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SUMMARY

The association between serum transterrin and serum biochemical indicators of vitamin A and protein
nutriture was investigated in 295 preschool children. Their levels of retinol and RBP correlated positively
and significantly with transferrin, iron. total iron binding capacity (TIBC), total proteins and albumin.
However, when removing those cases having unacceptable levels of total proteins ( < 6.4 g/dl) and/or
albumin ( < 3.5 g/dl), the significant correlation between retinol (or RBP) and transferrin disappeared. It is
concluded that transferrin levels are not directely related to the vitamin A nutritional status. The significan-
ce of this observation in relation to the known interaction between vitamin A and iron is discussed.

RIASSUNTO

Mancanza di una correlazione diretta tra transferrina serica e indicatori biochimici dello stato nutrizionale per
la vitamina A.

[n 295 bambini di eta prescolare si ¢ valutata la possibile associazione tra gli indicatori dello stato vitamini-
co A e i1 livelli serici di transferrina. I livelli di retinolo e Retinol Binding Protein (RBP) erano correlati
significativamente e positivamente con quelli del ferro. della transferrina, della capacita totale di legare il
ferro (TIBC). delle proteine totali e dell’albumina. Eliminando pero i casi con valori inaccettabili di protei-
nemia totale ( < 6,4 g/dl) e/o di albuminemia ( < 3,5 g/dl), la correlazione scompariva. Si conclude che i
livelli di transferrina non sono significativamente correlati con lo stato vitaminico A. Si discute il significato
di questa osservazione in relazione alla nota interazione tra vitamina A e ferro.

Division of Human Nutrition and Biology, Institute of Nutrition of Central America and Panama (INCAP),
P. O. Box 1188, GUATEMALA CITY (Guatemala, C. A.).
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TRANSFERRIN AND VITAMIN A STATUS

INTRODUCTION

Several studies have indicated a biologi-
cal interaction between vitamin A defi-
ciency and iron nutrition and metabolism
(1-5). Recently, Mejia and Arroyave (6)
have shown that the national program of
sugar fortification with vitamin A in
Guatemala brought about a significant
improvement, not only in vitamin A nu-
triture, but also in the iron nutritional
status of preschool children. Six months
after fortification began it was observed
that despite a significant increase in se-
rum iron levels there was also a conco-
mitant elevation in the levels of total
iron binding capacity (TIBC). Since
TIBC measures indirectly the levels of
the iron carrier protein transferrin, this
observation suggested that hypovitami-
nosis A may negatively affect the levels
of transferrin, this phenomenon beco-
ming a limiting factor on iron transport.
The present study was undertaken to
investigate whether there was an epide-
miologic association between serum
transferrin (measured directly) and se-
rum biochemical indicators of vitamin A
nutriture in children, and to what extent
this association was related to the pro-
tein nutritional status.

METHODS

The study was performed using stored
serum samples from INCAP’s serum
bank. The samples used corresponded to
rural preschool children aged 12 to 72
months; they were collected in El Salva-
dor in 1976 to assess the vitamin A nu-
tritional status of that population. In
order to have a wide range of serum re-
tinol values, the samples were selected
based on their already known retinol
levels and classified in three groups as
follows: Group I (n = 94), retinol < 20
itg/dl; Group II (n = 105), retinol
20-30 p1g/dl; and Group III (n = 96),
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retinol > 30 j1g/dl. These retinol values
had been previously determined by the
spectrophotometric method of Bessey et
al. (7). In the present study, the follo-
wing additional biochemical parameters
were determined: retinol binding protein
(RBP) and transferrin by radial-immu-
nodiffusion as described by Mancini et
al. (8); iron, TIBC and percent transfer-
rin saturation (% TS) by the method of
Ramsay (9); ferritin by the two-site ra-
dioimmunometric analysis described by
Miles et al. (10); and total proteins and
albumin by zone electrophoresis using a
cellulose acetate support medium
(Beckman Microzone cell Model R-101
attached to a Beckman Microzone scan-
ning device Model R-102).

The data obtained from the three groups
of children were statistically analyzed by
analysis of variance and the specific dif-
ferences between groups by linear con-
trast (11). Linear correlations were also
perfomed in the total group (n = 295)
between transferrin and indicators of
vitamin A nutritional status (retinol and
RBP) and between transferrin and indi-
cators of protein nutriture (total protein
and albumin). The effect of removing
from the total sample those children with
unacceptable protein nutritional status
(total protein < 6.4 g/dl and/or albu-
min < 3.5 g/dl) was also investigated.
These values are the cut-off points below
which these biochemical parameters are
considered in the low and deficient range
and thus indicative of protein undernu-
trition (12). Furthermore, since not only
protein but also iron nutriture is known
to affect transferrin levels, the removal
from the sample of children considered
iron-deficient was also tested. This was
done by eliminating individuals with se-
rum ferritin less than 7 ng/ml that ac-
cording to Siimes et al. (13) is the level
below which children of this age have



depleted iron stores.

It 1s known that, in iron deficiency, the
levels of TIBC and transferrin become
increased as a natural physiological re-
sponse. In order to evaluate the role of
vitamin A nutritional status, this pheno-
menon was tested in children with varia-
ble retinol levels but who were iron-defi-
cient (ferritin < 7 ng/ml) and had no
limitation on protein nutrition (albumin
> 3.5 g/dl). In this selected group (n =
75) the response to the challenge of
being iron-deficient was evaluated by
correlating serum retinol versus transfer-
rin levels.

The level of o. to define statistical signifi-
cance was set at p < 0.05 for all statisti-
cal analyses.

RESULTS

Table I shows the average levels of se-
rum biochemical indicators of vitamin A,
iron and protein nutriture in the children
classified according to their serum reti-
nol. As expected, serum RBP was signi-
ficantly different in the three groups in
accordance with the increasing different
levels of retinol. Significant differences
were also found in the levels of transfer-
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rin, iron, % TS, total protein and albu-
min. Serum transferrin was significantly
higher in Groups Il and III than in
Group I. Serum iron and % TS were
higher in Group III than in Groups I and
II. The levels of total protein and albu-
min were also significantly different
among the three groups, in a similar fa-
shion as RBP and retinol.

The correlations between serum bio-
chemical indicators of vitamin A and
iron and protein nutriture are shown in
Table 2. In the total sample (n = 295),
the levels of transferrin, iron and TIBC
correlated significantly with both retinol
and RBP levels. Likewise, total protein
and albumin correlated with RBP. Ho-
wever, when children having unaccepta-
ble levels of protein ( < 6.4 g/dl) or al-
bumin ( < 3.5 g/dl) were removed from
the sample, the previously observed si-
gnificant correlations between transfer-
rin or TIBC and retinol or RBP disap-
peared (Table 3). This was not the case
for the correlations observed between
serum iron versus retinol or RBP where,
despite the removal of the subjects with
inadequate albumin levels, the correla-
tions remained at a significant statistical

Table 1 - Serum biochemical indicators of vitamin A, iron and protein nufriture in children dassified

according to their retinol levels.

Group | Group 11 Group III

(n = 94) (n = 105) (n = 96)
Retinol < 20 20 - 30 > 30
Grg/dD (14.3 + 3.7%3) (24.8 = 3.0Y) (36.5 £ 7.89
RBP (j1g/ml) 20.5 + 5.1®@ 26.8 + 3.5P 34.4 + 6.4¢
Transferrin (mg/dl) 272.7 + 57.33 291.8 + 43.6° 295.7 + 48.2°
Iron (jug/dl) 54.0 + 18.32 57.7 +20.82 67.1 +23.7°
TIBC (jig/dl) 321.5 £ 66.9® 334.9 x 53.6° 333.6 * 57.9
% TS 17.9 + 8.0 17.7 £ 7.2# 20.8 + 8.5°
Ferritin (ng/ml) 13.1 = 10.5% 11.5 + 7.8% 13.7 = 7.6%
Total protein (g/dl) 6.7 = 0.92 7.0 = 0.5b 73 £ 0.7¢
Albumin (g/dl) 3.8 + 0.62 42 = 04Pb 44 = 0.4°

. —
x £S.D.

Mean Values with different superscript letters are significantly different.

(p < 0.05 or better).
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TRANSFERRIN AND VITAMIN A STATUS

Table 2 - Correlation coefficients among biochemi-
cal indicators of vitamin A, iron and protein nutri-
ture.

Retinol RBP

(1rg/dl) (1tg/ ml)
Transferrin (mg/dl) 0.22" 0.31"
Iron (jug/dl) 0.21" 0.23*
TIBC (j1g/dl) 0.13* 0.23"
% ST 0.10 0.08
Ferritin (ng/ml) (.07 0.04
Total proteins (g/dl) 0.36" 0.40"
Albumin (g/dl) 0.50" 0.53"

*p < 0.05, (n = 295).

level (shown in the same table). The cor-
relation with % TS also became signifi-
cant, probably due to the fact that by
removing unacceptable albumin and fer-
ritin levels, the group became more
homogeneous and protein and iron nu-
triture were no longer limiting factors.
Furthermore, when the levels of serum
transferrin and retinol were correlated in
the group of children who had accepta-
ble levels of albumin (> 3.5 g/dl) but
were iron-deficient (ferritin < 7 ng/ml)
only a poor non-significant association
was found (r = 0.19, p > 0.05).

DISCUSSION

Vitamin A deficiency is known to impair
the synthesis of some glycoproteins (14).
Since transferrin is a glycoprotein, it is
reasonable to suggest that the lack of
vitamin A may directly impair its synthe-
sis and thus explain the epidemiologic
association, previously observed in chil-
dren, between TIBC levels and the levels
of serum retinol (6). In the present stu-
dy, the analysis of the whole sample re-
vealed that children with high retinol
and RBP levels (Group III) also have
higher levels of transferrin than those in
the low range of retinol values (Groups I
and Il (Table 1). Furthermore, there was
a significant correlation between tran-
sferrin and retinol or RBP, indicating an
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Table 3 - Correlation coefficients among biochemi-
cal indicators of vitamin A and iron nutriture in
children with acceptable levels of albumin (> 3.5
g/dl) and ferritin ( > 7.0 ng/ml).

Retinol RBP

(ng/dl) (1tg/ml)
Transferrin (mg/dl) 0.08 0.13
Iron (j1g/dl) 0.21" 0.23*
TIBC (jug/dl) -0.04 0.01
% ST 0.19" 0.207
Ferritin (ng/ml) 0.03 0.04

*p < 0.05. (n = 192).

association between these paramecters
(Table 2). This single observation would
suggest that transferrin levels are directly
related to the vitamin A nutritional sta-
tus. However, when children with inade-
quate protein nutriture are removed
from the whole group, such significant
association no longer exists. This means
that transferrin levels in these children
depend on their protein nutritional sta-
tus rather than on their vitamin A nutri-
ture. Further support for this conclusion
is given by the result obtained when cor-
relating serum retinol versus transferrin
in those children who had acceptable
levels of albumin (> 3.5 g/dl) but were
iron-deficient (ferritin < 7 ng/ml).

It 1s well established that in iron defi-
ciency the levels of TIBC, and conse-
quently those of transferrin, become ele-
vated. Based on this phenomenon, one
may expect that if indeed the vitamin A
nutritional status affects the levels of
transferrin, children with no limitation in
their protein nutriture (adequate albu-
min levels) should respond to the chal-
lenge of iron deficiency according to
their retinol levels. In other words, those
children with low retinol should respond
poorly to the expected increase in tran-
sferrin, and those with higher levels of
retinol should also have higher levels of
this protein. If this were the case, a



strong significant correlation between
these two paramenters should have been
found in the latter analysis. However,
only a weak no-significant association
was found in this subgroup of children (r
= 0.19, p> 0.05), indicating that when
the protein nutritional status is adequate,
there is no relation between vitamin A
nutriture and the levels of transferrin.

Several studies have shown that there is
a significant epidemiologic association
between the serum levels of retinol and
iron (2, 6, 15). It is interesting to obser-
ve mn the present study that even when
removing from the sample those children
with inadequate protein nutritional sta-
tus, the association between retinol or
RBP and iron or % TS still holds and
remains at a significant statistical level.
Protein nutriture had never been consi-
dered in previous investigations of this
nature and this observation supports the
known interaction between hypovitami-
nosis A and iron nutrition and metabo-
lism (6). It indicates that such interrela-
tionship is not related to the protein nu-
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tritional status or to any specific effect
that hypovitaminosis A may have on the
levels of the iron carrier protein transfer-
rin.

The present data do not allow to elucida-
te why the children in our previous study
showed an increase of TIBC levels when
the vitamin A nutritional status impro-
ved through sugar fortification (6). One
can only speculate that it may be a more
general effect of vitamin A on protein
utilization and metabolism.

Through animal experiments it is known
that vitamin A deficiency can affect ni-
trogen balance, suggesting an impaired
utilization of protein (16). It is also
known that the lack of this vitamin nega-
tively affects protein synthesis by impai-
ring the synthesis of RNA (17). Alt-
hough these aspects of protein metabo-
lism have not been studied in humans, it
is reasonable to think that vitamin A
may favor protein nutriture which in
turn improves the plasma protein levels

including transferrin, and consequently
TIBC.
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