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Abstract 
Background: The assessment of iron status using a single biomarker of iron 
metabolism is not enough sensitive and specific to reliably diagnose iron defi-
ciency associated with multiple comorbidities. The objective of this study was 
to describe the iron status of people living with HIV in sub-Saharan Africa 
using a multi-criteria approach based on the determination of blood ferritin, 
sTfR, CRP and the calculation of sTfR-F index. Methods: This study was 
conducted using a retrospective panel of 933 sera/plasmas. We determined 
serum ferritin concentration, serum sTfR concentration, and C-reactive pro-
tein (CRP) by immunoturbidimetry for each subject. The sTfR-F index was 
determined by calculating the sTfR/log ferritin ratio. The statistical test used 
was Chi2. Results: Regardless of the inflammatory syndrome, we determined 
3.80%, 30.29%, and 42.70% iron deficiency based on the separate interpreta-
tion of ferritin concentration, sTfR, and sTfR-F calculation, respectively. We 
used those biomarkers in addition to CRP in an algorithm for the diagnosis of 
iron deficiency. Subjects without inflammatory syndrome, had iron deficien-
cy of 2.89% (n = 26). Taking into account the presence of an inflammatory 
syndrome, the frequency obtained was n = 88 (9.78%). Overall, iron deficien-
cy was diagnosed in 114 (12.67%) patients when we used the diagnostic algo-
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rithm. Conclusion: The use of diagnostic algorithms combining several bio-
markers of iron metabolism and taking into account the presence or absence 
of an inflammatory syndrome is a good approach to detect a large number of 
iron deficiencies in a population. Therefore, an assessment of the effective-
ness of different diagnostic algorithms is necessary. 
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1. Introduction 

Several markers of iron metabolism are used for the diagnosis of iron deficiency. 
These biomarkers can be selected according to the compartment of iron meta-
bolism that is explored [1] [2] [3]. The iron storage level is assessed by deter-
mining the blood concentration of ferritin [4] [5] [6]. However, ferritin concen-
trations do not reflect real iron stores depletion during inflammation [3] [7]. 
The plasma soluble transferrin receptor (sTfR) concentration is related to the 
quantity of hematopoietic cells surface receptors. Therefore, sTfR blood concen-
tration is helpful to explore erythropoietic iron with the advantage to not be in-
fluenced by an inflammatory syndrome [2] [6] [8] [9] [10]. A recent ratio of 
biomarkers (sTfR/log(Ferritin)) named sTfR-F index has been validated as a re-
liable appraisal tool of iron storage especially during an inflammatory syndrome 
[6] [9]. It is assumed to have a higher diagnostic performance than sTfR and fer-
ritin [11] [12]. 

Several iron biomarkers are influenced by associated pathology, and induce 
misinterpretation [13]: the diagnosis of iron deficiency could be difficult in case of 
underlying inflammatory process [6] [13] [14]. In the absence of a non-invasive 
gold standard biomarker, diagnosis of iron deficiency is more accurate with the 
use of multi-criteria indicators [14]. Authors have proposed an approach of 
multi-criteria indicators (diagnosis algorithm) taking into account an eventual 
inflammatory syndrome. It uses the determination of blood ferritin, sTfR or the 
calculation of the sTfR-F index [2]. This approach could be relevant for the di-
agnosis of iron deficiency, especially in tropical environment with the highest 
frequency of iron deficiency and infectious diseases (HIV/AIDS, tuberculosis, ...) 
[15] [16]. The objective of this study was to describe the iron status of a black 
population of people living with HIV in sub-Saharan Africa using multi-criteria 
approach (ferritin, sTfR, sTfR-F index and CRP). 

2. Materiel and Methodes 

The present retrospective descriptive and analytical study took place at the Cen-
ter for Diagnosis and Research on AIDS and other Infectious Diseases (CeDReS) 
in teaching hospital of Treichville, Abidjan, Ivory Coast from July to September 
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2016. It was conducted on a retrospective panel of 933 sera/plasma from the ini-
tial workup at month 0 (M0) of patients of the ANRS 12136 TEMPRANO trial 
cohort [17]. Subjects eligible for the trial were 18 years old and older, with posi-
tive serology for HIV1 or for HIV 1 & 2. All patients had a CD4+ count at inclu-
sion less than 800 cells/mm3 and did not meet any criteria for starting antiretro-
viral (ARV) therapy according to World Health Organization (WHO) guidelines 
at this moment [18]. All the subjects gave their informed written consent. All 
patients not respecting these eligibility criteria were excluded from the study. 

The study was designed and conducted following the Declaration of Helsinki. 
It was reviewed and approved by the scientific committee of the medical biology 
chair of Pharmaceutical and Biological Sciences faculty (University Felix Hou-
phouet-Boigny). 

In purpose to determine the iron status, we used a multiple-criteria blood in-
dicators approach according to Nathalie Mario and et al. [2] showed in Figure 1. 
For each subject, we determined C-reactive protein (CRP) before. And then, if 
there was no inflammatory process, we determined the serum ferritin concentra-
tion only to know iron status of the subject. If there was an inflammatory process, 
sTfR and/or sTfR-F-index was determined to know iron status of the subject. 
Serum ferritin concentration, serum sTfR concentration, and C-reactive protein 
(CRP) was determinated by immunoturbidimetry on the Cobas C311 (ROCHE 
Diagnostic). Other variables were obtained from the subject medical files in the 
TEMPRANO ANRS 12136 trial database. The sTfR-F index was determined by 
calculating the sTfR/log Ferritin ratio. The references values used are recorded in 
Table 1. 

Statistical analyses were performed with SAS® 9.4 software. The comparisons 
were made using Chi2. All comparison test and correlation were considered sta-
tistically significant for a p-value inferior to 0.05. 

 

 
Figure 1. Algorithm for iron deficiency diagnosis. N: normal; ↓: decrease; ↑: increase; sTfR: soluble transferrin receptor; sTfR-F 
index: sTfR/log Ferritin ratio [2]. 
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Table 1. References values. 

Biomarkers References values References 

CRP <5 mg/l [19] 

ferritin 
Male: 27 to 365 ng/ml 

[20] 
Female: 13 to 148 ng/ml 

sTfR 2.2 to 5 mg/l [21] 

sTfR-F index >2 [22] 

3. Results 

This figure shows the individual interpretation of biomarkers regardless in-
flammatory syndrome or not (Figure 2). 

The results after applying the diagnosis algorithm of iron deficiency, using 
multi-criteria indicators, taking into account inflammatory syndrome are shown 
in Figure 3. Overall, iron deficiency was diagnosed in 114 (12.7%) patients, of 
which 26 (2.9%) were based on the criterion “ferritin decrease without inflam-
matory” and 88 (9.9%) with the criterion “sTfR increase and/or sTfR-F index > 
2” in presence of inflammation. 

4. Discussion 

In this study, we used the multicriteria approach of Nathalie Mario et al. for the 
diagnosis of iron deficiency. These authors designed a diagnostic algorithm 
based on ferritin, sTfR, sTfR-F index and CRP. 

First, the iron status of each patient was described using the biomarkers ferri-
tin, sTfR and sTfR-F index individually. We did not take into account the pa-
tient’s inflammatory status. The percentage of iron deficiency, obtained with fer-
ritin, was the lowest compared to the other biomarkers under study. The WHO 
recommends using low ferritin concentration as the primary measure of iron de-
ficiency in the population. However, during an inflammatory process, the in-
crease in ferritin concentration masks the depletion of iron stores in many pa-
tients. It has been advocated that for the diagnosis of iron deficiency, the thre-
shold of ferritin values should be <30 (WHO) or <100 µg/l or more (other au-
thors). Unfortunately, arbitrarily increasing blood ferritin thresholds may prob-
ably overestimate iron deficiency. In our study, the thresholds considered were 
inferior to 27 ng/ml for men and inferior to 13 ng/ml for women, respectively. 
Therefore, we determined 3.80% (n = 35) of iron deficiency. The low thresholds 
of blood ferritin concentration used in our study could explain this low percen-
tage of iron deficiency. Namaste et al. found an estimated percentage of iron de-
ficiency of 13.6% CI95% = [10.7 - 16.4] [7]. The estimated percentage by these 
authors was significantly different from ours (p values less than 0.0001). The 
observed differences were probably due to the composition of the study popula-
tions. Ours was composed of mixed gender aged above 18 years. The authors’ 
study was composed only of women of childbearing age and not pregnant, aged  
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Figure 2. Iron status according separate interpretation of ferritin, sTfR, and sTfR-F index. 
In comparing, two by two, percentages of iron deficiency determinate individually by fer-
ritin, sTfR, sTfR-F index, we see a significantly difference between; fernitin (3.8%, N = 
35) and sTfR (30.29%, N = 279) (p-value= P = 0.0009), between ferritin (3.8%, N = 35) 
and sTfR-F index (42.70%, N = 388) (p-value < 0.0001), and between sTfR (30.29%, N = 
279) and sTfR-F index (42.70%, N = 388) (p-value = 0.0011). sTfR: soluble transferrin re-
ceptor; sTfR-F index: sTfR/Log Ferritin. 
 

 
Figure 3. Iron deficiency diagnosis according to multi-criteria indicator. 

 
15 to 49 years. [7]. Due to menstruation, this age group is subject to a higher 
prevalence of iron deficiency [23]. 

The sTfR and sTfR-F index have been accepted as alternatives to increase the 
sensitivity of iron deficiency diagnosis [3] [11] [12] [24] [25]. We observed an 
increase in the estimated percentage of iron deficiency, from 3.8% (n = 35) ob-
tained with ferritin, to 30.3% (n = 279) and to 42.7% (n = 388) respectively with 
the sTfR and the sTfR-F index. These percentages were all statistically different. 
In their study of subjects with chronic inflammatory bowel disease, some au-
thors made the same finding. The sTfR-F index in addition to the criterion of 
serum ferritin < 30 ng/mL, increased the rates of diagnosis of iron deficiency by 
36% [22]. 

Unfortunately, an iron metabolism biomarker used alone is not specific and 
sensitive enough to reliably assess iron status, especially to correctly diagnose 
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iron deficiency in multiple comorbidities [26]. For accurate diagnosis of iron de-
ficiency in diseases with multiple comorbidities, such as HIV, where inflamma-
tion remains high, some authors have proposed diagnostic algorithms [2] [4] 
[22] [27] [28] [29]. We used the algorithm proposed by Nathalie Mario et al. to 
describe the iron status of our population [2]. The percentage of iron deficiency 
was 9.78% with our subjects with increased CRP. Diagnosis of iron deficiency 
for this group of subjects was made for an increased sTfR concentration and/or 
sTfR-F index above 2. The low ferritin concentration was used as the only diag-
nostic biomarker in the absence of inflammatory syndrome. Our subjects with-
out inflammatory syndrome were 752 (83.56%). Only 2.89% (n = 26) of these 
subjects had iron deficiency. This percentage was statistically different (p-value < 
0.0001) from Namaste study [7]. After excluding subjects with inflammation, 
they found 15.3% (n = 660) iron deficiency based on a decreased ferritin as the 
only biomarker. 

A high percentage of iron deficiency was found in our population with an in-
flammatory process compared to those without an inflammatory process (9.78% 
vs 2.89%). The difference between these two percentages was statistically signifi-
cant (p-value < 0.0001). 

The overall percentage of iron deficiency was 12.67% in our study population. 
This percentage obtained with the algorithm proposed by Nathalie Mario, was 
significantly different from those obtained with the biomarkers (ferritin, sTfR, 
sTfR-F index) considered separately (p-values < 0.0001). The overall percentage 
of iron deficiency was different from those reported by Abibol et al. [22]. They 
found 32.7% iron deficiency. The authors used in their algorithm, the ferritin 
threshold less than 30 ng/mL and the threshold sTfR-F index above 2, and when 
patients had a blood ferritin between 30 and 100 ng/mL, CRP was the decision 
maker (CRP > 2.5 mg/L). 

Due to the specificity of our study population (black African subjects living 
with HIV in West Africa) the results of this study cannot be extrapolated to a 
Caucasian population. Neither does our study claim to establish an epidemio-
logical profile of iron status, but rather a description of the iron status of our 
subjects regard to Mario’s algorithm. Moreover, in the absence of bone marrow 
puncture to determine stainable iron in our patients, it is difficult for us to 
comment on the real state of the subjects’ iron deficiency. 

5. Conclusion 

The use of diagnostic algorithms combining several biomarkers of iron metabol-
ism is more sensitive to detect iron deficiencies in a context of inflammation. 
Our study showed an increase of iron deficiency frequency by using a diagnostic 
algorithm compared to solely using a decreased ferritin concentration, as rec-
ommended by the WHO. However, because of the diversity of biomarkers and 
algorithms, further studies should evaluate their sensitivity and specificity in 
different type of populations.  
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