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ABSTRACT In order to investigate the role of vitamin A nutriture in the prevalence of
aneniia in Central America, a retrospective evaluation of the data of the six Institute of Nutrition
of Central America and Panama/Office for Intcrnational Research nutrition surveys of Central
America and Panama has been made. Three groups of children: 1 to 4, 5 to 8. and 9 to 12 years
old, living between 0 and 2,500 feet above sea level were studied. Several biochemical and
dietary parameters rclated to anemia were correlated with plasma levels of retinol. Children
between the ages of 5 and 12 years showed a significant positive correlation between hemoglobin
and plasma retinol. Children aged | to 4 years did not show a similar correlation. In children of
all age groups there were positive correlatons between plasma retinol and serum iron. Percent
saturation of transferrin was also found ta be lower when plasma retinol levels were low.
Children with an adequate intake of iron, as classitied by both dictary inforination and socioeco-
nomic level, showed a sigpificant positive correlation between plasma retinol levels and iron in
their serum. In contrast, no correlation was found when dietary iron was low. In the light of
these findings, a possible relationship between vitamin A deficiency and anemia is sug-

gested.

Deficiency of vitamin A and nutritional
ancmia have been shown to be two of the
major nutritional problems, especially in
children, not only in developing countrics
(1-5) but also in highly developed nations
(6).

In most ol these eountrics, an inadequate
intake of vitamin A appecars to be the under-
lying cause of low plusma levels of retinol.
Nutritional anemia, on the other hand, has
been traditionally associated with dcficien-
cies of iron, folate. vitamin B,,, and protein.
It has also been thought that parasitic infes-
tation plays an important role (7, §). The
roles of vitamin E, vitamin B, and some
microelethents such as zinc and copper have
not been fully studied in these populations,
thus there is not enough eviaence to con-
sider them of primary importance.

Recent studics in humans and in experi-
mental animals by Hodges et al. (9, 10)
have demonstrated an apparent association
between vitamin A deficiency and anemia.
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Low values for hemoglobin, hematocrit, red
blood cell count, and scrum iron, accompa-
nicd by clevated levels of iron in the liver
have been reported. In vitamin A deficient
humans, medicinal iron did not raise hemo-
globin levels until after vitamin A was also
given,

Since 1922 numerous investigators have
shown that anemia may be associated with
vitamin A defliciency (9-18). These obser-
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vations have been contradicted by other re-
ports of apparent polycythemia that proba-
bly resulted from hemoconcentration that
sometimes occurs in hypovitaminosis A
(19-22). This disparity may have resulted
from alterations in.water metabolism as a
result of impaired renal function. Polyuria
in vitamin A deficient sheep, that would
lead to hemoconcentration, has been re-
ported by Webb et al. (23), Alterations in
glomerular filtration rate and renal plasma
flow have also been found in ewes severely
deficient in vitamin A (24). These physio-
logical changes, as.in the case of polyuria,
would indeed mask any effect of vitamin A
deficiency on hematepoicsis and could ex-
plain the elevated values of hemoglobin and
hematocrit reported by several investiga-
tors. The results of Amine et al. (22), how-
ever, show that there must be an interaction
between vitamin A and iron.

In Central America, from 66 to 88% of
the familjes in the six countries consume less
than half the Recommendcd Dietary Allow-

ance of vitamin A (NRC 1963, adapted to-

the Central American population; INCAP,?
1965), and the average prevalence of “‘low”
and ‘‘deficient” serum levels of retinol, ac-
cording to the ICNND?® standards, varies in
the rural population from 8.5% in Panama
to 22.5% in El Salvador (1). Furthermore,
based on the normal hematological values
for Central America (25), the prevalence in
this area of individuals with more than 75%
chance of belonging to a population with
subnormal hemoglobin is, on the average,
14.7% (26). These nutritional deficicncics
affect primarily preschool and school-age
children. Interestingly, in these countries,
there are some individuals who do not re-
spond to iron supplementation (F. E. Viteri,
personal communication). These facts and
the recent findings of Hodges ct al. led us o
perform a.carcelul study of the vitamin A
status as it related to ancmia in selected
groups of Central American children in or-
der to evaluate the possible contribution of
vitamin A deficiency to the prevalence of
anemia,

Materials and methods

Data from Nutrition surveys performed by INCAP/
OIR® between 1965 and 1967 for the five Central
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Amcrican countrics and Panama were used for this
study. From the total Central Amerjean population,
selected groups of children were chosen according to
the criteria used for the determination of normal hema-
tologic yalues in Central America (25). Thus, hemato-
lagic variations due to age, sex, altitude, and physiolog-
icul state were taken into consideration. The procedure
for collecting and analyzing blood samples has been
reported clsewhere (25). Three groups of children, | to
4,510 8, and 9 to 12 years of age were studied. Their
place of residence was between 0 and 750 m (2.500
feet) above sea level. From these categories, groups of
rural children were also classified according to dictary
information available at the family level as having a
high iron intake (=12 mg/day) or a low iron intake
(<10 mg/day). A further grouping was made using
sociocconomic indices (27). “High,” “medium,"” and
“low™ socioeconomic levels were adopted as previously
defined by Arroyave et al. (28, 29). Consideration was
also given to plasma levels of total proteins and of
folate. Seven grams per deciliter and 5 ng/ml, respec-
tively, were arbitrarily considered as adequate levels.
No evaluation was made of the vitamin B, status, since
this is not generally considered to be a nutritional
prablem in the Central American area (1). All of the
relevant information for this study was entered on IBM
cards and a serics of correlations was made using com-
puters. Total and segmental analyses of different varia-
bles were carried out. Correlation coefficients, regres-
sion lines, scatter diagrams and complimentary statisti-
cal data were thus obtained. Lack of complete indivi-
dualized dictary data prevented correlation between
biochemical parameters and dietary factors,

Results

When segmental analyses of 10ug/dl in-
crements of retinol values were -made, in
order to investigate the characteristics of the
hemoglobin curve with increasing amounts
of this vitamin, it was found that in children
I 10 4 years old, there was not a concomi-
tant change in hemoglobin levels. By con-
trast, there was a positive correlation in
older children. Groups of children ages 5 to
8 and 9 to 12, showed rising hemoglobin
values when plasma retipol levels increased.

In addition, serum iron levels in all three

age proups showed a progressive increase
when plasma retinol levels increased. When
cither hemoglobin or serum jron rose, a
platean was eventually reached.

* Institute of Nutrition of Central America and Pan-
ama.

* Interdepartmental Committee on Nutrition for Na-
tonal Defense.

“ Oftfice " for International  Rescarch. (Formerly,
ICNND. and now known as Nutrition Program, Center
for Discase Control, United States Department of
Health, Education and Welfare).
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The overall correlation between plasma
retinol and hemoglobin for cach onc of the
age groups ([Figs, 1 to 3) showed statistically
significant results for children Sto 8 and Y to
12 years old; but not for the youngest
group, ages 1 to 4 years old. A further step
was taken, based on the fact that group
hemoglobin levels cannot go above a “‘nor-
mal” limit and also the observation that he-
moglobin levels plateau when the plasma
level of retinol reaches approximately 30
pg/dl, Accordingly, a correlation was made
between levels of hemoglobin and retinol in
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those cases with plasma retinol levels of 30
pg/dl orbelow, This yielded 4 much more
significant correlation as shown by the cor-
relation cocfficients and the slope of the
curves- (Figs. 2 and 3), but once-again the
youngest children failed to show a signifi-
cant correlation (Fig. 1).

Figures 4 to 6 show the overall correlation
between serum iron and plasma retinol. In
each age group, there were significant corre-
lations. These three groups were then com-
bincd yieldinganr = +0.2181, P < 0.05.

Total iron binding capacity (TIBC) was
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FIG. 1. Touwal and partial correlation (plasma retinol O to 30 pg/dl) of plasma retinol versus hemoglobin in

children 1 to 4 years old.
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FIG. 2. Total and partia! correlation (plasma retinol 0-to 30 pg/dl) of plasma retinol versus hemoglobin in

children 5 to 8 years old.
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FIG. 3. Total and partial correlation (plasma retinol 0 to 30 gg/dl) of plasma retinol versus hemoglobin in

children 9 to 12 years old.
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FIG. 4. Correlation between plasma retinol levels and serum iron in children 1 to 4 years of age.

not found to be statistically ditferent at low
levels of plasma retinol (<20 ug/dl) than at
high levels (>20 ug/dl). in any of the three
age groups. Percent saturation of transferrin
on the other hand, was found to be low at
low levels of retinol and elevated at high
levels of this vitamin, cxcept for the 5- to &-
year-old group in which this difference was
not significant (Table 1).

Analysis-using dietary inforination

Children 1 to 12 years of age, with a high
iron intake showed a signilicant positive cor-

relation between plasma retinol levels and
scrum iron levels. llowever, when the iron
intake was low, there was no significant cor-
relation (Figs. 7 and 8).

A similar pattern of correlation between
serum iron and plasma retinol was observed
when cach age group was analyzed inde-
pendently. Positive correlation cocfficients
as high as +0.2386 (n = 154, P < 0.02),
+0.2737 (n = 192, P < 0.01), +0.3432 (n
167, P << 0.001) were reached when
scgmental correlations of vitamin A-(from- ()
to 40 pg/dl) were made for children 1 10 4,
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5 to 8, and 9 to 12 years old, respectively,
having a high iron intake in the dict, By
contrast, when the same statistical proce-
dure was followed for children whose die-
tary iron was low, there was not a significant
correlation for any of the three age groups.

Analysis by socioeconomic level

A significant positive correlation was
found between plasma retinol and serum
iron in children belonging to the highest
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socioeconomic level (Fig. 9). This group re-
vealed 71.2% prevalence of cases above 70
pg/dl of serum iron. compared with preva-
lence in only 48.1% children of the lowest
sociocconomic level, who showed no corre-
lation between serum iron and plasma re-
tinol (Fig. 10).

Consideration of other hematinic factors

Corrclation coefficients were calculated
for hemoglobin versus plasma retinol and
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FIG. 6. Corrclation between plasma retinol levels and serum iron in children 9 to 12 years of age.
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FIG. 8. Plasma levels of retinol versus serum iron in rural children 1 1012 years of age with “low™ dietary iron
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FIG. 9. Plasma levels of retinol versus serum iron in children 1 to 12 years old, belonging to a *high”
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is not efficiently released into the circulation
for tissue usc. In other words, iron mobiliza-
tion may be impaired. This would explain
the iron deficieney anemia found in humans
and in expcrimental animals lacking ade-
quate amounts of vitamin A. It can also be
inferred from this study, that there is a delay
between the onset of vitamin A deficiency,
low serum iron levels und the development
of anemia. This is dllustrated by the rela-
tively high hemoglobin levels observed in
the youngest group of children who also had

low plasma values of retinol and low serum
iron levels (Fig. 1). This also suggests that
scrum iron could pe a better index than
hemoglobin, of the action of vitamin A on
hematopoiesis.

The absence of significant differences in
total ron binding capacity at low or high
plasma rctinol levels, suggests that vitamin
A dcficieney may not affect the iron trans-
port protein, transterrin. On the other
land, a high percentage of saturation of
transferrin at high plasma retinol levels as



1182

>

280
1

250|> -
S 200 )
~
o v
1 [ 4
= 150} . @
@) .
D—: t4 . . » LI
E * ‘ -".
8 to. '. -:.n.. .,
o oor IR T AR
L7p] "1

MEJIA ET AL.

r=+0 09358
* . n= 368
nol significont
y = 65.1017+(0.4230)x

PLASMA RETINOL (g /dl)
FIG. 10. Plasma levels of retinol versus serum iron in children 1 to 12 years of age, belonging to a “low™

sociveconomic level,

compared with low retinol levels, indicates
that vitamin A may indced affect serum iron
levels,

These results. however, should be inter-
preted cautiously, because the correlations
observed might be merely a reflection of
dietary patterns or availability of iron in a
given tvpe of diet rather than an alteration
of iron metabolism. Nevertheless, this possi-
bility can be excluded in part by the finding
of a positive correlation between serum iron
and plasma retinol when dietary iron is high
but not when dictary iron is low. This is
illustrated by a greater slope of the curve
when dietary iron was ‘‘adequate.” This
phenpomenon of g positive correlation with
high intakes of iron and no correlation with
low intakes of iron was further supported by
a similar finding when Central American
children were classilicd by sociocconomic
levels. It has been previously reported that
in Central Amecrica there is an association
between the socioeconomic level and the
nutritional status (28, 29). It can logically
be assumed that at the low socioeconomic
level, the iron intake is probably low be-
cause the dict contains more plant foods but
that at bigh sociocconomic levels the iron
intake is likely to be high because of more
animal foods in the diet. At the same time,
if the dietary iron status is adequate and
there is a considerable storage of iron, then

iron can be released into the circulation
when retinol levels increase; thus a positive
correlation is found. On the other hand if
there is a lack of iron, the effect of vitamin
A on this element cannot De seen and there-
fore, since there is nothing that can be re-
lcased from storage into the circulation,
there is no correlation between plasma re-
tinol and blood hemoglobin.

Folate deficiency has been shown to exist
in Central America, but in our study, low
folate levels did not appear to influcnce cor-
relations between plasma retinol and hemo-
globin. Cook et al. (31) previously reported
that in Lain American countries, there is no
corrclation between hemoglobin levels and
folate or vitamin B;,, cxcept during preg-
nancy. Iron deficiency has been considered
the major cause of ancmia in these popula-
tions.

The importance of different levels of
plasma protein in our study s less clear. The
INCAP/OIR surveys reported only a few
cases showing clinical signs of scvere protein
deficiency.

The fact that our sample constitutes a
somewhat  heterogenous  population
strengthens our confidence that the signifi-
cant correlations may have a true biological
meaning. In any event, it is certain that in
Central Amecrica, hypovitaminosis A and
iron deficicney can and do occur simultane-
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ously. Shank et al. (32), in an cvaluation of
the cause of mild ancmia in adolescent girls
in the State of New York, also found that
plasma retinol levels were significgntly Jif-
ferent between groups of girls with low and
those with high serum iron levels. Our find-
ings confirm that observation.

The delcterious effects of even mild anc-
mia on physical work capacity has been
shown by Viteri and Torun (33), and more
recently by Gardner et al. (34). Periods of
rapid growth as in childhood and during
pregnancy, also crcate greater oxvgen de-
mands. Thus, if deficiency of vitamin A or
any of its metabolitics is involved in the
etiology of anemia, this would be another
important reason to strengthen our efforts
to improve the supplics of vitamin A in
those countriés where dietary intakes of this
vitamin are limited. F3
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