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Abstract

Introduction: Anemia is one of the most common disorders in pregnancy. The most common cause is iron
deficiency. Iron deficiency anemia is relatively easy to diagnose using a serum ferritin of <15 ng/ml. However,
because ferritin is an acute phase reactant, the diagnosis of iron deficiency anemia in hospitalised or ill patients may
be difficult, since serum ferritin may be normal or raised, even in the face of iron deficiency. Soluble transferrin
receptor assay (sT-fR) may be useful in these situations because it reflects the degree of iron requirement in relation
to supply, and it is not an acute phase reactant

Aim: The aims of our study are to affirm the value and specificity of sT-fR and integrate it in the list of routine
parameters of iron status in the differential diagnosis of anemia in our laboratories in Algeria.

Patients and Method: Our study included 130 patients divided into three groups: control group with 40 healthy
adult (22 men and 18 women). Group 2, with 30 patients (11 men and 19 women) hospitalized at the hematology
department of the University Hospital “Abdelkader Hassani” of Sidi Bel Abbes, which represents the group of
subjects with purely iron deficiency anemia without any associated disease (IDA) having rates of C-reactive protein
(CRP <10 mg/L), and the third group with 60 anemic patients with anemia of chronic disease (ACD) (36 men and 24
women) hospitalized at the department of Internal Medicine of the University Hospital of Sidi Bel Abbes.

Each patient underwent a complete blood count, an iron status, and the sT-fR assays, and inflammatory balance
(CRP). All these examinations were performed immediately on fresh plasma and serum; assays were performed by
immunoturbidimetric method.

Statistical analyzes of the data (mean and standard deviation, correlation coefficients, tests for normality and
comparison of means) were performed using the software Statview (1998). A P-value (P<0.05) was considered
statistically significant, all P values are calculated by the t-test function using bilateral distribution.

Results: The control group (healthy subjects) has a normal iron status. All parameters with levels in normal
ranges in both sexes for 100% of subjects.

The outcome of the second group is in perfect agreement with IDA for all of its parameters, it has a very disturbed
iron status representative of this anemia: anemia (Hb <120 g/L); microcytosis (MCV <80 fl); circulating pool (serum
iron decreased high transferrinemia); reserves depleted (ferritin <30 pg/L) and erythropoietic needs high iron (high
sT-fR). In the third group it's difficult to interpret ferritin levels (very higher), it's in contradiction with the other
parameters, which leads us to discuss the homogeneity of this group. Because there is gender effect on key
parameters of our study (hemoglobin, ferritin and sT-fR are heterogeneous in both sexes (P<0.001), the results were
analyzed separately between men and women. Analyses of results were done for discussing the sensitivity of the
sT-fR on iron status and the informative contribution of each parameter to the specific diagnosis of anemia.

Conclusion: This study has allowed us to recommend for the use of sT-fR assays, because it is very promising
for the exploration of erythropoiesis and the differential diagnosis of anemia in adults, with a normal range of: 2.65 to
4.39 mg/L in men and postmenopausal women and 2.03 to 3.69 mg/L in premenopausal women, in the hope of
establishing an international range of reference values.
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Iron deficiency is the leading cause of anemia in adults [1]. This is a

major public health problem especially in developing countries where
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60% of children with iron deficiency [2,3]. Anemia is one of the main
deficiency diseases in the world and is characterized as a severe public
health problem. The World Heelth Organization (WHO) estimates that
anemia primarily affects 1.62 billion people worldwide and that the
occurrence of iron deficiency is 2.5 fold higher [4].

Compared to ferritin, the sR-Tf present here a great interest in the
very early diagnosis of martial deficiency right after the depletion of
iron stores [5]. The diagnosis can be improved by calculating the ratio
St-FR/log ferritin. This report is also of great diagnostic value because
it tells us about the needs and iron stores [6].

Patients and Methods

Our study included 130 adult subjects divided into three research
groups at the University Hospital "Abdelkader Hassani" of Sidi Bel
Abbes (west Algeria).

The first group (control group), consisting of 40 adult subjects, 22
men (mean age 44.78 * 15.08 years) and 18 women (mean age 46.50 £
12.67 years), were selected on the following criteria: an apparent good
health, no history pathological individuals, haematologic, hepatic,
renal and inflammatory normal.

The second group, with 30 adult subjects, 11 men (mean age 42.92 +
11.48 years), 19 women (mean age, 48.43 + 12.05 years) hospitalized at
the hematology department with microcytic hypochromic anemia
whose recurrent Iron deficiency was originally retained with physical
signs and improved hematological parameters (hemoglobin, mean
corpuscular volume and mean corpuscular hemoglobin) in iron
treatment [7,8], with the rate of C reactive protein (CRP <10 mg/L).

Another group of 60 patients, 36 men (mean age 51.36 + 12.12
years), 24 women (mean age 51.68 + 10.31 years) hospitalized at the

Department of Internal Medicine shows that the third group of anemic
patients suffering from anemia of chronic disease (ACD) (Group 3).
The installation of a chronic inflammatory reaction is defined as a rate
of C-reactive protein level above 10 mg/L (CRP >10 mg/l) according to
(Roche diagnostics).

All patients and controls received the same assessments: blood
count with automated ADVIA 60 (Bayer Diagnostics). All parameters
of iron status, inflammatory markers and sT-fR were measured by
automated immunoturbidimetric assay on the (Diatron PICTUS 400)
analyzer with the exception of serum iron measured by colorimetry
Ferrozine (Spinreact) (usual values: 0.65 to 1.75 mg/l).

TCF was calculated from sT-fR by the following formula: TCF
(umol/)=TRF (g/1) x 25 (usual values: from 50 to 90 umol/l) and
coeflicient of saturation transferrin (CTS) was calculated by the
following formula: CTS (%)=Serum Iron (SI) (umol/l) x 100/TCF
(umol/1) (usual values: 25-35%) [9].

Serum ferritin was assessed by immunoturbidimetry (Roche
Diagnostics) (usual values: 20-250 mcg/L in men and 15 to 150 g/l in
women). The soluble transferrin receptor was measured by
immunoturbidimetry (Dade Behring) (usual values: 0.83 to 1.76 mg/l).
(sTIR-Ft Index) was calculated by the following formula: = sR-fT
(mg/1)/Logl0 [Ft (ug/l)] (usual values: 1-4) [8,10,11]. Statistical
analysis of data was performed using the Statview (1998) software. A P
value <0.05 was considered statistically significant.

Results and Discussion

The results of iron status (complete blood count, serum iron,
ferritin, transferrinemia and indices, the sT-fR and forefinger) of the
three groups are summarized in Table 1.

Group 1 (control) n=40 Group 2 (IDA) n=30 Groupe 3 (ACD) n=60

Men Women n=18 Men n=11 Women n=19 Men Women n=24

n=22 n=36
Age (years) 43.78 + 15.08 47.50 + 12.67 40.92 + 11.48 50.43 + 12.05 52.36 + 12.12 50.68 + 10.31
Hemoglobin (g/1) 140.05 + 5.91 140.13 £ 6.26 102.05 £ 6.24 91.04 + 6.82 92.46 + 5.38 92.78 +5.71
MCV (fl) 90.25+4.15 84.38 + 3.15 74.05+4.29 68.33 + 3.45 74.98 +4.01 69.65 + 2.82
Hématocrit (%) 44.21+2.25 42.21+2.49 32.10 £ 2.34 28.11+2.73 30.08 +2.19 28.48+2.25
Serum iron (umol/l) 21.46 +4.64 18.02 £ 5.67 6.34 £4.78 5.52 + 3.65 6.05 + 4.35 5.71+3.32
Ferritin (ug/l) 207.16 + 46.40 79.06 + 17.39 27.04 £ 6.40 22.87 +5.34 367.25 +71.33 296 .21 +57.96
Transferrin (mg/l) 2.74+£0.44 2.77 £ 0.51 3.78 £ 0.46 3.76 £ 0.55 3.79+0.42 3.70 £ 0.47
CTS (%) 31.42+12.78 26.90 + 12.98 8.54 +6.48 5.41+4.69 8.05+5.83 5.59+4.28
TCF (umol Fell) 68.81+ 11.19 69.13 £ 12.71 94.18 + 11.59 94.57 +13.76 94.85 + 10.60 92.58 + 11.86
sR-fT (mg/l) 3.52+£0.87 2.86 +£0.83 8.53 +£0.92 7.87 £0.89 5.34 +£2.30 4.73+2.36
sR-fT /Log(Ferritin) 1.54 +0.43 1.55 + 0.54 6.00 £ 1.02 6.05+1.27 2.10+0.93 1.95+1.02
CRP (mg/l) <10 <10 <10 <10 >>10 >>10

Table 1: Values of the parameters of iron status and CRP in the control group and two groups of anemic subjects (results are expressed separately

for both sexes).
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The results are expressed as (mean + SD), CRP (C-reactive protein) ~ Study of the correlation of sR-fT with other parameters
is compared with the threshold that indicates the installation of an
inflammatory process (10 mg/L) value; group 1 (control or reference):
healthy subjects; Group 2 (IDA): iron deficiency anemia; Group 3
(ACD): anemia of chronic disease; MCV: mean corpuscular volume;
CTS: Coefficient of Transferrin Saturation; TCF: Total Capacity of
Fixing the transferrin; sR-fT: Soluble Transferrin receptor.

To estimate the sensitivity of the rate of sR-fT in iron status, the
correlation between iron status parameters and sR-fT was evaluated
and summarized in Table 2.

Groupe 1 (control) n=40 Groupe 2 (IDA) n=30 Groupe 3 (ACD n=60

Men n=22 Women n=18 Men n=11 Women n=19 Men n=36 Women n=24
Age (years) -0.05 -0.22 -0.14 -0.02 -0.02 -0.04
Hémoglobin (g/1) -0.98 -0.97 -0.98 -0.97 -0.71 -0.7
MCV (fl) -0.96 -0.91 -0.97 -0.92 -0.68 -0.67
Hématocrit (%) -0.93 -0.95 -0.94 -0.96 -0.67 -0.7
Serum iron (umol/l) -0.98 -0.98 -0.98 -0.97 -0.72 -0.68
Ferritin (ug/l) -0.98 -0.94 -0.98 -0.95 -0.59 -0.65
Transferrin (mg/l) -0.98 -0.98 -0.98 0.99 0.7 0.7
CTS (%) -0.97 -0.98 -0.99 -0.96 -0.73 -0.67
TCF (umol Fe/l) -0.98 -0.98 -0.98 0.99 -0.7 -0.7
sR-fT (mg/l) 1 1 1 1 1 1
sR-fT /Log(Ferritin) 0.99 0.99 0.99 0.96 0.99 0.99

Table 2: The values of correlation coefficients (r) of the main parameters of iron status with the sR-fT in the control group and two groups of
anemic subjects (results are expressed separately for both sexes). Negative values (r) indicate a negative correlation; positive values of (r) indicate
a change in the same direction; group 1 (control or reference): healthy subjects; Group 2 (IDA): iron deficiency anemia; Group 3 (ACD): anemia
of chronic disease; MCV: mean corpuscular volume; CTS: Coeflicient of Transferrin Saturation; TCF: Total Capacity of Fixing the transferrin; sR-
fT: Soluble Transferrin receptor.

We note an excellent correlation between the main parameters of This difference was significant (P>0.05) between the two groups
iron status with the sR-fT in both sexes (Table 2) for the control group  anemic, as the lack of specificity assay of hemoglobin in the differential
and the group of subjects with iron deficiency anemia (IDA) absolute  diagnosis of anemia limit its interest in the confirmation of ineffective
values (r) exceed 0.94 with a value (P<0.001), indicating the high erythropoiesis.
sensitivity of this parameter to the iron status in the group subject to
anemia of chronic disease (ACD), the correlation is relatively low for

all parameters (P=0.12); which can be explained by the heterogeneity 100
of this group. We also note the lack of correlation between the sR-fT 50 -
and age, which excludes age as a factor influencing serum sR-fT in this
population (adult). 60 7 B Men
B Woman

40
Study Informative Contributions of Each Parameter in
the Specific Laboratory Diagnosis of Anemia’s Studied 207

Group 1{control} Group 2 (IDA) Group 3 (ACD)

The contribution of haemoglobin '

For hemoglobin (Figure 1), a significant difference in hemoglobin (p Figure 1: The hemoglobin (Hb) in g/L in group 1 (control) (n=40:
<0.001) was observed between the control group (M: 145.05 + 5.91 g/L, 22M/18W) and two groups of anemic subjects: Group 2 to iron

W: 13513 + 6.26 g/L) and the two groups of anemic subjects (M: deficiency anemia (IDA) (n=30: 11M/19 W); Group 3: anemia of
100.05 + 6.24 g/L, W: 90.04 + 6.82 g/L) in subjects with IDA and (M: chronic disease (ACD) (n=60: 36M/24W).

99.46 + 5.38 g/L, W: 90.78 + 5.71 g/L ) in patients at ACD: confirming
appearance of anemia in patients of both groups but without any
information on their pathophysiology.
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The contribution of the mean corpuscular volume

The difference in mean corpuscular volume between the control
group (M: 92.25 + 4.15 fl, W: 86.38 + 3.15 fl) and the two groups with
anemia (M: 76.05 + 4.29 fl, W: 70.33 + 3.45 fl) in subjects and IDA (H:
75.98 + 4.01 fl, F: 70.65 + 2.82 fl) in subjects with ACD can only
indicate that anemia is microcytic no other information (Figure 2). An
MCV <80 fl is one of the signs of iron deficiency and/or inflammation
anemia [12].
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Figure 2: The values of mean corpuscular volume (MCV) in fl in the
Group 1 (control) (n=40: 22M/18W) and two groups of anemic
subjects: Group 2 to iron deficiency anemia (IDA) (n=30: 11M/19
W); Group 3: anemia of chronic disease (ACD) (n=60: 36 M/24W).

The contribution of serum iron

Serum iron content may not be of any additional benefit, unless the
diagnosis of hemoglobin confirmed a significant increase (P<0.001) in
the circulating pool of iron in both anemic groups (M : 7.34 + 4.78
mmol/L, W: 4.52 + 3.65 pmol/L) in patients with IDA and (M: 7.05 £
4.35 pmol/L, W: 4 71 + 3.32 pmol/L) in patients with ACD, compared
to a group of healthy subjects (M: 20.46 + 4.64 mmol/L, W: 17 + 0.02
5.67 umol/L) (Figure 3). So serum iron is not a specific marker for the
differential diagnosis of anemia. It gives an assessment of the
mobilization of iron available for erythropoiesis.

25

= Men
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Serum Iron (umel)

Group 1 (Control) Group 2 (IDA)

Group 3 (ACD)

Figure 3: Concentrations of serum iron (Fe) pymol/L in group
(control) (n=40: 22 M/18 W) and two groups of anemic subjects:
Group 2 to iron deficiency anemia (IDA) (n=30: 11 M/19 W);
Group 3: anemia of chronic disease (ACD) (n=60: 36 M/24 W).

The contribution of ferritin

Ferritin gives a significant difference between the two groups of
subjects with anemia (M: 28.04 + 6.40 mg/L, W: 21.87 + 5.34 mg/L) in
patients with IDA (P<0.01) and (M: 369.25 + 71.33 mcg/L, W: 294 .21
+ 57.96 mg/L) in patients with ACD (P<0.01) compared to the control
group (M: 208.16 + 46.40 mg/L, W: 78.06 + 17.39 mg/L) (Figure 4).
The difference is very significant between the two groups of subjects
with anemia (P<0.01). Low ferritin in group 2 to say with indicates that
this group is composed of subjects with pure iron deficiency anemia
origin as it is in strong agreement with the hemoglobin and serum iron
levels. But in the third group, high ferritin contradicts previous
markers (low hemoglobin, and low serum iron) indicating iron
deficiency. As against the ferritin indicates solid iron stores. This can
be explained by the influence of the inflammatory process of ferritin, a
protein of the acute phase response.
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Figure 4: The concentrations of ferritin in g/L in Group 1 (control)
(n=40: 22M/18W) and two groups of anemic subjects: Group 2 to
iron deficiency anemia (IDA) (n=30: 11M/19 W); Group 3: anemia
of chronic disease (ACD) (n=60: 36 M/24W).

The contribution of sR-fT serum

The rate of sT-fR is very high in group 2 (M: 8.53 + 0.92 mg/L, W:
7.87 + 0.89 mg/L) compared to the control group (M: 3.52 + 0.87
mg/L, W: 2.86 + 0.83 mg/L), a (P<0.001), confirming the high iron
requirements in this group (deficient erythropoiesis in iron), (Figure
5). Indeed, in the third group the sT-fR is relatively high (M: 5.34 +
2.30 mg/L, W: 4.73 + 2.36 mg/L) compared to the control group
(P<0.05), which leads us suggests that:

-Iron requirements in this group are lower;

-Are fluctuated from one patient to another (inter-individual
variation).

u Men

W Woman

SRAT (mg/L)
o N & o

Group 1(Control) ~ Group 2(IDA) Group 3 (ACD)

Figure 5: Concentrations of soluble transferrin receptor sT-fR in
mg/L in Group 1 (control) (n=40: 22M/18W) and two groups of
anemic subjects: Group 2 to iron deficiency anemia (IDA) (n=30:
11M/19 W); Group 3: anemia of chronic disease (ACD) (n=60:
36M/24W).
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The contribution of sTfR-Ft Index

The diagnostic performance is improved by calculating of the ratio
sTfR/log ferritin (sTfR-Ft Index), This relationship between the
concentration of sT-fR and decimal concentration of ferritin logarithm
involves both parameters add at the same time reflect the functional
pool (needs) and the reserve pool (stocks) iron respectively. Hence
performances of the diagnosis are much improved [13].

The value of the index sTfR-Ft was significantly higher (P<0.001) in
patients with iron deficiency anemia (IDA) (M: W 6.00 and 6.05)
compared to healthy subjects (M: and 1.54 W: 1.55) reflecting the
strong need and depletion of iron stores in these patients (Figure 6).
But in patients with chronic diseases, its value is the same (M: 2.10 W
and 1.95) that the sT-fR (P<0.05) than the control group (M: 1.54 and
W: 1.55), thus indicating that it needs not be so strong for iron, due to
high levels of serum ferritin and possibly intra-series ST-FR change as
has been suggested above. We also note that the value of this index is
invariant between the sexes (P>0.05) since it is only a report of two
parameters within the same sex.

= Men

Ft Index

HWoman

sT-fR-
ok N W A O o N

Group 3 (ACD)

Group 1 (Control) Group 2 (IDA)

Figure 6: The values of the index-Rs Tf-Ft in Group 1 (control)
(n=40: 22M/18W) and two groups of anemic subjects: Group 2 to
iron deficiency anemia (IDA) (n=30: 11M/19W); Group 3: anemia
of chronic disease (ACD) (n=60: 36 M/24W).

Discussion

Laboratory diagnosis of anemia typically based on a blood count to
explore the severity of anemia (Hb and MCV) and other parameters of
iron status in 70% of the iron status is not interpretable go beyond the
exploration of iron stores by serum ferritin [14].

However these values may not be reliable, it uses more specific
biomarkers, such as anemia associated with chronic inflammatory
diseases, the most frequent cases where the differentiation between the
possible causes of anemia is very difficult.

Hematologic markers (hemoglobin, mean corpuscular volume and
mean corpuscular hemoglobin) just give an assessment of the severity
of anemia [15].

However, these values may not be reliable, so you have to use more
specific biomarkers in anemia associated with chronic inflammatory
diseases, and in the most frequent cases where the differentiation
among the possible causes of anemia is very difficult to interpret.
While hematological markers (hemoglobin, mean corpuscular volume,
mean corpuscular hemoglobin) will just give us an assessment of the
severity of anemia [15].

In the case of pure iron deficiency, laboratory diagnosis is not going
further than the serum ferritin, just to explore the state of iron stores.
A serum ferritin levels below 30 ug/l is considered as evidence of

inadequate iron stores (predictive value of iron deficiency anemia
between 92-98%) [13]. So ferritin is the biomarker of choice in the
exploration of iron stores outside of chronic inflammatory disease. If
serum ferritin is normal or diagnosis requires further investigation: it
remains only to refer to the primary consideration is that the bone
marrow puncture (Spinal Perls), the only technique used to explore the
spinal cord iron stores. But it is rarely used because it is expensive and
painful, that's why we always try to find a sensitive and specific
technique, without too much inconvenience [16].

Here the interest of sT-fR can be utilized assays as a differential
marker between the possible causes of anemia:

- A concentration of less than 4.39 mg/L for men and 3.69 mg/L for
women, us toward anemia caused by disruption of erythropoiesis
under the influence of inflammatory cytokines.

- A concentration greater than 4.39 mg/L for men and 3.69 mg/L in
women move towards a combination of inflammatory anemia and iron
deficiency [17].

Conclusion
This study allowed us to examine the serum transferrin receptor assays
as a promising examination for the exploration of the intensity of
erythropoiesis and differential diagnosis of anemia with a reference
interval of 2.65 to 4.39 mg/L in men and postmenopausal women, and
2.03 to 3.69 mg/L in women of childbearing age.

In the hope of establishing international reference range of values
references, the sT-fR measurement is a sensitive and a valuable-
noninvasive tool for the diagnosis of iron depletion. It proves an
attractive additional method to the conventional laboratory tests in the
prediction of depleted iron pools in the anemic adult population.
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