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Abstract
Iron deficiency anemia (IDA) is the most common form of

anemia worldwide, with highest burden in developing countries.
The assays used in detecting iron deficiency comprise of red blood
cell indices such as Mean Corpuscular Hemoglobin and Mean
Corpuscular Volume, serum ferritin, soluble transferrin receptor
(STfR) and STfRL-index. Each of these assessment tools has its
drawback(s). This study was conducted to assess IDA diagnostic
inter-rater agreements between red cell indices, serum ferritin,
STfR and STfLF-Index. A cross sectional descriptive study using
systematic random sampling of eligible   secondary school stu-
dents in Misau LGA, Bauchi State, Nigeria. Complete Blood
Count with cellular indices, serum ferritin and STfR assays were

conducted.  Data was analyzed using SPSS version 23.0.
Proportions were compared using Z-tests of proportions. Cohen’s
Un-weighted kappa analyses were used to assess pairwise agree-
ments in the ability of STfLF-Index, serum ferritin, STfR and red
cell indices to classify participants into IDA and non-IDA. Level
of significance was set at P≤0.05. A total of 210 participants were
enrolled in the study with females constituting 153 (72.9%).
STfLF-Index, STfR, serum ferritin levels and red cell indices
revealed that 130/210 (61.9%), 160/210(76.2%), 7/210 (3.3%) and
112/210 (53.3%) respectively had iron deficiency. STfR revealed a
significantly higher percentage of students with iron deficiency
compared to serum ferritin, STfLF-Index and red cell indices.
Assessment of iron deficiency showed concurrence between STfR
and STfLF-Index. STfR and STfLF-Index have similar ability in
classifying iron status.

Introduction
Iron deficiency anemia (IDA) is the most common form of

anemia worldwide, affecting about 500 million people.1 It is par-
ticularly prevalent in developing countries with Africa and Asia
having the highest burden owing to poor quality of food and worm
infestations.2 In Nigeria, about 73% of anemic hospitalized
patients are iron deficient.3 The most vulnerable groups include
adolescents, most of whom are of secondary school age. Factors
such as increased physiologic demands, menstrual blood loss in
females and increased feto-maternal iron demand during pregnan-
cy have been implicated.4,5

Iron status can be assessed using red cell indices, as well as
biochemical markers namely; SF, STfR and STfRL-Index.
However, these parameters may not change rapidly enough to
reflect transient iron deficient states and thus each parameter has
its own drawback(s).6,7

Mean corpuscular volume (MCV) and mean corpuscular
hemoglobin (MCH) do not change in latent iron deficiency until
the storage iron is completely depleted.8 Serum ferritin (SF) on the
other hand, has a direct correlation with the storage iron and is
commonly employed for the diagnosis of iron deficiency and iron
overload. The normal range for SF is between 15-300 ug/L,8 with
1ug/L of SF representing about 8-10mg of storage iron.8 Values
less than 12ug/L have been suggested to strongly indicate lack of
storage iron.9 However, the World Health Organization (WHO)
recommends using a cutoff of <15 ug/L.10 The usefulness of this
assay is however limited in inflammation, neoplasia and liver dis-
ease as serum ferritin is an acute phase reactant.11

Serum transferrin receptor (STfR) level is the concentration of
the soluble fragments derived from proteolysis of cell membrane
transferrin receptors during red cell maturation. STfR increases in
iron deficiency which follows depletion of iron stores.9 Unlike SF,
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STfR is not an acute phase reactant; hence its estimation can be
helpful in differentiating IDA from anemia of chronic disease
(ACD). However, STfR levels are affected by the rate of erythro-
poiesis, therefore levels are increased in conditions with increased
erythropoiesis; such as hemolytic anemias and thalassemias but
decreased in conditions associated with marrow hypoplasia.11

Serum ferritin reflects the iron in the storage compartment while
STfR reflects functional iron compartment, the STfR/log ferritin
index (STfLF-Index) has been suggested as a better estimate of
body iron compared to SF or STfR alone; thus has been found to
increase the diagnostic sensitivity and specificity for diagnosing
iron deficiency.12,13

This study was conducted to assess inter-rater agreements
between red cell indices (MCV and MCH), SF, STfR and STfLF-
Index in diagnosing Iron deficiency among non-boarding
Secondary School Students in Misau Local Government Area of
Bauchi State, North-East Nigeria. 

Materials and Methods
This was a cross sectional descriptive study conducted among

secondary school students in Misau Local Government Area
(LGA) Bauchi State, North-Eastern Nigeria. The study was con-
ducted from 12th October to 30th November 2016. It was estimated
that for each pair of diagnostic tests with a dichotomous outcome
(IDA versus no IDA) 212 subjects will be required to achieve an
80% power at an alpha level of ≤0.05 assuming that frequency of
positive ratings (IDA), expected Kappa and non-inclusion rates
were 70%, 0.60 and 10% respectively.14 Non-boarding secondary
school students were enrolled from all the seven secondary schools
in the LGA using systematic random sampling. Signed informed
consent was obtained from participants who were ≥18 years, while
Parental consent and assent were obtained from participants under
18 years. Students on iron supplements for any reason or a history
of blood transfusion in the previous 3 months were excluded from
the study.

Using aseptic procedures, 7 mL of venous blood were collect-

ed from each participant and divided into two aliquots. The first
aliquot of 3.0 mL was delivered into sequestrene (K2EDTA) bottles
for the determination of complete blood count. The second aliquot
of 4.0 mL was delivered into plain bottles, spun at 5000 rpm for 5
minutes to obtain the sera that were used for determinations of SF
and STfR levels. 

Hematocrit, MCV and MCH were assessed using Sysmex XT
2000i Hematology analyzer by Sysmex Kobe Japan. Serum ferritin
and STfR assays were determined using Rayto RT 2100 ELISA
machine and Micoplate Reader. STfLF-Index was computed as
STfR levels/log Ferritin levels. Monobind Inc. Lake Forest,
CA92630.USA Ferritin kit and Human Transferrin Receptor
ELISA KIT WKEA Med supplies Comp. Chinghun 130012 China
were used.

Anemia was defined as HCT <0.36 L/L,15 while either STfLF-
Index >1.36, STfR >1.8 mg/L or SF levels of <15 ug/L  were con-
sidered to indicate iron deficiency (ID).10,16 Red cell indices –
MCV of <80 fLand MCH of <27 pg indicated the presence of
microcytosis and hypochromia.1

Data was collated and analyzed using SPSS version 23.0.
Categorical variables were reported as percentages while means ±
standard deviation (SD) and medians interquartile ranges (IQR)
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Table 1. Profile of study participants.

Profile                                                               N. (%)

Sex
        Females                                                                        153 (72.9)
        Males                                                                              57 (27.1)
Age (years) of participants by sex
        Females                                                                         16.1±1.8
        Males                                                                              16.6±2.3
Class 
        JSS 2                                                                               27 (12.9)
        JSS 3                                                                               33 (15.7)
        SSS 2                                                                              77 (36.7)
        SSS 3                                                                              73 (34.8)

Table 2. Pairwise comparisons of proportions of IDA diagnosed each assay.

Test 1 (% of IDA Diagnosed)                   Test 2 (% of IDA Diagnosed)  Z-Test of Proportions
                                                                                                                                                       Z-value                            P-value

STfR (76.2)                                                                                 sTfRLF Index (61.9)                                                              3.2                                             0.002
                                                                                                            Ferritin (3.3)                                                                   15.3                                          <0.001
                                                                                                   Red Cell Indices (53.3)                                                           4.9                                           <0.001
STfRLF Index (61.9)                                                                       Ferritin (3.3)                                                                   12.8                                          <0.001
                                                                                                   Red Cell Indices (53.3)                                                           1.8                                             0.075
Ferritin (3.3)                                                                           Red Cell Indices (53.3)                                                          11.4                                          <0.001

Table 3. Assay Pairwise Comparisons of Pairwise Inter-rater Agreements for IDA diagnosed.

Test 1                 Test 2                                                                Unweighted Kappa                                                                         P-value
                                                                             Value               95%CI lower limit                   95%CI upper limit                               

STfR                           STfRLF Index                                         0.674                                    0.572                                                      0.776                                                 <0.001
                                    Ferritin                                                    0.021                                    0.005                                                      0.037                                                   0.133
                                    Red Cell Indices                                    0.013                                   -0.107                                                     0.133                                                   0.829
STfRLF-Index           Ferritin                                                    0.042                                    0.011                                                      0.073                                                   0.035
                                    Red Cell Indices                                    0.032                                   -0.101                                                     0.165                                                   0.635
Ferritin                      Red Cell Indices                                    0.023                                   -0.022                                                     0.068                                                   0.329
Interpretation of Strength of agreement using Unweighted Kappa value: <0.20=poor, 0.21-0.40 = Fair, 0.41-0.60 = Moderate, 0.61-0.80 = Good, 0.81-1.00 = Very Good.
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were used to summarize normally and non-normally distributed
continuous variables respectively. Proportions were compared
using Z-tests of proportions. Cohen’s Un-weighted kappa analyses
were used to assess pairwise agreements in the ability of STfRL-
Index, SF, STfR and red cell indices to classify participants into ID
and non-ID. Statistical level of significance was set at ≤0.05.

Results
A total of 210 participants, representing 99.1% of targeted

sample size were enrolled in the study with females constituting
153 (72.9%) (Table 1). The overall mean±SD age was 16.2±1.9
years. The mean±SD for HCT, MCV, MCH, STFR levels and
STfLF-index were 0.40±0.35L/L, 84.0±5.6fL, 26.5±2.1pg,
3.1±1.6mg/L and 1.8±1.1 respectively. Median (IQR) SF level was
60.5(84.0) ug/L.

Based on the STfLF-Index, STfR, SF  and red cell indices,
61.9% (130/210), 76.2% (160/210), 3.3% (7/210) and 53.3%
(112/210) had iron deficiency, respectively. Soluble transferrin
receptor (STfR) detected a statistically higher percentage of stu-
dents with ID compared to the other biomarkers (Table 2).
Assessment of agreements in classification (ID versus No ID)
revealed that only STfR and STfLF-Index had good agreement
(concurrence) (Table 3). 

Discussion
There have been numerous advances in laboratory tests for

assessing iron status with each test directed at different phases of
iron metabolism. An understanding of the comparative ability of
these tests to detect iron deficiency is still a challenge and studies
are few.17,18 This study therefore assessed inter-rater agreements
between red cell indices (MCV and MCH), SF, STfR and STfLF-
Index in diagnosing Iron deficiency.

This study demonstrated that red cell indices detected a higher
proportion of ID compared to serum ferritin. Even though both red
cell indices and serum ferritin levels serve as screening tests in
assessment of iron status because they may be low in thalassemias,
sideroblastic anemia, anemia of chronic inflammation and lead
poisoning.19

The comparable rates of ID detection between red cell indices
and STfLF-Index demonstrated by Z-tests of proportions in this
study has to be interpreted with caution. This is because of the poor
inter-rater agreement between these tests demonstrated in this
study. Whereas the former is a global measure, the latter is a more
specific paired-observation statistic that assesses how a pair of
tests rates the individual patient’s iron status across the complete
range of observations.20 Although red cell indices are often used
especially in resource constrained settings this limitation should
always be borne in mind.

The STfLF-Index cutoff used in this study has been demon-
strated to have sensitivity and specificity of 100% and 98% respec-
tively.16 We found that the STfLF-Index was able to detect iron
deficiency in more than half of the participants followed by red cell
indices and then SF. There was poor agreement between the
STfLF-Index and other markers in classifying the participants in
this study into iron deficient and non-iron deficient. These findings
seem to be in consonance with the reports that showed STfLF-
Index has powerful diagnostic accuracy in differentiating iron defi-
ciency anemia from mixed iron/other nutrients deficiency anemia
and anemia of chronic disease.21-23

Although SF estimation is a commonly employed tool in eval-
uating iron status, our study found that it detected fewer ID cases
when compared with red cell indices. This is an unexpected find-
ing because iron stores have to be depleted before red cell indices
(MCV and MCH) start to decline.24 Alternatively, it may suggest
that these participants have elevated SF levels due to other condi-
tions, which this study did not assess. 

The comparative advantage of STfR over SF has been demon-
strated to be due to the latter’s role in the acute phase response to
inflammation in chronic disorders. Kari et al. evaluated STFR and
STFR/ferritin index and concluded that serum ferritin may provide
a rational basis for identifying IDA, but all factors affecting ferritin
levels have to be considered.25 Alan et al. in a different study found
the sensitivity of STFR to be 92% and specificity of 84% while
serum ferritin has specificity and sensitivity of 92% and 98%
respectively.26 They therefore opined that STFR evaluation has no
additional value to serum ferritin estimation in assessing IDA.
Hanif et al. in Pakistan evaluated the diagnostic efficacy of STFR
and found both the sensitivity and specificity of STFR in IDA to be
100% while in Anaemia of Chronic Disorders (ACD), they were
66.6% and 100% respectively.27

The WHO suggests that STFR be used in settings of chronic
inflammation.10 All these findings support the concept that individ-
ually no tool is ideal, but combining STFR and SF as STfLF-Index
has significantly addressed the drawbacks of individual tools and
has improved the diagnostic efficacy.

The good agreement between STfR and STfLF-Index in dis-
criminating between ID and No ID in this study may mean that in
situations where patients can only afford one assay then the STfR
assays should be used especially since it is not affected by inflam-
mation.10

Conclusions
STfR and STfLF-Index have similar ability in classifying iron

status. They should therefore be considered in evaluating patients
for iron deficiency, particularly in settings of chronic inflamma-
tion.
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