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Introduction:  Inflammatory conditions affect iron status due to inflammation-induced
changes in acute-phase proteins. However, distinguishing between functional and absolute
iron deficiency severity can aid early treatment, necessitating the exploration of cost-effective
laboratory tests for early iron deficiency treatment. Thus, the aim of this study was to evaluate
the clinical efficacy of new tests in this area, including %LHD (Low Hemoglobin Density%)
and Maf (Microcyte Anemia Factor).

Materials & Methods: This study was conducted on 130 individuals with chronic
inflammation (C-reactive protein positive) and serum iron levels below the reference range,
with a mean age of 49.5 years. Iron and total iron-binding capacity (TIBC) were measured by
photometric and magnesium carbonate precipitation methods, respectively. Ferritin was
measured by ELISA, CRP by latex hemagglutination, and complete blood count (CBC), along
with two new red blood cell parameters, %LHD and Maf, which were calculated using a cell
counter and mathematical formulas. For statistical analyses, SPSS V.27 and MedCalc V.22
were used at a significance less than 0.05.

Results: Out of 130 patients, 62.3% had Functional Iron Deficiency (FID) and 37.7% had
Absolute Iron Deficiency (AID). FID patients had significantly higher mean values of Fe, Hb,
Hct, MCH, MCHC, MCV, TSAT, RBC, and Maf compared to AID patients. Maf showed 97%
clinical sensitivity and 86% specificity for diagnosing functional iron deficiency versus
absolute iron deficiency, while %LHD had lower sensitivity and specificity.

Conclusion: Among the new red blood cell parameters, although both %LHD and Maf can be
used to differentiate patients with absolute iron deficiency from those with functional iron
deficiency, Maf demonstrated higher clinical sensitivity and specificity.
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inflammation
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Introduction

which occurs due to depleted iron stores caused
by inadequate intake, poor absorption, or blood

Anemia is a common consequence of iron
deficiency in  patients  with  chronic
inflammatory diseases and should be diagnosed
before the onset of iron deficiency anemia
(IDA) (1). Two types of iron deficiency can be
identified: absolute iron deficiency (AID),

loss, and functional iron deficiency (FID),
which is associated with anemia of chronic
disease (ACD) and is linked to excessive
hepcidin  expression, leading to iron
sequestration in storage sites (2). lron status
assessment involves serum iron tests, ferritin (a
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key indicator of iron storage), TIBC, and
transferrin saturation percentage (TSAT) (2).
However, these markers are influenced by
inflammation, complicating their interpretation
(3). New parameters like low hemoglobin
density (%LHD) and microcytic anemia factor
(MAF) have been proposed for iron status
evaluation, even in inflammatory conditions (4).
%LHD is derived from MCHC and reflects iron
availability over the past 90-120 days, while
Maf assesses abnormal red blood cell
characteristics (4). Chronic inflammatory
diseases such as rheumatoid arthritis can lead to
anemia, significantly complicating disease
progression (5). Despite the potential clinical
value of %LHD and Maf, no studies have
assessed their impact in rheumatoid arthritis
patients (5). This research was used to measure
these red Dblood cell parameters alongside
routine CBC tests to evaluate their clinical
efficacy in detecting true iron deficiency in
patients with chronic inflammation.

Methods

This study included 130 patients with
rheumatoid arthritis who had no history of
medication use and visited Imam Khomeini
Hospital Clinic in llam between 2021 and 2024.
Hematology tests (CBC), CRP, RF, and anti-
CCP were conducted, and 2 cc of serum was
stored at -80°C for iron status analysis (ferritin,
transferrin saturation, TIBC, and iron). The
study was approved with the ethical code
IR.MEDILAM.REC.1402.167, and
demographic data were collected via
questionnaires completed in the presence of
patients. Written consent was obtained from all
participants.  Exclusion  criteria included
cancers, bone marrow disorders, thalassemia,
hemoglobinopathies, aplastic anemia, hormonal
diseases, thyroid disorders, chronic kidney
disease, hemochromatosis, lead poisoning,
medication and supplement use (especially iron
supplements), inflammatory bowel diseases
(Crohn’s and ulcerative colitis), and celiac
disease. Hematological parameters, including
MCH, MCHC, MCV, RDW, RBC, Hb, Hct,
WBC, and PIt, were measured using the
Sysmex Kx21 analyzer. Calculation formulas:
%LHD was derived from MCHC values, and
Maf was calculated based on Hb and MCV
values. Serum iron was  measured
photometrically using Ferene, while ferritin was
assessed via ELISA. TIBC was indirectly
measured using a transferrin assay kit, and

TSAT was calculated by dividing serum iron by
TIBC. Based on ferritin and TSAT levels,
samples were classified into functional iron
deficiency and absolute iron deficiency groups.
Data analysis was performed using SPSS V.27
and MedCalc V.22. Statistical methods
included t-tests, Mann-Whitney U tests, and
ROC curve analysis to evaluate the diagnostic
performance of new red blood cell parameters.
Statistical significance was set at p < 0.05.

Results

Among 130 participants (41% male, 58%
female, average age 49.51 + 8.65 years), 62%
had FID and 37% had AID. The Kolmogorov-
Smirnov test showed normal distributions for
MCH, Fe, Hb, TIBC, Hct, MCHC, and RBC,
while TSAT, ferritin, MCV, and RDW were
non-normally  distributed. ROC  analysis
determined optimal cutoffs: %LHD (17.79%)
distinguished FID from AID (AUC = 0.803,
sensitivity = 72.0%, specificity = 77.3%), and
Maf (10.28%) differentiated FID from AID
(AUC = 0.971, sensitivity = 97.2%, specificity
= 86.4%). Independent t-tests showed
significantly higher Fe, Hb, Hct, MCH, MCHC,
RBC, and Maf in FID vs. AID (p < 0.05), while
PIt and Mentzer Index showed no difference (p
=0.257, p = 0.727). The Mann-Whitney U test
revealed higher RDW, TIBC, and LHD in FID,
whereas MCV and TSAT were lower (p <0.05).
No significant difference was found for ferritin
and WBC between groups.

Conclusion

Laboratory diagnosis of iron deficiency is
primarily based on low TSAT and serum ferritin
levels. However, inflammation disrupts iron
utilization for red blood cell production,
inducing iron sequestration and hypoferremia,
which can mimic certain aspects of deficiency.
Consequently, diagnosing iron deficiency in
patients with chronic inflammatory diseases
poses a major clinical challenge. The diagnostic
value of ferritin is compromised by
inflammatory conditions, as its levels may rise
regardless of iron stores. Adjusting ferritin
reference ranges in inflammatory states is one
approach to addressing this issue. However,
determining an optimal ferritin threshold is
challenging; a low threshold reduces sensitivity,
whereas a high threshold decreases specificity,
potentially obscuring a true iron deficiency
diagnosis. Based on the ROC curve results, the
new markers %LHD and Maf, derived solely
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from routine tests and mathematical
calculations, can be integrated into iron status
assessments. Compared to costly biomarkers
like STFR, they offer greater diagnostic value.
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