Global Burden of Disease Study 2017. Lancet 2018; 392: 2091-138.



A. GBD estimation process of risk factors including child and maternal malnutrition

The analytical approach used in GBD 2017 for comparative risk assessment to estimate population attributable fractions for risk factors is shown in the following flowchart.
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GBD is Global Burden of Disease. SEV is summary exposure value. TMREL is theoretical minimum-risk exposure level. PAF is population attributable fraction. YLL is years of life lost. YLD is years lived with disability. DALY is disability-adjusted life-
years. Ovals represent data inputs, rectangular boxes represent analytical steps, cylinders represent databases, and parallelograms represent intermediate and final results.




Al

The components of malnutrition risk factors in GBD 2017 are summarised below:

Risk factor Level

N

Child and maternal malnutrition
Low birth weight and short gestation
Short gestation for birth weight
Low birth weight for gestation
Child undernutrition
Child stunting
Child wasting
Child underweight
Suboptimal breastfeeding
Non-exclusive breastfeeding
Discontinued breastfeeding

Iron deficiency
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Vitamin A deficiency

w

Zinc deficiency

The components of child and maternal malnutrition in GBD include low birth weight and short gestation, child growth
failure, suboptimal breastfeeding, and micronutrient deficiencies. Low birth weight and short gestation includes low
birth weight for gestation and short gestation for birth weight, child growth failure includes child stunting, child
wasting, and child underweight, suboptimal breastfeeding includes non-exclusive breastfeeding and discontinued
breastfeeding, and micronutrient deficiencies include iron, vitamin A, and zinc deficiencies. We describe in detail the
methods used to estimate the eight malnutrition indicators that are reported in this paper, i.e. low birth weight, child
stunting, child wasting, child underweight, anaemia in children aged 0-4 years, anaemia in women aged 15-49 years,
exclusive breastfeeding, overweight in children aged 2-4 years.

Low birth weight and short gestation

Low birth weight for gestation and short gestation for birth weight are separate risk factors, however the exposures and
relative risks for both were estimated jointly through the low birth weight and short gestation parent risk factor. The
meaning of “low birth weight” and “short gestation” in GBD have subtle definitional differences compared to other
usages of “low birth weight” and “short gestation” in the literature. The term “low birth weight” has historically been
used to refer to birth weight less than 2,500 grams. However, because the goal of the GBD risk factors analysis was to
quantify the entirety of attributable burden due to each risk factor, the GBD definition of “low birth weight” therefore
refers to all birth weight below the theoretical minimum-risk exposure level (TMREL) for birth weight. Likewise, new-
borns were typically classified into gestational age categories of “extremely preterm” (<28 weeks of gestation), “very
preterm” (28-<32 weeks of gestation), and “moderate to late preterm” (32-<37 weeks of gestation). “Short gestation”
refers to gestational age below the gestational age TMREL. Exposures and relative risks for the GBD low birth weight
and short gestation risk factors were categorised into different combinations of joint 500-gram birth weight and 2-week
gestational age. The lowest risk overall 500-gram/2-week bin was the overall TMREL. The univariate TMRELS vary
with gestational age and birth weight. The lowest risk gestational age varies by birth weight category and the lowest risk
birth weight vary with gestational age category. The latter were used to quantify univariate attributable risk. Under this
framework, all attributable burden under the joint TMREL were referred to jointly as burden of low birth weight and
short gestation. All attributable burden to birth weights under the TMREL for each gestational age category were, on
aggregate, “low birth weight”, and all attributable burden to gestational ages under the TMREL for each birth weight
category were, on aggregate, “short gestation.” Each combination of 500-grams and 2-weeks was associated with a
relative risk for mortality by neonatal period (early and late neonatal) and by the causes, and relative to the joint
TMREL.

The steps in the estimation of low birth weight and short gestation are shown in the following flowchart:
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Data

To model the joint distribution of exposure of low birth weight and short gestation for each location, year, and sex
estimated in GBD 2017, three types of information were used:

e Distribution of birth weight for each location, year, and sex

e Distribution of gestational age for each location, year, and sex

e Copula family and parameters, specifying correlation between gestational age and birth weight distributions

Major data inputs for India were national surveys such as National Family Health Surveys, District Level Household
Surveys, and Annual Health Surveys.

Modelling

To model the joint distribution of birth weight and gestational age for every location-year-sex, ensemble model methods
standard to GBD risk factors, were used to create separate distributions of birth weight and gestational age for every
location-year-sex. Microdata is the most ideal data source for modelling distributions; however, microdata is not widely
available for birth weight and is even more scarce for gestational age. Much more readily available, and from a wider
range of locations and years, is categorical prevalence data for low birth weight (<2,500 grams), extremely preterm
(<28 weeks of gestation), very preterm (28-32 weeks of gestation), moderate to late preterm (32-37 weeks of gestation),
and preterm birth (<37 weeks of gestation). The full distributions at birth were modelled for gestational age and birth
weight for all GBD locations, estimation years, and both sexes. The gestational age and birth weight distributions were
then aggregated into the categorical estimates of <28 weeks, 28-<32 weeks, 32-<37 weeks gestation, and <2,500 grams
birth weight.

Ensemble model methods standard to GBD were used to model the distribution at birth of gestational age and birth
weight. Gestational age ensemble distribution models used the prevalence of <37 weeks gestation, the prevalence of
<28 weeks gestation, and mean gestational age per each location-year-sex as inputs into the model. Birth weight
distribution models used the prevalence of <2,500 grams birth weight and mean birth weight for each location-year-sex.
Prevalence of <37 weeks gestation and of <2,500 grams birth weight was estimated for all location-year-sex using
spatiotemporal regression and Gaussian Process Regression (ST-GPR) modelling process standard to GBD.

Low birth weight (<2,500 grams) data were extracted from surveys, vital registration systems, and the literature. The
missing data for low birth weight in the Demographic and Health Surveys (DHS) was imputed using Amelia package in
R from the following variables: urbanicity, sex, birthweight recorded on card, birth order, maternal education, paternal
education, child age, child weight, child height, mother’s age at birth, mother’s weight, shared toilet facility, and
household water treated.

Global ensemble weights for gestational age were derived by using a 3 million sample of all available microdata to
select the ensemble weights. Of the exponential, gamma, inverse gamma, Weibull, log normal, and normal
distributions, the three distribution families that received the highest weights were the Weibull (87%), normal (4%), and
inverse gamma (4%) distributions. Global ensemble weights for birth weight were derived using a 3 million sample of
all available microdata, in addition to birth weight microdata available primarily through the DHS and Multiple
Indicator Cluster Surveys (MICS). Of the exponential, gamma, inverse gamma, Weibull, log normal, and normal
distributions, the three distribution families that received the highest weights were the log normal (38%), normal (32%),
and Weibull (20%) distributions.

Ordinary-least square was used to model mean gestational age for all location-year-sex by regressing mean gestational
age on prevalence of <37 weeks gestation per location-year. All available microdata were used to fit the model.
Ordinary-least square was also used to model mean birth weight by regressing prevalence of <2,500 grams birth weight
per location-year. All available joint microdata, as well as additional birth weight microdata extracted primarily through
DHS and MICS, were used to fit the model. As estimates of prevalence of <37 weeks gestation and prevalence of
<2,500 grams birth weight was available for all location-year-sex through ST-GPR models, mean gestational age and
mean birth weight were predicted for all location-year-sex.



Copula optimisation

Copula modelling is used to model joint distributions between the birth weight and gestational age marginal
distributions. In order to model the joint distribution of birth weight and gestational age from separate distributions,
information is needed about the correlation between the two distributions. The Spearman correlation for each
country where joint microdata was available, pooling across all years of data available, ranged from 0.25-0.49
indicating that the distributions of birth weight and gestational age are not independent. The overall Spearman
correlation was 0.38, pooling across all countries in the dataset. The Copula and VineCopula packages in R were
used to select the optimal copula family and copula parameters to model the joint distribution, using joint microdata
from the country-year. The copula family selected from the microdata was “Survival BB8”, with theta parameter set
to 1.75 and delta parameter set to 1.

The joint distribution of birth weight and gestational age per location-year-sex was modelled using the global copula
family and parameters selected, and the location-year-sex gestational age and birth weight distributions. The joint
distribution was simulated 100 times to capture uncertainty. Each simulation consisted of 100,000 simulated joint
birth weight and gestational age data points. Each joint distribution was divided into 500-gram by 2-week bins to
match the categorical bins of the relative risk surface. Birth prevalence was then calculated for each 500-gram by 2-
week bin.

Estimating early neonatal prevalence and late neonatal prevalence from birth cohorts

Early neonatal and late neonatal prevalence was estimated using life table approaches for each 500-gram and 2-week
bin. Using the all-cause early neonatal mortality rate for each location-year-sex, births per location-year-sex-bin, and
the relative risks for each location-year-sex bin in the early neonatal period, the all-cause early neonatal mortality
rate was calculated for each location-year-sex bin. The early neonatal mortality rate per bin was used to calculate the
number of survivors at 7 days and prevalence in the early neonatal period. Using the same process, the all-cause late
neonatal mortality rate for each location-year-sex was paired with the number of survivors at 7 days and late
neonatal relative risks per bin to calculate late neonatal prevalence and survivors at 28 days.

Relative risks and theoretical minimum-risk exposure level

The available data for deriving relative risk was only for all-cause mortality. The relative risk of all-cause mortality
across all available sources and selected outcomes was analysed based on criteria of biologic plausibility. Some
causes, most notably congenital birth defects, haemoglobinopathies, malaria, and HIV/AIDS, were excluded based
on the criteria that reverse causality could not be excluded. The outcomes included in calculating the attributable
burden for low birth weight and short gestation were: diarrheal diseases, lower respiratory infections, upper
respiratory infections, otitis media, pneumococcal meningitis, H influenza type B meningitis, meningococcal
meningitis, other meningitis, encephalitis, neonatal preterm birth complications, neonatal encephalopathy due to
birth asphyxia and trauma, neonatal sepsis and other neonatal infections, hemolytic disease and other neonatal
jaundice, other neonatal disorders, and sudden infant death syndrome.

GBD has so far attributed disease burden to low birth weight and short gestation only for the neonatal period.
Further analytical work is planned to able to use the available evidence to estimate disease burden that may be
attributable in the post-neonatal period as well.

Epidemiological evidence for relative risk of various disease outcomes attributable to low birth weight for
gestation was obtained from the following study:

Katz J, Lee AC, Kozuki N, et al. Mortality risk in preterm and small-for-gestational-age infants in low-income and
middle-income countries: a pooled country analysis. Lancet 2013; 382: 417-25.

For each location, data were pooled across years, and the risk of all-cause mortality at the early neonatal period and
late neonatal period at joint birth weight and gestational age combinations was calculated. To calculate relative risk
at each 500-gram and 2-week combination, logistic regression was first used to calculate mortality odds for each
joint 2-week gestational age and 500-gram birth weight category. Mortality odds were smoothed with Gaussian
Process Regression, with the independent distributions of mortality odds by birth weight and mortality odds by
gestational age serving as priors in the regression.



A pooled country analysis1 of mortality risk in the early neonatal period and late neonatal period by short gestational
age category in developing countries in Asia, the Americas, and Sub-Saharan Africa were also converted into 500-
gram and 2-week bin mortality odds surfaces. Location-specific relative risk surfaces, derived from location-specific
estimates of with-condition mortality of preterm birth, were converted into 500-gram and 2-week bin mortality odds.
The US, Japan, Singapore, pooled country analysis, and location-specific with-condition mortality surfaces were
meta-analysed, resulting in a meta-analysed mortality odds surface for each location. The meta-analysed mortality
odds surface for each location was smoothed using Gaussian Process Regression and then converted into mortality
risk. To calculate mortality relative risks, the risk of each joint 2-week gestational age and 500-gram birth weight
category were divided by the risk of mortality in the joint gestational age and birth weight category with the lowest
mortality risk.

For each of the country-derived relative risk surfaces, the 500-gram and 2-week gestational age joint bin with the
lowest risk was identified. This bin differed within each country dataset. To identify the universal 500-gram and 2-
week gestational age category that would serve as the universal TMREL for our analysis, we chose the bins that was
identified to be the TMREL in each country dataset to contribute to the universal TMREL. Therefore, the joint
categories that served as our universal TMREL for the low birth weight and short gestation risk factor were "38-40
weeks of gestation and 3,500-4,000 grams", "38-40 weeks of gestation and 4,000-4,500 grams", and "40-42 weeks
of gestation and 4,000-4,500 grams". As the joint TMREL, all three categories were assigned to a relative risk equal
to 1.

Population attributable fraction calculations

The total population attributable fraction (PAF) for the low birth weight and short gestation joint risk factor was
calculated by summing the PAF calculated from each 500-gram and 2-week category, with the lowest risk category
among all the 500-gram and 2-week categories serving as the TMREL. The equation for calculating PAF for each
500-gram and 2-week category is:

PAF. _ Z;cl=1 RRjaas:(x)Pjajgr(x) - RRjoas,q(TMREja:)
Joasgt 1;1:1 RRjoas£x)pja:g:{x)

To calculate the overall PAF for the short gestation for birth weight risk factor, PAF was once again calculated for
each joint 500-gram and 2-week category. Unlike the joint PAF calculation, which used only one TMREL for all
500-gram and 2-week categories, the joint 500-gram and 2-week category with the lowest risk for each 500-gram
birth weight grouping served as the TMREL for that 500-gram birth weight grouping. For example, the [3,000,
3,500] gram birth weight grouping contains five joint categories: [34, 36] weeks and [3,000, 3,500] grams; [36, 37]
weeks and [3,000, 3,500] grams; [37, 38] weeks and [3,000, 3,500] grams; [38, 40] weeks and [3,000, 3,500] grams;
and [40, 42] weeks and [3,000, 3,500] grams. The [40, 42] weeks and [3,000, 3,500] grams joint category has the
lowest risk, and so it serves as the TMREL for the [3,000, 3,500] gram birth weight grouping. In the relative risk
surface figures, a birth weight grouping was one “column” of the birth weight and gestational age matrix.

The overall PAF for the short gestation for birth weight risk factor was then calculated for all the joint 500-gram and
2-week categories using the formula below:

n
PAF, ;=1- n(1 — PAF)
i=1

The same methodology was applied to calculate the total PAF for the low birth weight for gestation risk factor,
using 2-week gestational age categories (each “row” of the matrix) instead of 500-gram birth weight categories. For
example, the [24, 26] weeks gestational age grouping contains three joint categories: [0, 500] grams and [24, 26]
weeks; [500, 1,000] grams and [24, 26] weeks; and [1,000, 1,500] grams and [24, 26] weeks. The [1,000, 1,500]
grams and [24, 26] weeks joint category has the lowest risk, and so it serves as the TMREL for the [24, 26] weeks
gestational age grouping.

After the short gestation for birth weight PAF and low birth weight for gestational age PAF were calculated, they
were then scaled so that the sum of the short gestation for birth weight PAF and low birth weight for gestation PAF
equal the low birth weight and short gestation parent PAF calculated for each location-year-sex-age group.



A.2. Child growth failure

Child growth failure was estimated using three indicators stunting, wasting, and underweight all of which are based
on categorical definitions using the World Health Organisation (WHQ) 2006 growth standards for children 0-59
months. Definitions were based on z-scores from the growth standards, which were derived from an international
reference population. Mild, moderate, and severe categorical prevalences were estimated for each of the three
indicators.

TMREL for stunting, wasting, and underweight was assigned to be greater than or equal to -1 standard deviation
(SD) of the WHO 2006 standard height-for-age, weight-for-height, and weight-for-age curves, respectively.

The steps in the estimation of child growth failure are shown in the following flowchart:

Child Growth Failure (stunting, wasting, underweight) Legend
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(Olofin etal, 2013)

Data

The three main inputs for the GBD child growth failure models were: microdata from population-based surveys
including anthropometric surveys, tabulated data from reports and published literature, and the WHO Global
Database on Child Growth and Malnutrition.2 Population surveys include a variety of multi-country and country-
specific survey series such as DHS, MICS, Living Standards Measurement Surveys, and the China Health and
Nutrition Survey, as well as other one-time country-specific surveys. These microdata contain information about
each individual child’s age (from which age in weeks and age in months are calculated), as well as height and/or
weight. From that information, a height-for-age z-score (HAZ), weight-for-height z-score (WHZ), and weight-for-
age z-score (WAZ) were calculated using the WHO 2006 Child Growth Standards and the LMS method.3

All available data from the WHO Global Database on Child Growth and Malnutrition were extracted — majority of

which was from published studies. Four metrics that were sought from all sources with tabulated data were: mean z-
score, prevalence <-1 z-score (mild), prevalence <-2 z-score (moderate), and prevalence <-3 z-score (severe). All
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data for each metric was extracted for each of stunting (height-for-age z-score; HAZ), wasting (weight-for-height z-
score; WHZ), and underweight (weight-for-age z-score; WAZ).

To maximise internal-consistency and comprehensiveness of the modelling dataset, three data transformations were
performed. Firstly, any data that were reported using the National Center for Health Statistics (NCHS) 1978 growth
standards were crosswalked to corresponding values on the WHO 2006 Growth Standards curves based on a study
that evaluated growth standard concordance.4 Crosswalks from 1978 to 2006 growth standards were performed only
on <-2 z-score (i.e. moderate) prevalence data as that was where the concordance was most consistent. Secondly, for
any study that lacked a measure of mean z-score for any of stunting, wasting, or underweight, a mean value was
predicted for that study based on an ordinary-least squares regression of mean z-score versus <-2 z-score prevalence
for that metric from all sources where both were available. Thirdly, any data that were presented as both sexes
combined for 0-59 months, the age- and sex-pattern were used from all data sources that included that detail to split
these data into corresponding age-and sex-specific data.

The major data sources from India were national surveys including National Family Health Surveys, District Level
Household Surveys, Annual Health Survey, National Nutrition Monitoring Bureau Diet and Nutritional Surveys,
and Rapid Survey on Children.

Modelling
The following three-step modelling process was used to estimate stunting, wasting, and underweight.

First, all microdata was fit using an ensemble modelling process. A series of 12 individual distributions (normal, log
normal, log logistic, exponential, gamma, mirror gamma, inverse gamma, gumbel, mirror gumbel, Weibull, inverse
Weibull, and beta) were fit to the entire set of microdata (approximately 2.5 million individual z-scores) at the
individual survey level. A weighting algorithm combined each distribution to find the optimal combination of these
distributions for each survey, minimising the absolute prediction error across the entire distribution. Ensemble
weights for each survey were then averaged across all surveys to produce a single set of global weights of the
ensemble distributions. Weights were different for each sex, but invariant across geography, time, and age group.
All component distributions that were used to derive weights were parameterised using “method of moments,”
meaning that each corresponding probability density function could be described as a function of the mean and
variance of the quantity of interest.

Second, models were developed for mean z-scores and prevalence of moderate and severe growth failure. Individual
level microdata were collapsed to calculate three metrics: mean z-score, moderate prevalence, and severe
prevalence. These data were combined with that derived from literature, GHDx review, and the WHO Global
Database on Child Growth and Malnutrition. For those sources where moderate prevalence was reported without a
corresponding mean, a predicted mean was calculated using an ordinary-least square regression from those sources
where both metrics were present. Each of the three metrics were then modelled using ST-GPR, generating estimates
for each location, year, age group, and sex.

Third, estimates of mean and prevalence (moderate and severe) were combined with ensemble weights in an
optimisation framework in order to derive the variance that would best correspond to the predicted mean and
prevalence. This variance was then paired with the mean, and using the method of moments equation for each of the
component distributions of the ensemble, probability density function of the distribution of z-scores were calculated
for each location, year, age group, and sex. Probability density functions were integrated to determine the prevalence
between -1 and -2 z-scores (mild), between -2 and -3 z-scores (moderate), and below -3 z-scores (severe). These
were categorical exposures used for subsequent attributable risk analysis.

All models were run with the complete dataset. Data plausibility inspection began with examination of time-trends
in stunting. If a given datum was judged to have led to a change in the prevalence of moderate stunting in 1-4 year
olds of 50% or greater in 5 years or fewer, and was inconsistent with data prior to and after that year (a change
considered implausible), the offending datum were outliered and the model was re-run. The results of moderate
stunting, wasting, and underweight were further visually-inspected in parallel to look for location-year-age-sex
where the results were not internally-consistent (e.g. underweight rapidly increasing, and stunting and wasting
decreasing). This inspection revealed very few inconsistent data.

Relative risks were derived from a pooled cohort analysis.s The final list of outcomes paired with child growth

failure risks included lower respiratory infections, diarrhoea, measles, and protein energy malnutrition as shown in
the below table.

11



A3.

Epidemiological evidence of association of stunting, wasting, and underweight, with diarrheal diseases, lower
respiratory infections and measles was obtained from the following study:

Olofin I, McDonald CM, Ezzati M, et al. Associations of suboptimal growth with all-cause and cause-specific
mortality in children under five years: a pooled analysis of ten prospective studies. PLoS ONE 2013; 8: e64636.

There is a high degree of correlation between stunting, wasting, and underweight. Failing to account for their
covariance and assuming independence would significantly overestimate the total burden. A method developed by
Olofin and colleagues was used to adjust observed relative risks by simulating the joint distribution of the three
indicators using the distribution of each indicator and covariance between indicators in the countries included in the
meta-analysis (extracted from DHS micro-data).s Based on the analysis done by McDonald and colleagues, it was
assumed that there is an interaction between the three indicators, and the interaction terms were extracted from the
corresponding analysis. The adjusted relative risks were calculated by minimising the error between observed crude
relative risks (from meta-analysis) and expected crude relative risks derived from adjusted relative risks.

The relative risks were adjusted using an optimisation algorithm that takes into account covariance between the
three child growth failure indicators. Of historical note, upper respiratory infections and otitis media were previously
included as outcomes, based on the “analogy” causal criterion, assuming there is similar pathway as lower
respiratory infections outcome. However, closer review did not find sufficient evidence to support their inclusion
and they were excluded. 100% of protein energy malnutrition were attributed to childhood wasting and underweight
but not stunting. The final list of relative risk outcomes paired with child growth failure risks included lower
respiratory infections, diarrhoea, measles, and protein energy malnutrition as shown in the below table.

Adjusted RRs for each risk-outcome pair for child growth failure

Outcome Stunting Wasting Underweight

<-1: 1.111(1.023-1.273) <-1: 6.601 (2.158-11.243) <-1: 1.088 (1.046-1.134)

Diarrhea <-2: 1.222 (1.067-1.5) <-2: 23.261 (9.02-35.845) <-2: 1.23(1.163-1.314)
<-3: 1.851(1.28-2.699) <-3: 105.759 (42.198-157.813) <-3: 2.332(2.076-2.802)

Lower respirato <-1: 1.125 (0.998-1.655) <-1: 5.941(1.972-11.992) <-1: 1.145 (1.044-1.364)

infectionsp ry <-2: 1.318(1.014-2.165) <-2: 20.455 (70.84-37.929) <-2: 1.365 (1.215-1.755)
<-3: 2.355(1.15-5.114) <-3: 47.67 (15.923-94.874) <-3: 2.593(1.908-4.39)
<-1: 1.103(0.861-1.719) <-1: 1.833(0.569-8.965) <-1: 0.995(0.5-1.726)

Measles <-2: 1.540 (1.029-3.222) <-2: 8.477(1.33-42.777) <-2: 2.458(1.26-5.118)
<-3: 2.487 (1.129-6.528) <-3: 37.936 (5.088-199.126) <-3: 5.668 (1.767-12.414)

Protein-energy

malnutrition 0% PAF 100% PAF 100% PAF

<-1, <-2, and <-3 refer to categories of stunting, wasting, and underweight that are less than -1, -2, and -3 standard deviations of the median in the
WHO 2006 standard curve.

Anaemia impairment

The prevalence of anaemia was defined using the following WHO thresholds for haemoglobin.

Severity of anaemia

Mild | Moderate | Severe
Age <1 month
Males 130 - 149 g/L 90- 129 g/L <90g/L
Females 130-149 g/L 90-129 g/L <90g/L
Age 1 month-4 years
Males 100 - 109 g/L 70-99 g/L <709/L
Females 100 - 109 g/L 70-99¢g/L <70g/L
Age 5-14 years
Males 110-114 g/L 70-99 g/L <70g9/L
Females 110-114 g/L 70-99 g/L <70g/L
Age 15+ years
Males 110-129 g/L 80 - 109 g/L <80g/L
Females, non-pregnant 110-119¢g/L 80- 109 g/L <80g/L
Females, pregnant 100 —109 g/L 70-999/L <70g/L
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The steps in the estimation of non-fatal anaemia burden or morbidity are shown in the following flowchart:

Anemia Impairment

Nonfatal Health Outcomes Estimation I

Data

The envelope approach to anaemia impairment utilises data from a variety of sources. Population based surveys of
haemoglobin concentration were the primary input to the analytic dataset. Examples include the DHS and MICS
series, along with other national and sub-national surveys that completed haemoglobin testing. We supplemented
with pertinent sources downloaded from the WHO Vitamin and Mineral Nutrition Information System (VMNIS)
available at http://www.who.int/vmnis/database/anaemia/countries/en/. Most used a HemoCue test, adjusted for
altitude, and excluded those with terminal or acute medical conditions. Inclusion, exclusion, and diagnostic criteria
for other studies were similar and can be found in each study. Any data that were presented as both sexes combined
or an age range encompassing more than one GBD age group were split by age and/or sex prior to modelling.

The major data sources from India were national surveys including National Family Health Surveys, District Level
Household Surveys, Annual Health Surveys, Medical Certification of Cause of Death data, Sample Registration
System Verbal Autopsy data, Micronutrient Deficiency Survey, Study on Causes of Death by Verbal Autopsy, and
WHO global database on anaemia, nutrition landscape information system.

Modelling of anaemia impairment envelope

1. Estimation of population mean and standard deviation of haemoglobin

Two Dismod-MR models were run — one for mean haemoglobin and one for SD of haemoglobin. In both
models, we included fixed effects on underweight (proportion of children under-five <2SD weight-for-age), and
Socio-demographic index (SDI). Mean haemoglobin was used as a fixed effect in the SD model. The models
were run with the following parameters:

Haemoglobin Haemoglobin SD
predict_re 0 0
custom_hyperparameters 1 0
density cutoffs 5,10, 15
st_lambdaa 2,2,151
st_omega 2,222
st_zeta 0.7,0.8,0.9,0.99
gpr_scale 15, 15, 15, 10
amp_factor 1 1
level 4 to_3 agg 6, 130, 163, 179, 180 6, 130, 163, 179, 180
level 5 to 4 agg 6, 163, 180 6, 163, 180
add_nsv 1 1
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Estimation of prevalence of anaemia by severity

The full distribution of haemoglobin were modelled for each population (location/year/age/sex), from which we
applied the WHO thresholds to calculate prevalence of each severity of anaemia. In GBD 2015, a Weibull
distribution was fit using shape and scale parameters estimated from mean haemoglobin. Similar to GBD 2016,
multiple two-parameter distributions were combined to create a more precise and unbiased ensemble
distribution.

First, a training and testing set of individual-level haemoglobin measurements were created. The training set
consisted of 90 DHS surveys, providing 290 group-specific samples of microdata from children under-five
years, males 15-45 years, pregnant females 15-45 years, and non-pregnant females 15-45 years (not all groups
were sampled in each DHS). A set of two-parameter distributions (gamma, mirror gamma, Weibull, mirror
lognormal, and mirror gumbel) were fit to the sample’s haemoglobin mean and variance. These distributions
were combined using weights optimised by a loss function of severity-specific prediction error weighted by the
ratio of the severity’s disability weight (DW) to mild anaemia DW. Weights were constrained to be positive and
sum to 1, so that the resultant ensemble distribution is a proper probability density function. All permutations of
the 5 distributions were tested (ie, we optimised weights for both a mix of all 5 distributions as well as a
gamma-Weibull two-way combination).

The loss function is

ng M omg
Z Z Z T |J1-"|'_i'F.' - ﬁl'j'k |

i=1j=1 k=1
Where
M t2jg
Bije = ZW:;J‘ PDF;
=1 Ll

ni is a list of surveys (in either the training or testing set); nj is the list of groups: children under-five years, males
15-45 years, pregnant females 15-45 years, non-pregnant females 15-45 years, males >45 years, and females >45
years; nk is the list of severities (mild, moderate, severe); nz is the list of distributions (gamma, mirror gamma,
Weibull, mirror lognormal, and mirror gumbel); r is the ratio of the severity j DW to that of mild anaemia; r« =
13 for moderate and rk = 40 for severe; PDF is a probability density function fit to the sample mean and variance;
t1 and t2 are the lower and upper bounds to the WHO anaemia definition for the group; w is the set of
distribution weights (each constrained to be positive) such that

ei,we =1 andallw:>0

Therefore, E;‘; Wz * POF; describes the ensemble probability density function that can be integrated to calculate
prevalence for any severity.

The testing set consisted of 9 NHANES and 9 DHS surveys not included in the training data. Inclusion of
NHANES as half the testing set ensured out of sample predictive validity by challenging the global weights, as it
provided the ensemble distribution with high-income data (DHS is from LMIC countries) and data from adults
>45 years (DHS did not take blood tests from the elderly). We selected the combination of distributions
(including all individual component distributions) that minimised the loss function.

With a set of component distributions and global weights, the distribution of haemoglobin in each
location/year/age/sex were then modelled by fitting each component distribution using modelled mean and SD,
then weighting to create the ensemble distribution E;‘;sz « PDF,. The area under the EE‘;LWZ + PDF, curve for
each group-specific WHO threshold to calculate prevalence of anaemia by severity was integrated.

Because anaemia thresholds depend on pregnancy, the distribution of pregnant and non-pregnant females was
modelled separately. The method for fitting the ensemble distribution to pregnant women was identical to that of
non-pregnant, but used the mean and variance from the two DisMod models adjusted by the estimated beta on
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the pregnancy status fixed effect. The prevalence of anaemia in pregnant and non-pregnant women were
weighted by the pregnancy rate and combined to estimate population prevalence of anaemia. The pregnancy rate
for each age was estimated as

pregnancy = (ASFR + 5B) = 46/52

Where ASFR is the location- and age-specific fertility rate, and SB is the location-specific stillbirth rate.

Due to instability in the prevalence estimates in early life, the prevalence estimates for the post-neonatal age
group were copied over the early and late neonatal estimates for each location, year, and sex.

Causal attribution

The cause-specific attribution on the anaemia envelope were performed using information on cause-specific
prevalence and haemoglobin shift, and a number of causes and updates to haemoglobin shifts for inputs to causal
attribution. Total “haemoglobin shift” was determined as the difference between the normal and predicted mean
haemoglobin levels for each population group. The normal haemoglobin level was denoted as the global 95t
percentile of the distribution of mean-haemoglobin within each age group, sex, and year. A total shift for each
country in the corresponding age group, sex, and year was determined by finding the difference between the
global “normal” and the country-specific predicted mean haemoglobin. The model of attribution followed that,
because the shift was a disease state experienced by 100% of the population, the sum of cause-specific
haemoglobin shifts times the prevalence of each contributing cause should add up to the total. The shift times
prevalence estimates were summed from all causes, compared to the total predicted haemoglobin shift, and
proportionally assigned. The residual envelope was distributed among seven remaining causes.

Of note, our iron-deficiency anaemia estimates included acute and chronic hemorrhagic states for which
supplementation may be helpful, but poor nutritional intake was not the only underlying problem. A few causes
in this category — hookworm, schistosomiasis, upper gastrointestinal bleeding, and gynecologic diseases — were
considered separately from iron-deficiency anaemia because there was enough data from GBD prevalence
estimation processes to do so. Distribution of anaemia burden to iron-deficiency anaemia only after assignment
to “known” causes avoided double counting of these cases. Most other causes of anaemia not specifically
considered were included in the “other” categories.

For all causes with population-specific prevalence estimates, a condition was enforced where the sum of mild,
moderate, and severe anaemia would not exceed the total prevalence within each population. Additionally,
because inherent in the method of determining “normal” haemoglobin is the fact that 5% of population groups
will have zero, or negative total shift, we assigned a minimum of 10% of all anaemia to residual causes based on
review of findings from National Health and Nutrition Examination Survey in the United states.s,o

The Bayesian contingency table modelling methods were used to disaggregate marginal estimates of anaemia
severity and aetiology into a complete set of prevalence estimates for aetiology/severity pairs. Marginal
estimates of column sums (total anaemia prevalence by severity [mild, moderate, severe]) and row sums (total
aetiology prevalence for each cause) were paired with priors on the etiology-specific haemoglobin shifts (the
same as were used for overall etiologic attribution) and rank order of variation of severity (e.g. malaria-induced
anaemia severity is highly variable while that due to homozygous sickle cell disease is so less). Nonlinear
optimisation methods were then used to populate a complete matrix of aetiology-severity estimates from the
marginal estimates and distribution priors. The maximum a posteriori (MAP) point estimate were found for 5
samples from estimated posterior distributions independently for each population group, then scaled the results
to ensure row sums were non-zero and column sums matched the original draws. The mean of the scaled
posteriors was taken for each population group. To estimate uncertainty for each scaled posterior mean, first the
ratio of each draw to the mean of all draws for the anaemia envelope were calculated. For non-residual causes,
the ratio of each draws were also calculated to the mean of all draws. The scaled posterior mean was then
multiplied by these ratios.

The anaemia causal attribution process produced estimates for mild, moderate, and severe anaemia due to HIV.
Using these estimates, we calculated proportions of HIV with mild, moderate, severe, and no anaemia for each
demographic group. GBD produces estimates for seven HIV sub-causes: early HIV, symptomatic HIV, AIDS
with antiretroviral treatment, AIDS without antiretroviral treatment, drug-sensitive HIV/AIDS — Tuberculosis,
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multidrug-resistant HIV/AIDS — Tuberculosis, and extensively drug-resistant HIV/AIDS —Tuberculosis. It was
assumed that the anaemia severity proportions were equivalent across the seven sub-causes, and the anaemia
severity levels were estimated for each by multiplying the HIV sub-causes by the anaemia proportions.

For GBD 2017, several updates were made to the anaemia cause list. In 2017, “other gynaecological disorders”
were removed from the cause list, and instead “menstrual disorders” were added, which is a directly modelled
non-residual cause. Cirrhosis, Crohn’s disease, ulcerative colitis, and Vitamin A deficiency were also added to
the list. Because reviewed studies provided insufficient evidence of vitamin A deficiency causing any
haemoglobin shift in adults,10 the vitamin A deficiency input model was age-restricted, such that the
haemoglobin shift was only applicable to age groups under 15 years.

Priors: Largest

Anaemia subtype Expected largest*
P. falciparum parasitaemia without clinical malaria 2

P. vivax parasitaemia without clinical malaria

Clinical malaria

Schistosomiasis

Hookworm disease

Other neglected tropical diseases

Maternal haemorrhage

Iron deficiency

Vitamin A deficiency

Other infectious diseases

Peptic ulcer disease

Gastritis

Stage |11 chronic kidney disease due to diabetes mellitus type 1
Stage IV chronic kidney disease due to diabetes mellitus type 1
Stage V chronic kidney disease due to diabetes mellitus type 1
Stage 111 chronic kidney disease due to diabetes mellitus type 2
Stage IV chronic kidney disease due to diabetes mellitus type 2
Stage V chronic kidney disease due to diabetes mellitus type 2
Stage 111 chronic kidney disease due to hypertension

Stage IV chronic kidney disease due to hypertension

Stage V chronic kidney disease due to hypertension

Stage 111 chronic kidney disease due to glomerulonephritis

Stage 1V chronic kidney disease due to glomerulonephritis

Stage V chronic kidney disease due to glomerulonephritis

Stage 111 chronic kidney disease due to other and unspecified causes
Stage 1V chronic kidney disease due to other and unspecified causes
Stage V chronic kidney disease due to other and unspecified causes
Uterine fibroids

Menstrual disorders

Other haemoglobinopathies and haemolytic anemias

Other endocrine, nutrition, blood, and immune disorders

G6PD deficiency

Hemizygous G6PD deficiency

Beta-thalassaemia major

Beta-thalassaemia trait

Haemoglobin E trait

Haemoglobin E/beta-thalassaemia

Haemoglobin H disease

Homozygous sickle cell and severe sickle cell/beta-thalassaemia parent
Hemoglobin SC disease

Mild sickle cell/beta-thalassaemia

Sickle cell trait

HIV

Cirrhosis and other chronic liver diseases, decompensated
Ulcerative colitis

Crohn’s disease

OO IR [OIOIN(ININININ|IO|IFRP[(N|FP(FP(O|IFR|IC(OIN(FP(FPINFPIFPIN|IFP(FRPINFPIFRPINIFPIFRPININ([O|O|O |k |O|Oo(o|N N

*0 = mild anaemia; 1 = moderate anaemia; 2 = severe anaemia
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Priors: Severity

Anaemia subtype Expected variation
P. falciparum parasitaemia without clinical malaria 1
P. vivax parasitaemia without clinical malaria 2
Clinical malaria 3
Gastritis 4
Peptic ulcer disease 5
Crohn’s disease 6
Ulcerative colitis 7
Maternal haemorrhage 8
Other endocrine, blood, and immune disorders 9
Menstrual disorders 10
Uterine fibroids 11
Iron deficiency 12
Vitamin A deficiency 13
Other infectious diseases 14
Other neglected tropical diseases 15
HIV 16
Stage |11 chronic kidney disease due to other and unspecified causes 17
Stage 111 chronic kidney disease due to hypertension 18
Stage 111 chronic kidney disease due to diabetes mellitus type 1 19
Stage 111 chronic kidney disease due to diabetes mellitus type 2 20
Stage 111 chronic kidney disease due to glomerulonephritis 21
Stage 1V chronic kidney disease due to other and unspecified causes 22
Stage IV chronic kidney disease due to hypertension 23
Stage IV chronic kidney disease due to diabetes mellitus type 1 24
Stage 1V chronic kidney disease due to diabetes mellitus type 2 25
Stage IV chronic kidney disease due to glomerulonephritis 26
Cirrhosis and other chronic liver diseases, decompensated 27
Stage V chronic kidney disease due to other and unspecified causes 28
Stage V chronic kidney disease due to hypertension 29
Stage V chronic kidney disease due to diabetes mellitus type 1 30
Stage V chronic kidney disease due to diabetes mellitus type 2 31
Stage V chronic kidney disease due to glomerulonephritis 32
Haemoglobin E trait 33
Sickle cell trait 34
Beta-thalassaemia trait 35
G6PD deficiency 36
Hemizygous G6PD deficiency 37
Haemoglobin SC disease 38
Schistosomiasis 39
Haemoglobin H disease 40
Other haemoglobinopathies and haemolytic anaemias 41
Mild sickle cell/beta-thalassaemia 42
Hookworm disease 43
Haemoglobin E/beta-thalassaemia 44
Homozygous sickle cell and severe sickle cell/beta-thalassaemia 45
Beta-thalassaemia major 46

Causes for which allocation of residual anaemia envelope was based on fixed proportion redistribution
methods*:

Iron-deficiency anaemia

Other infectious diseases

Other neglected tropical diseases

Other endocrine, nutrition, blood and immune disorders
Other haemoglobinopathies and hemolytic anaemias

SAREIE S A

*A minimum of 10% of all anaemia was assigned to residual categories based on the analysis of NHANES-III
data from the United States.
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A.4. Suboptimal breastfeeding

Exposure to suboptimal breastfeeding is composed of two distinct categories: nonexclusive breastfeeding and
discontinued breastfeeding.

Non-exclusive breastfeeding is defined as the proportion of children under 6 months of age who are not exclusively
breastfed. Those not exclusively breastfed are then divided into 3 categories — predominant, partial, and no
breastfeeding. Exclusive breastfeeding is defined as the proportion of children who receive no other food or drink
except breast milk (allowing for ORS, drops, or syrups containing vitamins, minerals, or medicines). Predominant
breastfeeding is the proportion of children whose predominant source of nourishment is breast milk, but also receive
other liquids. Partial breastfeeding refers to those infants who receive breastmilk as well as food and liquids,
including non-human milk and formula. No breastfeeding refers to infants who do not receive breast milk as a
source of nourishment. Discontinued breastfeeding is defined as the proportion of children between 6-23 months
who received no breast milk.

For non-exclusive breastfeeding, those children that received no source of nourishment other than breast milk
(“exclusively breastfed’’) were considered to be at the lowest risk of any of the disease outcomes. For discontinued
breastfeeding, the children aged 6-23 months that received any breast milk as a source of nourishment were assumed
to be at the lowest risk of disease outcome.

The steps in the estimation of suboptimal breastfeeding are shown in the following flowchart:

Suboptimal Breastfeeding

Risk Factor estimation

Exposure

Murtipie Indicator Cluster
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Reproductive Health ey o "
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Partial) Final burden estimation
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breastfed for the first six
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Discontinued
reastfeedng,

Data

There were substantial exposure data updates made for suboptimal breastfeeding for GBD 2017, including
extracting identified surveys not included in previous rounds and re-extracting all surveys for new GBD 2017
subnational locations. The data used in the analysis consists mostly of processed individual-level microdata from
surveys; in the cases where microdata was unavailable, the reported tabulated data were used from survey reports
and scientific literature. Data used to categorise type of non-exclusive breastfeeding (predominant, partial, and none)
come from surveys with 24-hour dietary logs based on maternal recall.

The major data sources for India were National Family Health Surveys and MICS.
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Modelling

Using the processed microdata and tabulated data from reports, a complete time series was generated from 1980—
2017 for the prevalence of breastfeeding patterns for children 0-5 months and 6-23 months using a three-step ST-
GPR modelling process.

First, a robust linear regression was estimated using each geography’s socio-demographic index as a covariate. The
following linear model was used for the estimation of breastfeeding indicators:

Logit (P_(x, ¢, t))=B_0+B_1 [SDI] (c, )+ a_ct+y (R[c])+ o (SR[c]) +& (c,t)

where P_(x,c,t) is prevalence for breastfeeding category x in country ¢ and yeart; [SDI] (c, t) is value of the socio-
demographic Index for country ¢ and yeart; a_c,y (R[c]), and ® (SR[c]) are country, state, region, and super-
region random intercepts, respectively.

Following which, a spatio-temporal regression was done using the residuals of the predictions from the linear
regression to perform a locally-weighted regression that provides a greater weighting factor to those nearer in space
and time. The predicted residuals from this step were then added to those created in the linear regression step.

Finally, a Gaussian Process Regression was done that incorporates the variance of the input data as well as the
variance of the model predictions. It used predictions from the spatio-temporal regression as the mean function, and
generated draws from a multinomial distribution (based on the data uncertainty in the prior) to generate the final
prevalence estimates and their confidence intervals.

Six models were estimated to produce each of the categories: the proportion of currently breastfeeding infants 0-5
months of age, the ratio of infants exclusively breastfed to breastfed infants 0-5 months of age, the ratio of infants
predominantly breastfed to breastfed infants 0-5 months of age, the ratio of infants partially breastfed to breastfed
infants 0-5 months of age, the proportion of currently breastfeeding infants 6-11 months of age, and the proportion
of currently breastfeeding infants 12-23 months of age. The ratios of exclusive, predominant, and partial
breastfeeding were converted to the total category prevalence proportions by multiplying each ratio by the estimates
of any breastfeeding among infants aged 0-5 months. This ensures that these categories sum correctly to “any
breastfeeding 0-5 months” envelope. The proportion of infants receiving no breast milk 0-5 months of age were
calculated by subtracting the estimates of current breastfeeding from 1. The same operation was performed to
estimate discontinued breastfeeding in the 6-11 months and 12-23 months categories.

The outcomes were included based on the strength of available evidence supporting a causal relationship. Relative
risks used for suboptimal breastfeeding were generated based on published review by the WHO.7 Non-exclusive
breastfeeding exposure was paired with diarrhoea and lower respiratory infections as disease outcomes.
Discontinued breastfeeding was paired with diarrhoea only.

The standard GBD PAF equation were used to calculate PAFs for non-exclusive breastfeeding and discontinued
breastfeeding, and each of their paired outcomes using exposure estimates and relative risks.

Epidemiological evidence for relative risk of various disease outcomes attributable to suboptimal breastfeeding was
obtained from the following studies:

Horta BL, Victora CG. Short-term effects of breastfeeding: a systematic review on the benefits of breastfeeding on
diarrhoea and pneumonia mortality. World Health Organisation 2013. http://www.who.int/iris/handle/10665/95585.

Olofin I, McDonald CM, Ezzati M, et al. Associations of suboptimal growth with all-cause and cause-specific
mortality in children under five years: a pooled analysis of ten prospective studies. PLoS ONE 2013; 8: e64636.

Genser B, Strina A, Santos LA, et al. Impact of a city-wide sanitation intervention in a large urban centre on
social, environmental and behavioural determinants of childhood diarrhoea: analysis of two cohort studies. Int
J Epidemiol 2008; 37(4): 831-40.
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A.5. High body mass index in children

GBD computes high body-mass index (BMI) in children for age up to 19 years, defining this as being overweight or
obese based on Internal Obesity Task Force (IOTF) cut-offs. For the purpose of attributing disease burden to BMI,
the TMREL for BMI in children (age up to 19 years), was based on I0TF cut-offs for normal weight. The IOTF cut-
offs were preferred over WHO standards because the IOTF cut-offs provide consistent child-specific standards for
ages 2-18 years derived from surveys covering multiple countries and were more commonly used in scientific
literature covering childhood obesity.

The steps in the estimation of the high body-mass index risk factor in children are shown in the following flowchart:

Childhood (Ages 2-19) High Body-Mass Index: Data and Model Flow Chart

Characterizing the distribution of BMI by age, sex, country, and time
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Data

Nationally or sub-nationally representative estimates of overweight prevalence, obesity prevalence, or mean BMI
were included from the published literature. The representative studies providing data on mean BMI or prevalence
of overweight or obesity among children were also included. For children (2-18 years), studies were included if they
used IOTF standards to define overweight and obesity thresholds. Studies were excluded if they used non-random
samples (e.g. case-control studies or convenience samples), conducted among specific subpopulations (e.g. pregnant
women, racial or ethnic minorities, immigrants, or individuals with specific diseases), used alternative methods to
assess adiposity (e.g. waist-circumference, skin-fold thickness, or hydrodensitometry), had sample sizes of less than
20 per age-sex group, or provided inadequate information on any of the inclusion criteria.

Where individual-level survey data were available, mean BMI were computed using weight and height. BMI was
then used to determine the prevalence of overweight and obesity. For individuals aged 2-18 years, monthly IOTF
cut-offsz2 were used to determine overweight and obese status when age in months was available. When only age in
years was available, cut-off for the midpoint of that year were used. Obese individuals were also considered to be
overweight. The studies using the WHO standards or country-specific cut-offs to define childhood overweight and
obesity were excluded. At the individual-level, BMI<10 kg/m2 and BMI>70 kg/mz2were considered to be
biologically implausible and these observations were excluded.



Data were extracted from reports and literature on mean BMI, prevalence of overweight, and prevalence of obesity,
measures of uncertainty for each, and sample size, by the most granular age and sex-groups available. Additionally,
the same study-level covariates were extracted as were extracted from microdata (measurement, urbanicity, and
representativeness), as well as location and year.

In addition to the primary indicators described above, relevant survey-design variables, including primary sampling
unit, strata, and survey weights were extracted, which were used to tabulate individual-level microdata and produce
accurate measures of uncertainty. Three study-level covariates were extracted: 1) whether height and weight data
were measured or self-reported; 2) whether the study was predominantly conducted in an urban area, rural area or
both; and 3) the level of representativeness of the study (national or sub-national).

Finally, relevant demographic indicators were extracted, including location, year, age, and sex. The standard error of
the mean from individual-level data were estimated, where available, and the reported standard error of the mean
were used for published data. When multiple data sources were available for the same country, all of them were
included in the analysis. If data from the same data source were available in multiple formats such as individual-
level data and tabulated data, individual-level data were used.

Both measured and self-reported data were included. The bias was tested in self-reported data compared to
measured data, which is considered to be the gold-standard. There was no clear direction of bias for children aged 2-
14 years, so for these age groups only measured data were included. For individuals aged 15 years and above, self-
reported data were adjusted for in overweight prevalence, obesity prevalence, and mean BMI using the following
nested hierarchical mixed-effects regression models fit using restricted maximum likelihood separately by sex:
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Where m is a fixed effect on measurement (binary, either measured (1) or self-report (0)), Ly s; is an indicator
variable for specific age group A, Lys; Inym; is an interaction term between age and measurement, s, o, and o are

random effects at the super region, region, country, and state, respectively, and @ is a random effect by time-period
(1980-1989, 1990-1999, 2000-2009, and 2010-2017). Random effects at the country-level and time-period level
were used to fit the models, but were taken as noise and were not used in adjustment of self-reported data. The
uncertainty was propagated in the self-reported adjustment model by adding the variance of each of the regression
coefficients used in adjustment to the data variance in delta-transformed space. After adjustment, regressions
confirmed that self-reported data was no longer significantly different from measured data.

Any report or literature data provided in age groups wider than the standard 5-year age groups or as both sexes
combined were split using the approach used by Ng et al.12 Briefly, age-sex patterns were identified using sources
with data on multiple age-sex groups, and these patterns were applied to split aggregated report and literature data.
Uncertainty in the age-sex split was propagated by multiplying the standard error of the data by the square root of
the number of splits performed. The uncertainty was not propagated in the age-pattern and sex-pattern used to split
the data as they seemed to have small effect.

The major data sources from India were national surveys including National Family Health Surveys, District Level

Household Surveys, Annual Health Survey, National Nutrition Monitoring Bureau Diet and Nutritional Surveys,
and Rapid Survey on Children.
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Modelling strategy

After adjusting for self-report bias and splitting aggregated data into 5-year age-sex groups, ST-GPR were used to
estimate the prevalence of overweight and obesity. The linear model, which when added to the smoothed residuals
forms the mean prior for GPR is as follows:

logit(overweight ), .. = By + Brenergy, . + B-SDL ; + Byvehicles , + Bjagriculture, ; + X2 Bplag + o, +
[ I o

logit(obesity foverweight). .. = By + Brenergy.; + B.SDL ; + Bavehicles , + X321 Pylara +ots + oy + o,

where energy is ten-year lag-distributed energy consumption per capita, SDI is a composite index of development
including lag-distributed income per capita, education, and fertility, vehicles is the number of two or four-wheel
vehicles per capita, and agriculture is the proportion of the population working in agriculture. I ,; is a dummy

variable indicating specific age group & that the prevalence point captures, and ;. tt.. and . are super region,
region, country, and state, random intercepts, respectively. Random effects were used in model fitting but were not
used in prediction.

All combinations were tested for the following covariates to see which performed best in terms of in-sample AIC for
the overweight linear model and the obesity as a proportion of overweight linear model: ten-year lag distributed
energy per capita, proportion of the population living in urban areas, SDI, lag distributed income per capita,
educational attainment (years) per capita, proportion of the population working in agriculture, grams of sugar
adjusted for energy per capita, grams of sugar not adjusted for energy per capita, and the number of two or four-
wheeled vehicles per capita. These candidate covariates were selected based on theory as well as reviewing
covariates used in other publications. The final linear model was selected based on: 1) if the direction of covariates
matched what is expected from theory, 2) all the included covariates were significant, and 3) minimising in-sample
AIC. The covariate selection process was performed using the dredge package in R.

The ST-GPR incorporates information about data density into the process for smoothing over space and time.
Estimates in areas/years with few observations had more weight on regional observations. To specify the
distribution of time weights and space weights, values of lambda=0.2 and zeta=0.05, were used, respectively. The
value of omega=1.0 was used for the distribution of age weights. The GPR scale parameter was set to 20, and used
the default global cut-off setting for amplitude.

The ensemble distribution approach which fit ensemble weights by source and sex, with source- and sex-specific
weights averaged across all sources included to produce the final global weights were used. The ensemble weights
were fit on measured microdata. The final ensemble weights were: exponential = 0.002, gamma = 0.028, inverse
gamma = 0.085, log-logistic = 0.187, Gumbel = 0.220, Weibull = 0.011, log-normal = 0.058, normal = 0.012, beta =
0.136, mirror gamma = 0.008, and mirror Gumbel = 0.113.

One thousand draws of BMI distributions estimated for each location, year, age group, and sex were produced by
fitting an ensemble distribution using 1,000 draws of estimated mean BMI, 1,000 draws of estimated SD, and the
ensemble weights. Estimated SD was produced by optimising a SD to fit estimated overweight prevalence draws
and estimated obesity prevalence draws.

The relative risk per 5-unit change in BMI for each disease endpoint was obtained from meta-analyses, and where
available, pooled analyses of prospective observational studies. In cases where a relative risk per 5-unit change in
BMI was not available dose-response meta-analysis were computed using two-step generalised-least squares for
time trends estimation methods.

For childhood outcomes (2-19 years), categorical relative risks were computed for overweight and obesity using a
random effects meta-analysis.

Risk-outcome pairs were defined based on strength of available evidence supporting a causal effect. The
epidemiological evidence on the relative risk outcome-pair from the following study suggests that high body-mass
index in children cause asthma:

Mebrahtu TF, Feltbower RG, Greenwood DC, Parslow RC. Childhood body mass index and wheezing disorders: a
systematic review and meta-analysis. Pediatr Allergy Immunol 2015; 26: 62—72.
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B. Projections up to 2030

GBD 2017 produced projections for the health-related Sustainable Development Goal (SDG) indicators up to 2030 based
on past trends, using a new advanced modelling framework. 13 The steps used to produce projections for the child and
maternal malnutrition indicators are as follows.

For each malnutrition indicator, the annual change from the previous year was first calculated from 1990 to 2017 using
the logit of the prevalence for each year. The weight for each year was calculated using this formula:

weight yepr = (£ — 1990 + 1)

where o is the weight function, the value of which denotes how much higher impact recent years would have compared
with the past years when calculating the annual rate of change for the projection. To determine the appropriate value of ®
for each indicator, an out-of-sample predictive validity test was done using data from 1990 to 2007 to predicted values for
the years from 2008 to 2017. Assuming a range of values, in the increments of 0.25, from 0 to 10 for w, the best predicted
value for the period 2008 to 2017 was tested for each indicator. The final value for the weight function (®) specific to
each indicator for projection was chosen that minimised the root mean squared error in the 2008—-2017 projections based
on the 1990-2007 data. The weight functions computed for the malnutrition indicators reported in this paper are as
follows:

Malnutrition indicators Weight function
Low birth weight and short gestation 1.5
Child stunting 1.7
Child wasting 1.9
Child underweight 1.8
Exclusive breastfeeding 0.8
Child overweight 1.7
Anaemia in children 0-4 years 1.0
Anemia in women of reproductive ages 14

The inverse of the weighted logit mean of the annualized rate of change from 1991 to 2017 was then applied to the years
2018 onward to estimate the prevalence of each malnutrition indicator up to 2030, which takes into account the trends
observed so far.

C. Uncertainty intervals

Within the GBD analytic framework, uncertainty is captured and propagated by sampling 1000 times from the posterior
distribution of each estimation step, even in situations where the actual model is run far in excess of 1000 times. The
approaches for ensuring convergence of model results was arrived at through iterative testing. GBD has assessed the
number of iterations across a wide set of outcomes, and 1000 iterations were found to be quite sufficient to ensure
stability across the variables. 1000 samples of each distribution were found to be a sufficient number to allow for accurate
propagation of uncertainty into subsequent modelling steps, generating aggregate results, and facilitating secondary
analyses, as demonstrated in the results of the diagnostic tests for low birth weight, stunting, and wasting shown on pages
43-48 of this document.

Point estimates for each quantity of interest were derived from the mean of the draws, while 95% (uncertainty intervals
(Uls) were derived from the 2.5t and 97.5t percentiles of the 1,000 draw level values. Uncertainty in the estimation is
attributable to sample size variability within data sources, different availability of data by age, sex, year, or location, and
cause-specific model specifications. The Uls were determined for components of cause-specific estimation based on
1,000 draws from the posterior distribution of cause specific mortality by age, sex, and location for each year included in
the GBD 2017 analysis. Similarly, for non-fatal estimates if there was a change in disease estimates between locations or
over time that was in the same direction in more than 950 of the 1,000 samples we report it as significant. With this
approach, uncertainty could be quantified and propagated into the final quantities of interest.
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3. Grouping of the states of India based on Socio-demographic Index, 2017

State group
(population in 2017) States of India* SDI in 2017
Bihar 0.43
Madhya Pradesh 0.49
Jharkhand 0.49
Low SDI states Uttar Pradesh 0.49
(675 million) Rajasthan 0.49
Chhattisgarh 0.51
Odisha 0.52
Assam 0.53
Andhra Pradesh 0.54
West Bengal 0.54
Tripura 0.54
Arunachal Pradesh 0.56
Meghalaya 0.56
ggdri?i ISI ilz:])s tates Karnataka 0.57
Telangana 0.58
Gujarat 0.58
Manipur 0.59
Jammu and Kashmirt 0.59
Haryana 0.60
Uttarakhand 0.61
Tamil Nadu 0.62
Mizoram 0.62
Maharashtra 0.62
Punjab 0.62
High SDI states Sikkim 063
(318 million) Nagaland 0.63
Himachal Pradesh 0.63
Union territories other than Delhi 0.65
Kerala 0.66
Delhi 0.72
Goa 0.74

SDI=Socio-demographic Index

SDI as computed by GBD in 2017 as described elsewhere (Lancet 2018; 392: 1995-2051).

*The states are listed in increasing order of Socio-demographic Index in 2017.

FThe state of Jammu and Kashmir was divided into two union territories in August 2019; as we are reporting findings up to 2017, we report findings for
the state of Jammu and Kashmir.
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4. Death and DALY rates attributable to child and maternal malnutrition in under-five children in the states of India, 2017

Death rate per 100,000 in Percentage of total deaths DALY rate per 100,000 in Percentage of total DALYs
under-5 attributable to in under-5 attributable to Ranking of malnutrition under-5 attributable to in under-5 attributable to Ranking of malnutrition
malnutrition malnutrition among all risk factors for malnutrition malnutrition among all risk factors for
States* (95% uncertainty interval) | (95% uncertainty interval) under-5 (95% uncertainty interval) | (95% uncertainty interval) under-5
India 546 (510 to 587) 68.2 (65.8 t0 70.7) 1 50,627 (47,301 to 54,199) 67.1 (64.9 t0 69.4) 1
Low SDI 706 (648 to 768) 69.2 (63.5 to 75.4) 1 64,615 (59,490 to 70,209) 68.3 (65.8 to 70.9) 1
Bihar 730 (622 to 873) 72.7 (69.0 to 76.0) 1 66,673 (57,080 to 79,222) 71.5 (68.1 t0 74.6) 1
Madhya Pradesh 577 (493 to 681) 67.8 (64.1t0 71.0) 1 53,699 (46,059 to 62,838) 66.9 (63.5 t0 69.9) 1
Jharkhand 472 (397 to 567) 67.7 (62.7 10 72.2) 1 44,597 (38,220 to 52,817) 66.6 (62.2 to 70.6) 1
Uttar Pradesh 821 (697 to 968) 68.6 (64.71072.2) 1 74,782 (63,945 to 87,383) 67.8 (64.1t071.1) 1
Rajasthan 669 (572 to 782) 72.2 (69.2 to 75.0) 1 61,574 (53,244 to 71,713) 71.1 (68.2 t0 73.8) 1
Chhattisgarh 590 (504 to 696) 71.6 (67.0t0 75.3) 1 53,956 (46,325 to 63,247) 70.2 (65.9t0 73.7) 1
Odisha 588 (491 to 711) 62.1 (57.2t0 67.0) 1 53,850 (45,498 to 64,541) 61.5 (56.8 t0 66.2) 1
Assam 705 (589 to 856) 65.1 (61.2 to 68.6) 1 63,493 (53,226 to 76,591) 64.2 (60.4 t0 67.7) 1
Middle SDI 383 (350 to 417) 66.0 (60.5 to 72.0) 1 36,374 (33,490 to 39,393) 64.9 (62.6 to 67.1) 1
Andhra Pradesh 360 (273 to 478) 67.5 (64.1t0 70.5) 1 34,493 (26,737 to 44,824) 66.0 (62.9 to 68.8) 1
West Bengal 385 (324 to 465) 67.2 (63.7 t0 70.3) 1 36,107 (30,547 to 43,198) 65.6 (62.6 t0 68.6) 1
Tripura 605 (490 to 756) 67.6 (63.8t0 71.0) 1 55,403 (45,300 to 68,753) 66.6 (63.0 t0 69.8) 1
Arunachal Pradesh 315 (255 to 383) 65.7 (60.2 to 70.6) 1 30,293 (25,248 to 36,253) 64.2 (59.6 to 68.6) 1
Meghalaya 495 (411 to 597) 59.1 (53.1 t0 65.7) 1 45,392 (37,953 to 54,088) 58.4 (52.9 t0 64.7) 1
Karnataka 336 (287 to 394) 63.1 (59.8 to 66.0) 1 32,315 (27,822 to 37,466) 62.2 (59.3 t0 64.8) 1
Telangana 307 (234 to 408) 67.9 (64.4t0 71.1) 1 30,197 (23,538 to 39,180) 66.4 (63.1t0 69.2) 1
Gujarat 430 (367 to 502) 66.2 (62.8 t0 69.4) 1 40,913 (35,374 to 47,709) 65.4 (62.4 t0 68.4) 1
Manipur 374 (305 to 463) 61.8 (56.8 to 66.1) 1 34,126 (27,902 to 41,901) 60.2 (55.7 t0 64.3) 1
Jammu and Kashmirt 425 (360 to 506) 66.2 (63.2 t0 68.8) 1 39,653 (33,873 to 46,800) 65.0 (62.2 t0 67.4) 1
Haryana 427 (365 to 497) 65.4 (62.3 t0 68.3) 1 40,608 (34,969 to 46,810) 64.5 (61.6 t0 67.2) 1
High SDI 272 (249 to 299) 64.2 (58.9to 70.7) 1 26,495 (24,489 to 28,984) 63.0 (60.5 to 65.4) 1
Uttarakhand 351 (295 to 416) 64.4 (60.4 t0 68.2) 1 33,570 (28,513 t0 39,332) 63.4 (59.7 t0 66.8) 1
Tamil Nadu 168 (143 to 198) 59.8 (56.1 to 63.0) 1 17,275 (14,876 t0 20,013) 58.6 (55.6 t0 61.5) 1
Mizoram 481 (397 to 581) 60.8 (56.4 t0 65.3) 1 43,715 (36,406 to 52,457) 59.8 (55.8 t0 64.1) 1
Maharashtra 307 (260 to 363) 66.9 (63.1 to 70.5) 1 29,742 (25,415 to 34,710) 65.7 (62.3 t0 68.9) 1
Punjab 382 (326 to 450) 63.5 (59.8 t0 66.9) 1 35,894 (30,999 to 41,709) 62.5 (59.1 to 65.5) 1
Sikkim 237 (188 to 304) 62.7 (57.9t0 67.6) 1 22,732 (18,378 to 28,648) 60.8 (56.5 to 65.0) 1
Nagaland 593 (467 to 757) 61.8 (56.5 t0 66.5) 1 53,572 (42,526 to 67,873) 60.9 (55.9 to 65.4) 1
Himachal Pradesh 361 (295 to 443) 64.8 (61.3 to 68.0) 1 34,226 (28,423 to 41,319) 63.8 (60.6 to 66.7) 1
Union Territories other than Delhi 414 (339 to 507) 63.2 (59.6 to 66.8) 1 39,095 (32,524 to 47,363) 62.6 (59.3 to 66.0) 1
Kerala 100 (83 to 121) 50.8 (46.0 to 56.6) 1 11,002 (9,436 to 12,935) 50.7 (46.5 t0 55.3) 1
Delhi 419 (346 to 507) 68.5 (63.5t0 72.5) 1 40,029 (33,503 to 48,064) 67.4(63.0t071.2) 1
Goa 267 (191 to 370) 60.8 (56.1 t0 64.9) 1 25,764 (19,100 to 34,841) 60.0 (55.8 t0 63.8) 1

DALY =disability-adjusted life-year. SDI=Socio-demographic Index.
*The states are listed in increasing order of Socio-demographic Index in 2017.
+The state of Jammu and Kashmir was divided into two union territories in August 2019; as we are reporting findings up to 2017, we report findings for the state of Jammu and Kashmir.
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5. DALY rates attributable to child and maternal malnutrition in all age groups combined together in the
states of India, 2017

Ranking of
DALY rate per 100,000 Percentage of total DALYs malnutrition
attributable to malnutrition attributable to malnutrition among all risk
States* (95% uncertainty interval) (95% uncertainty interval) factors
India 6,011 (5,478 to 6,608) 17.3 (16.3t0 18.2) 1
Low SDI 8,393 (7,672 t0 9,170) 22.4 (20.9 to 23.9) 1
Bihar 9,113 (7,957 to 10,595) 26.4 (23.9t0 29.4) 1
Madhya Pradesh 7,318 (6,345 to 8,465) 19.8 (18.0 to 22.0) 1
Jharkhand 6,161 (5,293 to 7,161) 18.8 (17.0 t0 20.9) 1
Uttar Pradesh 9,707 (8,397 to 11,216) 23.9 (21.5 to 26.6) 1
Rajasthan 7,976 (6,949 to 9,192) 22.7 (20.5t0 25.4) 1
Chhattisgarh 6,902 (6,031 to 7,986) 16.7 (14.9 t0 18.7) 1
Odisha 5,935 (5,058 to 7,003) 15.9 (14.0t0 18.2) 1
Assam 7,737 (6,645 t0 9,133) 20.7 (18.2 t0 23.4) 1
Middle SDI 4,203 (3,728 to 4,760) 12.9(12.1t013.7) 1
Andhra Pradesh 3,808 (3,071 t0 4,742) 11.3(10.4t0 12.3) 2
West Bengal 3,890 (3,333 t0 4,572) 12.5 (11.1 to 14.1) 2
Tripura 5,567 (4,641 to 6,780) 16.3 (15.0 to 17.7) 1
Arunachal Pradesh 4,347 (3,674 t0 5,202) 16.8 (15.7 t0 18.2) 1
Meghalaya 6,242 (5,238 to 7,384) 20.6 (19.1 to 22.4) 1
Karnataka 3,672 (3,142 to 4,250) 10.0 (8.9 to 11.1) 3
Telangana 3,728 (3,017 to 4,603) 12.4 (11.4 t0 13.5) 1
Gujarat 5,109 (4,350 to 5,945) 15.6 (14.1 t0 17.3) 1
Manipur 3,731 (3,136 to 4,485) 12.3 (11.1t0 13.5) 1
Jammu and Kashmirt 4,358 (3,751 to 5,063) 15.8 (14.1t0 17.7) 1
Haryana 5,316 (4,527 to 6,136) 15.6 (14.2 t0 17.3) 1
High SDI 3,162 (2,748 t0 3,674) 10.0 (9.3 10 10.8) 3
Uttarakhand 4,050 (3,458 to 4,733) 12.3(11.0t0 13.8) 1
Tamil Nadu 2,501 (2,053 to 3,006) 7.4 (650 8.4) 5
Mizoram 4,619 (3,898 to 5,420) 15.1 (13.8t0 16.3) 1
Maharashtra 3,474 (2,961 to 4,077) 11.2 (10.0 to 12.4) 2
Punjab 3,911 (3,350 to 4,559) 12.1 (10.9 to 13.4) 3
Sikkim 2,643 (2,204 to 3,208) 10.0 (9.2 t0 10.9) 1
Nagaland 5,804 (4,714 to 7,169) 18.9 (17.0t0 20.9) 1
Himachal Pradesh 3,774 (3,170 to 4,471) 11.7 (10.4 to 13.3) 1
Union Territories other than Delhi 3,981 (3,389 t0 4,717) 13.9 (12.6 to 15.3) 1
Kerala 1,618 (1,289 to 2,010) 5.3(4.6106.2) 8
Delhi 4,393 (3,680 to 5,199) 15.8 (13.9 t0 17.8) 1
Goa 2,221 (1,755 to 2,765) 7.9(7.0t0 8.8) 5

DALY=disability-adjusted life-year. SDI=Socio-demographic Index. *The states are listed in increasing order of Socio-demographic Index in 2017.
TThe state of Jammu and Kashmir was divided into two union territories in August 2019; as we are reporting findings up to 2017, we report findings for the
state of Jammu and Kashmir.
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6. Percentage contribution of DALY’ and deaths attributable to child and maternal malnutrition and its components by sex in India, 2017

Percentage of total DALYs in under-5 (95% uncertainty interval)

Percentage of total deaths in under-5 (95% uncertainty interval)

Discontinued breastfeeding
Iron deficiency

Vitamin A deficiency

Zinc deficiency

Boys Girls Both sexes Boys Girls Both sexes
Child and maternal malnutrition 67.9 (65.4 to 70.3) 66.3 (63.8 t0 69.2) 67.1 (64.9 to 69.4) 69.1 (66.4 to 71.6) 67.3 (64.6 to 70.3) 68.2 (65.8 t0 70.7)
Low birth weight and short gestation 46.5 (44.5 t0 48.4) 40.6 (38.8 t0 42.3) 43.6 (41.8 10 45.2) 49.4 (47.7 t0o 51.1) 42.7 (41.1 t0 44.3) 46.1 (44.5 to0 47.6)
Short gestation for birth weight 36.8 (34.8 t0 38.7) 32.1(30.3 to 34) 34.5 (32.8 t0 36.2) 39.0 (37.1 to 40.9) 33.6 (31.9 t0 35.5) 36.3 (34.7 t0 37.9)
Low birth weight for gestation 26.0 (24.0 t0 28.2) 22.4 (20.5t0 24.7) 24.2 (22.5t0 26.2) 27.4 (25.2 t0 29.6) 23.3(21.2 t0 25.6) 25.3(23.6 10 27.2)
Child growth failure 18.6 (16.6 to 20.4) 22.9 (20.9 to 24.9) 20.7 (19.0 to 22.5) 19.1 (17.0 to 20.9) 23.7 (21.6 t0 25.9) 21.4(19.510 23.2)
Child stunting 3.73(1.78 t0 6.61) 4.45 (2.01 t0 8.13) 4.09 (1.88 to 7.44) 4.01(1.90to 7.11) 4.76 (2.15 10 8.77) 4.38 (2.04 t0 8.03)
Child wasting 17.0 (14.4 10 19.2) 21.0 (18.0t0 23.7) 19.0 (16.2 to 21.2) 17.3 (14.5 10 19.7) 21.7 (18.4 t0 24.5) 19.5 (16.5 to 21.8)
Child underweight 6.31 (5.18 t0 8.02) 8.01 (6.69 to 9.95) 7.16 (6.01 to 8.97) 5.92 (4.71t0 7.79) 7.82 (6.38 10 9.92) 6.87 (5.64 t0 8.81)
Suboptimal breastfeeding 2.88 (2.09 to 3.68) 3.39 (2.55 t0 4.31) 3.13(2.35 t0 3.90) 3.09 (2.25 t0 3.94) 3.09 (2.25 t0 3.94) 3.35(2.52 t0 4.17)
Non-exclusive breastfeeding 2.77 (2.04 to 3.56) 3.26 (2.43t04.17) 3.01 (2.27 to 3.78) 2.98 (2.18 10 3.82) 3.48 (2.59 to 4.44) 3.23 (2.43 t0 4.04)

0.13 (0.04 to 0.25)

0.16 (0.05 t0 0.29)

0.15 (0.05 t0 0.27)

0.14 (0.45 t0 0.26)

0.17 (0.06 to 0.30)

0.17 (0.06 to 0.30)

1.34 (0.91 to 1.91)

0.98 (0.67 to 1.43)

1.16 (0.79 to 1.66)

5.57 (4.29 to 6.91)

6.30 (4.91 to 7.83)

5.93 (4.66 to 7.31)

4.97 (3.67 0 6.37)

5.62 (4.20 to 7.15)

5.29 (4.02 to 6.69)

0.33 (0.03 t0 0.93)

0.46 (0.03 to 1.31)

0.39 (0.03 to 1.11)

0.35 (0.02 to 1.01)

0.48 (0.02 to 1.41)

0.42 (0.02 to 1.20)

The sum of percentage DALY s attributable to the components of malnutrition is more than the total for overall malnutrition due to overlap of their contribution to disease burden, and also because the population attributable fractions

from component risk factors can add up to more than the population attributable fraction for the parent risk factor even if the components are independent.

DALY =disability-adjusted life-year.
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7. Projected prevalence and the NNM targets in 2022 for states of India

Low birth weight

Child stunting

Child underweight

Child anaemia

Anaemia in women

Projected prevalence

Projected prevalence

Projected prevalence

Projected prevalence

per 100 (95% Projected prevalence per per 100 (95% per 100 (95% per 100 (95%
uncertainty interval) NNM 2022 100 (95% uncertainty NNM 2022 uncertainty interval) NNM 2022 uncertainty interval) NNM 2022 uncertainty interval) NNM 2022
States of India* 2022+ target} interval) 2022+ targett 2022+ target: 2022+ targett 2022+ target:
India 20.3 (19.6 to 20.9) 11.4 34.6 (33.7 t0 35.7) 25.0 27.5 (27.0 to 28.0) 22.7 56.4 (53.1 to 60.2) 447 53.2 (52.1 to 54.2) 39.4
Bihar 22.2 (19.7 to 24.0) 134 44.4 (40.6 to 50.5) 25.0 32.9 (30.9t0 35.4) 29.1 62.5 (53.8 10 72.8) 50.3 60.7 (56.5 to 65.3) 46.2
Madhya Pradesh 22.3(19.7t024.2) 13.2 35.5(33.11038.2) 25.0 29.2(27.71t031.3) 271 64.5(58.5t071.2) 52.9 52.4 (48.81056.1) 41.6
Jharkhand 19.2 (17.4 to 20.5) 10.2 42.5 (39.2 t0 46.7) 25.0 36.1 (33.7 t0 39.5) 32.2 72.7 (65.9 to 80.6) 57.1 63.2 (59.1 t0 67.7) 48.7
Uttar Pradesh 23.3(20.7t025.2) 14.2 44.4 (41.1t049.1) 25.0 31.3(29.6t033.2) 264 65.5 (58.8 t0 72.8) 51.7 53.7 (49.9t0 57.3) 39.6
Rajasthan 21.6 (19.2t023.4) 12.6 32.2(30.0 to 34.5) 25.0 27.8 (26.4 10 29.5) 232 55.8 (48.8 10 63.4) 44.5 47.0 (43.110 51.8) 337
Chhattisgarh 15.7 (13.6 to 17.5) 7.1 32.7(29.910 36.7) 25.0 27.3(25.71029.3) 234 32.7(26.21039.7) 30.7 45.3 (41.3 t0 49.6) 38.1
Odisha 20.6 (18.6 t0 22.1) 11.8 30.9 (28.7 to 33.5) 25.0 26.4 (24.9 t0 28.0) 21.9 39.5 (33.4 t0 46.6) 30.3 48.7 (43.9 t0 53.6) 35.2
Assam 19.6 (17.5t0 21.0) 10.8 33.2(30.5t0 36.8) 25.0 23.2 (21.7 t0 24.6) 16.9 27.4 (22.0t0 33.7) 21.3 45.1 (40.9 to 49.4) 385
Andhra Pradesh 17.9 (16.3 to 19.5) 9.1 30.6 (28.4 to 32.8) 25.0 22.7 (21.5 t0 24.0) 17.2 57.4 (50.2 t0 65.9) 445 60.0 (56.3 to 63.8) 436
West Bengal 19.5 (17.0t0 21.2) 10.8 26.9 (25.1 t0 29.2) 25.0 25.6 (24.3 t0 26.9) 20.2 52.3 (43.8 t0 62.4) 40.7 58.1 (53.7 t0 63.4) 426
Tripura 19.4 (18.0t0 21.0) 10.7 25.9 (23.5t0 28.2) 25.0 25.0 (23.210 27.1) 19.0 45.2 (36.6 to 55.1) 35.2 52.4 (47.4 10 58.3) 38.8
Arunachal Pradesh 18.7 (16.8 t0 19.9) 9.3 28.1 (25.8 to 30.8) 25.0 24.1 (22.8 to 25.5) 15.7 56.7 (49.6 to 64.7) 41.7 40.9 (36.8 t0 45.0) 28.7
Meghalaya 18.4 (16.9 to 19.8) 9.5 42.3 (39.6 to 45.5) 25.0 23.8 (22.5 10 25.2) 21.2 41.1 (32.9 t0 48.9) 32.0 57.0 (52.2 t0 62.2) 437
Karnataka 17.9 (16.0 t0 19.5) 9.1 30.4 (28.6 to 32.4) 25.0 27.3(26.1t0 28.5) 21.7 57.8 (50.6 to 65.8) 44.7 45.9 (42.5t0 49.5) 31.0
Telangana 14.4 (11.2 10 16.1) 53 26.6 (23.8t0 29.4) 25.0 23.2(21.9t0 24.6) 18.3 56.9 (48.3 10 66.0) 47.6 57.2(52.810 61.9) 44.2
Gujarat 19.5 (18.2 t0 20.7) 10.7 34.6 (32.2t0 37.2) 25.0 28.4 (27.0 t0 29.9) 235 55.5 (48.7 t0 62.6) 46.7 57.3 (53.6 t0 61.1) 45.1
Manipur 15.9 (13.8t0 17.5) 7.3 28.7 (26.6 to 31.0) 25.0 14.7 (13.8 t0 15.9) 6.5 25.2(19.410 32.2) 14.7 28.0 (24.6 t0 32.0) 14.7
Jammu and Kashmir§ 18.8 (17.0 t0 20.3) 10.1 26.3 (24.2 to 28.5) 25.0 145 (13.5t0 15.4) 7.6 52.7 (45.8 to 61.6) 38.2 48.9 (45.3t0 52.4) 33.6
Haryana 21.2 (19.7 t0 22.2) 12.3 29.5 (27.3 10 31.6) 25.0 23.7 (22.5 10 25.1) 17.9 71.6 (64.8 t0 79.3) 59.0 65.2 (61.1 t0 69.3) 50.0
Uttarakhand 22.0(19.810 23.7) 12.6 26.1 (24.3t0 27.9) 25.0 17.8 (16.8 t0 18.9) 14.0 58.6 (50.3 to 68.4) 47.2 44.5 (40.5 t0 48.9) 35.9
Tamil Nadu 14.2 (12.210 16.1) 54 22.1 (20.5t0 23.9) 25.0 20.0 (19.1t021.0) 14.6 44.3 (37.6t051.9) 33.0 53.2(49.4t057.0) 39.0
Mizoram 8.3 (6.5 t0 9.9) 0.0 25.6 (23.6 0 27.6) 25.0 15.7 (14.7 t0 16.7) 7.2 15.1 (11.5 to 19.4) 6.1 24.6 (21.6 t0 27.9) 13.5
Maharashtra 18.1 (16.6 t0 19.1) 9.8 27.3(25.5t0 29.2) 25.0 25.1 (24.0t0 26.3) 20.3 47.3 (41.510 53.9) 374 48.8 (45.6 t0 52.3) 35.2
Punjab 18.9 (17.1t0 20.3) 10.2 25.8 (24.0t0 27.9) 25.0 19.6 (18.8 to 20.6) 12.7 50.9 (43.2 10 59.3) 424 53.4 (48.71058.2) 411
Sikkim 10.7 (8.2 t0 12.9) 2.2 24.3 (21.8 10 26.6) 25.0 15.0 (13.7 t0 16.3) 6.8 47.9 (38.8t0 57.1) 36.8 34.3 (30.3 t0 38.8) 24.6
Nagaland 17.8 (15.1 t0 19.4) 8.6 27.9 (25.6 t0 30.3) 25.0 18.8 (17.6 t0 20.0) 10.6 24.7 (19.7 t0 31.0) 14.5 28.7 (25.6 t0 31.9) 17.9
Himachal Pradesh 20.6 (18.6 t0 22.2) 115 27.4 (25.0 t0 30.2) 25.0 17.2 (15.9 to 18.5) 10.8 48.9 (42.0 t0 56.3) 37.9 56.1 (51.1t0 60.9) 41.2
Union Territories other than Delhi 13.7 (10.6 t0 16.1) 4.0 25.5 (21.9 to 30.0) 25.0 19.1 (17.2t0 21.5) 12.0 59.0 (51.1to 67.8) 41.6 60.5 (55.6 to 65.6) 435
Kerala 13.7 (10.5 t0 16.0) 4.4 17.7 (16.0 t0 19.4) 25.0 15.3 (14.2 t0 16.4) 9.3 34.6 (28.8 t0 41.4) 23.0 36.0 (32.7 t0 39.9) 20.1
Delhi 22.7(19.2 10 25.0) 13.1 27.2 (24.81029.7) 25.0 22.1(20.51t023.8) 15.3 68.3 (57.8 10 78.6) 55.3 58.7 (52.2 t0 64.9) 43.9
Goa 18.6 (15.9 to 20.6) 9.5 18.5 (16.2 t0 20.8) 25.0 16.9 (15.5 to 18.3) 8.8 46.0 (38.1t0 54.8) 31.9 31.6 (27.4t035.9) 18.6

demographic Index in 2017.
+1In 2022 if trends up to 2017 continue.

1The NNM targets for 2025 are: 25% for stunting, annual reduction of 2 percentage points for low birth weight and underweight from 2017, and an annual reduction of 3 percentage points from 2017 in anaemia among under-five children and women aged 15-49 years.

§The state of Jammu and Kashmir was divided into two union territories in August 2019; as we are reporting findings up to 2017, we report findings for the state of Jammu and Kashmir.
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8. Projected prevalence and the WHO/UNICEF targets in 2030 for states of India

Low birth weight

Child stunting

Child wasting

Anaemia in women

Exclusive breastfeeding

Child overweight

Projected
prevalence per 100

Projected
prevalence per 100

Projected
prevalence per 100

Projected
prevalence per 100

Projected
prevalence per 100

Projected
prevalence per 100

(95% uncertainty WNO/UNICEF (95% uncertainty WNO/UNICEF (95% uncertainty WNO/UNICEF (95% uncertainty WNO/UNICEF (95% uncertainty WNO/UNICEF (95% uncertainty WNO/UNICEF
States of India* interval) 2030} 2030 targetsi interval) 2030} 2030 targetsi interval) 20301 2030 targetsi interval) 2030} 2030 targetsi interval) 2030} 2030 targetsi interval) 2030} 2030 targetsi
India 18.7 (17.7 to 19.5) 15.9 27.7 (26.4 10 29.2) 225 13.4 (13.0t0 13.8) <3.0 51.1 (49.6 to 52.6) 28.3 59.3 (56.2 to 62.2) >70 17.5 (10.9 to 25.5) <3.0
Bihar 20.4 (17.1t0 22.8) 175 38.5 (32.6 to 47.5) 26.5 10.5(9.2t011.8) <3.0 59.9 (53.9 to 66.4) 31.2 64.3 (59.3 to 69.0) >70 9.0 (4.410 15.3) <3.0
Madhya Pradesh 20.8 (17.6 to 23.5) 17.1 27.6 (24.4 10 31.2) 239 15.8 (14.4t0 17.2) <3.0 45.7 (40.2 t0 51.0) 30.9 64.8 (59.9 to 69.3) >70 13.7 (7.210 22.7) <3.0
Jharkhand 17.6 (15.4t0 19.1) 15.1 37.5 (32.5 t0 43.9) 25.0 15.5 (13.9t0 17.2) <3.0 62.3 (56.3 t0 68.7) 32.8 68.5 (64.0 to 72.6) >70 14.2 (6.9 t0 25.1) <3.0
Uttar Pradesh 22.0 (18.4t0 24.4) 17.6 37.3(32.0 t0 44.2) 27.3 11.9 (10.8 to 13.0) <3.0 52.2 (46.9 to 57.4) 28.1 40.0 (35.0t0 44.9) >70 12.2 (6.2t021.1) <3.0
Rajasthan 20.0 (17.0to 22.3) 16.7 24.8 (21.9 to 28.0) 21.8 17.0 (15.4 to0 18.5) <3.0 44.4(39.1t051.1) 26.5 63.5 (58.8 to 68.1) >70 12.7 (6.4 t0 22.0) <3.0
Chhattisgarh 13.7 (11.0to0 16.1) 13.3 24.3 (20.8 t0 29.4) 23.2 14.3 (12.7 t0 16.0) <3.0 33.6 (28.4 t0 39.5) 28.9 77.8 (74.5 10 80.8) >70 16.7 (8.5 10 27.3) <3.0
Odisha 18.8 (16.2 t0 20.8) 16.2 23.7 (21.0 t0 27.3) 21.2 15.5(14.0t0 17.0) <3.0 46.3 (39.3 to 53.3) 26.6 71.2 (67.1t0 75.1) >70 16.1 (8.0t0 26.7) <3.0
Assam 17.9 (15.2t0 19.9) 15.5 26.2 (22.2 10 31.2) 21.9 11.3(9.9t0 12.9) <3.0 32.4 (27.4 10 38.2) 30.7 70.8 (66.1t0 75.2) >70 15.1 (7.3t0 26.2) <3.0
Andhra Pradesh 16.1 (14.1t0 18.2) 14.2 24.1(21.2t0 27.1) 20.4 16.0 (14.5t0 17.7) <3.0 62.3 (56.7 t0 67.6) 29.9 70.1 (65.8 to 74.2) >70 28.1 (15.6 to 42.5) <3.0
West Bengal 17.5 (14.4 t0 19.6) 15.7 19.8 (17.7 to 22.8) 19.8 9.8(8.9t011.0) <3.0 58.9 (52.6 t0 66.3) 29.7 58.7 (52.4 10 64.2) >70 25.5 (14.2 t0 38.6) <3.0
Tripura 17.6 (15.8 t0 19.5) 15.5 19.6 (16.6 to0 22.8) 175 13.4 (11.7 t0 15.3) <3.0 50.2 (42.9 t0 59.3) 29.0 71.1(65.1t0 76.2) >70 21.3(10.9t0 35.1) <3.0
Arunachal Pradesh 17.8 (15.3t0 19.7) 14.0 22.2 (18.7 t0 26.1) 18.9 17.4 (15.4 to 19.6) <3.0 36.5 (31.1 to 42.5) 24.4 65.3 (59.6 to 70.4) >70 28.5 (16.0 to0 42.8) <3.0
Meghalaya 16.9 (14.6 t0 19.0) 145 38.1(33.9 t0 42.8) 24.0 8.3(7.1t09.6) <3.0 54.1 (47.2 10 61.7) 29.6 49.3 (40.2 t0 57.8) >70 17.9 (9.0 to 31.5) <3.0
Karnataka 16.2 (13.7t0 18.1) 14.3 24.0 (21.6 t0 26.8) 20.3 15.6 (14.1t0 17.2) <3.0 45.6 (40.8 to 50.6) 24.4 63.4 (58.6 to 68.0) >70 21.0 (10.9 to 33.9) <3.0
Telangana 13.0(9.2t0 15.4) 11.2 19.6 (16.4 to 23.1) 19.2 14.3 (12.3t0 16.4) <3.0 54.0 (47.0 t0 61.2) 31.1 71.1 (66.4 to 75.5) >70 38.1 (23.6 t0 53.7) <3.0
Gujarat 17.7 (16.1t0 19.3) 15.5 27.2 (24.0 t0 30.9) 23.0 17.6 (16.2 t0 19.0) <3.0 52.7 (47.3 t0 58.6) 31.7 60.1 (54.1to 65.3) >70 20.7 (11.0 t0 33.1) <3.0
Manipur 13.9 (11.4 to 16.0) 13.3 23.6 (20.4 t0 26.9) 18.2 6.6 (5.6t0 7.8) <3.0 25.4 (20.8 to 31.1) 17.6 75.6 (71.9 to 78.9) >70 27.1 (15.5 t0 40.5) <3.0
Jammu and Kashmir§ 16.9 (14.5t0 18.8) 15.0 20.6 (18.0 to 23.5) 17.2 6.9 (5.9 t0 8.0) <3.0 49.3 (44.1 t0 54.2) 25.2 70.2 (65.5t0 74.5) >70 19.0 (9.5 to 32.3) <3.0
Haryana 19.6 (17.7 t0 21.0) 16.5 21.6 (18.7 to 24.7) 20.9 10.4 (9.1t0 11.8) <3.0 65.5 (59.2 to 71.5) 32.8 60.4 (54.0 to 66.5) >70 24.9 (14.4 t0 37.8) <3.0
Uttarakhand 21.1(18.3t023.2) 16.4 17.9 (15.8 to 20.1) 19.6 8.5(7.3109.9) <3.0 34.7 (29.6 t0 40.2) 27.1 60.9 (54.510 67.2) >70 25.1 (13.7 t0 39.2) <3.0
Tamil Nadu 12.5(10.1to0 14.9) 11.8 17.1 (15.1 to0 19.4) 154 15.8 (14.4t0 17.2) <3.0 52.0 (46.8 to 57.4) 26.6 58.1 (52.5 to 63.6) >70 21.2 (11.2 to 34.9) <3.0
Mizoram 7.7(5.3t09.7) 6.4 19.9 (16.8 to 22.9) 17.2 13.1(11.7to 14.7) <3.0 19.2 (15.7 to 23.4) 16.7 67.7 (61.3t0 73.3) >70 19.0 (9.5 t0 30.9) <3.0
Maharashtra 15.6 (13.9t0 17.0) 15.6 19.5 (17.3 to 22.0) 19.4 15.2 (13.8t0 16.7) <3.0 46.7 (41.9 to 51.8) 26.0 66.9 (61.7 to 72.0) >70 22.8 (12.7 to 35.9) <3.0
Punjab 17.0 (14.7 t0 19.0) 15.2 19.7 (17.4 to 22.3) 18.0 9.5(8.41010.7) <3.0 49.1 (42.3 t0 56.3) 27.6 61.0 (54.5 t0 67.3) =70 20.0 (10.4 to 33.7) <3.0
Sikkim 8.6 (6.4 10 11.0) 10.5 18.5 (14.8 to 22.0) 16.7 5.1(42106.3) <3.0 26.6 (21.8 to 32.3) 237 64.9(57.0t0 71.4) =70 23.1 (11.9 to 39.0) <3.0
Nagaland 16.5(13.1t0 18.7) 13.9 22.8 (19.1 to0 26.3) 18.1 10.6 (9.2t0 11.9) <3.0 22.7 (19.1 t0 26.7) 19.8 55.4 (47.3 10 62.0) >70 20.9 (10.7 to 35.3) <3.0
Himachal Pradesh 19.2 (16.4t0 21.5) 15.8 20.9 (17.8 to 24.5) 18.9 9.4 (8.1t010.9) <3.0 55.8 (48.7 t0 62.5) 28.1 74.6 (69.0 to 79.2) >70 31.7 (19.7 to 46.6) <3.0
Union Territories other than Delhi 12.3 (8.6 to 15.6) 10.8 20.0 (15.8 to 25.6) 16.5 12.1 (9.5 t0 14.9) <3.0 63.6 (56.6 to 70.6) 28.8 63.5 (57.0 to 69.5) >70 32.4 (17.7 10 49.8) <3.0
Kerala 12.7 (8.6 to 15.8) 10.5 12.6 (10.7 to 14.5) 13.3 16.2 (14.7 to 17.9) <3.0 37.4 (32.6 t0 43.1) 18.4 63.7 (57.2 t0 69.5) >70 34.4 (20.5 t0 49.8) <3.0
Delhi 22.2 (17.3t0 25.1) 16.4 20.3 (17.3 to 23.4) 19.0 10.8 (9.3t0 12.4) <3.0 58.3 (49.1 to 66.9) 28.8 58.0 (48.8 to 65.5) >70 38.0 (23.4 to 54.0) <3.0
Goa 17.3 (13.8t0 19.8) 14.3 14.5 (11.6 t0 17.7) 12.0 15.7 (14.0 to 17.6) <3.0 28.5 (23.2 t0 34.4) 18.6 62.4 (53.6 to 70.0) >70 35.7 (20.3 to0 53.6) <3.0

* The states are listed in increasing order of Socio-demographic Index in 2017.

+1n 2030 if trends up to 2017 continue.

1The WHO/UNICEF targets for 2030 are: 30% reduction in low birth weight from 2012; 50% reduction in stunting from 2012; wasting less than 3%; 70% or more exclusive breastfeeding; 50% reduction of anaemia in reproductive age women from 2012; and child overweight less than 3%.

8The state of Jammu and Kashmir was divided into two union territories in August 2019; as we are reporting findings up to 2017, we report findings for the state of Jammu and Kashmir.
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variance

9. Diagnostic test for robustness of 1000 draws to estimate the 95% uncertainty intervals for low birth weight, stunting, and wasting

Diagnostic test of the 1000 draws distribution was conducted for all states for low birth weight, stunting, and wasting. The test was conducted via
random down-sampling draws by orders of 100 in order to identify the number of draws where instability in the 95% uncertainty interval begins to be
evident, i.e. starting with 1000 draws, and an iterative approach was undertaken to randomly draw 900 samples, then 800 samples, then 700 samples,
etc. The results in the following plots demonstrates the robustness of the 1000 draws approach to estimate 95% uncertainty intervals, as the point at
which instability in the uncertainty interval starts becoming evident is 100s of draws below the 1000 draws level.
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Mean and Ul of draws, Low Birth Weight
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variance

Standard deviation of draws, Stunting
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Mean and Ul of draws, Stunting
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Standard deviation of draws, Wasting
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Mean and Ul of draws, Wasting
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