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ABSTRACT

Objectives Vitamin A deficiency affects an estimated 29%
of all children under 5years of age in low/middle-income
countries, contributing to child mortality and exacerbating
severity of infections. Biannual vitamin A supplementation
(VAS) for children aged 6-59 months can be a low-cost
intervention to meet vitamin A needs. This study aimed to
present a framework for evaluating the equity dimensions
of national VAS programmes according to determinants
known to affect child nutrition and assist programming by
highlighting geographical variation in coverage.

Methods We used open-source data from the
Demographic and Health Survey for 49 countries

to identify differences in VAS coverage between
subpopulations characterised by various immediate,
underlying and enabling determinants of vitamin A status
and geographically. This included recent consumption

of vitamin A-rich foods, access to health systems and
services, administrative region of the country, place

of residence (rural vs urban), socioeconomic position,
caregiver educational attainment and caregiver
empowerment.

Results Children who did not recently consume vitamin
A-rich foods and who had poorer access to health systems
and services were less likely to receive VAS in most
countries despite potentially having a greater vitamin A
need. Differences in coverage were also observed when
disaggregated by administrative regions (88% of countries)
and urban versus rural residence (35% of countries).
Differences in vitamin A coverage between subpopulations
characterised by other determinants of vitamin A status
varied considerably between countries.

Conclusion VAS programmes are unable to reach all
eligible infants and children, and subpopulation differences
in VAS coverage characterised by various determinants of
vitamin A status suggest that VAS programmes may not be
operating equitably in many countries.

INTRODUCTION

The UNICEF Nutrition Strategy 2020-
2030 commits to a goal of protecting and
promoting diets, services, and practices that
support optimal nutrition, growth, and devel-
opment for all children to end child malnu-
trition in all its forms." Central to achieving
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= We used Demographic and Health Survey (DHS) data
from 49 low/middle-income countries to conduct a
standardised analysis of the equity dimensions of
vitamin A supplementation (VAS) coverage, where
consistencies in findings could be broadly applied to
inform global VAS policy.

= The covariates included in this study, guided by the
2020 UNICEF conceptual framework, covered a di-
verse range of social and geographical determinants
with relevance to equitable VAS programming.

= The question specific to VAS in the DHS question-
naire is dependent on a multiple month recall by the
caregiver of the child, which is subject to recall bias.

= In settings where VAS is delivered via biannual cam-
paigns, DHS VAS coverage may be underestimated
if the timing of the survey is planned immediately

before a campaign.

this goal requires recognising the interaction
between five core systems (food, health, water
and sanitation, education, social protection)
to improve nutrition outcomes. However,
a strategy focused on working within estab-
lished systems may exacerbate unequal nutri-
tion outcomes rooted in deeper inequities
that arise from already inequitable systems.”
Therefore, when implementing policies
to ensure the most vulnerable have access
to services, governments should conduct
regular reviews of coverage of programmes to
allow for reorientation as needed.

Vitamin A deficiency affects an estimated
29% of all children under 5years of age in
low/middle-income countries,3 contrib-
uting to child mortality and disease burden
through direct clinical manifestation (eg,
xerophthalmia) and susceptibility to and
exacerbated adverse outcomes from infec-
tion (eg, measles, diarrhoea).! For chil-
dren with vitamin A deficiency or who have
an increased risk of mortality, high-dose
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vitamin A supplementation (VAS) can be a low-cost
intervention to meet vitamin A needs when delivered
using infrastructure from existing community-based
delivery programmes.” Following an exhaustive review
of the current evidence exploring the effect of VAS
in preventing morbidity and mortality in infants and
children,4 %in 2011, the WHO confirmed a recommen-
dation for infants and children 6-59 months of age
to receive a dose of VAS every 4-6 months in contexts
where vitamin A deficiency is a public health problem.”
Although the past two decades have seen increases in
global VAS coverage,® stagnating VAS coverage in recent
years brings into question whether current universal
delivery strategies are consistently missing hard-to-
reach children most in need, especially in settings
with low coverage.”’ This is particularly the case as VAS
programmes move away from delivery in campaigns
towards routine delivery.®

The delivery of VAS can be integrated into routine
community-based health service delivery programmes. In
many countries, community-based delivery programmes,
such as the national Essential Programme on Immuniza-
tion (EPI), offer the most consistent contacts between the
youngest children and the health system, thus creating
a platform for the large-scale administration of VAS.
However, in contrast to VAS administration protocols,
childhood immunisation programmes typically benefit
only children up to lyear of age when the last vaccine
dose is administered, and few countries have a contact
point for immunisation at 6 months. Moreover, multi-
country analyses of diphtheria—tetanus—pertussis (DTP)
and measles-containing vaccines (MCV) identified gaps
in programme coverage between geographical and socio-
economic subpopulations.'’ ' All together, these differ-
ences suggest that the services these community-based
delivery programmes provide are not equitably accessible
to children with the greatest needs and may affect the VAS
programmes that depend on these services for delivery.

Global guidance recommends using ‘two-dose
coverage’ as a metric for advocacy to promote national
and global progress towards achieving universal VAS
coverage.'” In this context, ‘coverage’ is estimated as
the nationally aggregated number of VAS doses admin-
istered in a country over a 6-month period (also referred
to as semester) from administrative records divided by
the estimated number of children aged 6-59 months
in that country for that specific semester. “Two-dose
coverage’ is thus established on an annual basis as the
semester in a given year with lower coverage. Two-dose
coverage increases the feasibility of collating national VAS
programme data biannually, which is advantageous for
advocacy and other such uses. From the programmatic
perspective, both two-dose coverage and single-semester
coverage are limited in identifying differences in coverage
among subpopulations within a country. To evaluate
whether national VAS programmes are missing the chil-
dren with the greatest needs, global guidance recom-
mends using indicators generated from subnational data

that are readily available, easy to understand and relevant
to the information needs of programme managers."

There is a significant information gap in evaluating
the equity dimensions of nutrition interventions, or the
extent to which a community-based nutrition programme
is reaching the children most in need.” Nationally repre-
sentative household surveys, such as the Demographic and
Health Surveys (DHS), can potentially provide insightinto
the equity dimensions of programme delivery. Since 1985,
the DHS programme has conducted nationally represen-
tative cross-sectional surveys in over 90 predominantly
low/middle-income countries, producing detailed, cross-
sectional data on a variety of indicators describing demo-
graphics, health, economics and social welfare.'* DHS
questionnaires and variable nomenclature are consistent
between all countries in the DHS programme, facilitating
rapid analysis across multiple countries and survey years.
DHS microdata enable the exploration of a variety of
indicators to measure population health outcomes and
the mechanisms influencing them in great depth.

DHS collect detailed information on the reception of
VAS by infants and children; however, using such data to
inform national VAS programmes is not straightforward.
The aim of this study was to evaluate the equity dimen-
sions of national VAS programmes according to determi-
nants known to affect child nutrition and geographically
using DHS data from multiple countries.

METHODS

Demographic and Health Surveys

This was a secondary data analysis using data collected as
part of the DHS from various countries.”” We reviewed
DHS data from 64 countries that have been prioritised
by UNICEF for support in their current national VAS
programming efforts and ultimately included 49 coun-
tries in which a complete DHS was conducted since
2010, using the most recent data in countries with
multiple surveys. The analysis depended on data from
the Woman’s Questionnaire, which contains information
on the survival status of the children born to the respon-
dent, and more detailed information on children born in
the last byears, such as vaccination history, breastfeeding
practice, recent illness and anthropometry.

The DHS protocol employs a two-stage sampling proce-
dure.'® In the first stage, enumeration areas are defined
geographically (stratified by urban/rural residence and
administrative region) using the country’s most recent
population census to establish the survey’s primary
sampling unit. In the second stage, systematic sampling
identifies 20-30 households for inclusion, where selected
households are visited by trained interviewers who admin-
ister the Woman’s Questionnaire to women of reproduc-
tive age (15-49 years).

Our analysis included all children aged 6-59 months
with available VAS history data. VAS programme partic-
ipation is probed in the DHS questionnaire’s vaccination
history section by asking caregivers of children whether
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their child (or children) aged 6-59 months has (or
have) received a vitamin A dose in the last 6 months."”
If possible, caregivers are asked to present proof of VAS
reception using a vaccination history card, and if not
available, are asked to recall VAS administration from
memory after probing the caregivers to describe postnatal
care activities in which they and each child have partici-
pated."® The primary outcome of this study was defined
as the percentage of children receiving VAS in the prior
6 months, or more simply, ‘VAS coverage’.

Equity and geographical covariates

We stratified the primary outcome by several covariates
describing various dimensions of equity, which were
selected in accordance with the 2020 UNICEF Concep-
tual Framework on the Determinants of Maternal and
Child Nutrition." The framework used in this analysis was
developed to guide nutrition programming by outlining
three levels of determinants (ie, immediate, underlying,
enabling) that contribute to preventing malnutrition in
all its forms. By using this framework to guide covariate
selection, this study recognises the levels and intercon-
nectedness of various determinants affecting vitamin
A status to define the underlying systems and processes
that affect children with the greatest vitamin A needs.
Geographical covariates were also selected as targeting
geographically defined populations is more operationally
feasible.

Covariates used to represent immediate and underlying
child nutrition determinants included recent consump-
tion of vitamin A-rich foods and access to healthcare
systems and services. Recent consumption of vitamin
A-rich foods from the DHS questionnaire is only collected
for children aged 6-23 months, so this indicator refers
predominantly to children who are within the age range
where breast feeding is recommended."’ Access to health-
care systems and services is measured using the proxy
variable of vaccine reception. The first dose of the DTP
vaccine (administered at 6 weeks of age) is one of the first
vaccines given to an infant, where children who do not
receive it are expected to have the lowest access to health-
care systems and services. Reception of the first dose of
MCV (administered at 9months of age) is expected to
be delivered via similar platforms to VAS through both
routine provisions and campaigns. Covariates serving
as indicators for enabling child nutrition determinants
included socioeconomic position, the caregiver’s educa-
tional attainment and two women’s empowerment dimen-
sions calculated according to the Survey-based Women’s
Empowerment Index,” which measure the caregiver’s
social independence and decision-making autonomy.
Geographical covariates included urban versus rural resi-
dence and administrative regions specific to each country.
Descriptions of all covariates are available in table 1.

Statistical analysis
Percentage of children receiving VAS in the prior 6 months
was stratified by each equity covariate independently

for every included country. All estimates were adjusted
using population sample weights provided by the DHS
programme.” Percentages of children receiving VAS in
each stratum in the prior 6 months were presented with
95% ClIs, where statistically significant differences in VAS
coverage were identified as those with non-overlapping
95% Cls. VAS coverage by administrative region was
mapped using shapefiles downloaded from GADM
(V.3.6).%2

Data analysis was conducted in RStudio (V.3.6.1, the
R Foundation for Statistical Computing). Data were
accessed through the DHS programme’s application
programming interface on 23 November 2022 via the
functions available on the rdhs package.” Survey weight
adjustments and statistical analyses were conducted using
the functions available on the survey and sroyr packages,™*
and additional data cleaning and management used a
variety of functions from the tidyverse package.*

Patient and public involvement

As a secondary analysis of publicly available de-identified
data collected as part of the DHS, patients and the public
who were included as part of the study population were
not involved in the design of this study.

RESULTS

Summary of included surveys and populations

In total, the birth history records of 1 465 369women,
corresponding to 608388 children 6-59 months, were
included in this study. For the survey question asking
about VAS reception within the prior 6 months, the rate of
response was >90% for all countries included. A summary
of all included countries and the DHS data used in this
study is available in online supplemental table 1.

The national VAS coverage mean among included coun-
tries was 58% and ranged from 28% to 83%, where coun-
tries with the lowest national VAS coverage were Papua
New Guinea (28%), Haiti (28%), Kyrgyzstan (39%) and
Guinea (40%). The percentage of children who did not
recently consume vitamin A-rich foods among included
countries ranged from 19% to 74%, where countries with
the lowest percentage of consumption were Burkina Faso
(74%), Niger (73%) and Ethiopia (70%). For vaccina-
tions, the percentage of non-vaccinated children among
included countries ranged from 1% to 48% for DTP1
and 13% to 69% for MCV1. A descriptive summary of the
survey population of children aged 6-59 months for each
country is provided in online supplemental table 2.

In figures 1 and 2, we present VAS coverage for all coun-
tries stratified by recent consumption of vitamin A-rich
foods and access to healthcare systems and services.
VAS coverage was significantly higher among children
who recently consumed vitamin A-rich foods, compared
with children who did not in 85% (n=41) of countries
(figure 1). For access to healthcare systems and services,
VAS coverage was significantly higher in children who
had access to their first dose of the DTP vaccine in 47 of
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Table 1
and geography

Description of study covariates used to represent immediate, underlying and enabling determinants of child nutrition

Determinant Type

Coding details

Recent consumption of
vitamin A-rich foods

Immediate/underlying

Whether the following types of food were reported being consumed by the child
(aged 6-23 months) in the 24 hours prior to the interview: eggs, any meat, fish,

orange-fleshed pumpkin/carrot/squash/sweet potato, vitamin A-rich fruit (mango,
papaya), liver/heart/organ meat, dark green leafy vegetables

Access to healthcare
services and systems
(DTP1 vaccine)

Access to healthcare
services and systems
(MCV1 vaccine)

Administrative region

Immediate/underlying

Immediate/underlying

Geography

Whether the child received the first dose of the DTP vaccine, administered at 6
weeks of age per international guidelines

Whether the child received the first dose of the MCV, administered at 9 months of
age per international guidelines

Administrative region the household is located, defined by the subnational

reporting area (provinces or groups of provinces) as defined by the DHS recode

Place of residence Geography

Socioeconomic position Enabling

Whether household is in an urban or rural location
Quintile of household wealth defined using a principal component analysis score

comprised of household living conditions and durable assets (poorest=1st quintile,
wealthiest=5th quintile)

Women’s empowerment indicator calculated as quintiles of SWPER Index. Social
independence domain included data related to education, frequency of reading

newspapers/magazines, and age at first childbirth and at first cohabitation
(includes children with partnered caregivers) (least socially independent=1st
quintile, most socially independent=5th quintile)

Women’s empowerment indicator calculated as quintiles of SWPER Index.
Decision-making autonomy domain included questions about involvement in

household decisions and whether the respondent worked in the past 12 months
(includes children with partnered caregivers) (least decision-making autonomy=1st
quintile, most decision-making autonomy=>5th quintile)

Caregiver’s social Enabling
independence

Caregiver’s decision- Enabling
making autonomy

Caregiver’s educational  Enabling

attainment

Highest educational attainment of caregiver (none, primary school, secondary
school or higher)

DHS, Demographic and Health Survey; DTP, diphtheria, tetanus and pertussis; MCV, measles-containing vaccine; SWPER, Survey-

based Women’s Empowerment.

the 49 countries compared with those who did not have
access to these vaccines (figure 2A). VAS coverage was
significantly higher in children who had access to their
first dose of MCV in all 49 countries (figure 2B).

VAS coverage by geography and other enabling determinants
In figure 3, VAS coverage is stratified by geographical
covariates of vitamin A nutritional status for all coun-
tries. For place of residence, 31% of countries (n=15)
had significantly lower VAS coverage in populations
residing in rural versus urban areas. In countries where
VAS coverage in rural residences exceeded that of urban
residences, differences in coverage were never >8%. For
administrative region, regions with the lowest and highest
VAS coverage in each country had significant differences
in 88% of countries (n=43) with spatial structure in subna-
tional VAS coverage visible when mapped (figure 4 for
Chad, India, Nigeria, Ethiopia, Yemen; full set of country
maps available in online supplemental figures 1-5).

In 73% of countries (n=36), VAS coverage was signifi-
cantly higher in the wealthiest quintile of the population
compared with the poorest quintile of the population,
where the differences in coverage between poorest and
wealthiest were greatest in Nigeria (33% difference),

Cote D’Ivoire (25% difference) and the Democratic
Republic of the Congo (25% difference) (online supple-
mental figure 6). In 37% of countries (n=18), children of
caregivers who were the most socially independent had
significantly higher VAS coverage compared with care-
givers who were the least socially independent (online
supplemental figure 7). In 20% of countries (n=10), VAS
coverage in children of caregivers who were most auton-
omous in their decision-making was significantly higher
compared with children of the least autonomous care-
givers (online supplemental figure 8). Caregivers with
higher educational attainment had higher VAS coverage
for their children compared with caregivers with lower
educational attainment in several countries (online
supplemental figure 9).

DISCUSSION

This study used open-source data to identify inequities in
VAS programme coverage so that strategies can be devised
to improve VAS coverage among unreached populations.
We found that children who likely have lower access to
vitamin A-rich foods and who have impaired access to
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Consumed VA-rich foods? ¢ No 4 Yes

Namibia -
Rwanda
Togo -
Bangladesh
Gambia
Indonesia A
South Africa A
Kenya A
Honduras
Pakistan A
Nepal -
Lesotho
Zimbabwe +
Ghana
Burundi A

Mali 4

Burkina Faso -
Zambia |
Sierra Leone -
Mozambique -
Tajikistan -
DR Congo -
Malawi A
Congo A

India

Timor Leste
Cote D'lvoire -
Niger -
Cambodia A
Uganda
Guatemala - -o-
Cameroon A

¢

Yemen A -~

Gabon -
Senegal -
Benin +
Myanmar o
Nigeria -
Comoros A
Afghanistan o
Haiti o

Liberia -
Chad -0-
Guinea
Tanzania |
Ethiopia 4
Kyrgyzstan -
Papua New Guinea -

40 60 80 100

Percentage receiving VAS in prior 6 months

Figure 1 Vitamin A supplementation (VAS) coverage among children 6-23 months who have and have not recently consumed
vitamin A (VA)-rich foods (in the 24 hours prior to the interview). Philippine Demographic and Health Survey did not collect data

on child consumption of VA-rich foods.

healthcare systems and services are also less likely to
receive VAS. This pattern was consistent across most
countries and highlights the challenges current VAS
delivery faces to reach children who are likely most in
need of VAS. The analysis also shows that in some coun-
tries, children missed by VAS also reside in the poorest
households, in rural areas and have caregivers who are
more constrained by gender norms. Although these are
the general trends, we also observed considerable vari-
ation between countries. While the use of DHS data to
gain insight into VAS programmes has been conducted in
some countries,”*® future analyses using DHS data can
help inform VAS programme operations in other country

contexts. National programmes can use the analysis
presented here as an advocacy tool for universal coverage,
or as a framework to improve targeting and prioritisa-
tion of children who are likely to be most in need of VAS
delivery programmes.

The demonstrated use of DHS data to provide subna-
tional equity perspectives can provide useful VAS
programme insights. For example, this study indicated
that lower VAS coverage for children who may have lower
access to vitamin A-rich foods and healthcare systems and
services was consistent across most countries. According
to global estimates using UNICEF infant and young child
feeding data, the consumption of vitamin A-rich foods by
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A . ,
Received DTP (first dose)? ¢ No 4 Yes

—— A

_—————
—— A
S

Namibia 4
Rwanda -
Togo 1
Bangladesh
South Africa 4
Nepal 4
Pakistan 4
Philippines 4
Zimbabwe
DR Congo
Indonesia 4
Mozambique
Mali 4
Zambia 4
Gambia 4
Burundi -
Timor Leste 4
Tajikistan 4
Sierra Leone
Kenya 4
Cambodia q
Honduras
Congo
Cote D'lvoire
Malawi 4
Burkina Faso
Uganda -
Niger -
Ghana 4
Cameroon -
Gabon 4
India - ®

Chad -
Lesotho q
Yemen -

Nigeria 4 ---
Myanmar 4
Benin 4
Afghanistan 4
Ethiopia 4
Senegal 4
Comoros -
Liberiaq
Guinea
Papua New Guinea -
Guatemala 4 L g
Tanzania 4
Kyrgyzstan 4
Haitiq

—_———
—_———— A
—— A
—— A

—A
A
-~
A
—A
3
—A

——A

—A
A
e

-~

3

A

—h—

—A—

A

—h—

A

—— —h—
—h—
—h—

—Ah—

0 20 40 60 80 100
Percentage receiving VAS in prior 6 months

Received measles (first dose)? ¢ No 4 Yes

Rwanda
Togo 4
Nepal 5
Namibia 4
Bangladesh 4
Mozambique 4 -
Philippines q
Pakistan 4
South Africa -
Zimbabwe
DR Congo -
Indonesia ---
Zambia 4
Mali 4
Cambodia 4
Burundi 4
Sierra Leone 4
Kenya q
Timor-Leste 4
Gambia 4
Tajikistan 4
Honduras -
Congo
Cote D'lvoire 4
Malawi 4
Burkina Faso -
Ghana-
Uganda 4
Niger 4
Cameroon 4
Yemen
India 4
Nigeriaq
Myanmar 4
Lesotho 4
Gabon 4
Chad+ ---
Beninq
Ethiopia 4 -
Afghanistan 4
Senegal 1
Liberiaq
Comoros -
Guinea o
Tanzania -
Guatemala 4
Papua New Guinea - -
Haiti 5
Kyrgyzstan 4

¢

——

80 100
Percentage receiving VAS in prior 6 months

Figure 2 Vitamin A supplementation (VAS) coverage among children who have and have not received (A) the first dose of the
diphtheria—tetanus—pertussis (DTP) vaccine and (B) the first dose of the measles-containing vaccine (indicator of access to

healthcare systems and services).

complementary feeding children is lowest in poorer and
more rural children® suggesting that in combination,
multiple enabling determinants affecting nutrition are
likely to contribute to reduced access to vitamin A-rich
foods. However, this study suggests that in many coun-
tries, VAS coverage is either equal or lower in these rural
and poorest populations despite likely having greater
need for VAS.

To address these gaps, VAS programmes may benefit
from being more aligned with routine community-based
delivery programmes. In children aged 6-11 months, in
countries where VAS coverage between vaccinated and
unvaccinated children diverges, there is a potential oppor-
tunity to improve VAS coverage by aligning programmes
more closely to the country’s EPI systems. This align-
ment with EPI systems will require programme reforms,
including the creation of a 6-month contact point in
routine systems, inclusion of VAS dosing schedules on
child health cards,” and strengthening supply chains for
vaccines and vitamin A capsules to ensure concomitant
availability. For older children who are not serviced by
the EPI (12-59 months), there may be other established
routine early childhood programmes where the routine

delivery of VAS could be integrated, such as growth moni-
toring and promotion, counselling on breast feeding and
complementary feeding, early childhood development
programmes and the early detection and treatment of
severe wasting.”' Current reliance on polio vaccination
campaigns to deliver VAS has presented a risk of declined
VAS coverage as polio programmes cease,” so identifying
other routine community-based delivery programmes to
integrated VAS should be prioritised.

As the global vitamin A landscape evolves, it is
important for national governments to consider how
VAS programmes can be positioned in combination with
other parallel vitamin A interventions to reduce risks of
deficiency for all children. VAS has short-term benefits
for children (boosting serum retinol for approximately
2months after administration),” so other interventions
are necessary to sustainably maintain adequate vitamin A
intake through the diet. For the countries included in this
study, 51% (n=25) have nationally mandated the large-
scale vitamin A fortification of industrially produced food
items.” However, poorer and rural populations—where
VAS coverage is often lower—often consume small quan-
tities of fortified food items (eg, cooking oil, sugar, wheat
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Figure 3 Vitamin A supplementation (VAS) coverage disaggregated by geography: (A) rural versus urban residence and (B)

administrative regions.

flour) and may therefore derive limited benefit from
industrial vitamin A fortification schemes.” Programmes
aimed at broader improvements in dietary diversity have
also been recommended,36 but variation in diets between
and within countries poses challenges when scaling up
across different contexts. With multiple parallel vitamin A
interventions, future studies that simultaneously consider
the individual and combined contributions of all vitamin
A interventions could help governments orient their
national vitamin A strategies.

Evaluating equity dimensions of VAS programmes by
stratifying coverage estimates using multiple variables
can help identify potential gaps in national programmes’
delivery strategies. This analysis drew from the DHS
Household and Woman’s Questionnaires to identify
enabling determinants to undernutrition that could
affect VAS coverage. If differences in VAS coverage are
detected between populations, some of these geograph-
ical determinants (eg, place of residence, administrative
regions of the country) can serve as indicators that lead
to practical recommendations for programmes to adopt
to bridge coverage gaps (eg, strengthening programmes
in a specific region of the country or for a specific demo-
graphic). In contrast, other determinants, while useful to
evaluate whether VAS programmes are broadly equitable,

lack clear operational directions on how programmes
can specifically target populations that are left behind
(eg, socioeconomic position, caregiver’s social indepen-
dence, caregiver’s decision-making autonomy). This
study explored several different indicators made available
in the DHS, and VAS programmes could benefit from
further research aimed at interpreting the combination
of multiple indicators in the context of a country’s current
VAS delivery strategy (eg, campaign vs routine delivery).
In our analysis, there are several limitations that are
important to consider. First, the question specific to VAS
in the DHS questionnaire is dependent on recall by the
caregiver of the child. The percentage of respondents
who could prove VAS reception using home-based vacci-
nation records varied between countries, but for most
countries (69%; n=34), less than half of respondents
had proof of VAS reception (online supplemental figure
10). For children whose records depend solely on recall
by the caregiver, recall error (eg, confusing VAS drop-
lets with polio droplets, imprecision in the exact date of
reception, confusion between multiple children) is more
likely. Second, in settings where VAS is delivered via bian-
nual campaigns, interpretation of DHS VAS coverage
must cautiously consider the timing of the survey rela-
tive to the timing of the campaign (eg, VAS coverage
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Figure 4 Vitamin A supplementation (VAS) coverage maps by administrative regions (maps of all countries available in the

online supplemental material 1).

may be underestimated if the DHS was implemented
immediately before the start of a new campaign). Across
several settings, the characteristics of children missed by
current VAS programmes remained relatively consistent,
but recommendations related to specific settings would
benefit from country-specific interpretation to place this
information in the context of a country’s current VAS poli-
cies and programmes. Third, the dietary data collected
as part of the DHS only contain one dichotomous recall
of whether vitamin A-rich foods were consumed in the
past 24 hours by complementary feeding children. No
information is available regarding food consumption
quantities, weekly variation in diets or for children aged

24-59 months. With this kind of dietary data, it is not
possible to understand whether VAS is being adminis-
tered to children who have inadequate dietary vitamin
A intake or who have intake that exceeds daily upper
limits to put children at risk of toxicity. To fully under-
stand whether VAS programmes are addressing children
with the greatest vitamin A needs, VAS coverage should
be estimated alongside other subnational nutritional
assessment data (eg, vitamin A inadequacy from dietary
assessment) to identify populations with both inade-
quate dietary vitamin A intake and low VAS coverage.
Considering these limitations, VAS coverage data avail-
able as part of the DHS are not recommended to replace
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either single-semester coverage, two-dose coverage or
efforts to advocate for additional repeated, representa-
tive surveys. However, DHS data analysed in parallel to
these other available data can provide a more complete
understanding of the VAS context in a country to inform
governments on national programme performance and
help characterise missed children so that strategies can be
adapted to reach them.

CONCLUSION

This analysis further contributes clear and consistent
evidence that VAS programmes are unable to reach all
eligible infants and children. This analysis also high-
lighted inequity in access to VAS, as children who are
likely the most in need are more often not reached by this
life-saving intervention. Three decades after the WHO
first recommended high-dose vitamin A supplements to
infants and children aged 6-59 months, countries with
high risks of vitamin A deficiency have not yet achieved
the goal of universal VAS coverage. Particular attention
should focus on settings with low coverage, where chil-
dren who are the most in need are also more likely to
be missed. While DHS data can be useful to identify
variations in VAS coverage based on equity dimensions
already included in the questionnaire, challenges remain
for programmatic questions requiring current, context-
specific data.
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Supplementary Table 1. Countries included in the study and summary information on their

respective Demographic and Health Surveys

Country Survey year  Women surveyed (n)  Children recalled (n)
Afghanistan 2015 29,461 29,312
Bangladesh 2017 20,127 4137
Benin 2017 15,928 6378
Burkina Faso 2010 17,087 13,644
Burundi 2016 17,269 6161
Cambodia 2014 17,578 6909
Cameroon 2018 13,527 4337
Chad 2014 17,719 16,441
Comoros 2012 5329 2879
Congo 2011 10,819 8725
Cote D'lvoire 2012 10,060 6882
Dem. Rep. of the Congo 2013 18,827 16,952
Ethiopia 2016 15,683 9504
Gabon 2012 8422 5747
Gambia 2019 11,865 3769
Ghana 2014 9396 5531
Guatemala 2015 25,914 12,071
Guinea 2018 10,874 3288
Haiti 2016 14,371 2922
Honduras 2011 22,757 10,592
India 2015 699,686 244,869
Indonesia 2017 45,607 17,367
Kenya 2014 31,079 19,887
Kyrgyzstan 2012 8208 4247
Lesotho 2014 6621 2855
Liberia 2019 8065 2493
Malawi 2015 24,562 7870
Mali 2018 10,519 4442
Mozambique 2011 13,745 10,214
Myanmar 2016 12,885 4550
Namibia 2013 9176 4818
Nepal 2016 12,862 2354
Niger 2012 11,160 11,338
Nigeria 2018 41,821 14,434
Pakistan 2017 15,068 5589
Papua New Guinea 2017 15,198 4436
Philippines 2017 25,074 4882
Rwanda 2019 14,634 7314
Senegal 2019 8649 3147
Sierra Leone 2019 15,574 4344
South Africa 2016 8514 3413
Tajikistan 2017 10,718 3016
Tanzania 2015 13,266 4864
Timor-Leste 2016 12,607 3332
Togo 2013 9480 6467
Uganda 2016 18,506 7138
Yemen 2013 25,434 15,136
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Supplementary Table 2. Descriptive summary of the survey population of children aged 6-59 months for each country included in

this study

Country Received VAS in past 6  Did not recently consume Did not received Did not received Rural
months, % (95%Cl) vitamin A rich foods DTP1 MCV1

Afghanistan 45.1 (40.9, 49.4) 62.5 (59.7, 65.2) 35.8 (31.9, 39.9) 49.3 (46.1, 52.6) 76.8 (71.4, 81.4)
Bangladesh 79.2 (77.6, 80.8) 41.8(39.9, 43.7) 1.5(1.0,2.3) 19.7 (18.3, 21.3) 71.4 (68.4, 76.1)
Benin 51.4 (48.9, 53.9) 53.8 (51.9, 55.8) 16.2 (14.4, 18.3) 42.7 (40.5, 65.9) 61.3 (56.6, 65.9)
Burkina Faso 60.4 (57.8, 65.9) 73.6 (71.8, 75.4) 12.6 (11.3,13.9) 28.7 (27.3,30.1) 82.7 (79.3, 85.6)
Burundi 68.1 (66.2, 69.9) 33.1(31.6, 34.7) 1.3(1.0,1.7) 17.3 (16.2, 18.4) 91.1(88.2,93.3)
Cambodia 63.3 (61.1, 65.4) 35.2 (32.7,37.9) 9.7 (8.6, 10.9) 28.5(26.9, 30.1) 85.3 (82.0, 88.1)
Cameroon 52.7 (50.3, 55.2) 41.4 (39.3, 43.4) 17.0(14.6, 19.6) 39.5(36.9, 42.2) 55.3 (49.1, 61.4)
Chad 40.6 (38.3, 43.0) 65.2 (62.9, 67.4) 47.5 (44.8,50.3) 47.4 (45.3, 49.5) 80.4 (76.5, 83.9)
Comoros 43.2 (39.8, 46.6) 43.7 (39.8, 47.6) 24.4 (21.5, 27.6) 36.9 (33.9, 40.0) 72.7 (65.6, 78.8)
Congo 60.3 (57.4, 63.1) 40.5 (37.7,43.3) 24.9(22.8, 27.2) 35.5(33.3, 37.8) 39.5(33.4, 46.0)
Cote D'lvoire 57.0(53.8, 60.3) 54.1 (51.6, 56.7) 26.5 (23.6, 29.6) 43.7 (40.9, 46.5) 62.3 (55.6, 68.5)
Dem. Rep. of the Congo 64.8 (62.3, 67.1) 37.1(35.0, 39.2) 22.5(20.3, 24.9) 36.0(34.2, 37.9) 69.1 (63.4, 74.3)
Ethiopia 40.1 (37.9, 42.8) 69.9 (67.0, 72.7) 27.8 (25.0, 30.9) 60.2 (57.2, 63.1) 88.8 (85.4, 91.5)
Gabon 50.1 (46.7, 53.6) 48.2 (45.1,51.2) 47.4 (44.5, 50.3) 36.2 (33.6, 38.8) 15.6 (11.9, 20.1)
Gambia 54.1 (51.6, 56.5) 56.3 (53.5, 59.0) 2.4(1.7,3.2) 19.8 (17.9, 21.9) 34.1(27.6,41.2)
Ghana 58.7 (55.6, 61.7) 49.0 (45.7,52.2) 7.2 (6.2, 8.5) 24.9 (23.3, 26.6) 54.9 (48.5, 61.1)
Guatemala 43.0 (41.3, 44.7) 19.2 (18.2, 20.3) 8.6 (7.9, 9.3) 30.0(29.0, 31.0) 64.0 (59.9, 67.9)
Guinea 40.0 (37.3, 42.6) 66.7 (64.1, 69.1) 36.6 (33.2, 40.1) 60.1 (56.5, 63.7) 71.0 (65.9, 75.7)
Haiti 28.3 (26.3, 30.4) 55.9 (53.1, 58.6) 19.3 (16.8, 22.0) 42.7 (39.8, 45.6) 64.4 (58.6, 69.9)
Honduras 63.5 (62.0, 64.9) 32.2(30.4, 34.0) 4.8(4.4,5.3) 24.5(23.6, 25.5) 53.8(50.2, 57.3)
India 55.1 (54.6, 55.6) 38.2(37.6, 38.7) 15.0 (14.7, 15.3) 27.7 (25.3, 30.1) 68.1(62.1, 73.6)
Indonesia 65.6 (64.2, 67.0) 34.3 (32.6, 36.0) 16.5 (15.3, 17.7) 30.2 (28.9, 31.5) 50.1(46.7, 53.6)
Kenya 67.2 (65.9, 68.5) 41.3 (38.9, 43.8) 5.7 (5.2, 6.2) 24.8 (23.8, 25.7) 64.3 (60.9, 67.6)
Kyrgyzstan 39.0 (36.1, 41.9) 47.2 (43.9, 50.6) 4.0(3.2,5.1) 19.0 (17.6, 20.4) 70.1(63.4, 76.1)
Lesotho 54.4 (51.6, 57.1) 52.6 (48.8, 56.4) 6.6 (5.5, 7.9) 24.1(22.3, 26.0) 71.0 (64.2, 76.9)
Liberia 45.1(41.1,49.1) 54.7 (51.6, 57.8) 9.4 (7.5,11.6) 35.9(32.7,39.2) 47.2 (39.4, 55.0)
Malawi 63.9 (62.5, 65.3) 38.9(37.5, 40.4) 2.6(2.1,3.2) 18.4 (17.3, 19.5) 86.7 (83.3, 89.5)
Mali 66.9 (64.4, 69.3) 55.2(52.9, 57.6) 17.4 (15.2, 19.9) 36.7 (34.0, 39.4) 80.0(74.7, 84.3)
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Supplementary Figure 1. Vitamin A supplementation (VAS) coverage between administrative
regions for included countries in East and Southern Africa.
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Supplementary Figure 2. Vitamin A supplementation (VAS) coverage between administrative
regions for included countries in West and Central Africa.
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Supplementary Figure 3. Vitamin A supplementation (VAS) coverage between administrative

regions for included countries in South Asia, East Asia, and the Western Pacific.
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Supplementary Figure 4. Vitamin A supplementation (VAS) coverage between administrative
regions for included countries in the Eastern Mediterranean Region.
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Supplementary Figure 5. Vitamin A supplementation (VAS) coverage between administrative
regions for included countries in the Americas.
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Supplementary Figure 6. Vitamin A supplementation (VAS) coverage among children from

Percentage receiving VAS in prior 6 months

households of the poorest versus the richest socioeconomic quintiles.
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Caregiver social independence ¢ Least 4 Most
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Supplementary Figure 7. Differences in vitamin A supplementation (VAS) coverage between
children whose caregivers are the least versus the most socially independent in their country.
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Supplementary Figure 8. Differences in vitamin A supplementation (VAS) coverage between
children whose caregivers have the least versus the most decision-making autonomy in their
country.
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Supplementary Figure 9. Differences in vitamin A supplementation (VAS) coverage between
children based on the educational attainment of the child’s caregiver.
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Pakistan -
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Supplementary Figure 10. Proportion of children who had received vitamin A
supplementation (VAS) whose caregiver confirmed VAS reception with a vaccination card.
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