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ABSTRACT

This study evaluated the diagnostic superiority of serum transferrin receptor (sTfR) measurement to other la-
boratory tests performed for the determination of iron deficiency caused by chronic disease (CD). Study group con-
sisted of 114 anemic patients allocated into 3 groups at the pediatrics clinic of Ankara University, Faculty of Me-
dicine and 32 healthy pediatric subjects as the control group.

sTfR value ranged between 11.00 nmol/L and 26.20 nmol/L for the control group. However, it was 61.29 + 39.33
nmol/L in iron deficiency anemia (IDEA) group, consisting of 51 patients. While there was a significant positive
correlation between sTfR and Hb, MCYV, serum iron, ferritin levels, there was a significantly inverse correlation bet-
ween sTfR with RDW in the IDEA group.

Mean sTfR value was found 47.05 + 28.07 nmol/L in the acute infection (AI) group consisting of 22 patients,
39.31 +26.16 nmol/L in the CD group with 41 patients. Statistically significant difference was found between sTfR
of IDEA group and sTfR of the Al group, though accompanied by iron deficiency. These findings showed that sTfR
levels were suppressed.

That all hematologic parameters including ferritin and sTfR of all patients in the CD group were heterogenous
and revealed both normal and abnormal values was noteworthy. To determine the existence of accompanying iron
deficiency, sTfR values above 28.10 nmol/L were chosen. It was concluded that the diagnosis of these patients was
not possible without sTfR measurement.

TfR-F index (sTfR/log ferritin) was found 97.72 + 108.81 in the IDEA group, 52.16 + 66.25 in the Al group,
and 24.36 = 43.00 in the CD group (p< 0.001). TfR-F index values of the chronic disease anemia group (ACD) and
the iron deficiency anemia group accompanied by chronic disease (COMBI) were compared. The difference bet-
ween these two groups was statistically significant (p< 0.001). Thus, TfR-F index proved useful in evaluating the

changes of iron metabolism and reducing iron necessities in patients.
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INTRODUCTION

Iron deficiency has been identified as one of the
most prevalent nutritional problems in the world. As
the nutritional habits of the people are dependent most-
ly on grain cereals and vegetable originated proteins,
iron deficiency constitutes a significant health problem
in our country as wellll.2],

When accompanied by infections, inflammations,
or malignancies, differential diagnosis of iron defici-
ency anemia is difficult to establish with the routine la-
boratory tests. Unlike serum iron transferrin and ferri-
tin values, serum transferrin receptor (sTfR) concentra-
tion, which has recently been identified, is unaffected
by acute phase reactions; thus, providing superiority
and more advantages over other methods of testing. In
addition, it proves to be as beneficial as the iron stained
bone marrow examination in the diagnosis of iron de-
ficiency in the existence of chronic diseasel3-71.

The parameter defined as TfR-F index is calculated
in terms of sTfR/log ferritin. Compared to only sTfR,
the combination of two parameters reflecting iron sta-
tus and infection is regarded more valuablel7-81,

This study aimed at investigating the contribution
of sTfR levels, the sTfR correlation with other parame-
ters in iron deficiency, the role of TfR-F index (defined
as sTfR/log ferritin) in the diagnosis of simple iron de-
ficiency when accompanied by infections or chronic
diseases.

MATERIALS and METHODS

The subjects of this study comprised of 114 pati-
ents with iron deficiency (iron deficiency without in-
fection) (IDEA), iron deficiency with acute infection
(AI), and chronic disease (CD), who were admitted for
anemia to the pediatrics clinic of Ankara University,
Faculty of Medicine. The ages of the patients ranged
between 0.3 and 18 years, and 47 patients were girls
while 67 were boys.

Fifty-one patients, complaining of paleness and
diagnosed as iron deficiency anemia with sedimen-
tation rate of less than 20 mm/hr, were grouped as
iron deficiency anemia (IDEA). Mean age of the pati-
ents of this group was 3.74 + 3.88 (0.50-15.00-years-
old). There were 26 boys and 25 girls.

Acute infection group, which consisted of 22 pati-
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ents, were previously admitted for fever and diagnosed
as having upper respiratory tract infection, otitis, pne-
umonia, stomatitis, urinary tract infection accompani-
ed by anemia and had sedimentation rates over 20
mm/hr. Mean age of the patients were 3.40 + 3.77
(0.50-14)-years-old. There were 7 girls and 15 boys.

Patients followed by pediatric cardiology and
nephrology for juvenile rheumatoid arthritis and FMF,
and patients with recurrent infections, all with anemia
and sedimentation rate over 20 mm/hr constituted the
CD group. There were 41 patients (15 girls and 26
boys), mean age of whom was 8.08 + 4.61 (0.30-18-ye-
ars-old).

Control group consisted of 32 healthy subjects (20
girls and 12 boys) with no complaints and anemia, and
presenting normal physical examinations. Mean age
was 7.15 + 5.37 (0.80-17)-years-old.

Blood samples of patients were received for comp-
lete blood count, peripheral smear examination, serum
iron (SI), total iron binding capacity (TIBC), ferritin le-
vel, sedimentation rate and sTfR. All venous blood
samples were collected simultaneously, i.e. in the mor-
ning, and during fasting. Blood serums were separated
and stored at-70°C for serum transferrin receptors whi-
le all the other results were obtained within the same
day.

Sample Analysis

Blood counts of the patients were automatically
conducted with Coulter Counter CT (Table 1). SI,
transferrin, TIBC were analyzed manually in line with
the measurement methods. TS was calculated as serum
iron/TIBC x 100. Serum ferritin level was measured as
immulite ferritin with immulite automatic anal appara-
tus (Immulite Ferritin Euro/DPC Ltd, United King-
dom), and sTfR levels were measured by (ELISA)
“Enzyme Linked Immunosorbent Assay” using Quan-
tikine In Vitro Diagnostic Kits (R&D System Inc, Min-
neapolis, MD, USA).

Statistical Analysis

The analyses of the data were conducted at the bi-
ostatistical department of Ankara University, Faculty
of Medicine through “SPSS for Windows”. Student t-
test was used to compare means of groups while Mann-
Whitney U test was used in the comparison of ferritin
levels.
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Table 1. Blood count results of subjects (mean + SD) and ranges showing iron deficiency in children

Iron deficiency Acute Chronic Ranges of iron
anemia infection disease Control deficiency anemia
Hb 9.26 +11.23 8.93+1.93 9.59 +11.21 12.02 £ 1.31 < 10.7
MCV 64.81 £7.05 68.39 +£9.33 71.18 £7.74 79.10 £ 6.68 <70
RDW 18.35 £3.19 18.37 + 3.80 15.86 +2.72 13.50 £ 2.08 > 145
RESULTS + 26.16 nmol/L (Table 2, Figure 1). In infection and

In infections with acute phase response (sedi-
mentation rate over 20 mm/hr), while ferritin levels
increase, its diagnostic value decreases. Therefore,
diagnosis of iron deficiency in the presence of chro-
nic infections through these parameters is highly dif-
ficult. In such cases, the wide distribution (9.40-
145.00 nmol/L) and increased mean (39.31 = 26.16
nmol/L -median 29.60) of sTfR indicate association of
iron deficiency in some cases (Table 2).

The correlation of sSTfR with the parameters used to
date in the diagnosis of iron deficiency anemia is presen-
ted in Table 3. The findings revealed a negative correla-
tion between sTfR and hemoglobin, MCV, and serum
iron and a positive correlation with RDW in simple iron
deficiency anemia. RDW is higher in IDA. sTfR, consi-
dered as the best indicator of functional iron deficiency,
was also at higher levels. The positive correlation betwe-
en sTfR levels and RDW (p< 0.001) is statistically sig-
nificant. However, there was a negative correlation bet-
ween sTfR and ferritin (p< 0.01).

Mean sTfR of acute infection group with 22 pati-
ents is 47.05 = 27.08 nmol/mL while 41 patients of
chronic disease group have a mean sTfR value of 39.31

Table 2. Iron status and sTfR averages of subjects

inflammation groups, though accompanied by iron de-
ficiency, there is a suppression of sTfR levels (Figure
1). The difference of sTfR values between iron defici-
ency anemia and two infection groups is statistically
significant (p< 0.05 for Al with IDEA, and p< 0.001
for CD with IDEA).

Of the 41 chronic disease patients (sedimentation
rate over 20 mm/hr), those with sTfR over 28.10
nmol/L were separated in order to detect those with
chronic diseases accompanied by iron deficiency,
which are difficult to diagnose. Thus, two groups,
chronic disease anemia (CDA) group consisting of 16
patients and chronic disease with iron deficiency (CD
+ IDEA) group with 25 patients, were formed.

Even though there is no significant difference
when Hb, MCV, RDW of these groups are compared,
in a general evaluation, these values do not facilitate in-
terpretation. In chronic disease anemia with higher se-
dimentation rate and already high ferritin, the absence
of difference in SI, TIBC, and TS levels (p> 0.05)
among the groups with normal or higher sTfR levels
demonstrates that sTfR is the only parameter in diffe-
rential diagnosis of iron deficiency existence in chronic
diseases. The other parameters, on the other hand, re-

Parameters Acute Ranges of iron
of iron status IDEA infection Chronic disease Control deficiency anemia
SI 3327 £ 11.85 36.55 = 15.86 55.07 £ 33.98 106.53 + 34.46 <71

TIBC 673.59 + 125.86 623.00 = 121.69 440.85 = 126.17 426.56 = 78.11 > 360

TS 5.00 +2.44 6.23 +3.36 14.35 + 15.46 25.48 £ 8.25 <16
Ferritin 3.53 £2.39 14.28 + 12.80 41.39 +44.93 28.53 £21.38 <10

sTfR 61.29 + 39.33 47.05 £ 27.08 39.31 + 26.16 20.58 +3.51 > 28.1%

* Values are mean * standard deviation.
*#* Upper values of normal ranges for commercial kits.
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Table 3. Correlation between sTfR and other hematologic parameters in iron deficiency anemia (IDEA) group

IDEA group Median r P
Hb (g/dL) 9.50 -0.5534 < 0.001
MCV (fl) 65.20 -0.4492 <0.001
RDW (%) 17.60 0.6098 < 0.001
ST (ug/dL) 38.00 -0.5028 <0.001
Ferritin (ng/mL) 2.90 -0.4302 <0.01
sTfR (nmol/L) 12 p<0.05
704 13 p<0.001
ol /\ 61.20£39.33 14 p<0.001
2-3  p<0.05
so | 2-4  p<0.001
<’ 47.05 +27.08 34 p<0.001
40
(3931 +26.16
30 + 28.1
20 A
20.58 £3.51
10 8.7

IDEA Al (2) CD (3)

Control (4)

Figure 1. sTfR concentrations in patient groups and correlation of sTfR between groups.

main nonbeneficial in diagnosis. In Table 4, Hb, MCV,
serum iron, TIBC, TS, and ferritin levels of CDA and
CD + IDEA groups are compared.

As shown in Figure 1, sTfR is statistically signifi-
cant in iron deficiency anemia and acute infection gro-
up (p< 0.05) while TfR-F index is more significant in
differentiation of these two groups (p< 0.001) (Figure
2). This finding confirms that TfR-F index, calculated
by the combination of two parameters revealing iron
deficiency and infections, is more sensitive than sTfR
in diagnosis of iron deficiency anemia during infecti-
ons.

DISCUSSION

The failure to detect iron stores on a Prussian blue
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stained bone marrow aspirate provides the key defined
as the “golden standard” to the differential diagnosis of
iron deficiency anemial®10l. Nevertheless, this exami-
nation can not be routinely performed since it is inva-
sive, painful, expensive and time consuming. Recent
studies have confirmed sTfR to be a better indicator for
iron deficiency diagnosis.

In a study conducted on a group of 77 randomly se-
lected patients, sTfR detection has been found inapp-
ropriate as a first test in diagnosis of iron deficiency(®].
Another study from Canada involving 485 healthy sub-
jects, between the ages of 9 tol5 months, is the first
study to present percentile estimates of sTfR and log
TR, In our study, high sTfR levels (61.29 + 39.33
nmol/L) of 51 iron deficient patients have been consi-
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Table 4. Hematologic parameters comparing chronic disease anemia and chronic disease with iron deficiency (Clas-

sified according to sTfR)

Parameter CDA (n= 16) CD + IDEA (n= 25) P

Hb (g/dL) 10.23 £ 0.97 9.19 £ 1.20 < 0.05
MCV (f1) 75.13 £7.33 68.66 + 7.04 < 0.05
RDW (%) 14.42 £2.03 16.78 £2.74 < 0.05
SI (ug/dL) 69.13 + 45.08 46.08 + 20.96 > 0.05
TIBC (ug/dL) 416.56 + 139.00 456.40 £ 117.54 > 0.05
TS (ug/dL) 16.01 + 11.90 13.29 + 17.52 > 0.05
Ferritin (ng/mL) 53.24 + 51.77 33.82 +£39.20 <0.05
sTfR (nmol/L) 21.02 +4.43 51.03 + 27.61 < 0.001

dered as a superior indicator of iron deficiency.

Furthermore, sTfR range (11.00-26.20 nmol/L) of
the control group has been found at nearly the same le-
vels as that of commercial kits.

When the correlation between sTfR and other he-
matologic parameters is investigated, our results are in
conformity with the literature and expected values.
While sTfR is found to be negatively correlated with
MCYV, TS and ferritin, it presents no significant corre-
lation with serum iron in a randomized study of 77 pa-

tients’ 9], Likewise, sTfR did not have correlation with
Hb, Htc, MCV, serum iron, TS and ferritin in 62 prepu-
bertal and early pubertal boys and the corrrelation bet-
ween sTfR and Hb ferritin was not significant in 485
infants!11.12], In our study, sTfR is correlated with fer-
ritin in IDEA group (p< 0.01). As ferritin decreases,
sTfR increases. Thus, sTfR constitutes a valuable para-
meter in reflecting even slight tissue iron deficiencies
as was reported in our earlier study[3l. In addition, a
significant inverse correlation of sTfR with Hb, MCV
and serum iron (p< 0.001).

TfR-f* indeks 12 pe0gol
120+ 13 p<0.001
/\ 977210884 14 p<0.001
100 23 p<0.001
2-4  p<0.001
80—
3-4  p<0.001
60 ] 52.16 + 66.25
40 1
O 2436 +43.06
20+
10.17
A 676+ 1.69
3.23

IDEA (1) AIL(2) CD (3)

Control (4)

Figure 2. TfR-F index averages between patient groups and correlation of TfR-F index between groups.
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In our study high sTfR values have provided evi-
dence for iron deficiency accompanied by acute infec-
tion. However, relatively considerable decline in sTfR
concentrations with respect to noninfectious iron defi-
ciencies, (p< 0.05 for Al and IDEA, p< 0.001 for CD
with IDEA) is thought provoking as to sTfR's being af-
fected by the infection. Contrary to the relevant litera-
ture asserting that sTfR is not affected by infection, this
finding may be of great importancel10:11,13.14],

sTfR concentration has been a guide particularly in
infection and inflammation. The differentiation of
chronic inflammation anemia and iron deficiency has
always been challenging. In anemia of chronic infecti-
ons, STfR does not increase in the absence of iron de-
ficiency. In a series of 129 adult patients (48 with
IDEA, 64 with CDA, 17 with CD + IDEA), sTfR was
found to have increased in most of IDEA and CD +
IDEA patients while it was within normal limits for
those with CDA (17). In another study of 104 patients
(45 with IDEA, 36 with CDA, 23 with CD + IDEA)
sTfR markedly differentiated the iron deficient gro-
upl14],

Our results are compatible with these data and all
other hematologic parameters, except for sTfR, appe-
ars to be nonspecific and insensitive in determining
iron deficiency accompanied by chronic disease. Alt-
hough sTfR clearly reflects iron deficiency, in the ca-
ses with elevated sedimentation rate, such as those with
infection or inflammation, it does not reach at as high
values as detected in simple iron deficiency.

Results of this study confirm the reports of earlier
studies in that the TfR-F index, calculated in terms of
sTfR/log ferritin is more sensitive and specific in diag-
nosis of iron deficiency in early stages and in the pre-
sence of infection[7-3:10.151, In a study of 10 patients,
especially with acute phase responses, the increase in
TfR-F index has been regarded as an early sign of dec-
rease in iron stores!S]. Similarly in our study, TfR-F in-
dex shows significant difference in CDA and CD +
IDEA group (p< 0.001). That there is a more signifi-
cant difference between acute infection and CD groups
than in sTfR is suggestive of TfR-F index to be more
sensitive in the diagnosis of iron deficiency and more
importantly in defining the iron necessity of organism.
Even if sTfR is high and TfR-F index is low, organism
does not need much iron and iron treatment after the
resolution of the infection, when suitable for use in
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erythropoesis, proves to be the appropriate approach.
The higher degree of TfR-F index suppression compa-
red to that of sTfR depression in acute infection group
(p< 0.001) shows that this parameter is a better indica-
tor of iron need of the organisms.
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