Proceedings of the XX International Vitamin A
Consultative Group Meeting

Extent of Vitamin A Deficiency among Preschool Children and Women
of Reproductive Age'-?

Keith P. West, Jr.®
Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD 21205

ABSTRACT Knowledge of the extent of vitamin A (VA) deficiency (D) is critical for identifying high-risk populations and
mobilizing resources for prevention. Yet, all estimates are necessarily imperfect, often based on assumptions in the
absence of data. In 1995, the World Health Organization estimated 254 million children to be VA-deficient and 2.8 million
to have xerophthalmia. Subsequently, estimates were changed to 75-140 million and 3.3 million, respectively. Although
both sets are consistent with a problem of enormous magnitude, the discrepancies also created uncertainty. The
present analysis indicates there are ~127 million and 4.4 million preschool children with VAD (serum retinol < 0.70
umol/L or displaying abnormal impression cytology) and xerophthalmia, respectively. More than 7.2 million pregnant
women in the developing world are VA-deficient (serum or breast-milk vitamin A concentrations < 0.70 umol/L), and
another 13.5 million have low VA status (0.70-1.05 umol/L); >6 million women develop night blindness (XN) during
pregnancy annually. Roughly 45% of VA-deficient and xerophthalmic children and pregnant women with low-to-
deficient VA status live in South and Southeast Asia. These regions harbor >60% of all cases of maternal XN, three
fourths of whom seem to live in India. Africa accounts for 25-35% of the global cases of child and maternal VAD; about
10% of all deficient persons live in the eastern Mediterranean region, 5-15% live in the Western Pacific and ~5% live
in the Region of the Americas. VA prophylaxis seems to be preventing the number of deficient preschool children from
increasing while probably reducing rates of blindness and mortality. Greater effort is needed to assess and prevent VAD

and its disorders, particularly among pregnant and lactating women.
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Vitamin A deficiency (VAD)* is a major public health
nutrition problem in the developing world. It especially affects
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young children, among whom deficiency can cause xeroph-
thalmia and lead to blindness, limit growth, weaken innate
and acquired host defenses, exacerbate infection and increase
the risk of death (1). It is also becoming clear that VAD can
extend through school age and adolescent years into adult-
hood. Although the health consequences of VAD are not well
delineated beyond early childhood, recent data indicate that
VAD in women of reproductive age may increase morbidity
and mortality during pregnancy and the early postpartum
period (2—4). Severe maternal VAD may also disadvantage
the newborn, leading to increased mortality in the first months
of life (5-7). As consequences of VAD (now collectively
known as vitamin A deficiency disorders; VADD) (Fig. 1)
(8,9) become increasingly recognized, it is crucial that the
resultant health burden be quantified as precisely as possible,
as a basis for action and subsequent monitoring and evaluation
of preventive programs.

Considerable progress has been made over the past 4 de-
cades in estimating the burden of VAD, principally by aggre-
gating and extrapolating prevalence data from countries where
it has been collected in populations with a similar demo-
graphic profile and anticipated risk. In recent years, VAD has
been estimated to affect between 75 (10) and 254 (11) million
preschool children each year, a far from precise range. No
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FIGURE 1 Spectrum of vitamin A deficiency disorders (VADD).

estimates of the global burden of maternal VAD or the annual
incidence of maternal night blindness (XN) exist. This article
updates existing information on the numbers of preschool-
aged children with VAD and xerophthalmia and provides a
first approximation of the numbers of pregnant women likely
to be vitamin A deficient and night blind each year.

METHODS

Sources of data

An extensive array of data relevant to the extent of VAD was
reviewed, including the comprehensive, annotated assembly of survey
results on VAD compiled by the Micronutrient Deficiency Informa-
tion System (MDIS) of the World Health Organization (WHO) in
1995 (11), augmented by a preliminary MDIS update in the year 2001
(12); an in-depth analysis and report on population burden and
trends in VAD in preschool-aged children conducted by Sethuraman
and colleagues in 1998 (10), hereafter referred to as the MI report,
which incorporated previous MDIS estimates of VAD with country
updates from 107 UNICEF program offices and other sources; pub-
lished surveys and field studies in which vitamin A status of children
or women are reported; and unpublished reports, meeting presenta-
tions and personal communications about recent surveys not included
in previous analyses. This last set of “gray literature” sources consisted
of abstracts of presentations at meetings of the International Vitamin
A Consultative Group (IVACG) and survey summaries in specialized
publications, bulletins and newsletters from ministries of health,
multilateral and bilateral agencies and nongovernmental organiza-
tions. Where possible, sources were contacted for further information
on survey data not readily available in the public domain.

The main demographic groups at risk of VADD and of interest for
this analysis are preschool-aged children (i.e., <5 y of age) and
pregnant women. Data on vitamin A status reported for more narrow
preschool ages (e.g., 6—36 mo) or for preschool age groups that also
included children beyond the fifth year of life were taken to represent
preschooler status. Where data permitted, findings on the vitamin A
status of women were restricted to pregnancy. However, because of
the sparsity of population-based vitamin A status data on pregnant
women, clinical and biochemical findings obtained in surveys and
field studies of nonpregnant women of reproductive age, especially
during the first 6 mo postpartum, were assumed to reflect the status of
pregnant women and thus were used for this initial estimation.

Population estimates of the number of preschool-aged children in
each country, against which prevalence rates were applied to estimate
the absolute numbers affected, were obtained from the UNICEF Year
2001 State of the World’s Children Report, with 1999 serving as the
reference year (13). The number of pregnant women each year was
conservatively derived from the annual number of live births reported
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for each at-risk country by UNICEF for the year 1999 (13), without
adjustment for miscarriages and stillbirths.

Indicators of VAD

Biochemical and cytologic indicators. Serum (or plasma) retinol
distributions provided the primary data for assessing the extent of
VAD in children and women (1). For countries that lacked serolog-
ical data, the frequency of abnormal conjunctival impression cytology
(CIC)® or the distribution of vitamin A concentration in breast milk,
both considered for the purpose of this analysis to be roughly com-
parable with serum retinol for estimating population prevalence (14—
20), were used where available to estimate the extent of VAD in
children and women, respectively. A serum or plasma retinol con-
centration < 0.70 pmol/L was taken to represent deficiency in
children (21). Among women, two retinol concentration cutoffs were
used to estimate VAD and low to deficient vitamin A status, respec-
tively (16,17): <0.70 and <1.05 wmol/L. Prevalence rates below
cutoffs were accepted as reported by the investigators. However,
when serological or breast-milk retinol data were given only as a
mean and SD or standard error of the mean (with numbers of sub-
jects), prevalences were derived by assuming data were normally
distributed and calculating standard normal deviates (z-scores) and
probabilities associated with areas under the left tail of the normal
curve. Surveys in which both mean (sp) and actual cutoff data were
reported provided a basis for evaluating the validity of the normalized
estimate. For example, in Ecuador the mean (SD) of serum retinol in
preschool children was 0.97 (0.32) wmol/L (22). Under assumptions
of “normality,” the standardized distance between 0.97 and 0.70 is
0.84z (i.e., 0.27/0.32), associated with an area under the “normal”
curve (probability) of 0.30. Subtracting this value from 0.50 (assumed
proportion of subjects below the mean), yields 0.20, or a childhood
prevalence < 0.70 umol/L of 20%, ~2% above the actual reported
prevalence of 17.9% (22). Calculating a normalized estimate from
preschooler survey data in Nepal yielded a prevalence of serum
retinol < 0.70 wmol/L of 31.7% vs. the reported figure of 32.3% (23).
Similar consistency was observed among women. For example, the
normalized prevalence of serum retinol < 0.70 wmol/L in Nepalese
pregnant women was 26.6 vs. 31.5% reported (23); among Indone-
sian women, the estimated vs. reported prevalence of low to deficient
breast milk vitamin A concentrations (<1.05 umol/L) was 30.5 vs.
31.0% (24).

Xerophthalmia. In children, estimates of the prevalence of ocular
manifestations of VAD were based on reports of reliably diagnosed
stages of xerophthalmia, as defined by WHO (21); that is, XN, Bitot’s
spots (X1B), and active corneal disease (X2 and X3). Data on
conjunctival xerosis without X1B (i.e., stage X1A) were not used.
Instead of compiling estimates of the burden of separate clinical
manifestations of xerophthalmia, a single prevalence of “active xe-
rophthalmia” was derived to estimate the total ocular burden, as done
previously (10,11). Thus, where reported, an aggregate rate for all
stages of xerophthalmia combined was accepted; where only stage-
specific rates were reported, the aggregate rate was usually estimated
to be the sum of the prevalence of X2/X3 plus X1B plus one-half the
prevalence of XN, assuming that half of all children presenting with
Bitot’s spots are also night blind. If data were reported for only one
ocular manifestation (e.g., either XN or X1B), other stages of xeroph-
thalmia were assumed to be absent.

Among women, estimation of the burden of xerophthalmia was
restricted to the most frequently reported symptom, a history of
maternal XN. Histories were occasionally reported from cross-sec-
tional assessment (25). However, more often questions about mater-
nal XN covered the entire gestational period of a woman’s most
recent pregnancy that led to a live birth, either in the preceding 3 y
(26) or, as asked in several recent Demographic Health Surveys

(DHS),® the preceding 5 y. During 7 of 8 national DHS (Ethiopia,

5 CIC evidence includes that based on use of impression cytology with
transfer (ICT) modification on which CIC-abnormality estimates in Africa rely (for
example, see references 14,15).

6 Series of nationally representative surveys coordinated by Macro Interna-
tional Inc., 11785 Beltsville Drive, Calverton, MD 20705 (www.measuredhs.org),
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Madagascar, Malawi, Rwanda, Uganda, Zimbabwe and Peru) carried
out between 1997 and 2000, questions were asked about both XN and
day vision problems during pregnancy (27). Percentages of women
reporting to have been night blind from these surveys were adjusted
downward by the proportion of surveyed non-XN women who re-
ported having had daytime vision problems during pregnancy (3—-16%
of all respondents) as a provisional way to reduce, although probably
not eliminate, the contribution of potential false positives to esti-
mates of maternal XN.”

Data on the above indicators thus provide estimates of prevalence
and population burden for two levels of the VAD continuum: low
plasma or tissue retinol levels and xerophthalmia (Fig. 1).

Direct estimation of prevalence

Prevalence rates stated to have been obtained from national
samples by original investigators, the MDIS (11,12) or MI (10) were
accepted as representing a country’s entire population of that age.®
Where countrywide data existed, the number of deficient persons was
obtained by multiplying the country’s population of preschool-aged
children or the number of pregnancies for 1999 (13) by the “national”
reported prevalence. Rates based on subnational samples (e.g., sur-
veys conducted in high-risk or other select populations) were adjusted
before being used to calculate the national burden of deficiency, as
before (10,11), by applying fractional weights to estimate the size of
the population represented by these specially selected populations.
These adjustments necessarily relied on evidence of representative-
ness of the surveys and additional risk factor information about a
country but were ultimately subjective. Thus, country-specific
weights for the size of the “at-risk” population to which the preva-
lence rates were applied differ from those applied previously for some
countries (11,28), based either on new country findings or, at times,
after reinterpretation and refinement of earlier data.”

Estimates in this article attempt to reflect the impact of VAD
prevention programs, implemented after the prevalence surveys were
conducted, on the extent of the problem. Program impact varies by
mode, dosage, frequency, coverage and sustainability of vitamin A
delivery, responsiveness of status indicators and other health factors
(29,30). For example, the prevalence of a serum retinol concentration
< 0.70 umol/L decreases by only ~15% in a sustained manner (e.g.,
for =2 months) after large-dose vitamin A supplementation
(1,23,29,31,32) even in the presence of substantial persistent protec-
tion against mortality and xerophthalmia (1,33). High-potency vita-
min A is ~90% efficacious in preventing xerophthalmia (29,34,35)
and 60—-80% effective in programs that achieve reasonably high
coverage (23,29,36-38). Thus, childhood VAD and xerophthalmia
rates were reduced by 15 and 60%, respectively, in countries reporting
sustained postsurvey vitamin A supplementation coverage of = 75%
(13,27,28,39,40). Although serum retinol and xerophthalmia both
respond to an adequate intake of vitamin A-fortified food (41-44),
few national fortification programs are under way: none where xe-
rophthalmia is a public health problem and in only one country
where fortification seemed to have been substantially launched after
its most recent vitamin A survey. In El Salvador, a weight of 0.60 was
applied to the national VAD prevalence of 36%, reported in 1988

funded by the U.S. Agency for International Development, Washington DC
(www.usaid.gov).

7 Decreasing the percentage of women reporting XN by the percentage who
also reported day vision problems (DVP) led to 44-78% reductions in the prev-
alence of reported maternal XN in seven DHS surveys (27). This approach as-
sumes an accuracy of 100% in response to the question about DVP and 0%
accuracy of an XN response in the presence of reported DVP, neither of which is
likely to be true. Assuming comparable rates of DVP in both groups and applying
rates seen in non-XN women with women reporting XN represents a compromise
until additional data on extent and validity can be obtained.

8 This approach differs from previous analyses, which down-weighted rates
reported to be nationally representative by a multiplication factor of 0.75 (10-12),
implying that only three-fourths of a country’s population shared risks of defi-
ciency comparable with the national survey sample. Recently, arguments have
been raised in favor of discontinuing this “adjustment” (28).

9 Individual prevalence estimates, weights and technical notes supporting
figures used for each country can be viewed at http://www.jhsph.edu/CHN/
GlobalVAD.html.
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(45) before sugar fortification was fully implemented, yielding a
program-adjusted rate of 21.6%. Prevalence rates obtained during
years when there was ongoing, national vitamin A supplementation
(e.g., Bangladesh, India, Indonesia) or food fortification with vitamin
A (e.g., Honduras and Guatemala) (45,46) were assumed to reflect
that program’s impact and were not adjusted.

Extrapolation of prevalence

The validity of a global burden estimate relies on completeness of
data. However, clinical, biochemical or cytological data of sufficient
quality to estimate national burden are lacking for many countries
where dietary, demographic and cultural factors suggest that VAD is
likely to be a public health problem. For such high-risk countries, the
extent of deficiency was extrapolated by one of several approaches,
depending on the availability of indicator data from countries else-
where in the same region.

I. Within the joint WHO African and Eastern Mediterranean

Regions, several approaches were adopted:

A. For 21 countries lacking biochemical or cytological vita-
min A status data and classified by WHO as being at “high
or very high risk” with respect to child and adult mortal-
ity,'° a prevalence of 28% was imputed. This value repre-
sents the 50th percentile of adjusted, national prevalence
rates assessed in 33 other countries in both regions (inter-
quartile range of the prevalence distribution: 18.4-49.8%).

B. For 21 high or very high risk countries lacking ophthal-
mological survey data, a childhood xerophthalmia preva-
lence of 1.15% was imputed, representing the 50th percen-
tile of the prevalence distribution for 27 countries in the
regions (interquartile range: 0.4-1.9%).

C. A distributional approach was also adopted for imputing
prevalences of maternal VAD (<0.70 umol/L) and low to
deficient status (<<1.05 wmol/L) in 35 high-risk countries
lacking data. Using the 25th percentile of the adjusted
prevalence distribution for 19 countries, prevalences of 9.4
and 20.4% were assigned, respectively. Adopting the quar-
tile value reflects a poorer availability and greater uncer-
tainty of representative data on maternal vitamin A status
compared with the extant data on young children.

D. A highly conservative approach was taken to impute the
minimal prevalence of XN during pregnancy in 46 high-
risk countries lacking such data. Based on provisional es-
timates of national prevalence from nine countrywide sur-
veys across both regions—Egypt, Ethiopia, Madagascar,'!
Malawi, Nigeria, Rwanda, Uganda, Zambia and Zimbabwe
(27,48)—the calculated 25th percentile prevalence rate of
4%, although potentially appropriate, was believed to be
too high to use directly in the absence of more evidence.
Therefore, the lowest prevalence in the series, 2.4% in
Nigeria (48), was reduced by an additional 10% (2.2%),
reflecting the lowest possible prevalence likely, and was
used to estimate the numbers of pregnant women who
annually experience XN in these 46 countries.

II. A different approach to imputing prevalence was taken in the
Southeast Asian and western Pacific regions. Because of fewer,
but in some instances large, countries lacking data, rates of
VAD were directly extrapolated to countries without suffi-
cient data from neighboring countries that had reliable pop-
ulation-based estimates and shared comparable levels of de-
velopment (49), health (13), and mortality risk (47). Most
relevant to this approach was extrapolation of a childhood
VAD prevalence rate for all of India, including areas in which
no biochemical or cytological vitamin A status data are avail-
able. Review of rural and urban studies of children conducted
over the past 15 y indicated a range of prevalence rates for
VAD, from over 50% to ~25% (32,50-55) However, the

10 Countries classified by WHO as categories D and E on the WHO compar-
ative risk assessment scale (47).

11 USAID MOST Project, unpublished data from National Vitamin A Survey,
2001, International Science and Technology Institute (ISTI), Roslyn, VA.
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studies were either not population based or were not suffi-
ciently representative for use in estimating overall prevalence
in the population of interest. Available estimates did suggest,
however, that the prevalence across India as a whole would
probably be at least as high as the composite, population-based
rate of 30.8% estimated for neighboring Bangladesh, which
has an ongoing national vitamin A distribution program that
reaches a significant proportion of the target population
(56,57). The existence of a substantial VAD problem in India
is further supported by reports of widespread deficiency in
childhood dietary consumption of vitamin A (58-60) and
moderate risk of xerophthalmia (61), which remains the most
important cause of pediatric blindness in India (62). Based on
the sum of evidence to date, a minimal, conservative VAD
prevalence of 30.8% was also assigned to India.

Other countries that provided a base rate for estimating the
prevalence of VAD in neighboring states include Viet Nam
[prevalence of 11.8% (63), applied to Cambodia and Laos X a
weight of 2] and the Federated States of Micronesia (FSM)
[prevalence of 49% (64-66), applied to the Marshall Islands

II.

and Kiribati, both with a prevalence of xerophthalmia com-
parable with the FSM (67-69), and to Papua New Guinea,
Solomon Islands, Tonga, Tuvalu and Vanuatu, all with much
lower rates of xerophthalmia (68), applied with a weight of
0.25].

In the WHO region of the Americas, nearly all countries
considered to be endemic for VAD have national data on
serum retinol for estimating childhood prevalence, except
Haiti, which was conservatively assigned a prevalence of
19.6% based on data from the neighboring Dominican Re-
public (45).

RESULTS

Estimates of prevalence and numbers of cases of VAD and
xerophthalmia among preschool-aged children are displayed
by region and for selected countries in Table 1. The data
suggest there are 127.2 million vitamin A-deficient preschool-
aged children. This number represents 25% of preschool-aged

TABLE 1

Global prevalence of preschool child vitamin A deficiency and xerophthalmia, with numbers of cases,
by region and selected country?

Vitamin A deficient2

Xerophthalmia

Region/country Population <5 yrs (x103) % No. (x103) % No. of cases (X103)
Africa 103,934 32.1 33,406 1.53 1,593
Ethiopia (70) 11,032 61.2 6,752 4.80 530
Kenya (10) 4,462 40.6 1,812 2.00 89
Nigeria (48) 17,880 28.1 5,024 1.00 179
Senegal (10, 12) 1,596 34.5 551 0.36 6
South Africa (71, 72) 4,909 33.3 1,635 1.60 79
Other countries3 64,055 27.5 17,632 1.1 710
Eastern Mediterranean 59,818 21.2 12,664 0.85 510
Egypt (73) 8,081 11.9 962 0.32 26
Morocco (45) 3,215 255 820 0.16 15
Pakistan (74-76) 23,793 24.0 5,710 0.24 57
Sudan (77, 78) 4,162 23.8 991 1.74 72
Other countries3 20,567 20.3 4,181 1.65 340
South/Southeast Asia 169,009 33.0 55,812 1.20 2,026
Bangladesh (56, 57, 79, 80) 15,120 30.8 4,649 0.62 94
India (51-55, 58-61, 81) 114,976 30.8 35,355 1.56 1790
Indonesia (82-86) 22,006 57.5 12,653 0.34 75
Nepal (23) 3,485 34.9 1,216 0.60 21
Sri Lanka (87) 1,597 35.3 564 1.60 26
Other countries3 11,825 11.6 1,375 0.17 20
Western Pacific 122,006 14.0 17,128 0.18 220
China (88, 89) 97,793 11.7 11,442 0.17 170
Philippines (31) 9,800 38.0 3,724 0.07 7
Viet Nam (63) 8,454 11.8 998 0.20 17
Other countries3 5,959 16.2 964 0.44 26
Region of the Americas 47,575 17.3 8,218 0.16 75
Brazil (11) 15,993 13.7 2,187 0.13 20
Guatemala (10, 45) 1,816 13.4 244 0.00 0
Peru (11) 2,898 13.0 377 0.00 0
Other countries3 26,868 20.1 5,410 0.20 55
European region
Macedonia (12) 152 29.5 45 0 0
Total 502,494 25.3 127,273 0.88 4,424

1 Table excludes the following countries by WHO region, which are classified as “B” or higher according to the WHO Comparative Risk
Assessment Index (47) and for which no prevalence data on preschool child vitamin A deficiency or xerophthalmia exist. Eastern Mediterranean:
Bahrain, Cyprus, Jordan, Kuwait, Lebanon, Libya, Qatar, Saudi Arabia, Syria, Tunisia, and the United Arab Emirates. Western Pacific: Australia, Brunei
Darussalam, Fiji, Japan, Mongolia, Nauru, New Zealand, Niue, Republic of Korea, Samoa, and Singapore. Americas: Antigua and Barbuda, Argentina,
Bahamas, Barbados, Canada, Chile, Cuba, Grenada, Guyana, Jamaica, Paraguay, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the
Grenadines, Suriname, Trinidad and Tobago, United States of America, and Uruguay. European: all countries are excluded except the Former
Yugoslav Republic of Macedonia.

2 Defined by serum retinol <0.70 umol/L or, occasionally, abnormal conjunctival impression cytology.

3 Additional country references are located at http://www.jhsph.edu/CHN/GlobalVAD.html.
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children in high-risk regions of the developing world, includ-
ing one developed country destabilized by social conflict.
Forty-four percent of vitamin A-deficient children live in
South and Southeast Asia, whereas 26 and 10% live in the
African and eastern Mediterranean regions, respectively. The
largest numbers of vitamin A-deficient children live in India
(35.3 million), Indonesia (12.6 million), China (11.4 mil-
lion), and Ethiopia (6.7 million). Approximately 6.5% (8.2
million) live in the region of the Americas.

Xerophthalmia afflicts 4.4 million preschool-aged children,
reflecting 0.9% of all children and 3.5% of all deficient chil-
dren in these countries. Forty percent of all preschool-aged
children with xerophthalmia (1.8 million) in the developing
world live in India, a number that also accounts for 88% of all
cases in South and Southeast Asia. More than one third of the
world’s early childhood cases of xerophthalmia (1.6 million)
live in Africa, and one third of those reside in Ethiopia (0.53
million). Four percent of the world’s xerophthalmic children
live in each of three countries: Nigeria, Afghanistan (data not
shown), and China.

The global pattern of early childhood risk of VAD and
VADD, based on the cutoffs for the prevalence of xerophthal-
mia (X, all active stages combined) and VAD, is presented in
Figure 2. The xerophthalmia cutoff of =1.5% represents the
sum of the minimum prevalence criteria for XN (=1.0%) and
X1B (=0.5%) considered by WHO to reflect a problem of
public health significance (11,21). The cutoff of 0.5% for
xerophthalmia corresponds to the minimum public health
criterion for X1B (21). The cutoff of = 15% for VAD repre-
sents the revised public health minimum prevalence for serum
retinol values of <0.70 wmol/L recently adopted by the
IVACG (9). The most darkly shaded countries in Figure 2 are
those in which the rate of active xerophthalmia is =1.5% and
the rate of VAD is =15%. These are populations in which a
high burden of ocular disease emerges from a broad base of
childhood VAD. The most lightly shaded countries are those
where actual or imputed estimates for xerophthalmia and
VAD are both below their respective criteria. Unshaded areas
in Africa and the eastern Mediterranean region represent

countries classified by WHO as having a low risk of both child
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FIGURE 2 Countries stratified by joint preva-
lence of vitamin A deficiency (VAD), defined by serum
retinol concentrations < 0.70 umol/L or abnormal
conjunctival impression cytology, and xerophthalmia
(X), all active stages combined, among preschool-
aged children.

B x> 15%and VAD= 15% }
X =1.5% or VAD= 15%

X =0.5% to 1.49% and VAD< 15%

0 X <0.5% and VAD < 15%

and adult mortality (47),'? lack data on vitamin A status, and
are countries where VAD is assumed not to exist.

Table 1 and Figure 2 provide complementary perspectives
of the burden of VAD. Countries with prevalence rates below
the specified minimum criteria cutoffs may harbor very large
numbers of vitamin A-deficient children (e.g., China),
whereas others with high prevalence rates may contribute
modestly to the global burden (e.g., Haiti). Of potential im-
portance is an emerging pattern in some high-risk countries,
such as Bangladesh and Nepal, where periodic high-potency
vitamin A delivery seems to be controlling xerophthalmia
(23,56) and presumably some of the VAD-induced mortality
(1) despite persistent serologic evidence of VAD above the
criterion cutoff of 15%.

Table 2 indicates that, among the 107.4 million pregnant
women who have a live birth each year in regions of the world
at high risk for VAD, 19.8 million (18%) have low to deficient
vitamin A status (serum or breast-milk retinol concentrations
< 1.05 umol/L), of whom 7.2 million (37% of those with low
status) are deficient (concentrations < 0.70 wmol/L). Of
these, 6.2 million women become night blind, assuming that
XN occurs only in women with low to deficient vitamin A
status (111). This latter estimate suggests that the global
burden of maternal XN exceeds that of preschool child xe-
rophthalmia by nearly 50%. About 45% of all pregnant
women with low to deficient vitamin A status and over 60%
of the cases of maternal XN occurring annually live in South
and Southeast Asia; 75% of all regional maternal XN cases
(~3 million) are believed to reside in India.

Figure 3 stratifies countries with respect to maternal VAD,
restricted to those in which empirical data have been collected
for either (or both) serum/breast-milk retinol concentrations
(e.g., biochemical) or maternal XN (e.g., clinical). For coun-
tries with data for only the biochemical or clinical indicator
but not both, estimates are imputed for the other. Countries
that lack empirical data for both indicators are not shaded,
reflecting the current inadequacy of data on maternal VAD.
Thus, Figure 3 is provisional but probably reflects a minimal,

12 Countries assigned to category B on the comparative risk assessment
index (47).
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TABLE

2

Global prevalence and annual numbers of cases of maternal vitamin A deficiency and night blindness,
by region and selected country1

Serum/breast-milk concentration

<0.70 pmol/L <1.05 pmol/L Night blindness
Live births
Region/country per year (X103) % No. (x108) % No. (x103) % No. of cases (X103)
Africa 24,425 10.0 2,452.58 22.0 5,382.72 4.4 1,075.33
Ethiopia (27) 2,699 9.4 253.71 20.4 550.60 16.0 430.76
Kenya (90) 992 9.1 89.88 23.3 230.94 2.2 21.43
Nigeria (91) 4,176 4.7 196.27 10.2 425.95 2.4 100.22
Senegal (11) 364 5.8 21.18 30.6 111.38 2.2 7.86
South Africa (92) 1,055 9.6 100.86 24.4 257.84 2.2 22.79
Other countries2 15,139 11.8 1,790.68 25.1 3,806.01 3.3 492.27
Eastern Mediterranean 12,003 7.8 938.35 17.5 2,094.15 3.2 383.79
Egypt (73) 1,720 10.2 175.44 20.4 350.88 9.4 161.68
Morocco (93, 94) 703 12.5 87.88 46.3 325.49 2.2 15.18
Pakistan (11) 5,349 6.4 343.41 12.8 686.81 2.2 115.54
Sudan (11) 944 2.4 22.66 6.4 60.42 2.2 20.39
Other countries2 3,287 9.4 308.98 20.4 670.55 2.2 71.00
South/Southeast Asia 36,212 6.2 2,251.39 24.3 8,797.18 10.9 3,930.58
Bangladesh (95-99) 3,504 6.0 210.24 22.5 788.40 12.8 4,485.12
India (100-104) 24,489 4.8 1,175.47 22.8 5,583.49 121 2,963.17
Indonesia (105-108) 4,608 10.2 470.02 34.2 1,575.94 6.5 297.22
Nepal (23) 786 31.5 247.59 54.0 424.44 16.7 131.26
Sri Lanka (109) 328 11.6 37.88 27.0 88.56 3.7 12.14
Other countries2 2,497 4.4 110.19 13.5 336.35 3.1 78.29
Western Pacific 24,806 5.0 1,239.52 10.9 2,702.33 1.9 466.84
China (88) 19,821 2.0 396.42 4.0 792.94 1.0 198.21
Philippines (11, 31) 2,064 22.2 458.21 44.4 916.42 8.6 177.50
Viet Nam (63) 1,654 15.0 248.10 43.5 719.49 0.7 11.16
Other countries2 1,267 10.8 136.79 21.6 273.59 6.3 79.96
Region of the Americas 9,967 3.8 374.78 8.0 799.26 3.8 376.00
Brazil (11) 3,344 2.5 83.60 5.0 167.20 3.7 124.90
Guatemala (110) 399 5.3 20.95 11.3 44.89 1.9 7.45
Peru (27) 610 4.2 25.62 9.0 54.90 7.6 46.38
Other countries2 5,614 4.4 244.61 9.5 532.27 3.5 197.27
Total 107,413 6.8 7,256.63 18.4 19,775.63 5.8 6,232.54

1 Table excludes the following countries by WHO region, which are classified as “B” or higher according to the WHO Comparative Risk
Assessment Index (47) and for which no prevalence data on maternal vitamin A deficiency or night blindness exist. Eastern Mediterranean: Bahrain,
Cyprus, Iran, Jordan, Kuwait, Lebanon, Libya, Oman Qatar, Saudi Arabia, Syria, Tunisia, and the United Arab Emirates. Western Pacific: Australia,
Brunei Darussalam, Fiji, Japan, Mongolia, Nauru, New Zealand, Niue, Republic of Korea, Samoa, and Singapore. Americas: Antigua and Barbuda,
Argentina, Bahamas, Barbados, Canada, Chile, Cuba, Grenada, Guyana, Jamaica, Paraguay, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the

Grenadines, Suriname, Trinidad and Tobago, United States of America, and Uruguay. European: all countries are excluded.
2 Additional country references can be located at http://www.jhsph.edu/CHN/GlobalVAD.html.

conservative estimate of the global burden. A cutoff of =20%
for the prevalence of low maternal vitamin A status (serum or
breast-milk concentration < 1.05 wmol/L) has been used to
classify countries as having a problem in the absence of estab-
lished cutoffs to define the public health significance by bio-
chemical criteria (16). A maternal XN cutoff of =5% has been
applied to classify countries, following IVACG’s new guide-
lines (26,112). Countries in which both indicator criteria are
currently met, reflecting the heaviest population burden of
maternal VAD, include India, Bangladesh, Nepal, Indonesia,
Laos, the Philippines, Egypt, Ethiopia, Rwanda, Zambia and
Madagascar. Countries of the lightest shade have prevalence
rates below both cutoffs.

Available data suggest there is a moderate to severe burden
of VAD and VADD among both preschool children and
pregnant women, as evidenced by both indicators exceeding
criterion cutoffs in India, Ethiopia, Rwanda and Zambia. Lack
of empirical data precludes a more comprehensive view of
cross-generational VAD.

DISCUSSION
Preschool-aged children

VAD control has been guided by periodic estimates of the
numbers of children affected. Early case series and prevalence
data collected by Oomen et al. (113), under WHO auspices,
brought global attention to xerophthalmia and VAD in chil-
dren and served as the basis for developing a list of countries
likely to be most affected (114); the list continues to be
updated today (11,12). Extrapolating population-based data
from Indonesia collected in the late 1970s, Sommer et al.
(115) conservatively estimated an annual incidence of a half-
million cases of potentially blinding corneal disease and ~5
million cases of mild xerophthalmia (XN or X1B) in South
and Southeast Asia alone. A decade later, WHO estimated the
global burden to be 13 million cases of xerophthalmia and
118-190 million children with biochemical evidence of VAD
(116,117). Consistent with this latter range, Humphrey et al.
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FIGURE 3 Countries stratified by joint prevalence
of low to deficient maternal vitamin A status, defined
by serum or breast milk retinol concentrations < 1.05
umol/L and maternal night blindness, based on extant
data for either or both indicators. VAD, vitamin A
deficiency.

B VAD >20% & XN= 5%
N VAD=20% or XN = 5%
O VAD <20% or XN< 5%

(118) estimated there were 124 million young children with
VAD in the developing world at the start of the last decade.

In 1995 however, WHO released a major report on the
global prevalence of VAD based on detailed survey findings
compiled through its MDIS (11), which reduced the estimated
burden of xerophthalmia to 2.8 million preschool children.
The seemingly incongruent 80% decrease in the numbers of
children with xerophthalmia was consistent, however, with
evidence of a declining trend in severe (81,82) and mild (83)
xerophthalmia amid intensified vitamin A programming (30)
in a number of high-risk countries over the previous several
years, motivated by prospects of reducing child mortality
(119,120). Given the efficacy of high-potency vitamin A in
the treatment (21) and prevention (29) of xerophthalmia, a
rapid decline in ocular disease is a plausible response to in-
creased vitamin A coverage in high-risk populations. The
apparent decrease in xerophthalmia may also have been due in
part to the availability of more accurate prevalence data from
the numerous xerophthalmia surveys conducted in the 1980s
(78,82,121-124). Paradoxically, however, the 1995 WHO
MDIS report estimated the number of VAD preschool-aged
children to have nearly doubled, to 254 million (11). In 1998
analysts at Tulane University, UNICEF and the Micronutrient
Initiative (10) conducted a multivariate analysis of previous
and updated survey findings, concluding that there were 3.3
million children with xerophthalmia, in close agreement with
the previous WHO estimate, but only 75-140 million with
VAD. The lower limit applied a set of adjustment factors that
had been used by WHO to estimate national populations at
risk (11), and the upper bound ignored these adjustments. The
considerable discrepancy in global burden of vitamin A-defi-
cient children was explained by an error in calculation in the
previous WHO report (10).

The present more refined analysis suggests there are 127
million vitamin A-deficient preschool-aged children in the
world. This number is about the same as that derived a decade
ago (116,118), and it is consistent with the upper, unweighted
limit estimated in the MI report (10). However, it exceeds by
70% the lower estimate of 75 million obtained by MI analysts
(who applied down-weighted adjustments) (10). Recently, it
has been argued that these adjustments, motivated by a con-
cern to provide minimal, conservative estimates, may have led

to significant underestimation of the extent of VAD among
children (28).

The present analysis suggests that 4.4 million preschool
children suffer from clinical xerophthalmia, slightly higher
than previous estimates, but arguably within the range of
expected variation when calculations are based on different
approaches to nonidentical sources of data. In the presence of
continued, intensified high-potency vitamin A delivery pro-
grams over the past several years (13,28), the slightly higher
number may also in part reflect continued population growth.

The map of joint prevalence of childhood VAD and xe-
rophthalmia focuses attention on countries where VAD and
its associated disorders are likely to be a severe public health
problem. However, the map may also reflect progress in con-
trolling VADD in countries such as Bangladesh, Nepal, Indo-
nesia and the Philippines where the “medium shade” suggests
that xerophthalmia is coming under control, and child sur-
vival is likely benefitting from high, semiannual coverage with
vitamin A supplements, despite persistent hyporetinolemia.
The present analysis also suggests that a prevalence cutoff of
1.5% for all active stages of xerophthalmia, representing the
sum of established cutoffs for XN (1.0%) and Bitot’s spots
(0.5%) (21), may be helpful in classifying countries at risk of
VADD.

Pregnant women

Historically, maternal VAD has not been recognized as a
nutritional problem of public health significance, except in the
context of concern about fetal and infant malnourishment
with vitamin A (125). This may explain the sparsity of pop-
ulation data on maternal vitamin A status, necessitating reli-
ance in this report on a diverse series of largely nonrepresen-
tative sources of maternal serum and breast milk data,
spanning the past 25 vy, that included and extended beyond
pregnancy and early postpartum periods. Two small studies of
maternal XN in India appeared over 3 decades ago (126,127),
with little else known about the condition until recently.
Evidence of considerable health risks faced by women who
experience XN during pregnancy (4,6,111), coupled with the
potential to reduce maternal mortality by ensuring an ade-
quate intake of vitamin A during reproductive years (2), has
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stimulated recent efforts to assess maternal XN in nationally
representative samples of women (23,27,48,95) and led to a
history of XN being recommended as a preferred population
assessment indicator for maternal and community vitamin A
deficiency (9,112).

The present analysis suggests that nearly 20 million preg-
nant women in the developing world have low vitamin A
status; slightly more than one third of them are vitamin
A-deficient on biochemical indices, and slightly fewer than
one third are clinically night blind. Night-blind women can
also be expected to be biochemically vitamin A deficient
(111,126,127), which suggests that the latter two groups prob-
ably overlap. The analysis suggests that nearly half the esti-
mated 6.2 million annual cases of maternal XN occur in India,
a figure that is plausible, because it is based on recent, nation-
ally sampled data (27,128) as well as local area reports
(103,129). The new estimates suggest there are nearly 50%
more cases of maternal XN than there are preschool children
with xerophthalmia in the world, which reflects increasing
success in the control of VAD in children and relative neglect
among women. The degree to which the present WHO/
IVACG recommendation to supplement mothers within 6—8
wk postpartum with 400,000 1U of vitamin A (9), once fully
implemented, can also improve control of deficiency among
women during pregnancy remains unknown, but it is likely to
be inadequate given that early postpartum dosing may provide
just enough vitamin A to nourish mother and infant during
the first several months of lactation (130,131).

These data on maternal VAD and XN suggest the need to
focus more attention on assessment, prevention and control of
maternal VAD and its disorders, especially throughout the
South and Southeast Asian and African regions. Figure 3,
however, also reveals a stark inadequacy of data on maternal
vitamin A status in most high-risk countries and the provi-
sional nature of the current estimates. By including questions
about maternal XN in the core questionnaires of recent De-
mographic Health (27) and UNICEF Multiple Indicator Clus-
ter (95) surveys, some critical population data on maternal XN
has become available, although there remains a need for
further validation studies and biochemical survey data.

VAD remains a major public health concern early in life in
most developing regions of the world. Since the early 1980s,
VAD prevention programs seem to have reduced the number
of xerophthalmic children, and probably attributable blindness
and death, and to have curbed further increases in the burden
of xerophthalmia and VAD despite considerable population
growth. No estimates of global or regional burden exist for
school-aged children, nor are the consequences of VADD
understood in this age group. However, the present analysis
suggests that VAD persists into adulthood, is a major public
health problem among women of reproductive age and man-
ifests most clearly during pregnancy and the early postpartum
period. Although efforts to reduce the burden of deficiency in
preschool children continue, increased attention should be
given to defining the extent, severity and health consequences
of maternal VAD and its prevention.
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