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Abstract:

Background: Newly discovered Hepcidin molecule is considered to be the master regulator of systemic iron
homeostasis. Hepcidin trapes iron molecules making it unavailable for effective erythropoiesis. Inflammation
increases hepcidin levels, which ultimately manifests as Iron deficiency anemia.

Objectives: The present study is aimed at observing the prevalence of iron deficiency anemia in patients with
raised inflammatory markers and to correlate the anemia marker levels with disease severity.

Materials and Methods: In the present cross-sectional study, samples of 75 cases (With raised inflammatory
marker) and 75 controls (Healthy individuals) were selected from the area of Kalol, Gandhinagar. Laboratory
investigations included assessment of Hemoglobin and Red blood cells by Fully Automated Sysmex KX-21
Hematology Analyzer and C-Reactive Protein by XL-640 Fully Automated Analyzer.

Results: The data suggested high prevalence of iron deficiency anemia in inflammation and positive correlation
with disease severity.

Conclusion: The significant correlation help distinguish True Iron Deficiency Anemia and Anemia of Chronic
Diseases, thereby guiding effective management of iron disorders.
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Introduction

Anemia is one of the most common disorders
worldwide and anemia due to iron deficiency is the
prevalent form according to multiple analyses. [1]
Anemia is a common complication in patients with
infections, autoimmune disorders, malignancy,
chronic kidney disease and other inflammatory
disorders. This disorder has been termed anemia of
inflammation (AI) or anemia of chronic disease, and
is the second most common form of anemia
worldwide. [2,3] Typically, Al is normocytic,
normochromic, and mild to moderately severe. A
hallmark of AI is decreased availability of
circulating iron for erythropoiesis despite adequate
body iron stores. The etiology of Al is multifactorial,
and the pathophysiologic mechanisms are still being
defined. [2,3]

As recently reviewed, iron is provided by dietary
absorption in the duodenum, recycling of aged
erythrocytes by macrophages, and release from
hepatocyte stores. [4] Ferroportin is the sole known
mammalian exporter responsible for iron entry into
the bloodstream from these sources. Ferroportin is
regulated by hepcidin, a 25 amino acid peptide
hormone secreted by the liver. [5]
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Hepcidin functions by blocking the following iron
flows into plasma: duodenal absorption, release
from macrophages recycling old red blood cells, and
mobilization of stored iron from hepatocytes. (6)
This blocking of iron flows is achieved by hepcidin
causing degradation of its receptor, the iron
transporter ferroportin. Hepcidin production is
tightly regulated: it is [1] increased by plasma and
liver iron as a feedback mechanism to maintain
stable body iron levels, [2] decreased by activity to
ensure iron supply for erythropoiesis, and [3]
increased by inflammation as a host defense
mechanism to limit extracellular iron availability to
microbes. [7,8,9]

Molecular mechanisms underlying Al are multiple
and complex. [10] Overproduction of cytokines such
as IL1-B, TNF-a, and IL-6 by macrophages and INF-
v by lymphocytes blunts EPO production, impairs
the erythropoiesis response, increases hepcidin
levels, and may activate -erythrophagocytosis,
especially in the acute forms. [11]

Hepcidin is activated by IL-6 through IL-6 receptor
(IL-6R) and JAK2-STAT3 signaling. Full hepcidin
activation requires an active BMP-SMAD pathway
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because inactivation of BMP signaling decreases
hepcidin in animal models of inflammation. [12]

As inflammation indirectly controls iron
availability, the knowledge of hormonal regulation
of systemic iron homeostasis has the potential to
predict poor responsiveness to oral iron, preventing
possible detrimental effects of oral iron on the gut
microbiome and metabolome and eliminating delays
before switching to IV iron. [13]

Materials and Methods

Study Area: In the present cross-sectional study,
samples of 75 cases and 75 controls were selected
from the out-patient department of My Life
Multispecialty Hospital, Kalol, Gandhinagar —
Gujarat. Both cohorts fulfilled inclusion and
exclusion criteria.

Inclusion Criteria: Study included 75 patients as
Cases with raised C-Reactive Protein, an
inflammatory marker. Controls were 75 healthy
individual with normal C-Reactive Protein, an
inflammatory marker.

Age Group: Male cases and controls with age more
than 5 years.

Exclusion Criteria: We excluded the individuals
with <§ years of age. Known cases of Kidney
Disorders, Liver  Disorders, Thalassemia,
Hemochromatosis, Hemophilia, Alcoholics.

Ethics: Institutional ethical approval was obtained
to conduct the research as well as informed consent
was taken from participants.

Biochemical Analysis: With patients consent, Sml
venous blood drawn In EDTA and Red vacutainers.
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Samples were collected under all aseptic measures.
Following Laboratory Investigations were done in
study group and control group. Laboratory
investigations included assessment of Hemoglobin
and Red blood cells by Fully Automated Sysmex
KX-21 Hematology Analyzer and C-Reactive
Protein by XL-640 Fully Automated Analyzer.

Data Analysis: The Master chart was prepared
using Microsoft Excel 2019 software. Data were
expressed as mean =+ standard deviation. Student t-
test of two independent samples was used to
compare between means. The Statistical Software of
MedCal was used to perform statistical analysis. P
values < 0.05 was considered as statistically

significant.
Results

The present study showed high prevalence of Iron
Deficiency Anemias in inflammatory conditions. It
also suggested significant correlation of Iron
Deficiency Anemias with severity of inflammation.
Out of 75 cases, 58 had low levels of Hemoglobin
and 17 with normal hemoglobin levels. On the other
hand, out of 75 controls, only 29 had low levels of
Hemoglobin as compare to 46 controls with normal
Hemoglobin levels. Out of 75 cases, 55 had low
levels of RBC and 20 with normal RBC levels. On
the other hand, out of 75 controls, only 32 had low
levels of RBC as compare to 42 controls with normal
RBC levels. The distribution of Mean and SD of
Hemoglobin and RBC in both cases and control
groups are mentioned in Table 1. The statistical
analysis suggested P value of <0.0001 for both
Hemoglobin and RBC levels in both controls and
cases, which is highly significant.

Table 1: Distribution of Mean and SD in Cases and Control groups

Total Participants - 150 Cases - 75 Controls - 75 P Value
Parameters Mean £+ SD Mean £+ SD

Hemoglobin (11.57 £1.65) (13.51 £1.49) <0.0001
RBC (4.21+£0.71) (4.93 +0.58) <0.0001

The Study also checked the correlation of Anemia
Markers with the Severity of Inflammation by
comparing Hemoglobin and RBC levels with CRP
levels. The cut off value of CRP was 50 mg/dl. Out
of 75 cases, 33 had CRP levels of <50 mg/dl while
42 had CRP levels of >50 mg/dl. The distribution of
Mean and SD of Hemoglobin and RBC in both

groups are mentioned in Table 2. The statistical
analysis of Hemoglobin levels in both groups
suggested P value of 0.0005, which is highly
significant. The statistical analysis of RBC levels in
both groups suggested P value of 0.03, Which also
is highly significant.

Table 2: Distribution of Mean and SD according to CRP Severity

Total Cases - 75 Low CRP -33 High CRP - 42 P Value
CRP <50 CRP >50
Parameters Mean + SD Mean + SD
Hemoglobin (12.29+£1.67) (10.99 £ 1.40) 0.0005
RBC (4.40£0.74) (4.06 £ 0.66) 0.03
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Discussion

The present study observed significant decrease
(p<0.0001) in the levels of Hemoglobin with mean
and SD of 11.57 + 1.65 gm% in cases as compare to
13.51 + 1.49 gm% in controls. It also observed
significant decrease (p<0.0001) in the levels of RBC
with mean and SD of 4.21 & 0.71 10%ml in cases as
compare to 4.93 + 0.58 10%ml in controls.

The results showed significant decrease (p=0.0005)
in the levels of Hemoglobin with mean and SD of
10.99 + 1.40 gm% in cases with CRP levels of >50
mg/dl as compare to 12.29 + 1.67 gm% in cases with
CRP levels <50 mg/dl. It also showed same result
for RBC levels, that is significant decrease (p=0.03)
in the levels of RBC with mean and SD of 4.06 +
0.66 10%ml in cases with CRP levels of >50 mg/dl
as compare to 4.40 £ 0.74 10%ml in cases with CRP
levels <50 mg/dl. The results of the present study
correlate with the finding of other studies. [14]

Anemia of inflammation is a common condition
with complex pathogenesis. [15] Overproduction of
cytokines in inflammation causes higher levels of
hepcidin. [16] Hepcidin driven iron maldistribution
plays a substantial role because iron is trapped in
macrophages during inflammation making it less
available for erythropoiesis, which ultimately hinder
the production of Hemoglobin and RBCs, reflecting
their lower levels causing anemia. Hence, Patients
with inflammatory disorders are at risk of
developing Anemias. [17]

Conclusion

We conclude that, there is a high prevalence of
anemias in inflammatory conditions. The reduction
in levels of anemia markers positively correlate with
the severity of inflammatory condition. Recent study
has enhanced our understanding of the complex
pathophysiology of anemias in inflammation and the
contribution of the hepcidin. The knowledge
provides insight to identify hidden chronic
inflammatory condition in cases of
unresponsiveness  to  iron  therapy.  This
understanding might help in effective management
of anemias and predict responsiveness to iron
therapy. Thus, Hepcidin could be a future promising
tool to be added to the present battery of diagnostic
tests for iron status, as it has the potential to
differentiate True Iron Deficiency Anemias with the
anemias of Inflammation.
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