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OBJECTIVE: We investigated the co-occurrence of vitamin A deficiency, iron deficiency, and anemia
among young children in the Republic of the Marshall Islands.

METHODS: Hemoglobin, serum retinol, and serum ferritin were assessed in the Republic of the Marshall
Islands Vitamin A Deficiency Study, a community-based survey that involved 919 children ages1to 5.
RESULTS: The proportion of children with vitamin A deficiency (serum retinol concentrations < 0.70
uM/L) was 59.9%. The prevalences of anemia (hemoglobin < 110 g/L), iron deficiency (serum ferritin
< 12 pgl/L), and iron deficiency anemia (iron deficiency and anemia) were 36.4%, 53.5%, and 23.8%,
respectively. The proportion of children who had co-occurrence of vitamin A and iron deficiencies was
33.2%. The mean ages of children with and without vitamin A deficiency were3.2 = 1.4and 2.9 = 1.5y,
respectively (P = 0.01), and the mean ages of those with and without iron deficiency were 2.7 = 1.3 and
35+ 1.4y, respectively (P < 0.0001).

CONCLUSIONS: Children in the Republic of the Marshall Islands, ages1to 5y, are at high risk of anemia,
vitamin A deficiency, and iron deficiency, and one-third of these children had the co-occurrence of
vitamin A and iron deficiencies. Further investigation is needed to identify risk factors and evaluate
interventions to address vitamin A and iron deficiencies among children.  Nutrition 2003;19:405-408.
©Elsevier Inc. 2003
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INTRODUCTION

In many developing countries worldwide, young children are at a
high risk of vitamin A deficiency and iron deficiency. Vitamin A
deficiency affects an estimated 253 million preschool children
worldwide.l The consequences of vitamin A deficiency include
growth failure, depressed immunity, higher risk of xerophthamia
and blindness, anemia, and increased morbidity and mortality from
some infectious diseases.23 Iron deficiency is a major problem
among preschool children worldwide, and consegquences of iron
deficiency include retarded psychomotor development, impaired
cognitive function, and anemia.#5

In the past 12 y, epidemiologic surveys have shown that some
islands in the South and Western Pacific regions have the highest
prevalence rates of clinical vitamin A deficiency that have been
recently described.® In reports from some islands, the rates of
clinical vitamin A deficiency, i.e., nightblindness and Bitot spots,
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exceeded 15%.6 Rapid demographic change, poverty, lack of
homestead food production, and replacement of traditional foods
such as breadfruit, banana, taro, yam, sweet potato, coconut, and
fish with rice and sweet refined foods of low nutritional quality
have been implicated in the recent epidemic of nutritional blind-
ness.® In the Republic of the Marshall Islands, a nation consisting
of 29 atolls including 1225 islands, a national nutrition survey in
1991 showed that the prevalence of anemia was high among
children.”

Although vitamin A deficiency and iron deficiency are two
major micronutrient deficiencies occurring among preschool chil-
dren in developing countries, few recent epidemiologic studies
have addressed the prevalence of these two deficiencies smulta-
neously in the same population.8 We hypothesized that iron defi-
ciency and vitamin A deficiency were highly prevalent among
young children in the Republic of the Marshall 1slands and that the
co-occurrence of both deficiencies among children was common.
To address these hypotheses, we conducted a community-based
survey of vitamin A deficiency, iron deficiency, and anemiaamong
children ages 1 to 5y in the Republic of the Marshall Islands.

MATERIALS AND METHODS

A community-based survey, the Republic of the Marshall Ilands
Vitamin A Deficiency Study, was conducted between November
1994 and March 1995. The total survey included 919 Marshallese
children, ages 1 to 5y, from 10 atolls, who represented approxi-
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TABLE I.

PREVALENCE OF VITAMIN A DEFICIENCY, IRON DEFICIENCY, AND ANEMIA IN THE STUDY POPULATION BY ATOLL

Vitamin A Iron Iron Vitamin A
Age (y), Female Anemia deficiency deficiency deficiency, + iron
Atoll n mean (SD) (%) (%)* (%)t (%)+ anemia (%)8 deficiencies
Ailuk 38 2.89 (1.55) 50.0 36.8 47.3 50.0 36.3 27.3
Arno 87 3.13(1.37) 40.2 47.7 67.8 46.7 25.8 29.0
Engjelar 11 2.63(1.62) 63.6 9.1 454 54,5 9.1 18.2
Enewetak 67 3.17 (1.35) 53.7 26.9 56.7 2.4 16.6 227
Kwajaein 259 3.24(1.39) 48.6 422 67.6 56.3 29.4 39.7
Majuro 243 2.94(1.35) 44.8 35.7 63.3 47.4 19.1 324
Namu 96 2.94(1.35) 53.1 385 46.9 82.3 323 40.6
Utrik 48 2.94 (1.46) 56.2 255 45.8 46.1 18.4 25.6
Wotje 70 3.38(1.43) 51.4 21.4 50.0 443 12.9 24.3
Total 919 3.09 (1.30) 485 36.4 59.9 535 238 332

* Defined as hemoglobin < 110 g/L. Hemoglobin not measured in Arno, Kwajaein, Majuro, and Utrik among one, eight, five, and one subjects, re-

spectively.
T Defined as serum vitamin A < 0.70 uM/L.

F Defined as serum ferritin < 12 ug/L. Serum ferritin not measured in Ailuk, Arno, Enewetak, Kwajalein, Mgjro, and Utrik among 16, 25, 1, 7, 30,

and 9 subjects, respectively.
§ Defined as serum ferritin < 12 ug/L and hemoglobin < 110 g/L.
SD, standard deviation

mately 20% of the entire population of children ages 1to 5y living
the Republic of the Marshall Islands.® The sampling strategy for
the study was based on the 1988 census of the Republic of the
Marshall 1slands, which provided data on the average number of
children of the target age group within each household, determined
by dividing the number of children in alocality by the number of
households in the same location. This number was then divided
into the number of children to be sampled to obtain the number of
households to be visited. Households to be visited were chosen by
systematic sampling of every fifth household. When available, the
birth dates of the children were ascertained from the children’s
health cards; otherwise, the birth dates were obtained by asking the
parent or guardian. The survey team consisted of at least one
Marshallese-speaking health care worker, a phlebotomist, and a
medical doctor. Oral informed consent was obtained from a parent
or guardian before participation in the survey as considered ap-
propriate by the institutional review board for this setting. The
Ministry of Health and Environment of the Republic of the Mar-
shall I1slands supported the project and assisted with the planning
and development of this evaluation.

Blood samples (2 mL) were obtained by venipuncture. Hemo-
globin was measured with a hemoglobinometer (HemoCue, Mis-
sion Vigjo, CA, USA). Venous blood samples were wrapped
immediately in aluminum foil and stored at 4°C until centrifuga-
tion (200g, 10 min, room temperature) in a loca laboratory.
Aliquots of serum were made in cryovials, and samples were
placed immediately in liquid nitrogen. Serum sampleswere kept in
liquid nitrogen or at —70°C until the time of laboratory analyses,
which were conducted in 1999 and 2002. Retinol and ferritin
remain stable at —70°C for 20 y or more.1® Serum retinol was
measured in 919 children by using reverse-phase high-
performance liquid chromatography, as described elsewhere.® Se-
rum ferritin concentrations were measured with enzyme-linked
immunosorbent assay (Human Ferritin Enzyme Immunoassay Test
Kit, American Laboratory Products Company, Windham, NH,
USA). Pooled human standards were used to measure intra- and
interassay coefficients of variation in laboratory analyses. For
serum retinol measured in 919 children, the within-assay and
between-assay coefficients of variation were 3% and 8%, respec-
tively. For serum ferritin measured in 831 children, the within-

assay and between-assay coefficients of variation were 6.7% and
20.3%, respectively. The study protocol was approved by the
institutional review board of the Pacific Health Research Ingtitute
of Hawaii and the Ministry of Health of the Republic of the
Marshall Islands.

Groups were compared with Student’s t test for continuous
variables where appropriate, and categorical variables were com-
pared with x? or exact tests.1* Anemia was defined as a hemoglo-
bin level below 110 g/L.12 Vitamin A deficiency was defined as
moderate (serum retinol < 0.70 uM/L) and severe (serum retinol
< 0.35 uM/L).13 Iron deficiency was defined as a serum ferritin
concentration below 12 ug/L, and iron deficiency anemia was
defined as a serum ferritin concentration below 12 ug/L and a
hemoglobin concentration below 110 g/L.*2 Spearman’s correla-
tion was used to examine correlation between hemoglobin and
serum retinol concentrations.1t

RESULTS

The mean (* standard deviation) age of children in the study was
3.1 + 1.3y, and 48.6% of the children were female. The propor-
tion of children who had serum vitamin A concentrations below
0.70 uM/L was 59.9%. Of 904 children who had hemoglobin
concentrations measured, 36.4% were anemic. Of 831 children
who had serum ferritin concentrations measured, 53.5% had iron
deficiency and 23.8% had iron deficiency anemia. Serum ferritin
was not measured in 88 children because of inadequate sample
volume; these children did not differ significantly by age, sex, and
retinol level from the 831 children who had a ferritin measurement
(data not shown). The prevalence of vitamin A deficiency, anemia,
iron deficiency, iron deficiency anemia, and iron and vitamin A
deficiencies combined is shown by atoll in Table I. The atolls that
appeared to have the highest prevalence of vitamin A deficiency
were Arno, Majuro, and Kwajalein. The atoll that appeared to have
the highest prevalence of iron deficiency was Namu.

The frequency distribution of serum retinol concentrations is
shown in Figure 1. Mean (£ standard deviation) retinol concen-
trations among boys and girls were 0.64 = 0.29 and 0.68 = 0.28
uMI/L, respectively (P = 0.033). The mean (+ standard deviation)



Nutrition Volume 19, Number 5, 2003

70 4
60 4

50 -

40

%

30 A

20 4

0-0.34  0.35-0.69 0.70-1.04 1.05-1.39 1.40-1.74 >=1.75

Serum retinol concentration (umol/L)

FIG. 1. Frequency distribution of serum retinol concentrations in 919
preschool children in the Republic of the Marshall Islands.

ages of preschool children who were deficient in vitamin A (serum
retinol < 0.70 wuM/L) and non-deficient were 3.2 = 1.4and 2.9 =
1.5y, respectively (P = 0.01). The proportions of children with
serum retinol concentrations consistent with moderate and severe
vitamin A deficiency are shown by age in Figure 2. There appeared
to be atrend toward an increase in the proportion of children with
moderate vitamin A deficiency but not with severe vitamin A
deficiency by advancing age (P = 0.011 and 0.21, respectively).

The prevalences of anemia and iron deficiency by age are
shown in Figure 3. Mean (*+ standard deviation) hemoglobin
concentrations among boys and girls were 110 = 10 and 110 = 9
g/L, respectively (P = 0.74). The mean (= standard deviation)
ages of children with and without anemiawere 2.5 = 1.3 and 3.4
+ 1.3y, respectively (P < 0.0001). The mean ages of children
with and without iron deficiency anemiawere2.3 = 1.2 and 3.4 =
14y, respectively (P < 0.0001). There was a significant downward
trend in the prevalences of iron deficiency and iron deficiency anemia
by advancing age (P < 0.0001 for both). The overal prevaences of
vitamin A deficiency, iron deficiency, and combined vitamin A and
iron deficiencies were 59.9%, 53.5%, and 33.2%. Serum retinol and
hemoglobin concentrations were correlated (n = 904; Spearman’s
correlation, r = 0.159; P < 0.0001). Vitamin A deficiency was
associated with anemia (Table II; P = 0.0095).

DISCUSSION

The present study showed that the prevalence of vitamin A defi-
ciency is extremely high, occurring in about 60% of preschool
children in the Republic of the Marshall I1slands. These data are
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FIG. 2. Prevalence of vitamin A deficiency (serum retinol < 0.70 uM/L)
by age. Prevalence of children with serum retinol below 0.70 uM/L increased
with age (P = 0.011). Shaded regionsindicate proportions of children who had
serum retinol below 0.35 uM/L. Prevalence of children with serum retinol
below 0.35 uM/L did not appear to increase with age (P = 0.21).
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FIG. 3. Prevalence of anemia by age. Prevalence of children with anemia
decreased with age (P < 0.0001). Shaded regions indicate proportions of
children who had iron deficiency anemia (serum ferritin < 12 pg/L).
Prevalence of children with iron deficiency anemia decreased with age
(P < 0.0001).

consistent with recent epidemiol ogic studies showing an extremely
high prevalence of vitamin A deficiency among preschool children
in the South and Western Pacific regions.® In other epidemiologic
studies conducted in the region, low consumption of vitamin
A—rich foods, lack of home gardening, and low levels of maternal
education have been identified asrisk factorsfor clinical vitamin A
deficiency.1415 Mean serum concentrations of vitamin A were
lower among boys than among girls, which corroborated a general
finding that has been described among many different populations
in developing countries.®

Worldwide there are limited data available regarding the prev-
alence of anemia among preschool children, and prevalence esti-
mates of the World Health Organization (WHO) Global Database
on Anemia are largely based on data from surveys conducted in
North America and Latin America.l® In other recent studies, the
prevalences of anemia, also defined as hemoglobin concentrations
below 110 g/L, were 30% in Honduras among children ages 12 to
71 mo'” and about 41% in Pernambuco State, Brazil among
children ages 6 to 59 mo.1®8 The 36.4% prevalence of anemia
among preschool children in the Republic of the Marshall I1slands
is somewhat lower than the estimated 42% prevalence among
preschool children in developing countries according to the WHO
Global Database on Anemia.l®

Nearly haf the children in the study had iron deficiency and
about one-fourth had iron deficiency anemia. Iron deficiency in
this study was based on serum ferritin concentrations, and because
serum ferritin is a positive acute phase reactant, this laboratory test
may have underestimated the proportion of children with iron
deficiency in a population with a high prevalence of infections.
Thus, an important limitation of this study isthat the prevalence of
iron deficiency as measured by serum ferritin likely was a conser-

TABLE II.

VITAMIN A DEFICIENCY AND ANEMIA*

Vitamin A Deficiencyt

Anemiat No (n = 361) Yes (n = 543)
No (n = 575) 248 (27.6%) 327 (36.0%)
Yes (n = 329) 113 (12.5%) 216 (23.9%)

* By x? test, P = 0.0095.
T Defined as serum vitamin A < 0.70 uM/L.
1 Defined as hemoglobin < 110 g/L.
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vative estimate. The etiology of iron deficiency was not investi-
gated in the present study, but the main factors contributing to iron
deficiency among these children likely include a low intake of
dietary iron and hookworm infection. The best sources of iron are
meat, fish, and poultry because the heme iron contained in these
foods have high bioavailability,1® but these food sources also tend
to be the most expensive types of food. Hookworm infection is a
major cause of anemiain tropical and subtropical areas throughout
the world.2° Hookworm infection and anemia have been described
among children in Kiribati (formerly known as the Gilbert Is-
lands), an adjacent archipelago that lies to the south of the Repub-
lic of the Marshall Islands.2

Although there is much recent interest in identifying multiple
micronutrient deficiencies among preschool children in developing
countries, there have been few population-based surveys describ-
ing iron deficiency and vitamin A deficiency in the same children.8
Vitamin A deficiency and iron deficiency were common among
Marshallese children, and about one-third of these children had
vitamin A and iron deficiencies. Although iron deficiency was
more prevalent among younger preschool children and vitamin A
deficiency was prevalent among older preschool children in this
survey, these data suggested that there is alarge group of children
at risk of having the co-occurrence of both deficiencies. Thus, the
present study in the Republic of the Marshall Islands and a recent
study in Honduras® suggested that nutritiona interventions that are
targeted to one micronutrient will miss a substantial proportion of
children who have the other deficiency.

In this study, serum retinol concentrations were positively
correlated with hemoglobin concentrations, an observation that
corroborated previous studies.® Several intervention studies have
associated vitamin A supplementation with an increase in hemo-
globin concentrations.22-28 Potential mechanisms by which vita-
min A supplementation may contribute to reducing anemiainclude
mobilization of iron stores from the liver, enhanced erythropoiesis,
and the reduction of the infections and the accompanying anemia
of infection.3

The current study raised the possibility that the prevalence of
anemia may be increasing among preschool children in the Re-
public of the Marshall Islands. In a previous survey conducted in
the 1980s among 563 Marshallese children, the prevalence of
anemia, defined as a hemoglobin concentration below 110 g/L,
was 8.6% among children ages 1 to 5y.29 The previous survey was
conducted on Utrik, Kwajalein, Mgjuro, and Rongelap atolls, and
overlapped with the present study that covered the same atolls
except for Rongelap. In the past two or three decades, there have
been rapid changes in the diets of people living in the South
Pacific, with replacement of traditional foods with highly pro-
cessed foods of low nutritional value.8 A limitation of this study is
that dietary assessment was not conducted, which may provide
some insight into the issue of diet among Marshallese children.
The same changes that have accompanied the emergence of vita-
min A deficiency as a public health problem in the Republic of the
Marshall Islands also may be at play in the apparent increase in
anemia among these preschool children. Since the time of the
survey in 1994 and 1995, the Ministry of Health of the Republic of
the Marshall Islands has initiated a countrywide vitamin A capsule
distribution program, but at the present time there is no program
for addressing iron deficiency and iron deficiency anemia.
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