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iron response in infants with moderate acute
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ABSTRACT

Objective. To evaluate the efficacy of soluble
transferrin receptor (sTfR) in diagnosing
iron deficiency anemia (IDA) and evaluating
iron response in infants with moderate acute
malnutrition (MAM).
Populationandmethods.Infantswithhemoglobin
(Hb) levels lower than threshold values for
anemia for their ages and hypochromic/
microcytic anemia on peripheral smear were
recruited. MAM was defined as weight/height
z score < -2 to -3. Complete blood count (CBC),
iron parameters and sTfR were compared among
41 infants with MAM and anemia (MA group),
32infants withanemia withoutMAM (group A),
and healthy controls (n= 30). Following anemia
and malnutrition treatment, tests were repeated.
Results. Besides hematological indices
compatible with IDA, serum iron (Fe) and
transferrin saturation (TS) were significantly
lower, while transferrin was significantly higher
in MA and A groups compared to controls
(p <0.001). Ferritin and C-reactive protein
(CRP) were significantly higher in MA group
(p <0.05 ferritin, p <0.01 for CRP). Mean sTfR
was similar in both MA and A groups (p >0.05)
and significantly higher than controls (p <0.001).
Followingiron treatment, sTfR decreased inboth
MA and A groups (p <0.001) to similar values as
controls. sTfR was negatively correlated to Hb
throughout the study (for MA group, r=-0.350,
p <0.05; for A group, r=-0.683, p <0.01).
Conclusions. As sTfR values in both MA and A
groups decreased following iron treatment, we
believe that this parameter was notinfluenced by
MAM or inflammation; and it alone can be used
to detect IDA and monitor treatment response
in infants with MAM.
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INTRODUCTION

Protein-energy malnutrition is
manifested primarily by inadequate
intakes of protein and calories.!
Being still a major health problem in
developing countries, it is associated
with 50%-60% of under-five mortality
in these environments.? In addition to
stunting, wasting and underweight,
micronutrient deficiencies,
particularly deficiencies of vitamins
and minerals are also important
components of protein-energy
malnutrition.'** Iron deficiency is the
most common nutritional deficiency in
all over the world; and besides anemia
of inflammation, IDA can be observed
in children with malnutrition.**

Currently, the classical tests
used for diagnosing IDA are no
sufficient.” When used alone, none
of them has enough sensitivity or
specificity to diagnose IDA. Mean
corpuscular volume (MCV) has low
sensitivity and/whereas TS and total
iron binding capacity (TIBC) low
specificity.® Moreover, they can also be
influenced by certain conditions that
make them inappropriate to be used in
IDA diagnosis. Fe, TIBC, ferritin and
transferrin are acute phase reactants
that can be elevated depending on the
presence of co-existing infectious or
inflammatory processes.*'?

Increased number of studies
investigated the utility of sTfR in
differentiating anemia in children.”*'
sTfR is a truncated extracellular form
of the transmembrane transferrin
receptor (a glycoprotein primarily
expressed in cells requiring iron)
produced by proteolysis.!” The
number of tissue receptors, mostly
on erythroid cells, determines the
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number of sTfR."® Plasma sTfR concentration
reflects the receptor density on cells and the
number of cells expressing the receptor; and
is closely related to cellular iron demands and
erythroid proliferation rate.”” sTfR level increases
parallel to the decrease in cellular iron levels," is
not affected from inflammation, and suitable for
monitoring erythropoietic response to treatment
of IDA with iron.'s?!

Up to date, no studies focused on the use
of sTfR in the differential diagnosis of IDA in
children with malnutrition. Our aim was to
evaluate the efficacy of sTfR in detecting IDA and
to assess the response to iron treatment in infants
with MAM; and determine whether it has any
superiority to classical markers of IDA in these
patients.

POPULATION AND METHODS

Seventy three infants with anemia aged
between 6-24 months who were followed in the
Osmangazi University Department of Pediatrics
in a one-year period were enrolled in this
prospective study. Thirty infants at the same age
interval (20 boys, 10 girls) without anemia and
malnutrition were selected as the control group
(group C). Hb level below the threshold value
for anemia for the given age was considered as
anemia.”? Only the patients with hypochromic/
microcytic anemia on at least two peripheral
smear examinations evaluated by different
operators were recruited. CBC, Fe, transferrin,
TS, ferritin and sTfR levels were measured for
making a proper IDA diagnosis and excluding
other causes of hypochromic/microcytic anemia.
MCV <70 fL, TS <15%, Fe <36 pg/dL and ferritin
<10-12 ng/mL are considered as cut-off values
for IDA diagnosis.®* Vitamin B12, folic acid and
reticulocyte levels were also measured.

Anthropometric measurements (weight,
height, head and mid-arm circumference) of the
study groups were recorded. The patient group
was further divided according to the presence of
malnutrition. Infants with weight/height z score
<-2 to -3 were considered to have MAM."* There
were 41 patients (18 boys, 23 girls) with anemia
in MAM group (group MA) and 32 patients
(27 boys, 5 girls) with anemia without MAM
group (Group A).

Patients with the following conditions were
excluded: dehydration or difficulties in feeding by
oral route, history of acute hemorrhage or blood
transfusions or intake of iron or erythropoiesis-
stimulating agent within the last three months,

severe malnutrition (weight/height z score <-3),
well-defined malabsorption syndrome, other
hypochromic/microcytic anemias (a-y-f
thalassemias, sideroblastic anemia, anemia
due to long-term inflammatory conditions),
megaloblastic anemia due to vitamin B12 and folic
acid deficiencies. The aim of the study was clearly
explained to the parents before written consent
was obtained. The study was approved by the
local ethical committee of the hospital.

Risk factors for the development of IDA owing
to prenatal period (presence of maternal anemia
or bleeding, intake of iron preparations), natal
period (gestational age and weight) and postnatal
period (history of breastfeeding, contents of
nutrition in the weaning period and prior use of
iron supplements) were noted.

MA and A groups were treated with oral
6 mg/kg elementary iron (ferrous sulfate)
preparations. Additionally, MA group was also
supported with adequate energy and protein
preparations, multivitamin, magnesium, zinc
and folic acid supplementations. The patients had
monthly check-ups for a three-month period. As 7
patients in the MA and 6 patients in the A group
discontinued the controls, at the end of the follow-
up period anthropometric measurements and
blood tests were repeated in 34 and 26 patients in
MA and A groups, respectively.

Blood sampling and laboratory analyses
Peripheral blood samples were obtained by
aseptic technique using standard venipuncture.
CBC testing was performed with Coulter
Gen-S autoanalyzer using Beckman-Coulter
kits. Vitamin B12, folic acid, Fe and ferritin
were examined by Hitachi Roche autoanalyzer.
Transferrin was analyzed in the IMAGE
(Beckman-Coulter) autoanalyzer. TS (%) was
calculated as follows: Fe/TIBC x 100; where
TIBC is calculated as: 25.1 x transferrin. Sera of
blood samples obtained for sTfR analysis were
frozen and stored in 2 ml Eppendorf tubes at
-20°C till the time of assay. sTfR was studied
with sandwich enzyme immunoassay method
in Diagnostic Grifols SA (Valles, Spain) ELISA
autoanalyzer using human sTfR ELISA Kkits
(BioVendor Laboratory Medicine Inc).

Statistical analysis

Continuous variables were presented
as mean * SD. The normality of the variables
was tested with Kolmogorov-Smirnov test. For
statistical analysis, independent samples t-test and
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Mann-Whitney U test were used to compare two
groups. Paired sample t test and Wilcoxon Sign
Rank test were used in order to compare related
samples. Categorical variables were summarized
as counts (percentages) and compared using chi-
square or Fisher exact test. Pearson’s correlation
analysis was used to determine the correlation
between parameters. Data analyses were
performed with the SPSS statistical software
package, version 15.0 (SPSS Inc. Chicago, IL).
Statistical significance was set at p <0.05.

RESULTS
Anthropometric measurements

As expected, at the beginning of the study,
mean weight, weight/height z score, head and
mid-arm circumference of MA group were
significantly lower than A and C groups (p <0.001).
After the three month follow-up period, although
there was a significant rise in all anthropometric
indices of MA group (p <0.05 for weight/height

z score), the values were still significantly lower
than A and C groups (data not shown). At this
period, 14.7% of the patients in the MA group
(n= 5) still remained to have MAM. On the other
hand, the weight/height z scores of both A and
C groups remained as similar at the end of the
follow-up (data not shown) (Table 1). Despite the
small number of patients remained to have MAM
at the end of the follow-up period, the significant
rise in the weight/height z scores of the MA group
is mainly attributed to successful management of
malnutrition rather than regular growth.

Prenatal, natal and postnatal risk factors for
IDA development

There were 8 and 2 infants with history of
prematurity in the patients (5 cases in MA and 3
in A groups) and controls, respectively. Besides, 14
and 3 infants had low birth weight in the patients
(LBW) (10 cases in MA and 4 in A groups) and
controls, respectively (Table 2). Despite having

TaBLE 1. Anthropometric measurements at the beginning and end of the study

MA@ MA@ pl A1) AQ) p2  Controls (1) Controls 2)  p3 p4
(n=41) (n=34) (n=32) (n=26) (n=30) (n=25)
Sex (n)
(Girls/boys) 23/18 20/14 5/27 3/23 10/20 7/18
Age (months) 11.8+4.1 149+27  p1<0.001  13.1+5.0 16.0+1.7  p2<0.001  13.3+5.3 162437  p3<0.001  p4*>0.05
p4*>0.05
p4**>0.05
Weight (gr) 7476.1£139 8738.2+113 p1<0.001 10203.7+16 11294.2+16 p2<0.001 10667.7+18  11501.2+13 p3<0.001  p4*<0.001
47 3.7 41.3 29.9 06.4 31.8 p4*<0.001
p4**>0.05
Height (cm)  722+6.1  749+44 pl<0.001 759:68 801%54 p2<0.001 745:66  804x61 p3<0.001 p4*<0.05
pA**<0.05
p4**>0.05
HC (cm) 437424 449:18  pl<0.001 464226 476422 p2<0.001 463+17 47435 p3<0.001 pd*<0.001
p4+<0.001
p4++>0.05
MAC (cm) 12.4+1.3 13514  pl<0.001  14.9+13 15.8+1.1  p2<0.001  14.0+1.8 15.1£14  p3<0.001  p4*<0.001
4*+<0.001
p
p4>0.05
Weight/height
Z score -2.3+14 -1.5+1.6 p1<0.05 0.2+0.2 0.3+0.4 p2>0.05 0.8+0.3 0.6+0.2 p3>0.05  p4*<0.001
pA*<0.001
pAF50,05

HC: Head circumference; MAC: mid-arm circumference.

MA (1): malnutrition group at the beginning; MA (2): malnutrition group at the end; A (1): anemia group at the beginning;

A (2): anemia group at the end.

p1l: difference between MA (1) and MA (2).

p2: difference between A (1) and A (2).

p3: difference between Controls (1) and Controls (2).

p4*: difference between MA (1) and A (1); p4**: difference between MA (1) and Controls (1);

p4***: difference between A (1) and Controls (1).
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lower values, preterm and LBW infants in the
entire study population were not separately
evaluated, as their anthropometric measurements
did not statistically differ with the term and normal
birth weight ones (data not shown).

Maternal anemia in the prenatal period were
significantly higher in the patient group than
the controls (p <0.001). Although the percentage
of breastfeeding in the first 6 months of life was
very high in the present study, early weaning was
also common. Nutrients used for weaning were
different. Transitional food that are not fortified
with iron (especially food prepared with rice flour)
and non-formula cow’s milk were much more used
in the patient group, whereas nutrition including
meat products after the 6™ month of life was
significantly higher in the controls (p<0.05, Table 2).

TABLE 2. Risk factors for the development of IDA

At the time of admission, accompanying
infections (respiratory tract infections, acute
gastroenteritis, urinary tract infections, etc.) were
present in 78.0%, 71.8% and 50.0% of MA, A, and
C groups, respectively. There was underlying
congenital heart disease in 24.4% (n=10) of the
MA group. No accompanying chronic diseases
were present in A or C groups.

Hematologic analysis of the study group

At the beginning of the study, Hb, hematocrit
(Hct), MCV, mean corpuscular Hb (MCH), Fe
and TS were significantly lower in MA and A
groups than controls (p <0.001). Meanwhile,
transferrin and red cell distribution width (RDW)
were significantly higher in MA and A groups
than controls (p <0.001). Despite being similar in

Patients Controls p
(n=73) (%) (n=30) (%)
Maternal bleeding (n) 10 (13.7) 1(3.3) p>0.05
Maternal anemia (n) 44 (60.3) 11 (36.7) p<0.001
Prenatal iron treatment (n) 42 (57.5) 13 (43.3) p>0.05
LBW (n) 14 (19,2) 3(10.0) p>0.05
Prematurity (n) 8 (11.1) 2(6.7) p>0.05
Breastfeeding only in first 6 months (n) 22 (27.4) 8(26.7) p>0.05
Breastfeeding and early weaning (n) 47 (64.4) 22 (73.3) p>0.05
Use of cow’s milk 45 (61.6) 8(26.7) p<0.001
Rice-flour containing food (n) 36 (49.3) 6 (20.0) p<0.05
Use of meat products (n) 14 (19.2) 14 (46.7) p<0.05
Prior iron supplementation (n) 18 (24.6) 13 (43.3) p>0.05
LBW: low birth weight
TaBLE 3. Hematological values at the beginning and end of the study
MA (1) MA (2) pl A A Q) p2 Controls p3 p4
(n=41) (n=34) (n=32) (n=26) (n=30)
Hb (g/dL) 9.6+0.9 11.5+1.2  pl1<0.001  9.4+0.9 11.9+0.8 p2<0.001 12.0+0.6  p3*<0.001 p4*>0.05
p3**<0.001  p4**>0.05
Hct (%) 29.4+2.8 34.0£3.4 pl<0.001 29.0+24 34.9+24 p2<0.001 31.0«£3.7 p3*<0.001 p4*>0.05
p3**<0.001  p4**>0.05
MCV (fL) 69.1+£7.0 732+£59 pl<0.001 63574 729+46 p2<0.001 75.7+4.4 p3*<0.001 p4>0.05
p3**<0.001  p4*>0.05
MCH (pg) 22.9+2.8 248+2.4 pl<0.001 20.8+3.1 249+1.8 p2<0.001 26.1+1.8 p3*<0.001 p4>0.05
p3**<0.01  p4**>0.05
RDW (%) 17.0+3.3 16.6+3.2 p1>0.05 18.2+3.6  16.3+3.7  p2<0.05 14.3£2.0 p3*<0.001 p4*<0.001
p3**<0.001  p4*<0.001

MA (1): malnutrition group at the beginning; MA (2): malnutrition group at the end; A (1): anemia group at the beginning; A (2):

anemia group at the end.
pl: difference between MA (1) and MA (2).
p2: difference between A(1) and A (2).

p3*: difference between MA (1) and Controls; p3**: difference between A (1) and Controls.
p4*: difference between MA (2) and Controls; p4**: difference between A (2) and Controls.
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Group A and controls, ferritin was significantly
higher in the MA group than group A and
controls (p <0.05) (data not shown). At this period,
mean sTfR was similar both in MA and A groups
(p >0.05) (data not shown) and significantly
higher than controls (p <0.001). Hematological
values and iron parameters are given in Tables 3-4.

Other laboratory tests including hepatic and
renal function tests, blood electrolytes, serum
protein, albumin, vitamin B12 and folic acid levels
and reticulocyte counts were similar (p >0.05)
and normal in all groups. Meanwhile, C-reactive
protein (CRP) was increased in MA (1.8+3.1 mg/
dL) and A (0.8 = 1.3 mg/dl) groups and normal
in controls (0.5 + 1.7) (normal range: 0-0.5 mg/
dL). Moreover, it was significantly higher in MA
group than the other groups (p <0.01).

At the end of three-month malnutrition and
IDA treatment, Hb, Hct and TS significantly
increased and sTfR significantly decreased in both
MA and A groups (p <0.001). Except persistently
high RDW, all hematologic parameters of MA
and A groups were similar to controls at this
time. Meanwhile, ferritin decreased in MA group
(p >0.05) and increased in A group (p <0.05) at the
end of follow-up period (Tables 3-4).

Although not showing a strong correlation, it
was observed that sTfR negatively correlated with
Hb in MA and A groups (for MA group, r=-0.350,
p <0.05; and for A group, r=-0.683, p <0.01).

DISCUSSION

As yet, there is no single laboratory test to
recognize iron deficiency.” Currently, besides low
Hb, MCV and MCH; decreased TS and ferritin
were accepted as important useful diagnostic
tools for IDA.** However, classical tests used to
detect iron deficiency remain insufficient and
except ferritin have low diagnostic reliability.
Concerning their overall cost, there are also
reports favoring against their use.®

To our knowledge, studies assessing the
validity of classical iron parameters for IDA
diagnosis in children with malnutrition are
lacking. Moreover, some parameters like
transferrin or ferritin may be altered by co-
existing hypoproteinemia or inflammation in
children with protein-energy malnutrition.!*
Therefore, use of more reliable and easy-to-
perform markers would be a better strategy for
detecting IDA in patients with malnutrition.

In the present study, traditional parameters
used as markers of IDA including Hb, Hct, serum
Fe and TS were significantly lower in MA and
A groups than controls at the beginning of the
study. However, all can also decrease in anemia of
inflammation. At this period, CRP levels elevated
in both groups. On the other hand, after three-
month iron supplementation, all iron parameters
reached similar values as controls. With these
findings, it is concluded that combined anemia

TABLE 4. Iron parameters at the beginning and end of the study

MA (1) MA (2) pl A@) A Q) p2 Controls p3 p4
(n=41) (n=34) (n=32) (n=26) (n=30)
Ferritin (ng/mL) 62.1+124.1 44.7+109.8 p1>0.05 23.0+21.6 33.2+18.5 p2<0.05 33.9+17.3 p3*<0.05 p4*>0.05
p3**>0.05 p4**>0.05
sTfR (pg/mL) 2.7+1.6 1.6+0.8 p1<0.001 3.0+£1.1 1.4+0.4 P2<0.001 1.6+0.5 p3¥<0.001 p4*>0.05
p3**<0.001  p4*>0.05
Fe (ng/dL) 29.9+13.3 60.9+45.0 pl1<0.001 29.1+14.5 59.9+432 p2<0.001 51.37+29.8 p3*<0.001 p4*>0.05
p3*<0.001  p4**>0.05
Transferrin
(mg/dL) 282.3+67.1 245.9+65.8 pl<0.01 311.8+58.3 245.4+54.4 p2<0.001 244.5+46.3 p3*<0.001 p4>0.05
p3**<0.001 p4*>0.05
TS (%) 9.5+4.7 21.0+16.4 pl1<0.001 7.9+43 19.9+155 p2<0.001 20.1+185  p3*<0.001 p4+>0.05
p3**<0.001  p4**>0.05

MA (1): malnutrition group at the beginning; MA (2): malnutrition group at the end; A (1): anemia group at the beginning;
A (2): anemia group at the end.

p1: difference between MA (1) and MA (2).

p2: difference between A (1) and A (2).

p3*: difference between MA (1) and Controls; p3**: difference between A (1) and Controls.

p4*: difference between MA (2) and Controls; p4**: difference between A (2) and Controls.
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(IDA + anemia of inflammation) was present in
MA and A groups at the beginning of the study.

The patient group consisted of infants with
hypochromic/microcytic anemia. Although
anemia of inflammation is most commonly
normochromic/normocytic, it is well-known
that hypochromic/microcytic anemia can also
develop in long-term inflammatory conditions.*
In the present study, no patients with chronic
inflammatory conditions were recruited (such as
renal, rheumatologic or gastrointestinal diseases).
Ten patients in the MA group had underlying
acyanotic congenital heart disease, but all were
under good control and none had congestive
heart failure necessitating medications. Therefore,
we believe that patients with hypochromic/
microcytic anemia due to long-term inflammatory
conditions were not included in our study.

Although not routinely being used in the
diagnosis of IDA due to high costs, increased
transferrin level is a common finding in IDA.
Meanwhile, it can be lowered in patients with
malnutrition due to hypoproteinemia.'®* In
our study, despite being within normal limits,
transferrin was significantly higher in the MA
group than controls (p <0.001). MA group didn’t
have hypoproteinemia (total protein level:
6.6 = 0.73 g/dL) and transferrin levels were able
to identify IDA.

Decreased ferritin level is the initial finding
of IDA. However, it can be as high as 30-50 ng/
mL in IDA associated with infectious diseases
or inflammatory conditions.” In the present
study, ferritin was significantly higher in the
MA group than both A and C groups. As CRP
was also higher in the MA group than the other
groups, increased ferritin in the MA group
was interpreted as the result of co-existing
infections. Therefore, ferritin was not helpful
for IDA diagnosis in the MA group. Moreover,
despite iron supplementation, ferritin level
decreased in the MA group at the end of the
follow-up. We attribute this finding mainly to
the improvement in their clinical condition rather
than the ineffectiveness of iron treatment.

Soluble transferrin receptor is useful for
evaluating tissue iron deficiency as well as the
conditions with stimulated erythropoiesis such
as hemolytic anemia, hereditary spherocytosis,
sickle cell anemia, megaloblastic anemia or
ineffective erythropoiesis.'>!**¥32 At the onset
of the study, all patients had hypochromic/
microcytic anemia and normal folic acid, vitamin
B12 and reticulocyte levels. sTfR was quite

similar in MA and A groups, while significantly
higher than controls. Moreover, it was negatively
correlated to Hb values. Therefore, we believe
that sTfR alone is effective in demonstrating IDA
in the patient group.

In an adult study, it was shown that
malnutrition had no effect on the sTfR level
regardless of the iron status.® In our study, the
patient group (MA and A groups) had very
close sTfR values regardless of the presence of
malnutrition. However, as a group of patients
with MAM and accompanying hypoproteinemia
was not enrolled, we may only conclude that sTfR
was unaffected in infants with malnutrition and
normal protein levels.

Previous reports indicated that sTfR decreases
in response to iron treatment, and therefore,
can be used for monitoring the erythropoietic
response to iron supplementation.'*?** Likewise,
at the end of three-month iron therapy, sTfR
decreased in both MA and A groups, and
reached similar values as controls. Therefore,
we believe that it is also useful in demonstrating
the effectiveness of iron treatment regardless of
unresolved malnutrition in some infants.

Serum transferrin receptor was reported to be
not influenced by the co-existing acute infections,
inflammations or chronic diseases." In the present
study, although CRP was significantly higher in
the MA group than the other groups, sTfR was
similarly increased as A group. This finding
further supports the knowledge that sTfR was not
affected by the presence of acute inflammatory
conditions.

Children with IDA can have elevated
RDW even 4 weeks following the start of iron
supplementation.® In our study, all hematological
indexes of the MA and A groups became similar
to controls at the end of three-month iron
treatment, except the persistently higher RDW
value. As we can’t definitely explain the reason
of elevated RDW values at the end of the follow-
up, we believe that probably longer time than
previously reported is needed for normalization
of RDW.

Our study has some limitations. A pure IDA
group (with frankly decreased ferritin levels and
without inflammation) and patients with MAM
and hypoproteinemia were not included. Besides,
due to the limited age range of the study groups,
the results can’t be extrapolated to the entire
pediatric population. We believe that studies
including all these patient groups would reveal
better results.
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CONCLUSION

In the present study, sTfR level is not

influenced by the presence of malnutrition and
accompanying inflammation. Besides, with the
correction of IDA, sTfR level decreased to similar
levels as controls. As a result, we believe that
sTfR can be used as a reliable marker of IDA
in infants with MAM. Instead of using classical
parameters of IDA, we suggest that sTfR alone
can be measured in order to diagnose IDA and
evaluate the effectiveness of iron treatment
in children with MAM. Further studies with
increased sample sizes should be performed in
order to confirm our results. B
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