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Preface

Part of the World Health Organization’s mandate is to pro-
vide information on the health status of the population at
the global level. In this respect, since 1991, the Department
of Nutrition for Health and Development (NHD) has been
maintaining the Vitamin and Mineral Nutrition Infor-
mation System (VMNIS), which includes three databases
related to three micronutrient disorders of public health
significance globally: iodine deficiency, iron deficiency
and anaemia, and vitamin A deficiency. The objectives of
VMNIS are to assess the status of the population at the
global level in order to increase the awareness of the public
health community and policy makers, evaluate the impact
of interventions and measure progress towards the goals en-
dorsed by the international community, to compare data
between countries, track changes over time, and increase
the capacity of countries to manage health data related to
micronutrients.

WHO estimates of the global prevalence of vitamin A
deficiency were first published through its Micronutrient
Deficiency Information System in 1995. Since then, large
programmes on vitamin A deficiency control have been
implemented in several countries where vitamin A defi-
ciency was a public health problem — many of these pro-
grammes involved vitamin A supplementation and were
strengthened by being combined with polio eradication
campaigns. Additionally, vitamin A status indicators, espe-
cially symptomatic reporting of night blindness and serum
retinol concentrations, have been assessed in many more
national surveys than reported for previous estimates. As a
result, most data collected in the present report are based
on reported histories of night blindness and serum retinol
concentrations.

Vitamin A deficiency is one of the most important causes
of preventable childhood blindness and is a major contribu-
tor to morbidity and mortality from infections, especially
in children and pregnant women, affecting the poorest seg-
ments of populations, particularly those in low and middle
income countries. The primary cause of vitamin A deficien-
cy is lack of an adequate intake of vitamin A, and may be
exacerbated by high rates of infection, especially diarrhoea

and measles. Its consequence is most apparent during stag-

es of life of high nutritional demand (e.g. early childhood,
pregnancy and lactation). A variety of interventions are be-
ing used to improve the vitamin A status of populations:
dietary diversification, vitamin A supplementation and for-
tification.

In 1987, WHO estimated that vitamin A deficiency was
endemic in 39 countries based on the ocular manifestations
of xerophthalmia or deficient serum (plasma) retinol con-
centrations (<0.35 pmol/l). In 1995, WHO updated these
estimates and reported that vitamin A deficiency was of
public health significance in 60 countries, and was likely
to be a problem in an additional 13 countries. The current
estimates reflect the time period between 1995 and 2005,
and indicate that 45 and 122 countries have vitamin A defi-
ciency of public health significance based on the prevalence
of night blindness and biochemical vitamin A deficiency
(serum retinol concentration <0.70 pmol/l), respectively, in
preschool-age children.

In chis present edition, estimates of vitamin A deficiency
are provided for preschool-age children as in the previous
edition, and also for pregnant women. They are based on an
increasingly assessed history of night blindness and a now
more widely adopted serum (plasma) retinol concentration,
using a cut-off of <0.70 pmol/l (<20 pg/dl) to define defi-
ciency. Despite a marked increase in submitted data, there
are still numerous countries lacking national prevalence
data. There is a need to inform and motivate governments
and agencies to collect, and report to WHO, national
and subnational data on the prevalence of deficiency and,
whenever possible, vitamin A programme coverage condi-
tions prevailing at the time that population assessment data
were collected. At the same time, there is also a need for the
development of new field methods with which to assess vi-
tamin A status that are cost effective and that can take into
consideration the potential influences of infection.

In this report, the prevalence of vitamin A deficiency is
presented by country and by WHO regions. Because these
prevalence data may be used to identify programme needs
by other United Nations agencies, we have also presented
the estimates classified by United Nations regions in the
annexes.

vii



This document is divided into three chapters. The first
provides an overview of vitamin A deficiency, the second
describes the criteria used to identify, revise, select, and in-
terpret the findings of the surveys, and the methodology
developed to generate national, regional, and global esti-
mates, while the third discusses the results.

This report is written for public health officials, nutri-
tionists, and researchers. We hope that readers find it useful
and feel free to share any comments with us (micronutri-
ents@who.int). We also hope that this information will
contribute to our common goal to eliminate vitamin A de-
ficiency as a public health problem.
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1. Introduction

1.1 Vitamin A deficiency: a public health
problem

Vitamin A deficiency (VAD) is a major nutritional concern
in poor societies, especially in lower income countries. Its
presence as a public health problem is assessed by measuring
the prevalence of deficiency in a population, represented by
specific biochemical and clinical indicators of status. The
main underlying cause of VAD as a public health problem
is a diet that is chronically insufficient in vitamin A that can
lead to lower body stores and fail to meet physiologic needs
(e.g. support tissue growth, normal metabolism, resistance
to infection). Deficiency of sufficient duration or severity
can lead to disorders that are common in vitamin A defi-
cient populations such as xerophthalmia (xeros = dryness;
-ophthalmia = pertaining to the eye), the leading cause of
preventable childhood blindness, anaemia, and weakened
host resistance to infection, which can increase the severity
of infectious diseases and risk of death. A poor diet and in-
fection frequently coexist and interact in populations where
VAD is widespread. In such settings, VAD can increase the
severity of infection which, in turn, can reduce intake and
accelerate body losses of vitamin A to exacerbate deficiency.
The prevalence and severity of xerophthalmia, anaemia and
the (less-measurable) “vicious cycle” between VAD and in-
fection in vulnerable groups (notably young children and
pregnant or lactating mothers) represent the most compel-
ling consequences of VAD and underlie its significance as a

public health problem around the world.

1.1.1 Etiology

Vitamin A is an essential nutrient needed in small amounts
for the normal functioning of the visual system, and main-
tenance of cell function for growth, epithelial integrity, red
blood cell production, immunity and reproduction. Essen-
tial nutrients cannot be synthesized by the body and there-
fore must be provided through diet. When dietary intake
is chronically low, there will be insufficient vitamin A to
support vision and cellular processes, leading to impaired
tissue function. Low vitamin A intake during nutrition-
ally demanding periods in life, such as infancy, childhood,
pregnancy and lactation, greatly raises the risk of health

consequences, or vitamin A deficiency disorders (VADD).

Dietary deficiency can begin early in life, with colostrum
being discarded or breastfeeding being inadequate, thereby
denying infants of their first, critical source of vitamin A
(Z). Thereafter, into adulthood, a diet deficient in vitamin
A lacks foods containing either preformed vitamin A esters,
such as liver, milk, cheese, eggs or food products fortified
with vitamin A or lacking its carotenoid precursors (mainly
beta-carotene), such as green leaves, carrots, ripe mangos,
eggs, and other orange-yellow vegetables and fruits. Where
animal source or fortified foods are minimally consumed,
dietary adequacy must rely heavily on foods providing
beta-carotene. However, while nutritious in many ways, a
diet with modest amounts of vegetables and fruits as the
sole source of vitamin A may not deliver adequate amounts,
based on an intestinal carotenoid-to-retinol conversion ra-
tio of 12:1 (2). This ratio reflects a conversion efficiency that
is about half that previously thought, leading to greater ap-
preciation for why VAD may coexist in cultures that heav-
ily depend on vegetables and fruits as their sole or main
dietary source of vitamin A.

Usually, VAD develops in an environment of ecological,
social and economical deprivation, in which a chronically
deficient dietary intake of vitamin A coexists with severe
infections, such as measles, and frequent infections caus-
ing diarrhoea and respiratory diseases that can lower intake
through depressed appetite and absorption, and deplete
body stores of vitamin A through excessive metabolism and
excretion (3, 4). The consequent “synergism” can result in
the body’s liver stores becoming depleted and peripheral tis-
sue and serum retinol concentrations decreasing to deficient
levels, raising the risks of xerophthalmia, further infection,
other VADD and mortality.

1.1.2 Health consequences

Vitamin A deficiency impairs numerous functions and, as
a result, can lead to many health consequences, to which
infants, young children and pregnant women appear to be
at greatest risk. Xerophthalmia is the most specific VADD,
and is the leading preventable cause of blindness in children
throughout the world (5). Night blindness often appears



during pregnancy, a likely consequence of preexisting,
marginal maternal vitamin A status superimposed by nu-
tritional demands of pregnancy and intercurrent infections
(6). Anaemia can result from VAD in children and women,
likely due to multiple apparent roles of vitamin A in sup-
porting iron mobilization and transport, and hematopoiesis
(7). Preexisting VAD appears to worsen infection (8) and
vitamin A supplementation has been shown to reduce the
risk of death in 6-59 month old children by about 23-30%
(9-11). Three trials from southern Asia have reported that
neonatal vitamin A supplementation reduced mortality by
21% in the first six months of life (12) while two other stud-
ies conducted in Africa showed no impact of this interven-
tion (13, 14). One study has reported an approximate 40%
reduction in maternal mortality following routine dietary
supplementation with vitamin A during pregnancy (15).

1.1.3 Assessing vitamin A status and deficiency

The main objective of assessing vitamin A status is to deter-
mine the magnitude, severity and distribution of VAD in
a population. Most surveys assess its prevalence in young
children and, with increasing frequency, in pregnant or lac-
tating women, as reported here. Although VAD is likely to
be widespread following the preschool years, few data exist
to reveal the extent of VAD in school-age and young ado-
lescent children (/6). Estimating the national prevalence
is to be encouraged as such data aids in targeting regions
for interventions, and provides baseline values for monitor-
ing population trends and intervention programme impact
over time.

Two sets of indicators of VAD are commonly used for
population surveys: clinically assessed eye signs and bio-
chemically determined concentrations of retinol in plasma
or serum. The term xerophthalmia encompasses the clini-
cal spectrum of ocular manifestations of VAD, from milder
stages of night blindness and Bitot’s spots, to potentially
blinding stages of corneal xerosis, ulceration and necro-
sis (keratomalacia) (17), as listed in Table 1. The stages of
xerophthalmia are regarded both as disorders and clinical
indicators of VAD, and thus can be used to estimate an im-
portant aspect of morbidity and blinding disability as well
as the prevalence of deficiency. As corneal disease is rare,

Table 1 Classification of xerophthalmia

XN Night blindness

X1A Conjunctival xerosis

X1B Bitot’s spot

X2 Corneal xerosis

X3A Corneal ulceration/keratomalacia (< /3 corneal surface)
X3B Corneal ulceration/keratomalacia (= /3 corneal surface)
XS Corneal scar

XF Xerophthalmic fundus

Source: reference (18)

the most commonly assessed stages are night blindness,
obtainable by history, and Bitot’s spots, observable by han-
dlight examination of the conjunctival surface. Standard
procedures exist for assessing xerophthalmia (7). Although
night blindness and Bitot’s spots are considered mild stages
of eye disease, both represent moderate-to-severe systemic
VAD, as evidenced by low serum retinol concentrations
(19), and increased severity of infectious morbidity (i.e. di-
arrhoea and respiratory infections) and mortality in chil-
dren (5) and pregnant women (6, 20).

Measuring serum retinol concentrations in a population
constitutes the second major approach to assessing vitamin
A status in a population, with values below a cut-off of
0.70 pmol/I representing VAD (21), and below 0.35 pmol/I
representing severe VAD. Although there is not yet interna-
tional consensus, a serum retinol concentration below a cut-
off of 1.05 pmol/l has been proposed to reflect low vitamin
A status among pregnant and lactating women (22). While
the distribution of serum retinol concentrations below ap-
propriate cut-offs are considered to reflect inadequate states
of vitamin A nutriture, a low biochemical concentration of
retinol in circulation is not considered a VADD. Also, while
an inadequate dietary intake of vitamin A or beta-carotene
likely reveals an important and preventable cause of VAD
in a population, it is not an indicator of vitamin A status.

1.2 Control of vitamin A deficiency

Three types of community interventions can reduce VAD
in affected populations. Improving the availability and in-
take of vitamin A through dietary diversification should be
viewed as an activity for all communities in order to en-
hance the overall nutritional status of the population. This
requires nutrition education to change dietary habits, as
well as providing better access to vitamin A or provitamin
A-rich foods, such as mangoes, papaya, or dark green leafy
vegetables. Encouraging home gardening or local coopera-
tives to grow such foods may be necessary in regions where
they are not locally available or are too expensive.

A second approach to increasing the dietary intake of
vitamin A is through fortification of a staple food or condi-
ment with vitamin A. This has been the primary strategy for
reducing VAD in Central and South America, where sugar
began to be fortified with vitamin A three decades ago (23).
Although many food items such as fats, oils, margarine and
cereal products have long been fortified with vitamin A in
high income countries, few other vitamin A fortification
programmes with national reach currently exist in lower
income countries. It can be expected that this approach will
gain momentum as increasing numbers of potentially forti-
fiable foods become centrally produced or processed under
controlled conditions and penetrate markets of the poor in
many countries (24).

Thirdly, the most widely practiced approach to control-
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ling VAD in most high risk countries is the periodic deliv-
ery of high-potency supplements, containing 200 000 1U
of vitamin A, to preschool-age children (<5 years), with half
this dose given to infants 611 months of age (25). In the
past decade, vitamin A supplementation gained momentum
as it was added to the annual Expanded Programme for Im-
munization (EPI) visits, especially within the poliomyelitis
eradication campaign, that has since continued as national
child health week campaigns during which high-potency
vitamin A is distributed twice yearly in many countries
(26). While periodic vitamin A delivery in the community
has been shown to reduce the risks of xerophthalmia (by
~90%) and mortality (by ~23—-30%) in young children, the
reasons for the modest and transient effect in raising popu-

lation serum retinol concentrations (5), remain unclear.

1. INTRODUCTION

Many high-risk countries have also adopted the WHO pol-
icy of supplementing mothers with a 200 000 IU oral dose
of vitamin A within six weeks after delivery (25) to enrich
their breast milk content of vitamin A, although in practice
coverage remains quite low.

These three broad approaches are largely viewed as com-
plementary and should be combined, where it merits to
do so, to achieve the greatest reductions in the prevalence
and consequences of VAD. In addition, other public health
and nutrition strategies that promote breastfeeding, use of
oral rehydration therapy to treat diarrhoea, higher vaccine
coverage (especially against measles), and adoption of
family planning (to space the birth of children) can all be
important in contributing to the control of VAD and its
disorders.



2. Methods

2.1 Data sources - The WHO Global Database
on Vitamin A Deficiency

The current estimates are based on data available in the
WHO Global Database on Vitamin A Deficiency (27); a
part of the Vitamin and Mineral Nutrition Information
System (VMNIS), maintained at WHO Headquarters in
Geneva, Switzerland. This database compiles information
on the prevalence of night blindness, other ocular signs of
VAD, and blood retinol concentrations, regularly collect-
ed from the scientific literature and through collaborators,
including WHO regional and country offices, United Na-
tions organizations, ministries of health, research and aca-
demic institutions, and nongovernmental organizations.
MEDLINE and WHO regional databases (African Index
Medicus, Index Medicus for the WHO Eastern Mediter-
ranean Region, Latin American and Caribbean Center on
Health Sciences Information, Index Medicus for South-
East Asia Region) were systematically searched. These
resources were augmented by manual searching of arti-
cles published in non-indexed medical and professional
journals. Data were extracted from reports written in any
language.

For inclusion in the database, a complete and original
survey report providing details of the sampling method
used is necessary. Serum or plasma retinol levels measured
in capillary, venous, or umbilical cord blood using quan-
titative methods are reported, usually together with the
prevalence of VAD. Measures of clinical VAD may have
included the prevalence of current night blindness (XN),
history of maternal night blindness during a previous
pregnancy (pXN), conjunctival xerosis (X1A), Bitot’s spot
(X1B), corneal xerosis (X2), corneal ulceration/keratoma-
lacia affecting <1/3 of the corneal surface (X3A) or 21/3 of
the corneal surface (X3B), or corneal scarring (XS). Data
are included in the database if they are representative of any
administrative level within a country, including nationally
representative data and surveys representative of a region
within a country. Surveys conducted at the first or second
administrative level boundary, or local surveys are also in-
cluded. As of December 31, 2000, a total of 683 surveys
were available in the database. Of these, 405 surveys were

conducted between 1995 and 2006. Most surveys assessed
nutritional status in women or preschool-age children.

2.2 Selection of survey data

The time frame for the current estimates is 1995-2005 and
survey data for WHO’s Member States were extracted from
the database. Available data on both biochemical (serum/
plasma retinol) and clinical (current or history of night
blindness) VAD were selected for each country based on the
administrative level for which the survey was representative
and on the population group surveyed.

All countries with a 2005 gross domestic product (GDP)
>US$ 15 000 were assumed to be free from VAD of a pub-
lic health significance and were therefore excluded. None
of these 37 countries had retinol or night blindness data
reported for either preschool-age children or pregnant

women.

2.2.1 Administrative level

Surveys were first selected according to the administrative
level they represented. Surveys were considered as national
when they were based on a nationally representative sam-
ple of the population surveyed. Subnational surveys were
selected only if a nationally representative survey was not
available for the years 1995-2005. Subnational surveys are
classified based on the population they represent: regional
(multiple states), state (representative of the first adminis-
trative level boundary), district (representative of the sec-
ond administrative level boundary), or local surveys.

Seven surveys were included as national even though
some areas within the country had been left out for security
or other concerns. In one of these surveys, data available
from an originally missing area was pooled with the na-
tional data and weighted by the area’s general population
estimate to provide a national estimate for that country.
This proportion was determined by using the most recent
census data. Three additional surveys were accepted as na-
tional even though they were only representative of either
the rural (Bangladesh, Cambodia) or urban (Cuba) popula-
tions.

For the majority of countries with subnational data,



surveys were representative of at least the first (state) level
boundary. Exceptions to this were second (district) level
boundary surveys used for Sao Tome and Principe, and
Ghana. Most countries that used subnational surveys were
represented by at least two states (first level boundaries).
Exceptions to this principle were the surveys for Tajikistan
and Uzbekistan, for which only one state was covered by
the survey. When two or more surveys at the subnational
level were available for the population group and country
concerned within the acceptable time frame, the results
were pooled into a single summary measure and weighted
by the total population that the survey represented. The
most recent population census data available between 1995
and 2005 was used for this. No local level surveys and most
district level surveys were used in these estimates to reduce
potential bias in the estimates.

In general, surveys with prevalence data based on a
sample size of less than 100 subjects were excluded. This
sample size, along with a confidence level of 95%, would
result in an error +10% if the prevalence estimate was 50%
and the design effect was 1.0. If the sample size was less
than 100, a larger error would result. However, a few excep-
tions were made. National surveys with a sample size of less
than 100, but greater than 50, were considered as nation-
ally representative only when the results were being applied
to a total population of less than 500 000 people (n=1 in
preschool-age children), or to pregnant women (n=3) since
the numbers in this group are frequently small, especially
in populations with a lower rate of reproduction. One na-
tional survey (Mexico) of pregnant women was excluded
because the sample size was less than 50. One survey for
retinol in pregnant women (Zimbabwe) and three surveys
for night blindness in preschool-age children (Gambia, In-
dia, Sri Lanka) did not report a sample size. In these cases,
a sample size of 100 was used only to approximate variances
and derive confidence intervals.

2.2.2 Population groups
Two population groups were evaluated: preschool-age chil-
dren (<5 years) and pregnant women (no age range defined).
Where possible, children 25 years were excluded from the
estimate for preschool-age children. However, there were
27 surveys with serum retinol data that used an alternative
upper age limit ranging from 5 to 6 years, and one country
(China) provided no disaggregated data and an upper age
limit of 12 years had to be used. For night blindness, there
were 17 surveys that used an alternative upper age limit
ranging between 5 and 6 years, and one country (Mali)
provided no disaggregated data and an upper age limit of 9
years had to be used.

Where possible, children less than 6 months of age were
excluded for the estimates of biochemical VAD in pre-
school-age children and children <2 years were excluded for

2. METHODS

the estimates of night blindness in preschool-age children.

For pregnant women, all ages and trimesters were in-
cluded. However, for the data on night blindness, the ma-
jority of surveys were conducted by Measure Demographic
and Health Surveys (DHS) and reported women’s history
of night blindness during their most recent pregnancy in
the previous 3—5 years that ended in a live birth. All preva-
lence figures for pregnant women that were unadjusted for
daytime visual problems were used. All surveys in pregnant
women that provided only an adjusted value or a figure
for current night blindness rather than a history of night
blindness were excluded. The purpose for using unadjusted
values only is that otherwise the data would imply that (a)
women with daytime visual problems (presumably mostly
representing myopia) would not be night blind; b) recall of
daytime vision problems is 100% accurate, and (c) a posi-
tive history of night blindness among women with daytime
vision problems is 100% inaccurate, for which there is
no clear evidence that these assumptions hold true in the
present data.

2.3 Defining vitamin A deficiency

2.3.1 Serum or plasma retinol threshold

The WHO serum retinol threshold of <0.70 pmol/l was
used to classify those at risk for biochemical VAD (28).
For the studies that classified individuals by using the se-
rum retinol threshold of <0.70 pmol/l, as recommended
by WHO, the reported actual prevalence data were used
without any additional calculations. When the prevalence
was either not reported, or was reported for a non-WHO
cut-off, the prevalence was estimated by one of the follow-
ing methods in order of preference:

1. When the mean and standard deviation (SD) of the reti-
nol concentration were available (n=1 for children, n=2
for pregnant women), the prevalence of serum retinol
<0.70 pmol/l was calculated using these variables and as-
suming that the serum retinol concentration is normally
distributed. To validate this approach, the correlation
between the estimated prevalence of serum retinol <0.70
pmol/l and the predicted prevalence of serum retinol
<0.70 pmol/l was assessed in situations where a mean, a
SD and a prevalence of serum retinol <0.70 pmol/l was
provided. For the available data, which included mul-
tiple points for some surveys because data were disag-
gregated, the relationship between actual and predicted
prevalence was plotted (n=71 for children; n=20 for preg-
nant women). For the majority of studies, the two preva-
lence figures were extremely close (children: R?=0.97, P
<0.001; pregnant women: R?=0.91, P <0.001). On aver-
age, the predicted prevalence underestimated the actual
prevalence by 0.03 percentage points for children and
0.2 percentage points for pregnant women; this may be



taken as slightly conservative. For only two of the 71 val-
ues in children, the predicted prevalence overestimated
the observed prevalence of retinol <0.70 pmol/l by 10%
or more. There were no cases of overestimation or under-
estimation of more than 10% using the predicted equa-

tion in pregnant women.

2. When the SD was not provided, but the prevalence for
a non-WHO cut-off and the mean serum retinol con-
centration were provided, these two figures were used to
calculate the SD of the serum retinol concentration by
assuming a normal distribution within the population
and using the Z score. Using the proportion of values
below a provided cut-off, the Z score was derived. The
mean was subtracted from the provided cut-off and the
resulting absolute value divided by the absolute value of
the Z score. This provided an estimate of the SD in the
population. Following this calculation, the mean and
SD were used as above to derive the prevalence for the
non-WHO cut-off. This method was used for two sur-
veys in preschool-age children (Antigua and Barbuda,
and Bhutan).

3. For three surveys in preschool-age children and two sur-
veys in pregnant women, a mean, SD or the prevalence at
the recommended threshold was not reported. However,
these surveys did report a threshold (<0.87 pmol/l, or
~25 pg/dl) that was very close to the WHO recommend-
ed cut-off (<0.70 pmol/l) for serum retinol. In these five
cases, a SD of 0.35 pmol/l was assumed based on the
literature and the prevalence of retinol <0.70 pmol/l was
estimated using the reported prevalence of retinol <0.87
pmol/l and a SD of 0.35 pmol/l using the above meth-
odology.

When data were provided for separate groups, such as data
for children disaggregated by age, prevalence estimates
were combined and weighted by sample size. If sample size
information was missing from all data pooled, equal weight
was given to each survey.

2.3.2 Estimated prevalence of night blindness and
biochemical vitamin A deficiency for countries
with no survey data

Some countries did not have any survey data that met the
criteria for the estimates. Therefore, a regression model was
developed using data from countries with a reported preva-
lence of VAD and indicators of population health status
so that the prevalence of VAD could be predicted for the
countries without data. The indicators of population health
status considered in the regression model include the fol-
lowing:

* Human Development Index (HDI), 2002 (29)
¢ Individual components of HDI
— Life expectancy at birth; adult literacy rate; the com-
bined primary, secondary, and tertiary gross enroll-
ment ratio (education); and GDP per capita (30)
* Under 5 mortality rate, 2003 (31)
* Adult female mortality rate, 2003 (31)
* Measles immunization coverage rates, 2003 (32)
* Stunting, 2004
* Wasting, 2004
* Population growth rates (33)
* Regional indicator variable
* Any interaction term between the regional indicator
variable and the remaining variables

Fifteen countries (Afghanistan, Cook Islands, Democratic
People’s Republic of Korea, Iraq, Kiribati, Liberia, Marshall
Islands, Micronesia, Nauru, Niue, Palau, Serbia, Montene-
gro, Somalia, Tuvalu) did not have an HDI; therefore,
HDI was estimated with a regression model using two of
the same components and one proxy indicator for educa-
tion (average years of schooling in adults instead of adult
literacy and gross enrollment in school) fitted to the group
of countries with HDI estimates. This was used to derive
and estimate HDI score for these 15 countries.

For the estimates of the prevalence of deficiency, four
separate prediction equations were derived: one each for
biochemical VAD in preschool-age children and pregnant
women and one each for night blindness in preschool-age
children and pregnant women.

The prevalence of biochemical VAD and night blindness
was estimated by using the prediction equations (Tables 2
and 3) in countries where no information was available and
only explanatory variables were known. In all cases, the
prevalence was transformed to a logit scale to ensure non-

negative predicted values.

2.3.3 Uncertainty of estimates
For estimates based on survey data, each estimate was con-
sidered to be representative of the entire country whether
from a national or subnational sample, and the variance
of the estimate was calculated using the logit transforma-
tion. Since most surveys utilized a cluster sampling design,
variance estimates were adjusted using a design effect of 2.
From the point estimate of the prevalence and its variance,
a 95% confidence interval was generated in logit scale and
then transformed to the original scale (35, 36).

For regression-based estimates, a point estimate and

! Based on analysis of 388 nationally representative studies for 139 coun-
tries from the WHO Global Database on Child Growth and Malnutri-
tion (http://www.who.int/nutgrowthdb/). These were used to estimate
prevalence of child stunting and wasting for each country in the world

according to the new WHO Child Growth Standards (34).
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Table 2 Prediction equations used to generate hiochemical vitamin A deficiency estimates for countries without survey
data in populations at risk of vitamin A deficiency

Population Number of Equation® R? p-value

group® countries for model

Preschool-age 64 =-1.41497 - 0.00012074 GDP + 0.01128 Under 5 mortality 0.334 <0.0001

children - 0.25813 Population growth rate

Pregnant 16 =-3.6887 - 0.01450 Stunting + 2.6583 Africa indicator + 2.68685 0.461 0.0150

women Asia indicator

@ Population subgroups: Preschool-age children (<5 years), Pregnant women (no age range defined).

> See section 2.3.2 for an explanation of the variables.

Table 3  Prediction equations used to generate night blindness estimates for countries without survey data in populations
at risk of vitamin A deficiency

Population Number of Equation® R? p-value

group® countries for model

Preschool-age 29 =-7.57332 + 2.54214 Education component of HDI + 0.01146 0.132 0.0607

children Under 5 mortality

Pregnant 42 =-1.08925 - 1.14404 Education component of HDI - 0.01389 0.290 0.0011

women Immunization coverage for measles + 0.12159 Population growth rate

@ Population subgroups: Preschool-age children (<5 years), Pregnant women (no age range defined).

> See section 2.3.2 for an explanation of the variables.

95% prediction interval were computed by using the logit
transformations in the regression models and then back-
transforming them to the original scale (37, 38).

2.3.4 Combining national estimates

Country estimates for the 156 Member States with a 2005
GDP <US$ 15 000 were combined to provide estimates at
the global level, as well as by WHO and UN regions, for
preschool-age children and pregnant women, using Equa-

tion 1, where p__ symbolizes the estimated prevalence for

comb
the region, p. is estimated prevalence for the i country in
the region and w, is a weight which is proportional to the
number of persons in the population subgroup in the i*
country. Point estimates were obtained by weighting the
country estimates by the population that each estimate rep-
resented. Ninety-five percent confidence intervals around
the point estimates were constructed from the estimated

variance of the weighted average. The variance of p as

comb WV
estimated using Equation 2, where w. are the same weights
defined previously and var(p) represent the variance of the
country level estimates. The variance of country level es-
timates comes from two difference sources. In countries
where data is available, the variance is estimated using the
usual estimate for the variance of a proportion (39) and
that variance is inflated by a design effect (DEFF) factor of
two. In countries where a model-based estimate was com-
puted, this variance is obtained using the linear regression
model, specifically the variance used to derive prediction

intervals (37).

2. METHODS

2w,p,
dw.

dw?

Equation 1: Peor =

i var (Pl)

2

) =

Equation 2: var (p

comb
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i

2.3.5 Global prevalence of vitamin A deficiency in
populations at risk

The global prevalence of night blindness was calculated
for preschool-age children and pregnant women by com-
bining the individual country estimates for 156 Member
States having a 2005 GDP <US$ 15 000. The remaining
37 Member States with a 2005 GDP >US$ 15 000 were
excluded from the analysis and were assumed to be free of
VAD of public health significance. The global prevalence of
biochemical VAD was similarly calculated for preschool-
age children and pregnant women by combining the indi-
vidual country estimates of the prevalence of serum retinol
<0.70 pmol/l for the 156 Member States having a 2005
GDP <US$ 15 000.

2.3.6 Classification of vitamin A deficiency as a
problem of public health significance

The prevalence of night blindness below various popula-
tion-specific thresholds was used to classify countries by
the level of the public health problem of night blindness
(Table 4) (21, 28).

Similarly, the prevalence of serum retinol <0.70 pmol/l
was used to classify countries by the level of the public
health problem of biochemical VAD (Table 5) (28).



Table 4  Prevalence criteria for defining night blindness
of public health significance
Public health Night blindness (XN)
importance
(degree of Children? Pregnant
severity) (24-71 mo of age) women®

Mild >0%-<1%
Moderate =1%-<5% =5%
Severe =5%

@ Source: reference (28)
° Based on history of night blindness during a woman’s most recent pregnancy in the
previous 3-5 years that ended in a live birth. Source: reference (21)

Table 5  Prevalence cut-offs to define vitamin A
deficiency in a population and its level of public
health significance

Biochemical
Public health Serum or plasma retinol
importance <0.70 pmol/1 in preschool-age

(degree of severity) children or pregnant women®

Mild >2%-<10%

Moderate >10%-<20%"

Severe >20%

@ Source: reference (28); Children 6-71 months of age. As there is no WHO recom-
mended cut-off for serum retinol in pregnant women, the cut-off for children was
used (<0.70 ymol/I).

 The moderate range includes, as its mid-point, the minimum prevalence of 15% cur-
rently recommended by the Micronutrient Forum/International Vitamin A Consulta-
tive Group (IVACG) as the cut-off at or above which vitamin A deficiency should be
considered a problem of public health significance among preschool children (21).
The distribution of prevalence cut-offs for pregnant women is provisional.

2.4 Population covered by survey data,
proportion of population, and the number
of individuals with vitamin A deficiency in
populations at risk
2.4.1 Population covered
The population covered by survey data at the regional and
global level was calculated by summing the number of in-
dividuals in the population group in countries with sur-
vey data divided by the total number of individuals in the
population group in the countries identified at risk of VAD
in the entire region or globally for each population group.

2.4.2 Proportion of population and the number of
individuals affected in countries at risk for
vitamin A deficiency

The number of individuals with VAD was estimated in
both population groups for both indicators (night blind-
ness and retinol) for each country considered to be at risk
of VAD, each WHO and UN region, and globally based on
each country’s proportion of the population with VAD. The
proportion of the population group with VAD was mul-
tiplied by the national population of those considered to
be at risk of VAD to provide the number of subjects with
VAD at the country level, and the 95% confidence inter-
val was used as a measure of uncertainty. The population
figures are for the 2006 projection from the 2006 revision
of the United Nations population estimates (40). Popula-
tion figures for pregnant women were derived from the
annual total number of births (time period 2005-2010).
For 14 countries with a small total population (0.01% of
all women), birth data were not provided in tabulations of
the UN population division, and the number of pregnant
women was estimated by applying a WHO regional average
of births per reproductive-age woman (15 to 49 years) to the
total number of reproductive-age women.
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3. Results and Discussion

3.1 Results

3.1.1 Population covered

Only the 156 Member States which have a 2005 GDP
<US$ 15 000 were considered to have populations at risk of
VAD (Table 6). The 37 countries with a GDP >US$ 15 000
represent 9% and 8% of the total global preschool-age pop-
ulation and pregnant women population, respectively, were
assumed to be free of VAD of public health significance
and were excluded from further analysis. Table 7 shows the
population covered by surveys and their indicator preva-
lence estimates, globally and by WHO region. Globally, the

proportion of preschool-age children and pregnant women
covered by night blindness survey data was 54% and 55%,
respectively, and by serum retinol survey data, 76% and
19%, respectively. By WHO region, the coverage varied
drastically depending on the population group assessed
and the indicator used. For night blindness in preschool-
age children, data coverage was highest in South-East Asia
(82.4%) and the Western Pacific (87.3%) and very low in
Europe (1%) and nil in the Americas (0%). Survey cover-
age for night blindness in pregnant women was the high-
est in South-East Asia (96.8%) and the lowest in Europe

Table 6 Population residing in countries with a 2005 GDP = US$ 15 000 and excluded from estimations, expressed in

number and percentage of the total population

WHO region Preschool-age children? Pregnant women
Population (thousands) % of total population Population (thousands) % of total population

Africa (0)° 0 0 0 0
Americas (3) 22 520 29 4 645 29
South-East Asia (0) 0 0 0 0
Europe (24) 21796 42 4 353 41
Eastern Mediterranean (4) 679 1 150 1
Western Pacific (6) 9790 1871 8
Global (37) 54 786 9 11 019 8

@ Population subgroups: Preschool-age children (<5 years); Pregnant women (no age range defined).

° Total number of countries with a 2005 GDP =US$ 15 000.

Table 7 Number of countries and percentage of population covered by night blindness and serum retinol prevalence
surveys (national or subnational) conducted between 1995 and 2005, by WHO region in countries at risk of

vitamin A deficiency’

WHO region Preschool-age children® Pregnant women
Night blindness Retinol Night blindness Retinol

Africa (46)° 14 (30.3)¢ 4 (78.8) 24 (69.8) 8(30.9)
Americas (32) 0(0.0) 16 (49.8) 6(14.9) 4 (0.6)
South-East Asia (11) (82 4) 6 (82.4) 8(96.8) 3(14.7)
Europe (29) 2 (1.0) 5(17.8) 2(1.3) 0(0.0)
Eastern Mediterranean (17) 4 (33.8) 6 (58.4) 2 (34.4) 2 (39.8)
Western Pacific (21) 7(87.3) 10 (99.8) 3(12.4) 2(10.3)
Global (156) 32 (54.0) 67 (75.7) 45 (55.0) 19 (18.9)

2 Excludes countries with a 2005 GDP =US$ 15 000.

> Population subgroups: Preschool-age children (<5 years); Pregnant women (no age range defined).

¢ Number of countries in each grouping.
4 Percentage of population

3. RESULTS AND DISCUSSION



(1.3%). Survey coverage for serum retinol was the highest
in the Western Pacific (99.8%) and the lowest in Europe
(17.8%) for preschool-age children; however, for pregnant
women, coverage was the highest in the Eastern Mediter-
ranean (39.8%) and virtually nil for both Europe (0%) and
the Americas (0.6%).

3.1.2 Proportion of population and number of
individuals with vitamin A deficiency in
populations at risk

Globally, night blindness affects 5.2 million preschool-

age children (95% CI: 2.0-8.4 million) and 9.8 million

Table 8
vitamin A deficiency 1995-2005

pregnant women (95% CI: 8.7-10.8 million), which corre-
sponds to 0.9% and 7.8% of the population at risk of VAD,
respectively (Table 8). Low serum retinol concentration
(<0.70 pmol/l) affects an estimated 190 million preschool-
age children (95% CI: 178-202 million) and 19.1 million
pregnant women (95% CI: 9.30-29.0 million) globally.
This corresponds to 33.3% of the preschool-age population
and 15.3% of pregnant women in populations at risk of
VAD, globally (Table 9).

WHO regional estimates indicate that the highest pro-
portion of preschool-age children affected by night blind-
ness, 2.0%, is in Africa, a value that is four times higher

Global prevalence of night blindness and number of individuals affected in populations of countries at risk of

Population group? Prevalence of night blindness

Population affected

Percent’ 95% Cl Number (million) 95% Cl
Preschool-age children 0.9 0.3-1.5 5.17 1.99-8.38
Pregnant women 7.8 7.0-8.7 9.75 8.70-10.8

@ Population subgroups: Preschool-age children (<5 years); Pregnant women (no age range defined).

® Numerator and denominator exclude countries with a 2005 GDP =US$ 15 000.

Table 9

Global prevalence of serum retinol concentrations <0.70 pmol/I and number of individuals affected in populations
of countries at risk of vitamin A deficiency 1995-2005

Population group®

Prevalence of serum retinol <0.70 pmol/|

Population affected

Percent’ 95% Cl Number (million) 95% Cl
Preschool-age children 33.3 31.1-354 190 178-202
Pregnant women 15.3 7.4-23.2 19.1 9.30-29.0

@ Population subgroups: Preschool-age children (<5 years); Pregnant women (no age range defined).

° Numerator and denominator exclude countries with a 2005 GDP =US$ 15 000.

Table 10  Prevalence of night blindness and number of individuals affected among preschool-age children and pregnant
women in populations of countries at risk of vitamin A deficiency 1995-2005, globally and by WHO region

WHO region Preschool-age children® Pregnant women
Prevalence® (%) # affected (millions) Prevalence (%) # affected (millions)
Africa 2.0 2.55 9.8 3.02
(0.8-3.2) (0.99-4.11) (8.4-11.1) (2.59-3.44)
Americas 0.6 0.36 4.4 0.50
(0.0-1.3) (0.00-0.75) (2.7-6.2) (0.30-0.70)
South-East Asia 0.5 1.01 9.9 3.84
(0.0-2.0) (0.00-3.75) (9.5-10.3) (3.69-4.00)
Europe 0.8 0.24 3.5 0.22
(0.1-1.5) (0.04-0.44) (1.8-5.3) (0.11-0.33)
Eastern Mediterranean 1.2 0.77 7.2 1.09
(0.6-1.7) (0.41-1.12) (5.2-9.2) (0.78-1.39)
Western Pacific 0.2 0.26 4.8 1.09
(0.0-0.4) (0.02-0.50) (0.9-8.6) (0.20-1.97)
Global 0.9 5.17 7.8 9.75
(0.3-1.5) (1.97-8.38) (7.0-8.7) (8.70-10.8)

@ Population subgroups: Preschool-age children (<5 years); Pregnant women (no age range defined).

® Numerator and denominator excludes countries with a 2005 GDP =US$ 15 000.
¢ 95% Confidence Intervals.
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Table 11  Prevalence of serum retinol <0.70 pmol/I and number of individuals affected among preschool-age children and
pregnant women in populations of countries at risk of vitamin A deficiency 1995-2005, globally and by WHO region
WHO region Preschool-age children® Pregnant women
Prevalence® (%) # affected (millions) Prevalence (%) # affected (millions)
Africa 44.4 56.4 13.5 4.18
(41.3-47.5) (52.4-60.3) (8.9-18.2) (2.73-5.63)
Americas 15.6 8.68 2.0 0.23
(6.6-24.5) (3.70-13.7) (0.4-3.6) (0.04-0.41)
South-East Asia 49.9 91.5 17.3 6.69
(45.1-54.8) (82.6-100) (0.0-36.2) (0.00-14.0)
Europe 19.7 5.81 11.6 0.72
(9.7-29.6) (2.87-8.75) (2.6-20.6) (0.16-1.29)
Eastern Mediterranean 20.4 13.2 16.1 2.42
(13.2-27.6) (8.54-17.9) (9.2-23.1) (1.38-3.47)
Western Pacific 12.9 14.3 215 4,90
(12.3-13.5) (13.6-14.9) (0.0-49.2) (0.00-11.2)
Global 33.3 190 15.3 19.1
(31.1-35.4) (178-202) (7.4-23.2) (9.30-29.0)

@ Population subgroups: Preschool-age children (<5 years); Pregnant women (no age range defined).

° Numerator and denominator excludes countries with a 2005 GDP =US$ 15 000.
¢ 95% Confidence Intervals.

than estimated in South-East Asia (0.5%). This also means
that Africa has the greatest number of preschool-age chil-
dren affected with night blindness (2.55 million), and cor-
responds to almost half of the children affected globally
(Table 10). A comparable and high proportion of pregnant
women affected by night blindness are in Africa (9.8%) and
South-East Asia (9.9%), each of which is estimated to have
over 3 million pregnant women affected, or one third of the
pregnant women affected globally.

The estimates show that the Africa and South-East Asia
regions also contain the highest proportions of preschool-
age children with biochemical VAD, as indicated by a se-
rum retinol concentration <0.70 pmol/l, with South-East
Asia having the greatest number of children and pregnant
women affected (Table 11).

Table 12 Number of countries categorized by public health
significance of night blindness 1995-2005°

Public health problem®

Preschool-age children®  Pregnant women

Number of countries  Number of countries

None 4 90
Mild 107

Moderate 42 66
Severe 3

Excludes 37 countries with a 2005 GDP =US$ 15 000.

The prevalence of night blindness as a public health problem in preschool-age chil-
dren is categorized as follows: =0%, no public health problem; >0-<1%, mild pub-
lic health problem; =1-<5%, moderate public health problem; =5%, severe public
health problem. The prevalence of night blindness as a public health problem in
pregnant women is categorized as =5% (21).

Population groups: Preschool-age children (<5 years); Pregnant women (no age
range defined).

o

3. RESULTS AND DISCUSSION

3.1.3 Public health significance of vitamin A deficiency
The prevalence of night blindness is of moderate to severe
public health significance in 45 countries for preschool-age
children and 66 countries for pregnant women (Table 12).
According to current estimates, 122 countries are classified
as having a moderate to severe public health problem based
on biochemical VAD in preschool-age children; while 88
countries are classified as having a problem of moderate to
severe public health significance with respect to biochemi-
cal VAD in pregnant women (Table 13).

The level of the public health problem of both night
blindness and biochemical VAD across countries is illus-
trated by maps for preschool-age children and pregnant
women in Figures 1-4.

Table 13 Number of countries categorized by public health
significance of vitamin A deficiency defined by
the prevalence of serum retinol concentrations
<0.70 pymol/I 1995-2005°

Public health problem®

Preschool-age children® Pregnant women

Number of countries Number of countries

None 2 20
Mild 32 48
Moderate 49 57
Severe 73 31

Excludes 37 countries with a 2005 GDP =US$ 15 000.

The prevalence of serum retinol <0.70 ymol/| as a public health problem in both
preschool-age children and pregnant women is categorized as follows: <2%, no
public health problem; =2-<10%, mild public health problem; =10-<20%, moder-
ate public health problem; =20%, severe public health problem.

Population groups: Preschool-age children (<5 years); Pregnant women (no age
range defined).

=
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Figure 1 Night blindness as a public health problem by country 1995-2005: Preschool-age children
a) Countries and areas with survey data

None 4
Mild (0% — <1%) \
Moderate (>1% — <5%)

Severe (>5%)

No data

- Category of public health
significance (prevalence of
, hight blindness)
d

OREED

None

Mild (0% — <1%)
Moderate (21% — <5%)
Severe (>5%)

GDP >US$ 15 000
(countries assumed
to be free of vitamin A
deficiency of public
health significance)

[ Nodata

= Category of public health
significance (prevalence of
» hight blindness)
a

ONERQ

12 GLOBAL PREVALENCE OF VITAMIN A DEFICIENCY IN POPULATIONS AT RISK 1995-2005



Figure 2 Biochemical vitamin A deficiency (retinol) as a public health problem by country 1995-2005:
Preschool-age children

a) Countries and areas with survey data
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Figure 3
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Night blindness as a public health problem by country 1995-2005: Pregnant women
a) Countries and areas with survey data
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Figure 4 Biochemical vitamin A deficiency (retinol) as a public health problem by country 1995-2005: Pregnant women
a) Countries and areas with survey data
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3.2 Discussion

3.2.1 Population covered

Preschool-age children and pregnant women are consid-
ered to be populations most at-risk for VAD due to their
increased demands for vitamin A and the potential health
consequences associated with VAD during these life stages.
Thus, the estimates presented here are specific to children
under 5 years of age and pregnant women. This report does
not address VAD as a public health problem in all other
age groups due to lack of adequate data and understanding
of the public health importance of VAD at other ages (a
research priority). We also assume that VAD is not a pub-
lic health problem for preschool-age children and pregnant
women residing in the 37 countries identified as having
a GDP =US$ 15 000, who have been excluded from this
analysis and consideration.

About half of the global populations of both preschool-
age children and pregnant women considered to be at risk
of VAD were covered by survey data for this report. Cover-
age was considerably greater (76%) for serum retinol in pre-
school-age children than in pregnant women (19%) where,

however, it remains low.

3.2.2 Strengths of estimates
This report utilizes the most up-to-date data published as
of December 31, 2006 for the years 1995-2005. These es-
timates are based on the greatest number of VAD surveys
conducted in preschool-age children and pregnant women
to date. Where probabilistic, representative surveys have
not been conducted in the 10 year inclusion period, survey
estimates are complemented by regression-based estimates.
Use of GDP 2US$ 15 000 to classify a country as high
income and assuming that they are not at risk of VAD of
public health significance is arbitrary. Although there is lit-
tle survey data available in these countries to support this
assumption, the exclusion is supported by a usual tendency
for VAD risk to decline with rising socioeconomic status,
most clearly evident in its association with xerophthalmia
(41-44). A second reason for excluding higher income
countries from analysis was to improve the predictability
of the regression models and to help place focus on areas
where VAD is likely to be of public health significance.

3.2.3 Proportion of population and the number
of individuals with vitamin A deficiency in
populations at risk
Approximately one third of the world’s preschool-age popu-
lation is estimated to be vitamin A deficient, with just less
than 1% being night blind at a given time. The WHO re-
gions of Africa and South-East Asia have the highest burden
of VAD, reflected by deficient concentrations of the vitamin
in circulation, where 44-50% of preschool-age children are
affected. Most vitamin A deficient children live in South-

East Asia, where 91.5 million preschool-age children have
serum retinol concentrations <0.70 pmol/l.

The prevalence of VAD in pregnant women is likely low-
er than in preschool-age children, though this may in part
be attributable to a lingering lack of data in this life stage.
Still, the problem is of immense proportion. Globally,
approximately 15% of pregnant women are estimated to be
vitamin A deficient (biochemically) and 8% are night blind,
respectively. Again, the WHO regions of Africa and South-
East Asia have the highest risk of deficiency and carry the
majority of the burden.

3.2.4 Classification of countries by degree of public
health significance of vitamin A deficiency
Vitamin A deficiency, as indicated by either night blindness
or biochemical deficiency, is present in a moderate to severe
degree in preschool-age children in 45 and 122 countries,
respectively, out of the 193 WHO Member States. Vitamin
A deficiency in pregnant women is less prevalent than in
preschool-age children; however, still either night blind-
ness or biochemical VAD is present as a moderate to severe
problem in 66 and 88 countries, respectively. Targeting
women to achieve a safe and nutritionally adequate intake
of vitamin A during pregnancy could improve the health of

both women and their infants.

3.2.5 Comparison to previous estimates

Several estimates of VAD at the global level have been con-
ducted in the past for preschool-age children. However, it
is difficult to meaningfully compare these estimates as the
methodology used to derive them has varied considerably.

The most recent previous global estimates of VAD con-
ducted by WHO were in 1995, based on both clinical
(xerophthalmia) and biochemical (serum retinol concentra-
tions <0.70 pmol/l) evidence of VAD (44). At that time, it
was estimated that 60 countries had clinical and biochemi-
cal forms of severe and moderate degrees of public health
significance, and was likely to be a problem in an additional
13 countries. The current WHO global estimates of VAD
presented here indicate that 45 and 122 countries have a
moderate or severe public health problem of night blind-
ness or biochemical VAD, respectively. In 1995, it was esti-
mated that clinical VAD affected approximately 3 million
and biochemical VAD affected approximately 251 million
preschool-age children each year (Table 14).

Since 1995, several other groups have also generated
global estimates of VAD. In 1998, alternative methodol-
ogy was used for data collected between 1985 and 1995
to estimate that clinical VAD (night blindness and Bitot’s
spots) affected about 3.3 million preschool children (45).
These estimates suggested that that biochemical VAD (se-
rum retinol concentration <0.70 pmol/l) affected about
75-140 million preschool children each year. In 2002,
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Table 14  Comparison of the most recent global estimates of vitamin A deficiency

Number affected by
xerophthalmia (millions)

Number affected by serum retinol
<0.70 pmol/I (millions)

Reference year  Preschool-age children  Pregnant women Preschool-age children Pregnant women
WHO 2009 2006° 5.2 9.8 190 19.1
West 2002 (22, 49) 2001 4.4 6.2 127 7.2
UNICEF/MI 2004 (45) 2000 7.0 219
MI/UNICEF/Tulane 1998 (44) 1995 3.3 75-140
WHO 1995 (40) 1994 2.8 251

@ Based on data collected between 1995 and 2005, and using population figures from 2006.

West estimated that 127 million preschool-age children are
vitamin A deficient, defined as a serum retinol concentra-
tion <0.70 pmol/l or abnormal conjunctival impression cy-
tology, in the developing world, of whom 4.4 million have
xerophthalmia (including night blindness, Bitot’s spots,
and corneal xerophthalmia) (22). These estimates showed
that nearly half of the world’s children with xerophtalmia
resided in South and South-East Asia, of whom over 85%
live in India.

In 2004, the Micronutrient Initiative and UNICEF
worked in collaboration with Tulane University to up-
date their 1998 estimates of VAD for the year 2000 (46,
47). They estimated that clinical VAD (night blindness
and Bitot’s spots) and biochemical VAD (serum retinol
concentration <0.70 pmol/l) affected 7.0 and 219 million
preschool-age children, respectively.

The first estimates of VAD in pregnant women were
made by West (22) for the year 2000. He estimated that
19.8 million pregnant women in a given year have low vita-
min A status (serum retinol or breast milk concentrations
<1.05 pmol/l), of whom 7.2 million were deficient in vita-
min A. (<0.70 pmol/l) and 6.2 million experience gesta-
tional night blindness. These estimates found that nearly
two-thirds of the world’s nightblind women lived in South
and South-East Asia.

Although these numbers are very difficult to compare
due to differences in the methodology used to produce
them, considering the growth of the world’s population,
there appears to be some indication that the number of
preschool-age children affected by xerophthalmia may
be decreasing, but that the number of preschool-age chil-
dren and pregnant women with biochemical VAD, based
on deficient serum concentrations of retinol, is increasing,
possibly due to better methods of assessment and a wider
population being assessed.

3.2.6 Limitations of estimates

Estimates of the extent and severity of VAD in this report
have practical limitations imposed by the absence, untimely,
partially representative, or uncertain technical quality of

3. RESULTS AND DISCUSSION

data. In the current situation, only 12—42% of the countries
had survey data (national or subnational) that met inclusion
criteria. Other countries suspected to harbour populations at
risk of VAD had no population data, requiring estimates to
be derived from regression models employing available cov-
ariates shown to be predictive in countries with data. Also, a
number of countries in specific regions had no data or very
little data for one of the indicators. In this respect, modelled
estimates of the prevalence of biochemical VAD should be
interpreted with caution since they are based primarily on re-
gression-based estimates. These figures should be considered
“place holders” until measured survey data become available
and should serve to emphasize the “work-in-progress” nature
of this report. Although the majority of the survey data was
collected in nationally representative samples, the regression-
based estimates only explained 13—46% of the variation in
VAD prevalence among countries with survey data.

Estimates of prevalence were based on a number of as-
sumptions. All surveys were treated equally, although their
methodological quality varied greatly. For example, most
surveys used multi-stage cluster sampling proportionate
to the population size within the country, but not all did,
and in some national surveys, specific areas had to be left
out due to security or accessibility issues. Furthermore for
some preschool-age children, the population sampled cov-
ered only a portion of the desired age range (e.g. children
12-23 months) or covered ages outside the age range. For
the purpose of our analysis, these surveys were considered
equal to those that covered the entire age range. However,
an estimate from children equally distributed among the
age ranges would be more appropriate. Additionally, it is
very difficult to measure night blindness in children less
than 2 years of age, but it was usually not possible to ex-
clude this age group from the analysis.

Depending on the indicator and the population group,
there were 1-12 countries for which subnational data were
used to generate prevalence estimates in preschool-age chil-
dren and pregnant women, and these data may result in
an over- or under-estimation of the prevalence for those

countries.
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A limitation of using serum (plasma) retinol concentra-
tion as an indicator of vitamin A status is that it is decreased
by acute and underlying chronic infections (8). The major-
ity of surveys do not utilize an indicator of infection status
at the time in which retinol is assessed. Concurrent data
on infection status would not alter the indicator-based (i.e.
serum retinol) estimates of prevalence but could influence
the interpretation of survey findings with respect to cause
of apparent deficiency (48).

In some cases, the prevalence of serum retinol concen-
trations <0.70 pmol/l was calculated using the mean retinol
concentration and assuming that retinol values were nor-
mally distributed, an assumption that appears to be largely
supported by existing reports of population-based serum
retinol distributions. Additionally, data for night blindness
during a women’s most recent birth within the previous five
years that ended in a live birth was not adjusted for any day
time visual problems. Therefore, we may be overestimating
the true prevalence of night blindness if there is a high prev-
alence of women with day time visual problems in these
populations. Some initial surveys had to be excluded from
analysis because they either only reported a prevalence of
night blindness that was adjusted for day time visual prob-
lems, and was therefore not comparable to the unadjusted
estimates, or a figure was reported only for current night
blindness, which did not account for trimester of the preg-
nancy. Because it is expected that the prevalence of night
blindness is highest towards the end of pregnancy, these
figures were not comparable to the unadjusted values of a
history of night blindness during a previous pregnancy.

3.3 Conclusions

The data available for these estimates are the most repre-
sentative data to date. The estimates are the most accurate
reflection of the global prevalence of night blindness and
biochemical VAD up until this point in time. However,
some countries have conducted surveys since 2005 but were
not included here due to the time frame of 1995-2005 that
was established for these specific estimates. Countries with-
out survey data are highly encouraged to collect data on a
regular basis (every 3—5 years). Regression-based estimates
are appropriate for the regional and global levels, but may
not accurately reflect the situation in an individual country
given the variation explained by the current models.

The maintenance of the WHO Global Database on
Vitamin A Deficiency and the periodic generation of esti-
mates of deficiency provide a valuable tool for tracking the
global progress of eliminating VAD and the effectiveness
of the current strategies for its control. Hopefully, these
estimates will encourage countries to plan routine surveys
which assess the prevalence of VAD and the factors that
may be contributing to its development, including the in-
cidence of infectious diseases. The understanding of how
the prevalence of VAD and the factors related to its devel-
opment vary by population subgroup, geography, level of
development, and other social and economic factors will
make interventions easier to select and target to the most
appropriate populations.
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ANNEX 1

WHO Member States grouped by WHO
region and UN region as of 2007

Table A1.1 WHO Member States grouped by WHO region

Africa

Algeria

Angola

Benin

Botswana

Burkina Faso

Burundi

Cameroon

Cape Verde

Central African Republic

Chad

Comoros

Congo

Cbéte d’Ivoire

Democratic Republic of
the Congo

Equatorial Guinea

Eritrea

Ecthiopia

Gabon

Gambia

Ghana

Guinea

Guinea-Bissau

Kenya

Lesotho

Liberia

Madagascar

Malawi

Mali

Mauritania

Mauritius

Mozambique

Namibia

Niger

Nigeria

Rwanda

Sao Tome and Principe

Senegal

Seychelles

Sierra Leone

South Africa

Swaziland

Togo

Uganda

United Republic of
Tanzania

Zambia

Zimbabwe

Americas

Antigua and Barbuda

Argentina

Bahamas

Barbados

Belize

Bolivia (Plurinational State
of)

Brazil

Canada

Chile

Colombia

Costa Rica

Cuba

Dominica

Dominican Republic

Ecuador

El Salvador

Grenada

Guatemala

Guyana

Haiti

Honduras

Jamaica

Mexico

Nicaragua

Panama

Paraguay

Peru

Saint Kitts and Nevis

Saint Lucia

Saint Vincent and the
Grenadines

Suriname

Trinidad and Tobago

United States of America

Uruguay

Venezuela (Bolivarian

Republic of)

South-East Asia

Bangladesh

Bhutan

Democratic People’s
Republic of Korea

India

Indonesia

Maldives

Myanmar

Nepal

Sri Lanka

Thailand

Timor-Leste

Europe
Albania
Andorra
Armenia
Austria
Azerbaijan
Belarus
Belgium
Bosnia and Herzegovina
Bulgaria
Croatia

Cyprus

Czech Republic

Denmark

Estonia

Finland

France

Georgia

Germany

Greece

Hungary

Iceland

Ireland

Israel

Italy

Kazakhstan

Kyrgyzstan

Latvia

Lithuania

Luxembourg

Malta

Monaco

Montenegro

Netherlands

Norway

Poland

Portugal

Republic of Moldova

Romania

Russian Federation

San Marino

Serbia

Slovakia

Slovenia

Spain

Sweden

Switzerland

Tajikistan

The former Yugoslav
Republic of Macedonia

Turkey

Turkmenistan
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Ukraine Lebanon Western Pacific Mongolia
United Kingdom of Great Libyan Arab Jamahiriya Australia Nauru

Britain and Northern Morocco Brunei Darussalam New Zealand

Ireland Oman Cambodia Niue
Uzbekistan Pakistan China Palau

Qatar Cook Islands Papua New Guinea

Eastern Mediterranean Saudi Arabia Fiji Philippines
Afghanistan Somalia Japan Republic of Korea
Bahrain Sudan Kiribati Samoa
Dijibouti Syrian Arab Republic Lao People’s Democratic Singapore
Egypt Tunisia Republic Solomon Islands
Iran (Islamic Republic of) United Arab Emirates Malaysia Tonga
Iraq Yemen Marshall Islands Tuvalu
Jordan Micronesia (Federated Vanuatu
Kuwait States of) Viet Nam
Table A1.2 WHO Member States grouped by UN region and subregion*
Africa Northern Africa Asia Malaysia
Eastern Africa Algeria Central Asia Myanmar
Burundi Egypt Kazakhstan Philippines
Comoros Libyan Arab Jamahiriya Kyrgyzstan Singapore
Djibouti Morocco Tajikistan Thailand
Eritrea Sudan Turkmenistan Timor-Leste
Ethiopia Tunisia Uzbekistan Viet Nam
Kenya
Madagascar Southern Africa Eastern Asia Western Asia
Malawi Botswana China Armenia
Mauritius Lesotho Democratic People’s Azerbaijan
Mozambique Namibia Republic of Korea Bahrain
Rwanda South Africa Japan Cyprus
Seychelles Swaziland Mongolia Georgia
Somalia Republic of Korea Iraq
Uganda Western Africa Israel
United Republic of Benin Southern Asia Jordan

Tanzania Burkina Faso Afghanistan Kuwait
Zambia Cape Verde Bangladesh Lebanon
Zimbabwe Cote d’Ivoire Bhutan Oman

Gambia India Qatar

Middle Africa Ghana Iran (IslamicRepublic of) Saudi Arabia
Angola Guinea Maldives Syrian Arab Republic
Cameroon Guinea-Bissau Nepal Turkey
Central African Republic Liberia Pakistan United Arab Emirates
Chad Mali Sri Lanka Yemen
Congo Mauritania
Democratic Republic of Niger South-eastern Asia

the Congo Nigeria Brunei Darussalam
Equatorial Guinea Senegal Cambodia
Gabon Sierra Leone Indonesia

Sao Tome and Principe
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Togo

Lao People’s Democratic

Republic

' http://unstats.un.org/unsd/
methods/m49/m49regin/htm,
as of 31 January 2008.
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Europe

Eastern Europe
Belarus

Bulgaria

Czech Republic
Hungary

Poland

Republic of Moldova
Romania

Russian Federation
Slovakia

Ukraine

Northern Europe

Denmark

Estonia

Finland

Iceland

Ireland

Latvia

Lithuania

Norway

Sweden

United Kingdom of Great
Britain and Northern
Ireland

Southern Europe
Albania

Andorra

Bosnia and Herzegovina
Croatia

Greece

ANNEX 1

Italy

Malta

Montenegro

Portugal

San Marino

Serbia

Slovenia

Spain

The former Yugoslav
Republic of Macedonia

Western Europe
Austria

Belgium

France
Germany
Luxembourg
Monaco
Netherlands
Switzerland

Americas

Latin America and
the Caribbean
Caribbean

Antigua and Barbuda
Bahamas

Barbados

Cuba

Dominica
Dominican Republic
Grenada

Haiti

Jamaica

Saint Kitts and Nevis

Saint Lucia

Saint Vincent and the
Grenadines

Trinidad and Tobago

Central America
Belize

Costa Rica

El Salvador
Guatemala
Honduras
Mexico
Nicaragua
Panama

South America

Argentina

Bolivia (Plurinational State
of)

Brazil

Chile

Colombia

Ecuador

Guyana

Paraguay

Peru

Suriname

Uruguay

Venezuela (Bolivarian

Republic of)

Northern America
Canada
United States of America

Oceania
Australia-New Zealand
Australia

New Zealand

Melanesia

Fiji

Papua New Guinea
Solomon Islands
Vanuatu

Micronesia

Kiribati

Marshall Islands

Micronesia (Federated
States of)

Nauru

Palau
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ANNEX 2

Results by UN region

Table A2.1 Percentage of population’ at risk of vitamin A deficiency covered by night blindness and serum retinol prevalence
surveys (national or subnational) conducted between 1995 and 2005, by UN region

UN region Preschool-age children® Pregnant women
Night blindness Retinol Night blindness Retinol

Africa (53)° 37.8 (17)¢ 75.9 (26) 62.9 (25) 27.0 (8)
Asia (37) 71.7 (12) 83.2 (21) 60.0 (13) 18.8 (7)
Europe (20) 0.7 (1) 0.7 (1) 1.3 (1) 0(0)
Latin America and

the Caribbean (32) 0(0) 49.8 (16) 14.9 (6) 0.6 (4)
Northern America (0) 0(0) 0(0) 0(0) 0(0)
Oceania (14) 77.8(2) 79.1(3) 0(0) 0(0)
Global (156) 54.0 (32) 75.7 (67) 55.0 (45) 18.9 (19)

Excludes countries with a 2005 GDP =US$ 15 000.

UN regions: Africa, Asia, Europe, Latin America and the Caribbean, Northern America, and Oceania. Number in parentheses is number of countries in each grouping.

> Population subgroups: Preschool-age children (<5 years); Pregnant women (no age range defined).
d

Number of countries with data in parentheses.

Table A2.2 Prevalence of night blindness and numbers of affected preschool-age children and pregnant women in countries

at risk of vitamin A deficiency 1995-2005, by UN region

UN region® Preschool-age children® Pregnant women
Prevalencec (%) # affected (millions) Prevalence (%) # affected (millions)
Africa 2.1 3.07 9.4 3.30
(1.0-3.1)¢ (1.50-4.63) (8.1-10.7) (2.85-3.76)
Asia 0.5 1.64 7.8 5.83
(0.0-1.3) (0.00-4.41) (6.6-9.0) (4.90-6.76)
Europe 0.7 0.11 2.9 0.10
(0.0-1.5) (0.00-0.24) (1.1-4.6) (0.04-0.15)
Latin America and 0.6 0.36 4.4 0.50
the Caribbean (0.0-1.3) (0.00-0.75) (2.7-6.2) (0.31-0.70)
Northern America 0.0 0.00 0.0 0.00
Oceania 0.5 0.01 9.2 0.02
(0.1-1.0) (0.00-0.01) (0.3-18.2) (0.00-0.04)
Global 0.9 5.18 7.8 9.75
(0.1-1.8) (0.38-10.0) (6.5-9.1) (8.09-11.4)

a o o o

Denominator excludes countries with a 2005 GDP =US$ 15 000.
95% Confidence Intervals in parentheses.
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UN regions: Africa, Asia, Europe, Latin America and the Caribbean, Northern America, and Oceania.
Population subgroups: Preschool-age children (<5 years); Pregnant women (no age range defined).



Table A2.3 Prevalence of serum retinol <0.70 pmol/I and numbers of affected preschool-age children and pregnant women in

countries at risk of vitamin A deficiency 1995-2005, by UN region

UN region® Preschool-age children® Pregnant women
Prevalence® (%) # affected (millions) Prevalence (%) # affected (millions)
Africa 41.6 61.3 14.3 5.06
(38.4-44.9)¢ (56.5-66.0) (9.7-19.0) (3.41-6.70)
Asia 335 117 18.4 13.8
(30.7-36.3) (108-127) (5.4-31.4) (4.08-23.5)
Europe 14.9 2.38 2.2 0.07
(0.1-29.7) (0.02-4.74) (0.0-4.3) (0.00-0.14)
Latin America and 15.6 8.68 2.0 0.23
the Caribbean (6.6-24.5) (3.70-13.7) (0.4-3.6) (0.04-0.41)
Northern America 0.0 0.00 0.0 0.00
Oceania 12.6 0.15 1.4 0.00
(6.0-19.2) (0.07-0.22) (0.0-4.0) (0.00-0.01)
Global 33.3 190 15.3 19.1
(29.4-37.1) (168-212) (6.0-24.6) (7.53-30.8)

UN regions: Africa, Asia, Europe, Latin America and the Caribbean, Northern America, and Oceania.
Population subgroups: Preschool-age children (<5 years); Pregnant women (no age range defined).
Denominator excludes countries with a 2005 GDP =US$ 15 000.

95% Confidence Intervals in parentheses.
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ANNEX 4

Country references

Afghanistan

Afghanistan MICS2 Steering Committee et al. 2000
Afghanistan Multiple Indicator Cluster Survey (MICS2), Vol.
1: Situation Analysis of Children and Women in the East of
Afghanistan. United Nations Children’s Fund, 2001. Ref’
3302.

Angola

Ministry of Health et al. Assessing vitamin A and iron de-
ficiency anaemia, nutritional anaemia among children aged
0—60 months in the Republic of Angola [technical report].
Ministry of Health, 2000. Ref'2839.

Antigua and Barbuda

Micronutrient Working Group. Iron and vitamin A status
in five Caribbean countries. Cajanus, 2002, 35 (1): 4-34.
Ref 3758.

Argentina

Ministerio de Salud, Plan Federal de Salud. Encuesta Na-
cional de Nutricién y Salud (ENNyS) [Nacional Nutrition
and Health Survey]. Ministerio de Salud, Argentina, 2007.
Ref'5837.

Armenia
Branca F, Napoletano A, Coclite D, Rossi L. The health

and nutritional status of children and women in Armenia.
Rome, National Institute of Nutrition, 1988. Ref'3329.

National Statistical Service, et al. Armenia Demographic
and Health Survey 2005. Calverton, MD, ORC Macro,
2006. Ref 5804.

Bangladesh

Institute of Public Health Nutrition. Vitamin A status
throughout the lifecycle in rural Bangladesh: National Vita-
min A Survey 1997-98. Dhaka, Helen Keller International,
1999. Ref 3900.

Institute of Public Health. Bangladesh in Facts and Figures:
2005 Annual Report of the Nutritional Surveillance Project.
Dhaka, Helen Keller International, 2006. Ref 5473.

National Institute of Population Research and Training
(NIPORT), et al. Bangladesh Demographic and Health Sur-
vey 2004. Calverton, MD, ORC Macro, 2005. Ref 5206.

Benin

Institut National de la Statistique et de DIAnalyse
Economique et al. Enquéte Démographique et de Santé au
Bénin, 2001. Calverton, MD, Institut National de la Sta-
tistique et de ’Analyse Economique et ORC Macro, 2002.
Ref 3461,

République du Benin, Ministere de la Sante Publique, Di-
rection de la Sante Familiale, UNICEF, USAID. Enguéte
Nationale sur la Carence en Vitamine A et la Disponibilité
en Sel Tode dans les Ménages. Rapport de [’ Enquéte Familiale.
2000. Ref 5797,

Bhutan
Pem N, Gyeltshen K, Tenzin N. Report of a survey for vita-

min A deficiency in children under Five and pregnant women

in Bhutan. Bhutan Ministry of Health, 2000. Ref 2715.

Bolivia (Plurinational State of)

Gutiérrez Sarddn M et al. Bolivia Encuesta Nacional de De-
mografia y Salud 2003 [Bolivia National Demographic and
Health Survey 2003]. La Paz, Ministerio de Salud y De-
portes, Instituto Nacional de Estadistica, 2004. Ref 5095.

Burkina Faso

Institut National de la Statistique et de la Démographie
[Burkina Faso] et al. Burkina Faso Enquéte Démographique et
de Santé 2003 [Burkina Faso Demographic and Health Survey
2003]. Calverton, MD, ORC Macro, 2004. Ref 4948.

Projet de Développement Santé et Nutrition. Enguéte
Epidémiologique sur les Carences en Micronutriments dans 15
Provinces. Centre National Pour la Nutrition, Ministére de
la Santé, Burkina Faso, 1997. Ref 5801.

Burundi

Rapport de I’Enquéte Nationale de Nutrition de la Popula-
tion, 2005. Ministére de la Santé Publique, République du
Burundi, 2006. Ref 5748.
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Cambodia

Hix J, Rasca P, Morgan J, Denna S, Panagides D, Tam M,
Shankar AH. Validation of a rapid enzyme immunoassay
for the quantitation of retinol-binding protein to assess
vitamin A status within populations. European Journal of

Clinical Nutrition, 2006, 60(1):1299-1303. Ref 5761.

Semba RD, de Pee S, Panagides D, Poly O, Bloem MW.
Risk factors for xerophthalmia among mothers and their
children and for mother—child pairs with xerophthalmia in
Cambodia. Archives of Ophthalmology, 2004, 122(4):517—
523. Ref 5021.

National Institute of Public Health, National Institute of
Statistics, MEASURE DHS ORC Macro. Cambodia De-
mographic and Health Survey 2005. Calverton, MD, ORC
Macro, 2006. Ref 5646.

Cameroon

Institut National de la Statistique et al. Enquére Démo-
graphique et de Santé: Cameroon 2004. [Demographic
Health Survey: Cameroon 2004]. Calverton, MD, ORC
Macro, 2005. Ref 5214.

Ministére de la Santé Publique, UNICEF-Cameroun. En-
quéte Nationale sur la Carence en Vitamine A et I Anémie au
Cameroun, 2000. 2001. Ref 3470.

Cape Verde

Ministério da Satide e Promocao Social, Fundo das Nacoes
Unidas para a InfiAncia. Caracterizagio Deficiéncia de Vi-
tamina ‘A’ e da Anemia em Criancas Pré-escolares de Cabo

Verde, 1997. Ref 5630.

Central African Republic

Ministere Delegue a ’Economie au Plan et a la Coopera-
tion Internationale et al. Enquéte nationale sur [ avitaminose
A, la carence en fer et la consommation du sel iode. Repub-
lique Centrafricaine, 2000. Ref 1722.

Chad

Mildon A. Vitamin A Add-On Program — Final Survey and
Program Report, December 2005. World Vision Canada,
2005. Ref 5102.

China
Jingxiong J, Toschke AM, von Kries R, Koletzko B, Liang-
ming L. Vitamin A status among children in China. Public

Health Nutrition, 2006, 9(8):955-960. Ref 5788.

Colombia

National Survey on the Nutritional Situation (ENSIN), Co-
lombia 2005, Protocol — Executive Summary. Bogota, Insti-
tuto Colombia de Bienestar Familiar, 2005. Ref 5773.

Congo (The)

Samba C, Tchibindat F, Houze P, Gourmel B, Malvy D.
Prevalence of infant Vitamin A deficiency and undernutri-
tion in the Republic of Congo. Acta Tropica, 97(3):270-83,
2006. Ref S631.

Centre National de la Statistique et des Etudes Economiques
(CNSEE), et al. Enguéte Démographique et de Santé du Con-
go. [Demaographic Health Survey of Congo, 2005]. Calverton,
MD, ORC Macro, 2006. Ref 5733.

Costa Rica

Carvajal Fernandez D, Alfaro Calvo T, Monge-Rojas R.
Deficiencia de vitamina A en nifios preescolares: un prob-
lema re-emergente en Costa Rica? [Vitamin A deficiency
among preschool children: a re-emerging problem in Cos-
ta Rica?]. Archivos Latinoamericanos de Nutricion, 2003,

53(3):267-270. Ref 4227

Cote d’Ivoire

Asobayire FS. Development of a food fortification strategy
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