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Abstract

Nepal has a rich history of vitamin A research and a national, biannual preschool vita-

min A supplementation (VAS) programme that has sustained high coverage for

25 years despite many challenges, including conflict. Key elements of programme

success have included (a) evidence of a 26–30% reduction in child mortality from

two, in-country randomized trials; (b) strong political and donor support;

(c) positioning local female community health volunteers as key operatives;

(d) nationwide community mobilization and demand creation for the programme; and

(e) gradual expansion of the programme over a period of several years, conducting

and integrating delivery research, and monitoring to allow new approaches to be

tested and adapted to available resources. The VAS network has served as a platform

for delivering other services, including anthelmintic treatment and screening for

acute malnutrition. We estimate that VAS has saved over 45,000 young lives over

the past 15 years of attained national coverage. Consumption of vitamin A- and

carotenoid-rich foods by children and women nationally remains low, indicating that

supplementation is still needed. Current challenges and opportunities to improving

vitamin A status include lower VAS coverage among younger children (infants 6–11

months of age), finding ways to increase availability and access to dietary vitamin A

sources, and ensuring local programme investments given the recent decentralization

of the government.
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1 | INTRODUCTION

The history of vitamin A deficiency prevention in Nepal, through to

the present day, is one of gathering evidence of the extent and sever-

ity of vitamin A deficiency, testing the impact of interventions on child

mortality, forging policies with strong political support, and building,

evaluating, and adapting collaborative programmes to be sustainable

and effective. Vitamin A deficiency is endemic in South Asia, including

Nepal, and is a fully preventable cause of xerophthalmia and nutri-

tional blindness; mortality from severe infection, including measles
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and diarrhoea; anaemia; and hearing loss from severe ear infection

(Ross, 1996; Schmitz et al., 2012; Sommer & West, 1996). Underlying

these “vitamin A deficiency disorders” are numerous pathways and

clinical observations that reveal roles for vitamin A in maintaining epi-

thelial, immune, and haematopoietic function and provide a clear bio-

logical basis for both these consequences and their prevention

(Palmer, Darnton-Hill, & West, 2017). In the early 1970s, national vita-

min A programmes were launched in India and Bangladesh to prevent

xerophthalmia and consequent blindness that involved the delivery of

high-dose vitamin A capsules (200,000 international units [IUs] and

half-dose for infants) twice a year to preschool-aged children (World

Health Organization, 1976). Subsequently, the role of periodic vitamin

A supplementation in preventing preschool child mortality became

evident in the Aceh study, a community randomized controlled trial in

450 villages in northern Sumatra, Indonesia, from 1982–1984, which

observed a 34% reduction in all-cause mortality attributable to the

vitamin A programme (Sommer et al., 1986).

In the latter half of the 1980s, Nepal became the setting for rep-

licative vitamin A supplementation trials, prompted by reports of high

child mortality rates and endemic xeropthalmia in two national sur-

veys in 1981 (Brilliant et al., 1985; Upadhyay, Gurung, Pillai, & Nepal,

1985), which suggested that vitamin A deficiency was a serious pub-

lic health problem in the country. As the country hosted the 13th

meeting of the International Vitamin A Consultative Group in

November 1989, two community trials were launched to test

whether periodic high-dose vitamin A supplementation could reduce

child mortality in Nepal. In the Terai district of Sarlahi, under the aus-

pices of Nepal Netra Jyoti Sangh (National Society for the Prevention

of Blindness), a double-masked, placebo-controlled trial was carried

out through the Johns Hopkins Nepal Nutrition Intervention Project,

Sarlahi, enrolling, dosing, and following 28,630 children 6-72 months

of age. Published in 1991, the trial revealed a 30% reduction in mor-

tality among children who received the vitamin A versus placebo sup-

plement (relative risk (RR) 0.70, 95% confidence interval [CI] [0.56,

0.88]; West et al., 1991). Shortly after, a second trial in the Far West-

ern Hill district of Jumla reported a similar 26% reduction in mortality

among children living in randomized programme subdistricts who

received a large dose of vitamin A versus children in control subdis-

tricts (RR 0.74, 95% CI [0.55, 0.99]; Daulaire et al., 1992). Additional

trials of varied design were carried out in India, Sudan, and Ghana.

When combined in a meta-analysis, the findings from a total of eight

large trials carried out in Southern Asia and sub-Saharan Africa indi-

cated that vitamin A provision, via supplements or food fortification,

could reduce preschool child mortality by, on average, 23% (Beaton

et al., 1993).

Informed and guided by sound, population evidence of an impact

on child survival (and blindness prevention), government

policymakers, United Nations (UN), and bilateral agencies, NGOs, sci-

entists, and donors convened in 1992 to develop plans for a national

vitamin A programme. Within a year, a semiannual vitamin A supple-

mentation campaign strategy was launched, drawing on the experi-

ences and capabilities of an existing cadre of trained female

community health volunteers (FCHVs) in every ward (a subdistrict

unit) of the country. Starting in eight of Nepal's 75 districts, the pro-

gramme was regularly evaluated and adapted to meet resources and

needs of communities in the Terai, hills and mountains, under the

guidance of the Nepali Technical Assistance Group (NTAG). By 2002,

the programme was fully scaled up and routinely reached ~85% of all

children 6–59 months of age (Ministry of Health [MOH] Nepal & ORC

Macro, 2002; Ministry of Health and Population [MoHP] Nepal &

Macro International, 2007; MOH Nepal & ICF, 2017). Thus launched,

the programme has continued to function, be evaluated, and has been

found to save numerous lives of children over the intervening years

(Thapa, Choe, & Retherford, 2005).

This manuscript, developed as part of a series of papers reflecting

on 25 years of Nepal's progress in nutrition, has two main objectives.

The first is to describe the critical role that Nepal has played globally

in scientific discovery related to vitamin A and how the country over-

came clear challenges to create a programme that would be interna-

tionally lauded for its sustained high coverage over time. The second

is to address the contemporary opportunities and challenges facing

the country as it weighs future options to combat vitamin A

deficiency.

2 | METHODS

A symposium was held from November 27–29, 2018 to reflect on

25 years of progress implementing nutrition programmes in Nepal,

including vitamin A, with a keynote speech by Professor Keith

P. West Jr. and a panel discussion (Feed the Future Nutrition Innova-

tion Lab & UNICEF, 2019). Reflections from the symposium's session

on vitamin A were augmented by discussions with 30 people directly

involved in policy development, programme implementation, and

Key messages

• Vitamin A supplementation reduces childhood mortality,

blindness, and hearing loss in Nepal.

• Nepal's vitamin A supplementation programme has

maintained coverage rates >80% for 25 years, despite

geographical challenges and civil conflict.

• Central to this success was placing female community

health volunteers and mothers' groups at the centre of

the programme, along with stakeholder cooperation and

community demand creation

• Since reaching full national coverage in 2002, vitamin A

supplementation is estimated to have saved the lives of

over 45,000 children in Nepal.

• Consumption of dietary sources of vitamin A remains low

despite surveys showing high knowledge about the die-

tary sources of vitamin A. Supplementation will continue

to be needed until dietary intake improves.
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research, over the history of the programme, including FCHVs. Litera-

ture searches were conducted using PubMed and Google Scholar with

the keywords “vitamin A” and “Nepal” to identify additional research

studies and grey literature describing the programme. We also

reviewed the findings of 28 minisurvey reports published from 1993

to 2010 that provided detailed analyses describing the challenges and

successes encountered as the programme expanded to cover the

entire country (NTAG, 1999).

We generated estimates of (a) the number of lives saved of chil-

dren aged 6–59 months from 2002–2017 due to the preventive vita-

min A supplementation programme from 2002, the year that the

programme achieved national coverage, to 2017; and (b) mortality

rates among children aged 6–59 months had the vitamin A supple-

mentation programme not been put into place (Figure S1). To gener-

ate these estimates, we relied on modelled mortality data over time

from the United Nations Interagency Group for Mortality Estimation

(2018) estimates of vitamin A supplementation coverage from Demo-

graphic and Health Surveys and national micronutrient surveys and an

approximate all-cause mortality efficacy estimate of 30% on the basis

of the findings from the efficacy trials in Nepal (Daulaire et al., 1992;

West et al., 1991). Specific assumptions are presented in the

supporting information.

The effectiveness of vitamin A supplementation in preventing

long-term hearing loss associated with episodes of purulent ear dis-

charge during the preschool years used estimates taken from a 16-

year follow-up study of children who participated in the original vita-

min A trial (West et al., 1991) conducted by Schmitz et al. (2012),

which found a 42% reduction in children with prospectively docu-

mented and validated (Katz et al., 1998) ear discharge in their pre-

school years in Nepal, with other assumptions provided in the

supporting information.

Looking ahead, we estimated the potential survival benefit of

introducing a neonatal vitamin A prophylaxis programme in Nepal,

assuming an average all-cause mortality reduction of 13% for South

Asian settings, as derived from a recent individual participant analysis

of trials (Neonatal Vitamin A Supplementation Evidence Group, 2018)

and adapted with assumptions about vitamin A supplementation cov-

erage and UNICEF estimates of population size (supporting

information).

3 | RESULTS AND DISCUSSION

In this section, we describe the origins of the National Vitamin A Pro-

gram in Nepal, its evolution over time (Table 1), and the elements that

were critical to its sustained success. We then describe the present-

day situation 25 years later including the opportunities and challenges

going forward.

The National Vitamin A Program was forged from strong links

between the scientific community, government policymakers, civil

society, donors, and local communities. Discussions about how to

translate the findings of the two vitamin A child mortality trials into a

programme benefitted from the experiences that the research teams

had in trying to optimize coverage under two very different settings:

TABLE 1 Timeline of programme implementation

1981
Nepal Blindness Survey shows that the prevalence of Bitot's spots and night blindness, forms of xeropthalmia, exceed WHO cut-offs
for a public health problem

1988 Female community health volunteer programme begins

1990 Nepal commits to improve nutritional conditions for children by 2000 as part of the World Summit for Children

1991 Trial in Sarlahi (1989–1990) shows that biannual VAS reduces mortality among children aged 6–59 months by 30%

1992 Trial in Jumla (1989) shows that biannual VAS reduces mortality among children aged 6–59 months by 26%

Eighth National Plan (1992–1997) includes VAS as a child mortality prevention strategy and 10-year National Programme of Action

sets a target of achieving virtual elimination of vitamin A deficiency

1993 Implementation of the Nepal vitamin A programme begins in eight districts with financial and technical assistance from USAID and

UNICEF, with a plan to scale up in phases.

The NTAG established to provide technical support to the national vitamin A programme

1993-2010 Minisurveys conducted following each campaign are used to inform scale up of the programme

1996-2005 Ongoing conflict within the country threatens the programme but VAS coverage continues to remain high.

1997 Average VAS coverage in programme districts reaches 80%; National Immunization day for polio integrated with vitamin A programme

Following successful implementation in 32 priority districts, decision is made to expand the programme to all 75 districts of the country

1998 National Vitamin A Survey shows that the prevalence of clinical vitamin A deficiency has fallen but remains a problem

2002 National Vitamin A programme reaches all 75 districts of Nepal

2008 Vitamin A strategic review meeting held, and all activities are mainstreamed under the Government of Nepal Fiscal Year Budget

2015 MoHP begins to fully procure vitamin A capsules with government funds, ensuring sustainability of the programme

2016 National micronutrient survey suggests that vitamin A status has markedly improved but that intake of vitamin A rich foods remains

low

Abbreviations: MoHP, Ministry of Health and Population; NTAG, National Technical Assistance Group; USAID, United States Agency for International

Development; VAS, vitamin A supplementation; WHO, World Health Organization.
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mountainous Jumla and the population-dense, low-lying plains (Terai)

of Sarlahi and informed the development of implementation guide-

lines and a strategy.

3.1 | Development of the Guidelines for
Implementation of the National Vitamin A Deficiency
Control Program

First produced by the Nutrition Section in the Child Health Division of

the MOH in 1992 and subsequently revised in 1996, the Guidelines

for Implementation of the National Vitamin A Deficiency Control Pro-

gram in Nepal (MOH Nepal, 1996) outlined the objectives, protocols

for implementation, a monitoring and evaluation plan, and the roles

that different organizations were assigned in combatting deficiency.

The guidelines identified 32 priority districts, largely located in the

western region of the country and the Terai, as being at particularly

high risk of xerophthalmia and to be prioritized during the roll-out of

the programme.

The strategy encompassed multiple facets of a national strategy

to address vitamin A deficiency (MOH Nepal, 1996) including

1. Preventive vitamin A supplementation twice per year, once in

March/April (Baisakh) just prior to the time when measles and

xeropthalmia were known to peak; and again in October/Novem-

ber (Kartik) in the periharvest season, prior to a minor seasonal

peak in xerophthalmia (Sinha & Bang, 1973). A dosage of

100,000 IU was recommended for children 6–11 months of age

and 200,000 IU for children 12–59 months of age.

2. Nutrition education and efforts to increase the production and

consumption of vitamin A-rich foods.

3. Training of health care workers to treat cases of xeropthalmia,

measles, severe malnutrition, and prolonged diarrhoea with vitamin

A and supporting efforts to ensure adequate supply of vitamin A

capsules at health posts and clinics.

3.2 | Providing technical guidance as the
programme scaled up

Acknowledging the potential difficulty in bringing such a programme

to scale, the decision was made to gradually expand the programme

by two to eight districts at 6-month intervals over 9 years. This

enabled the local adaptation of the programme under varying con-

texts and as new challenges were encountered and permitted the

scale-up teams to focus technical assistance on a limited number of

districts at a time. To support the technical needs and the learning

process, United States Agency for International Development (USAID)

funded the creation of the Technical Assistance Group under John

Snow International, which was tasked with supporting implementa-

tion, learning, and monitoring and evaluation. Later, an NGO, the

NTAG, was founded in 1995 by the Nepali Expert Team and

supported by UNICEF and USAID to specifically guide, adapt, and

monitor implementation of the vitamin A programme on behalf of

the MOH.

The National Vitamin A Program in Nepal may have been one of

the first nutrition programmes to harness contributions from so many

sectors. At the central level, the Ministries of Planning, Agriculture,

Education, Local Development, and Women and Social Welfare were

among those involved in the planning of the programme, and workers

from each of these sectors also supported programme delivery at the

community level.

3.3 | The important role of FCHVs

On the basis of the experiences of the Jumla trial, which had deliv-

ered vitamin A supplements to children using a cadre of trained

local community workers (both male and female) that had previously

been involved in case management of acute respiratory infections

(Pandey, Daulaire, Starbuck, Houston, & McPherson, 1991), the

decision was made to also rely on a cadre of female community

workers to deliver the National Vitamin A Program. The roll-out of

the vitamin A programme required the recruitment of a large cadre

of FCHVs, establishment of their responsibilities and training needs,

and in particular, cultivating a recognition of their important role

within their communities. Although the village health workers were

formally charged with ensuring the supply of vitamin A capsules and

supervising the administration of the dosing, the FCHVs took the

lead in reminding communities and family members about the distri-

bution date, time, and place. They worked very closely with ward

members and Village Development Committee chairmen to organize

promotional campaigns. The FCHVs also had responsibility of

administering the vitamin A supplements to children. Initially, FCHVs

received no money, but in 2002, the decision was made to give

them a small stipend of NPR 200 per day (approximately $2.5).

Over time, NTAG established an FCHV Endowment Fund, with

money coming from local Village Development Committees (sub-

district unit) and urban municipalities. In 2014, this was raised to

NPR 400 per day (approximately $3.9) to cover their transport-

related costs.

During the weeks leading up to each 6-monthly campaign,

FCHVs toured their catchment areas to update the registers of eligi-

ble children, raise awareness of the campaign, and advocate for par-

ticipation. Activities to mobilize communities varied by types of

community. In towns and cities, such as Butwal and Nepalganj,

“vitamin A rallies” were organized, involving officials from govern-

ment agencies including the District Health Authority, Local Devel-

opment Office, and Police Office, among others. In smaller villages,

local women's groups organized rallies with support from local

NGOs, community-based organizations, and health workers. Mem-

bers from all organizations were enlisted to spread the word. In

mountainous villages, these organizations and individuals would use

loud speakers to communicate to groups of people the date and

venue of vitamin A distribution. In parts of the country, “vitamin A

magicians” were even hired to perform magic tricks and stir interest
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in the programme. During a typical 3-day vitamin A supplementation

programme, vitamin distribution sites were set up at different places

during the first 2 days to facilitate attendance, with FCHVs noting

compliant children on registers. On the third day, FCHVs sought out

registered, nonrecipient children with house-to-house visits to maxi-

mize coverage.

The vitamin A distribution programme scaled up and sustain-

ably achieved >80% target group coverage across Nepal through-

out a decade-long civil war (1996–2006) that claimed ~17,000

lives and disrupted infrastructure, health services, and virtually all

aspects of economic life in the country, a testimony to the

programme's advocacy and the dedication, pride, and perseverance

of all involved (Devkota, 2005). Although the conflict disrupted

logistics, demand from communities was so strong that a “day of

tranquility” was negotiated every 6 months to facilitate the

national vitamin A campaign (Houston, Mathema, Adikari, &

Pokharel, 2006). Knowing the popularity of the programme in com-

munities, Maoist leaders even attended the vitamin A training in

many remote areas.

3.4 | Government and donor commitment and
overcoming bottlenecks

In the early days of the programme, a consortium of bilateral and mul-

tilateral agencies supported the National Vitamin A Program by pro-

viding funding and technical support, including USAID, Canadian

International Development Agency, UNICEF, Australian Agency for

International Development, and the Micronutrient Initiative. With the

strategic review of the vitamin A programme in 2008, the Govern-

ment of Nepal provided increased financial support for the pro-

gramme, including registers, scissors to cut the capsules, pens to

record the registers, and bottles for repacking the vitamin A supple-

ments locally. The MoHP also took over supervision and monitoring

of the programme. As time went on, the government financial com-

mitment grew, and in 2015, the Government of Nepal took full

responsibility to run the campaign with an annual allocation of

$1,293,510 including the procurement of 10 million vitamin A

capsules.

The nationwide delivery of vitamin A capsules and other sup-

plies to distribution sites was channeled through existing Village

Development Committee health centres and local infrastructure,

with NTAG, other NGOs, and UNICEF monitoring inventories to

anticipate and overcome supply bottlenecks. With a system in place

that could sustain high coverage across one of the most challenging

national landscapes in the world, other health and nutrition services

were added to the vitamin A programme “scaffold,” including polio

vaccination and anthelmintic treatment. More recently, following the

earthquake of 2015, the distribution of multiple-micronutrient pow-

ders (MNP) and screening for acute malnutrition were also inte-

grated into the concept of “Child Nutrition Week,” building on the

existing vitamin A programme, and were subsequently expanded as

a biannual programme.

3.5 | The role of monitoring and learning in the
success of the programme

The strengths of Nepal's vitamin A supplementation programme were

its reliance on monitoring data to anticipate challenges, the develop-

ment and testing of new approaches to overcome difficulties, and the

expansion of solutions to sequential waves of start-up districts. The

technical assistance on monitoring and learning was provided by

NTAG and was strongly encouraged by government and supported by

USAID and UNICEF to assure sustained high coverage.

A programme monitoring system was put in place with feedback

mechanisms through which lists of children that had been dosed were

compared against the FCHV registers by health workers following

each round of vitamin A distribution. Performance summaries were

regularly sent by districts to the MoHP and NTAG, reviewed, and

feedback provided to districts during quarterly review meetings.

Ensuring this feedback loop was perceived as an essential way of

communicating to the field the importance of the programme. In addi-

tion, the country conducted “mini surveys,” beginning with the first

round of vitamin A supplementation in 1993 and continuing for nearly

13 years to estimate the coverage of the vitamin A supplementation

campaigns and accompanying interventions at each round (NTAG,

1999). Notable features of these minisurveys included

• Representative sampling approaches covering all newly introduced

districts, including at least one district from each phase of pro-

gramme expansion.

• Collection of survey data within 1 month after each round of distri-

bution to minimize recall bias and quickly turnaround data to

improve the next round of supplementation.

• Collection of process information from FCHVs, which served to

identify logistical and other challenges and to provide a feedback

loop enabling their voices to be heard.

• Collection of data on the reasons why children were not sup-

plemented and analysis of the factors associated with being

missed.

• Collection of data on night blindness.

In the early days of the supplementation programme, these sur-

veys provided rapid data that could be used to assess programme per-

formance. As the programme scaled up, more information was sought

from the minisurveys to assess the effectiveness of multiple aspects

of community mobilization including use of radio and TV, loud

speakers, and leaflets in terms of the proportion of people at the com-

munity level that reported hearing about the campaign from each of

these different sources.

Over time, the country also showed its willingness to pilot new

approaches and adjust policies to improve coverage and protect chil-

dren from vitamin A deficiency. When Demographic and Health Sur-

vey findings showed that infants aged 6–11 months tended to have

much lower coverage than older children (MOH, 2002; MoHP, 2007;

Thapa, 2010), the decision was made to provide FCHVs with instruc-

tions to supplement infants with 100,000 IU as soon as they turned
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6 months of age rather than wait for the next round of the 6-monthly

campaigns. If children were missed at 6 months of age, they were

dosed at 9 months by FCHVs during the routine measles vaccination.

This policy was possible because the FCHVs were based in the com-

munities themselves. In the three areas where this approach was pil-

oted, coverage among children aged 6–8 months increased from 56%

in 2012 to 70% in 2013 (Public Health and Infectious Disease

Research Center, 2014).

Early programme reviews also raised the concern that children

missed by the programme tended to come from poorer households

and emphasized the need to improve the equity of the programme

(Fiedler, 2000). Such findings were of particular concern given epide-

miologic evidence that xeropthalmia tends to cluster in poorer house-

holds (Khatry et al., 1995). Multivariable analysis of 2006

Demographic and Health Survey data found that children from the

poorest quintile were 35% less likely to receive a vitamin A supple-

ment in the previous 6 months compared with those from the richest

quintile after adjusting for factors such as education, urban/rural resi-

dence, gender, and child age (Thapa, 2010). Although a similar multi-

variable analysis has not been conducted over the past 9 years,

unadjusted analyses of the Demographic and Health Survey from

2006 suggest similar coverage for the wealthiest and poorest quintiles

has been maintained over time (Table 2).

The urban programme began much later in Dharan in 1995. The

community awareness observed in rural areas was much more difficult

to achieve in urban areas because there were no FCHVs at the start

of the urban programme. Instead the vitamin A programme relied on

volunteers recruited for the National Polio Programme, who had not

received the same training as the FCHV's. Additional challenges faced

by the programme in urban areas included (a) perceptions by urban

residents that they did not need to receive vitamin A due to their bet-

ter diet and (b) less intensive promotion campaigns. Despite these

challenges, the rural–urban coverage gap has also narrowed over time

(Table 2).

3.6 | What has the impact of the programme
been?

A number of prior efforts have quantified the effectiveness of the

programme in terms of the lives saved and the cost effectiveness of

the programme. An analysis of data from the 2001 Demographic and

Health Survey estimated that the mortality reduction among children

aged 6–59 months was 53% in programmes, a number that surpris-

ingly exceeded the ~30% efficacy observed in trials (Thapa et al.,

2005). The author of the study attributed such findings to the inclu-

sion of other inventions and services provided by FCHVs alongside

the vitamin A supplements. A separate analysis conducted using data

from the start-up of the programme in Nepal found that the pro-

gramme cost ranged from $327 to $397 per death averted under dif-

ferent coverage assumptions, placing it among the most cost-effective

health interventions (Fiedler, 2000). An even lower estimate of $11

per death averted was calculated on the basis of experiences in the

Jumla trial (Daulaire et al., 1992).

As illustrated in Figure 1, assuming that the underlying risk envi-

ronment (dietary intake and infectious diseases) has remained stable

over time, the mortality rate among children aged 6–59 months in

Nepal would have been much higher in absence of an effective vita-

min A programme. Coverage rates as measured by surveys have

ranged from 81–92%, and we estimate that a total of 46,675 child

lives were saved between 2002 (when the programme went national)

and 2017 (Figure 2). Even in the lower mortality environment that

Nepal now has compared with the start of the programme, 1,578 lives

per year, or ~22% of 6–59-month old deaths, may be saved through

preventive vitamin A supplementation, with additional lives saved

through the treatment of xeropthalmia and measles.

Additional benefits of the programme may also be present in

terms of preventing disabilities such as blindness and hearing loss. A

recent finding on the basis of the follow-up of children who partici-

pated in the vitamin A supplementation trial in Sarlahi as preschoolers

was a 42% reduction in the risk of hearing loss attributable to otitis

media in adolescence and young adults (Schmitz et al., 2012). Applying

these findings to modern day population estimates suggests that each

year the vitamin A supplementation programme may be saving 4,593

cases of hearing loss from middle ear infections (supporting

information).

3.7 | Changes in vitamin A status over time

The 1998 National Micronutrient Status Survey suggested that nearly

17% of children aged 6–59 months had subclinical vitamin A defi-

ciency, as measured using serum retinol (Table 3; MOH, 1998). By

2016, the prevalence of children with deficiency was assessed at

8.5%, as measured using retinol binding protein and 4.2% according to

the modified relative dose response assay (Ministry of Health and

Population, New Era, UNICEF, EU, CDC, 2018). The apparent drop in

deficiency in this age group might be expected if serum retinol had

improved due to supplementation. However, low levels of deficiency

TABLE 2 Percentage of children aged 6–59 months who received
a vitamin A capsule in the past 6 months by wealth quintile and
location

Vitamin A capsule coverage by year, %

2016 2011 2006

Wealth quintile

1st 89.9 89.4 84.9

2nd 85.6 89.7 87.7

3rd 83.2 91.4 90.5

4th 85.7 91.3 90.0

5th 87.4 90.8 84.8

Location

Urban 85.4 86.4 80.6

Rural 87.4 90.8 88.5

Note. Data from the 2006, 2011, and 2016 Demographic and Health

Surveys.
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(<3% had a modified relative dose response assay > 0.060) observed

among women in the 2016 survey are difficult to explain given that

this group did not receive supplementation. Evidence from other set-

tings also suggests that serum retinol rises in response to supplemen-

tation only transiently (within 2 months following receipt) but does

reflect underlying dietary consumption of vitamin A-rich foods

(Palmer, West, Dalmiya, & Schultink, 2012). As such, the findings of

the most recent survey are somewhat paradoxical, given the evidence

outlined below that vitamin A-rich foods are not consumed frequently

in Nepal. Additional research may be needed to contextualize these

findings in relation to the dietary intake of vitamin A in Nepal.

3.8 | Progress made on fortification and dietary
diversification

Many country-level and global plans to combat vitamin A deficiency

describe three complementary strategies: vitamin A supplementation,

fortification, and dietary diversification. From its inception, the

National Vitamin A Deficiency Control Program of Nepal outlined two

of these three strategies: vitamin A supplementation and the need for

behaviour change to “increase dietary vitamin A intake of the target

group through nutrition education, increased home production, con-

sumption and preservation of vitamin A rich foods, proper

breastfeeding and child feeding practices” (MOH Nepal, 1996).

Compared with vitamin A supplementation, little attention has

focused on assessing progress related to dietary diversification or for-

tification in-country. However, the minisurveys conducted over time

demonstrated a remarkable increase in the proportion of mothers able

to identify sources of food rich in vitamin A or provitamin A caroten-

oids. According to the minisurvey conducted in April 1997, just 51%

of mothers could correctly state at least one dietary source of vitamin

A (NTAG, 1999). Subsequent minisurveys documented tremendous

increase in this metric, often exceeding 90% (NTAG, 1999).

The extent to which this knowledge translated into improved

consumption by the target groups remains largely uncertain. Although

a number of dietary surveys have been done over time in Nepal, few

have used comparable methods, so it has been difficult to assess how

intake of vitamin A has changed in the country. A survey from 1998

using the 24-hr vitamin A semiquantitative method found that the

†Data sources: UN Interagency Group for Mortality Estimation (IGME, 2018), DHS and

micronutrient surveys for vitamin A capsule coverage, calculations presented in

supplementary materials

F IGURE 1 Comparison of actual mortality
rates versus estimated mortality rates in absence
of preventive vitamin A supplementation among
children aged 6–59 months, 2002 to 2017†

F IGURE 2 Estimated number of lives saved
each year due to vitamin A supplementation in
Nepal, 2002 to 2017
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median intake of vitamin A among preschool children was 175 RE

(Retinol Equivalents) per day with just 41.7% of the children meeting

their minimum requirements for the previous day and the 84.8% of

the intake coming from vegetable sources (MOH, 1998). More recent

studies have examined the frequency of consumption of different

sources of vitamin A in Nepal among preschool aged children and

women and suggest that consumption of vitamin A sources of food

remains low (Abarca-Gómez et al., 2017; Dorsey et al., 2018). The

proportion of children 6–23 months of age meeting minimum dietary

diversity in recent surveys was reported as 45.8% in the 2016 Nepal

National Micronutrient Status survey and 47% in the 2016 Demo-

graphic and Health Survey (MOH Nepal & ICF, 2017).

Historically, with the exception of iodized salt, fortification efforts

in Nepal have been held back for a number of reasons including the

difficulty in identifying suitable food vehicles that meet requirements

such as centralized processing facilities, market penetration, consump-

tion by target groups, and quality control. The country did enact vol-

untary fortification of flour processed through roller mills with

vitamin A, iron, and folic acid in 2008 and mandatory fortification in

2011, although enforcement has been challenging given open borders

with India, and coverage is only estimated at 35% (MoHP, 2018).

3.9 | Additional scientific discoveries related to
vitamin A made in Nepal

Research in Nepal has contributed to other scientific contributions on

vitamin A, including findings that maternal supplementation with vita-

min A in pregnancy was associated with lower maternal mortality in

Nepal and that maternal night blindness in pregnancy increases the

risk of mortality and morbidity and is treatable with vitamin A

(Christian, West, Khatry, Katz, LeClerq, Pradhan, & Shrestha, 1998a;

Christian, West, Khatry, Katz, Shrestha, Pradhan, et al., 1998b;

Christian, West, Khatry, Katz, et al., 2000; Christian, West, Khatry,

Kimbrough-Pradhan, et al., 2000; Katz et al., 1995). These findings

have drawn attention to the need to address maternal as well as child

vitamin A deficiency as a public health problem.

3.10 | From controlling to eliminating vitamin A
deficiency in the era of the Sustainable Development
Goals: The way forward

Twenty-five years after the initiation of the National Vitamin A Pro-

gramme in Nepal, the country faces a very different landscape than

before, with new opportunities and challenges in the fight against

vitamin A and other micronutrient deficiencies. Some elements of the

shift underway in Nepal of relevance to micronutrient deficiencies

include

• Approval of the Multisectoral Nutrition Plan II (MSNP-II) 2018–

2022 by the Government of Nepal in 2017, outlining targets for

increased production of dietary sources of vitamin A (meat, milk,

fruit, and vegetables), expanding coverage of MNP, promotion of

milled and fortified flour, as well as sustained coverage of vitamin

A supplementation to children aged 6–59 months.

• A recent restructuring of government systems under a new feder-

alist structure, with greater decentralization of procurement and

programme management including for vitamin A.

• Recent findings from the National Micronutrient Status Survey,

2016, suggesting potential changes in the prevalence of subclinical

vitamin A deficiency among children and (MoHP, 2018)

• Rapidly growing mobile phone access and opportunities for new

channels of behaviour change communication.

• Expanding roads and market access by many but not all.

• Demographic shifts including a rise in single female-headed house-

holds and men sending remittances from a distance.

• Growing availability and consumption of highly processed foods.

• Newly available fortification technologies including biofortified

foods and rice fortification.

Reflecting on potential policies to pursue going forward, it is

worth noting that even in high-income countries, multiple strategies

have been needed to alleviate micronutrient deficiencies. As

described above, the MSNP to guide action from 2018–2022 contains

elements related to each of the three pillars of vitamin A deficiency

TABLE 3 Findings of the most recent two micronutrient status
surveys in Nepala

1998 National

Micronutrient
Status Survey
(95% C.I)

2016 National

Micronutrient
Status survey
(95% C.I.)

Child (6-59 months)

Serum

retinol<0.7micromol/L

16.6% 12.5% (9.8, 16.0)

MRDRb, geometric mean

(SD)

0.013 (2.798)

Vitamin A deficiency

MRDR >0.060

4.2% (2.4, 7.1)

Retinol binding protein

<0.69 micromol/L

8.5% (6.7, 10.6)

Night blindness 0.27%

Bitot's spots 0.33%

Women (15-49 years)

MRDR, geometric mean

(SD)

0.010 (3.876)

MRDR >0.060 3.0% (1.6, 5.5)

Current night blindness 4.7%

Night blindness during last

pregnancy

16.7% 8.5% (6.7, 10.6)

Night blindness during last

pregnancy without day

vision problems

3.2% (2.0, 4.8)

aSources: (Gorstein, Shreshtra, Pandey, Adhikari, & Pradhan, 2003;

Ministry of Health and Population, Nepal, New Era, UNICEF, USAID, CDC,

2018).
bModified relative dose response.
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control (supplementation, fortification, and dietary diversification). In

this section, we examine the current status and future opportunities

related to these deficiency control strategies, and implications given

current realities, with a view towards the next 25 years.

3.11 | Dietary diversification

The MSNP-II sets concrete targets for the increased production of

vitamin A-rich foods and outlines the need to scale up behaviour

change communication efforts. A number of projects are currently

underway with explicit goals of diversifying the diets of infants and

young children in Nepal, particularly those in food insecure areas,

which may help to inform the question of how to best achieve these

targets. The Suahaara II project, funded by USAID, aims to increase

the production and consumption of micronutrient-rich foods, and

findings reported to date suggest positive results (Suresh et al., 2019),

although it is well known that dietary diversification tends to occur

slowly and often requires complementarity with other approaches to

vitamin A deficiency control. Increasing access to mobile phones rep-

resents an opportunity for behaviour change communication that

Suahaara II and other projects are already using, and the effectiveness

of this approach should be studied. Going forward, it will be important

to draw on lessons from Suahaara II as it is the largest project to date

to aim for dietary diversification at scale in Nepal.

3.12 | Supplementation programmes

The national vitamin A supplementation programme has maintained

impressively high coverage over time. This coverage has been

sustained in recent years despite less investment in training of FCHVs,

promotional activities, minisurveys, or other aspects of the pro-

gramme. As a result of decentralization, the programme faces both

new opportunities and challenges. Given the community-based deliv-

ery platform for vitamin A supplementation, implementation of the

programme may not be adversely affected by decentralization, pro-

vided supplements are delivered to the field on time. One challenge in

the short term is that the responsibility for supply chain management,

including the procurement of vitamin A supplements, has been trans-

ferred from the central government to the province level. There are

likely to be capacity challenges at the provincial level, at least in the

short term, to procuring vitamin A supplements. It may make more

sense to readjust responsibilities so that the provinces procure vita-

min A capsules from the central government or UNICEF using govern-

ment funds until they are able to independently manage this process.

Decentralization may also have certain advances; flexibility of funding

may enable provinces with lower coverage (such as Province 2 that

had a vitamin A supplementation coverage of only 77.6% in 2016

vs. a national coverage rate of 86.3; MOH Nepal & ICF, 2017) to

develop and test approaches to overcome the specific challenges

faced in attaining high coverage in the area and resurrecting the mini-

survey approach to measure the effectiveness of those approaches.

To do so will require that the vitamin A programme receives a high

priority at the province level, and awareness building among local pol-

icy makers may be needed.

3.13 | Neonatal vitamin A: A new intervention for
tackling the high burden of neonatal mortality?

Nepal made tangible progress in reducing the burden of under-five

mortality during the Millennium Development Goal (MDG) era, sur-

passing its 2015 goal of 54 deaths per 1,000 live births by attaining

U5MR of 38 deaths per 1,000 live births by 2014 (Government of

Nepal National Planning Commission, 2015), It is likely that vitamin A

supplementation of children aged 6–59 months played an important

role in this achievement. The MDG infant mortality target of 36/

1,000 live births was also surpassed by 2014 with an achievement of

33/1,000 live births.

Going forward, Nepal has an ambitious target of reducing neona-

tal mortality to a rate of <10/1,000 live births by 2030 (Government

of Nepal National Planning Commission, 2015). Achieving this target

will require additional efforts to address the existing causes of neona-

tal mortality. Epidemiological analyses of the causes of neonatal

deaths in two sites in Nepal (Dhanusha and Makwanpur) suggest that

infections remain an important cause, responsible for 40% of deaths,

with neonatal pneumonia responsible for 25–29% of deaths (Fottrell

et al., 2015).

Since the first trial of neonatal vitamin A supplementation in Indo-

nesia was published in 1996, 11 placebo-controlled trials have been

published, five in Asia and six in Africa. Although there has been no

benefit to survival reported from the trials in Africa, neonatal vitamin

A supplementation was found to significantly reduce 6-month mortal-

ity in the trials conducted in Southern Asia (RR 0.87; 95% CI [0.77,

0.98]; West et al., 2018). Assuming a similar mortality benefit, if the

intervention were introduced in Nepal and implemented at 80% cov-

erage, it could reduce mortality among infants less than 6 months by

10%, saving approximately 1,400 lives per year among infants less

than 6 months. Prior operational research conducted in four sites in

Nepal helps to inform a potential delivery modality for such a pro-

gramme, as it suggested that delivery through FCHVs rather than

through home delivery kits led to higher coverage rates (62% vs. 45%;

Klemm, 2011). Neonatal vitamin A supplementation seems like an

obvious opportunity for the country to pursue.

3.14 | Fortification programmes

The 2018 National Micronutrient Survey provided a number of find-

ings of relevance to fortification policy. Fortified complementary

foods were consumed by only 13.4% of children aged 6–23 months

and 6.6% of children aged 6–59 months, although interestingly nearly

30% of children aged 6–8 months consumed them. Consumption was

also greater among higher castes (Brahmin, Newar, and Chetri). Con-

sumption of sweets was 75.1% and sugar-sweetened beverages was
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21.8% among children aged 6–59 months in the past 24 hr; findings

suggest the possibility that purchasing power could be redirected

towards healthier complementary foods.

Nearly 95% of children aged 6–59 months had consumed cooking

oil, suggesting that it may be an optimal vehicle for fortification with

vitamin A. Given that the majority of vegetable oil consumed in Nepal

was imported according to 2013 data from the Food and Agriculture

Organization Food Balance Sheets (Food and Agriculture Organization

Corporate Statistical Database, 2019), it will be important that fortifi-

cation policy also addresses imported vegetable oil.

Recent efforts spearheaded by World Food Programme have

aimed to introduce fortified rice, initially through the social safety net

programmes. This approach seems promising given the high consump-

tion of rice nationally, although perhaps less effective for farming

populations that grow their own rice.

Additionally, the MSNP-II outlines the expansion of MNPs as an

important intervention for controlling vitamin and mineral deficien-

cies in Nepal. Lessons learned from a pilot study implementing

MNP distribution as part of a comprehensive IYCF intervention in

two districts of Nepal will be important to consider when expanding

this programme (MoHP, New Era, UNICEF/Nepal, CDC, 2018). The

study found strong uptake of knowledge about the product (termed

Baal Vita) but found that sustaining adherence over time was chal-

lenging. Further, formative research may help to identify ways of

improving adherence as the programme expands.

4 | CONCLUSIONS

The National Vitamin A Program of Nepal is viewed by many in Nepal

as the most successful public health intervention, likely contributing

substantially to the acceleration of child mortality reductions and the

achievement of the mortality MDG. What facilitated the success of

the National Vitamin A Program? Clearly there were multiple elements

that contributed, but in the end, it boils down to the motivation, trust,

and drive of people at all levels of the country, from families and com-

munities to the very top, to achieve the result of getting a capsule in

the mouths of every eligible child twice a year. Certainly, it would not

have been possible without government commitment and leadership

as well as the external backstopping and technical support provided

by the international community and donors over two decades. Also

key was the fact that programmers were able to create a demand for

the capsule that compelled those responsible for managing the vita-

min A capsule supplies to ensure that sufficient capsules were deliv-

ered to all distribution sites on time. Integral to creating this demand

was the placement of FCHVs at the heart of the programme and the

successful advocacy and community mobilization that turned vitamin

A supplementation days into a platform for the delivery of a package

of health and nutrition interventions. Going forward, as the country

expands fortification efforts and dietary diversification, it will be

important to ensure that sufficient dietary intake of vitamin A exists

prior to any scaling down of the programme and that careful monitor-

ing is done during such a transition to ensure that rises in the signs

and symptoms of vitamin A deficiency (which may be a sentinel indi-

cator of increased mortality) do not occur.

ACKNOWLEDGMENTS

This paper is dedicated to the efforts of the Female Community

Health Volunteers who continue to form the backbone of the

National Vitamin A Programme in Nepal. We gratefully acknowl-

edge the inputs of the following individuals who helped us identify

resources and understand the programme or context (listed in

alphabetical order): Dr. Ramesh Kanta Adhikari, Dr. Ramesh Prasad

Adhikari, Dr. Bikash Lamichhane, Dr. Kenda Cunningham, Dale

Davis, Rohita Gauchan, Amrit Gurung, Sanjeev Kumar Karn, Roman

Karki, M.R. Maharjan, Pragya Mathema, Kedar Raj Parajuli, Pooja

Pandey Rana, Giriraj Subedi, Deepak Thapa, Neff Walker, Purna

Chandra Wasti, Sagar Sijapati, and FCHVs Geeta Thing and Rajani

Manandhar. S. Chitekwe, N. Paudyal, and D. L. Manandhar are

UNICEF staff members. The opinions and statements in this article

are those of the authors and may not reflect official UNICEF

policies.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

CONTRIBUTIONS

AT-L and KPW drafted the article and conducted analysis. NP, DLM,

and SC contributed to the article through provision of reference mate-

rial, editorial support, and drafting of some policy sections of the main

text. Mr. KRP contributed to the article through editorial support and

drafting of some policy section of the main text. Dr. (hon) RKS con-

tributed to the articles through reference material, editorial support,

and drafting of the article.

ORCID

Andrew L. Thorne-Lyman https://orcid.org/0000-0001-5917-4126

Keith P. West Jr https://orcid.org/0000-0001-9458-362X

REFERENCES

Abarca-Gómez, L., Abdeen, Z. A., Hamid, Z. A., Abu-Rmeileh, N. M.,

Acosta-Cazares, B., Acuin, C., … Aguilar-Salinas, C. A. (2017). World-

wide trends in body-mass index, underweight, overweight, and obesity

from 1975 to 2016: A pooled analysis of 2416 population-based mea-

surement studies in 128�9 million children, adolescents, and adults.

The Lancet, 390(10113), 2627–2642.

Beaton, G. H., Martorell, R., Aronson, K. J., Edmonston, B., McCabe, G.,

Ross, A. C., & Harvey, B. (1993). Effectiveness of vitamin A supple-

mentation in the control of young child morbidity and mortality in

developing countries. ACC/SCN State-of-the-art series; Nutrition Pol-

icy Discussion Paper No. 13. Toronto, Canada.

Brilliant, L., Pokhrel, R., Grasset, N., Lepkowski, J., Kolstad, A., Hawks, W.,

… Shrestha, S. (1985). Epidemiology of blindness in Nepal. Bulletin of

the World Health Organization, 63(2), 375–386.

Christian, P., West, K. P. Jr., Khatry, S. K., Katz, J., LeClerq, S.,

Pradhan, E. K., & Shrestha, S. R. (1998a). Vitamin A or beta-carotene

supplementation reduces but does not eliminate maternal night blind-

ness in Nepal. J Nutr, 128(9), 1458–1463. https://doi.org/10.1093/jn/
128.9.1458

10 of 12 THORNE-LYMAN ET AL.bs_bs_banner



Christian, P., West, K. P. Jr., Khatry, S. K., Katz, J., LeClerq, S. C.,

Kimbrough-Pradhan, E., … Shrestha, S. R. (2000). Vitamin A or beta-

carotene supplementation reduces symptoms of illness in pregnant

and lactating Nepali women. J Nutr, 130(11), 2675–2682. https://doi.
org/10.1093/jn/130.11.2675

Christian, P., West, K. P. Jr., Khatry, S. K., Katz, J., Shrestha, S. R.,

Pradhan, E. K., … Pokhrel, R. P. (1998b). Night blindness of pregnancy

in rural Nepal—Nutritional and health risks. Int J Epidemiol, 27(2),

231–237. https://doi.org/10.1093/ije/27.2.231
Christian, P., West, K. P. Jr., Khatry, S. K., Kimbrough-Pradhan, E.,

LeClerq, S. C., Katz, J., … Sommer, A. (2000). Night blindness

during pregnancy and subsequent mortality among women in Nepal:

Effects of vitamin A and beta-carotene supplementation.

Am J Epidemiol, 152(6), 542–547. https://doi.org/10.1093/aje/152.

6.542

Daulaire, N., Starbuck, E., Houston, R., Church, M., Stukel, T., & Pandey, M.

(1992). Childhood mortality after a high dose of vitamin A in a high risk

population. BMJ, 304(6821), 207–210. https://doi.org/10.1136/bmj.

304.6821.207

Devkota, M. D. (2005). An assessment on impact of conflict on delivery of

health services. Nepal health sector support program. Ministry of

Health and Population. unpublished.

Dorsey, J. L., Manohar, S., Neupane, S., Shrestha, B., Klemm, R. D., &

West, K. P. Jr. (2018). Individual, household, and community level risk

factors of stunting in children younger than 5 years: Findings from a

national surveillance system in Nepal. Maternal & Child Nutrition, 14(1),

e12434.

Feed the Future Nutrition Innovation Lab, & UNICEF (2019). Food, diets &

nutrition: 25 years of progress for Nepal: 6th Annual Scientific Sympo-

sium on Agriculture-Nutrition Pathways & 25 Years of Nepal's Pro-

gress in Nutrition. Retrieved from Kathmandu, Nepal.

Fiedler, J. L. (2000). The Nepal National Vitamin A Program:

Prototype to emulate or donor enclave? Health Policy Plan, 15(2),

145–156.

Food and Agriculture Organization Corporate Statistical Database (2019,

June 13). Food balance sheets, 2013 data [Dataset]. Retrieved from:

http://www.fao.org/faostat/en/#data/FBS.

Fottrell, E., Osrin, D., Alcock, G., Azad, K., Bapat, U., Beard, J., … Prost, A.

(2015). Cause-specific neonatal mortality: Analysis of 3772 neonatal

deaths in Nepal, Bangladesh, Malawi and India. Arch Dis Child Fetal

Neonatal Ed, 100(5), F439–F447. https://doi.org/10.1136/

archdischild-2014-307636

Gorstein, J., Shreshtra, R. K., Pandey, S., Adhikari, R. K., & Pradhan, A.

(2003). Current status ofvitamin A deficiency and the National Vitamin

A Control Program in Nepal: Results of the 1998 National Micronutri-

ent Status Survey. Asia Pac J Clin Nutr, 12(1), 96–103.
Government of Nepal National Planning Commission (2015). Sustainable

Development Goals 2016-2030. Retrieved from Kathmandu:

Houston R, Mathema P, Adikari I, & Pokharel RK. (2006). The Nepal Vita-

min A Program: A strategic program review. Unpublished.

Katz, J., Khatry, S. K., West, K. P., Humphrey, J. H., Leclerq, S. C.,

Kimbrough, E., … Sommer, A. (1995). Night blindness is prevalent dur-

ing pregnancy and lactation in rural Nepal. J Nutr, 125(8), 2122–2127.
https://doi.org/10.1093/jn/125.8.2122

Katz, J., West, K. P. Jr., LeClerq, S. C., Thapa, M. D., Khatry, S. K.,

Shrestha, S. R., … Pokhrel, R. P. (1998). Agreement between clinical

examination and parental morbidity histories for children in Nepal.

J Trop Pediatr, 44, 225–229.

Khatry, S. K., West, K. P. Jr., Katz, J., LeClerq, S. C., Pradhan, E. K.,

Wu, L. S., … Pokhrel, R. P. (1995). Epidemiology of xerophthalmia

in Nepal. A pattern of household poverty, childhood illness, and

mortality. The Sarlahi Study Group. Arch Ophthalmol, 113(4), 425–429.

Klemm, R. D. (2011). Testing the feasibility of delivering vitamin A to New-

borns in Nepal and Bangladesh.

Ministry of Health and Population, Nepal, New Era, UNICEF, USAID, CDC

(2018). Nepal National Micronutrient Status Survey, 2016. Retrieved

from Kathmandu, Nepal.

Ministry of Health and Population, New Era, UNICEF, EU, CDC (2018).

Nepal National Micronutrient Status Survey, 2016. Kathmandu, Nepal.

MOH Nepal (1996). Nepal National Vitamin A deficiency control program

guidelines for implementation. Retrieved from Kathmandu, Nepal.

MOH Nepal (1998). Nepal Micronutrient Status Survey 1998. Retrieved

from Kathmandu, Nepal.

MOH Nepal and ORC Macro (2002). Nepal Demographic and Health Sur-

vey 2001. Retrieved from Kathmandu, Nepal.

MOH Nepal & ICF (2017). Nepal Demographic and Health Survey 2016.

Retrieved from Kathmandu, Nepal:

MoHP (Ministry of Health and Population) Nepal, and Macro International

(2007). Nepal Demographic and Health Survey 2006. Kathmandu, Nepal:

Ministry of Health and Population.

MoHP, New Era, UNICEF/Nepal, CDC. (2018). Endline impact survey for

the integrated infant and young child feeding and baal vita micronutri-

ent powders intervention in Kapilvastu and Achham Districts of Nepal

Retrieved from Kathmandu, Nepal.

Neonatal Vitamin A Supplementation Evidence Group (2018). Early neona-

tal vitamin A supplementation and infant mortality: An individual par-

ticipant data meta-analysis of randomised controlled trials. Arch Dis

Child.. https://doi.org/10.1136/archdischild-2018-315242

NTAG (1999-2010). Mini survey monitoring reports, National Vitamin A

Program. Retrieved from Kathmandu:

Palmer, A. C., Darnton-Hill, I., & West Jr, K. P. (2017). Vitamin A deficiency.

In S. dePee and M. W. Bloem (Eds.), Nutrition and health in developing

countries, (3rd ed.), (pp.181–234). Totowa, NJ: The Humana Press, Inc.

Palmer, A. C., West, K. P., Dalmiya, N., & Schultink, W. (2012). The use and

interpretation of serum retinol distributions in evaluating the public

health impact of vitamin A programmes. Public Health Nutrition, 15(7),

1201–1215. https://doi.org/10.1017/S1368980012000560
Pandey, M. R., Daulaire, N. M., Starbuck, E. S., Houston, R. M., &

McPherson, K. (1991). Reduction in total under-five mortality in west-

ern Nepal through community-based antimicrobial treatment of pneu-

monia. The Lancet, 338(8773), 993–997.
Public Health and Infectious Disease Research Center (2014). Final report

of endline vitamin A coverage survey in six districts of Nepal. New Ban-

eshwor, Kathmandu: Public Health and Infectious Disease Research

Center (PHIDReC).

Ross, A. C. (1996). The relationship between immunocompetence and vita-

min A status. In A. Sommer, & K. P. West, Jr. (Eds.), Vitamin A defi-

ciency: Health, survival, and vision. USA: Oxford University Press.

Schmitz, J., West, K. P., Khatry, S. K., Wu, L., LeClerq, S. C., Karna, S. L., …
Pillion, J. (2012). Vitamin A supplementation in preschool children and

risk of hearing loss as adolescents and young adults in rural Nepal:

Randomised trial cohort follow-up study. Bmj, 344, d7962.

Sinha, D. P., & Bang, F. B. (1973). Seasonal variation in signs of vitamin-A

deficiency in rural West Bengal children. Lancet, 2(7823), 228–230.
https://doi.org/10.1016/s0140-6736(73)93133-4

Sommer, A., Djunaedi, E., Loeden, A. A., Tarwotjo, I., West, K. P. Jr.,

Tilden, R. L., … Group, A. S (1986). Impact of vitamin A supplementa-

tion on childhood mortality: A randomised controlled community trial.

The Lancet, 327(8491), 1169–1173.
Sommer, A., & West, K. P. Jr. (1996). Vitamin A deficiency: Health, survival,

and vision. New York: Oxford University Press.

Suresh, S., Paxton, A., Pun, B. K., Gyawali, M. R., Kshetri, I. D., Rana, P. P.,

… Cunningham, K. (2019). Degree of exposure to interventions influ-

ences maternal and child dietary practices: Evidence from a large-scale

multisectoral nutrition program. PLoS ONE, 14(5), e0221260.

Thapa, S. (2010). Nepal's vitamin A supplementation programme, 15 years

on: Sustained growth in coverage and equity and children still missed.

Glob Public Health, 5(4), 325–334. https://doi.org/10.1080/

17441690802676352

THORNE-LYMAN ET AL. 11 of 12bs_bs_banner



Thapa, S., Choe, M. K., & Retherford, R. D. (2005). Effects of vitamin A

supplementation on child mortality: Evidence from Nepal's 2001

Demographic and Health Survey. Trop Med Int Health, 10(8), 782–789.
https://doi.org/10.1111/j.1365-3156.2005.01448.x

United Nations Interagency Group for Mortality Estimation (2018). Under-

5, infant mortality rate, number of infant deaths and number of under-

5 deaths. In United Nations Inter-agency Group for Child Mortality

Estimation Estimation (Ed.), (September 2018 ed.).

Upadhyay, M., Gurung, B., Pillai, K., & Nepal, B. (1985). Xerophthalmia

among Nepalese children. American Journal of Epidemiology, 121(1),

71–77.
West, K. P. Jr., Katz, J., LeClerq, S. C., Pradhan, E., Tielsch, J. M.,

Sommer, A., … Pandey, M. (1991). Efficacy of vitamin A in reducing

preschool child mortality in Nepal. The Lancet, 338(8759), 67–71.
West K. P. Jr., Wu L. S., Ali H., Klemm R. D., Edmond K. M., Hurt L., …

Mazumder S. (2018). Early neonatal vitamin A supplementation and

infant mortality: An individual participant data meta-analysis of

randomised controlled trials. Arch Dis Child. 104, 217–226.

World Health Organization (1976). Vitamin A deficiency and xerophthal-

mia: Report of a joint WHO/USAID meeting. Paper presented at the

Vitamin a deficiency and xerophthalmia: report of a joint WHO/USAID

meeting.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Thorne-Lyman AL, Parajuli K,

Paudyal N, et al. To see, hear, and live: 25 years of the vitamin

A programme in Nepal. Matern Child Nutr. 2020;e12954.

https://doi.org/10.1111/mcn.12954

12 of 12 THORNE-LYMAN ET AL.bs_bs_banner

2022;18(S1):e12954. 




