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Distinguishing Iron Deficiency Anemia from Anemia of Chronic Disease
Using Hematological Measures

ABSTRACT

Anemia is a serious public health concern in
today’s world which is particularly affecting
young  children, pregnant  women,
menstruating adolescent girls and women.
The two most common causes of anemia are
iron deficiency anemia (IDA) and anemia of
chronic disease (ACD), often known as
anemia of inflammation. This study aim was
to assess the levels of certain hematological
parameters, including Hemoglobin
Estimation, Mean Corpuscular Volume
(MCV), Serum Ferritin, Serum TIBC,
Erythrocyte Sedimentation Rate and C -
reactive protein to clearly differentiate
between iron deficiency anemia and anemia
of chronic disease. The study was conducted
in Department of Medical Lab Technology,
Riphah International University, Islamabad
from September 01, 2023 to January 01,
2024. A total of 109 samples with 59 of iron
deficiency anemia patients and 50 patients of
Anemia of chronic disease were assessed for
differentiation be these two diseases. The
significant level was selected with p-value
less than 0.05. Hemoglobin estimation,
TIBC, and ESR were significant in our
investigation as their p-values were less than
0.05. Hence, it concluded that Hemoglobin
estimation, total Iron Binding Capacity and
Erythrocyte  Sedimentation Rate were
Hematological parameters that distinguished
between Iron Deficiency Anemia and
Anemia of Chronic Disease.

Key Words: Anemia, Iron deficiency
Anemia (IDA), Anemia of chronic disease
(ACD), Hemoglobin, TIBC

1. INTRODUCTION
Anemia is a widespread disorder that affects
people in both developed and developing
countries. If the reference range specified for
age, gender, race, and height is exceeded on

the lower end, it indicates that an individual
may have anemia. The standards set by the
World  Health  Organization (WHO)
committee of experts approximately 50 years
ago are widely accepted as guidelines for
adults to determine these limits. Men should
not fall below 130mg/L while women's limit
stands at 120 mg/L despite their age or racial
background (Krawiec and Pac-
Kozuchowska, 2020). Less than 13 g/dL for
males and 12 g/dL for women were both
considered anemia according to survey of the
National Health and Nutrition foundation
(NHANES I11) definitions (Jahangiri et al.,
2020). The majority of cases of anemia seem
to be caused by a lack of production and iron
deficiency anemia (IDA), anemia of chronic
infection (ACD), or nutritional
deficiencies being the  main  causes
(Santhakumar et al., 2023).

According to the WHO, Iron deficiency
anemia is the most prevalent dietary
deficiencies affecting people worldwide (MH
et al., 2021), and it is a major factor towards
the development of anemia (Hoenemann et
al.,, 2021). Iron deficiency anemia is
classified as microcytic or hypochromic
anemia but it is usually normocytic
normochromic anemia in the initial stages of
iron deficiency and it has the most adverse
effect on lowering levels of iron (Hoffmann
and Urrechaga, 2020). When iron balance in
body disturbed it results in lower iron stores
which causes iron deficiency. Before a
diagnosis of the IDA is confirmed, there are
gradual decreases in iron levels and as a result
the anemia that develop is a symptom of IDA,;
it progresses with age as iron reserves
gradually decrease. Iron deficiency is a
process that can be traced to poor iron
balance, iron degradation, iron-deficient
erythropoiesis, and finally IDA, which
involve various stages. Iron deficiency can be
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severe to moderate, and it can be caused by
both depleted iron stores and iron deficiency
without anemia. Iron deficiency with anemia
has a high incidence of changes in
hematological laboratory results, which is the
most severe form of iron deficiency signs and
symptoms that can be felt (Choi et al., 2023).
This causes decreased erythropoiesis in the
bone marrow, which results in low
hemoglobin levels and the onset of Iron
deficiency anemia (Rashwan et al., 2022).
The standard test for iron deficiency is
hemoglobin, but serum ferritin content is
used to assess iron reserves. The lifespan of
red blood cells is only 120 days, so iron
deficiency takes enough time to have an
effect. As a result, relying solely on
hemoglobin for screening results in the delay
in identifying IDA (Lee, 2020). Each of the
assays (S. ferritin, S. iron, TIBC, Hb, and
MCV) must be properly interpreted during
the laboratory diagnosis if instructed to
evaluate a patient for potential IDA. The data
production is based on the equipment used in
the clinical laboratory. Some tests might not
be easily accessible, but others provide
crucial information that must be evaluated for
the clinical scenarios in which they are used
(Farrag et al., 2021).

The hypo proliferative anemia known as
anemia of chronic disease (ACD)is a
reaction to  systemic  sickness  or
inflammation. The term Anemia of Chronic
disease was discovered in 1930 and later on
in 1950s Cartwright and Wintrobe further
explained about this disease (Agarwal et al.,
2021).

ACD is the second most common microcytic
hypochromic anemia after iron deficiency
anemia. Unfortunately, Anemia of chronic
disease is not properly diagnosed, poorly
understood, and improperly treated in clinical
practice. There are still large knowledge gaps
about the real occurrence or effects of ACD
(Asare et al., 2023). Numerous disorders
have been discovered to have an association
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with ACD. Iron deficiency anemia is also one
of them and other disorders are infections
(including human immunodeficiency virus
infection, tuberculosis, bacterial, parasitic,
fungal, and viral infections), malignancies,
autoimmune  disorders, chronic  renal
diseases, and inflammations (Hu et al., 2023).
Hepcidin levels also increase as the immune
system becomes more active and produces
more inflammatory  cytokines.  Other
variables that contribute to anemia include
inadequate  erythropoietin  levels and
hyperresponsiveness to erythropoietin, or
poor red blood cell survival. Hepcidin, a key
control of iron metabolism, is crucial for
identifying  pathophysiology of ACD.
Ferroprotein, an iron export protein, is
present in hepatocytes, enterocytes, and
macrophages, where it is bound by hepcidin
and broken down. The resulting iron
absorption  within  macrophages and
hepatocytes results in functional iron
deficiency (Dinh et al., 2020).

Our study mainly focuses on investigating
certain hematologic biomarkers that can
accurately differentiate between IDA and
ACD. We also aim to examine how
inflammatory indicators, such as erythrocyte
sedimentation rate (ESR) and C-reactive
protein (CRP), might distinguish ACD from
IDA. Investigating the effectiveness of
several iron-related markers, such as serum
ferritin and total iron-binding capacity, in
differentiating between IDA and ACD is also
includes in our objective.

2. MATERIAL AND METHODS
A cross-sectional study was conducted in
Department of medical lab technology,
Riphah International University, Islamabad.
Samples for both disorders were collected for
distinguishing iron deficiency anemia from
anemia of chronic disease  using
hematological measures at different hospitals
in region of Rawalpindi and Islamabad. This
study took place between the period of
September 01, 2023 to January 01, 2024.
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Patients with disorders of iron deficiency
anemia and anemia of chronic disease were
included in our investigation. Patients with
disorders other than those two diseases or
those with disorders whom symptoms were
collapsing with both these two diseases were
excluded from study.

Ethical approval of research was taken from
Research Ethical Committee (REC) of
FRAHS, Riphah International University,
Islamabad. A proper performa was designed
to collect the demographic data of patients
included in the study and to take their
informed consent. We considered 59 patients
with confirmed diagnosis of iron deficiency
anemia and 50 patients with 100% assurance
that they had anemia of chronic disease. We
didn’t put age limit in our study because these
two diseases have no connection with age.
The confirmation of both iron deficiency
anemia and anemia of chronic disease was
assured by performing these laboratory tests
such as Hemoglobin estimation, Mean
Corpuscular Volume, Serum Ferritin levels,
Total Iron Binding Capacity, C-Reactive
Protein (CRP) and Erythrocyte
Sedimentation Rate (ESR).

Statistical analysis was done using SPSS
(version 20.0) and we employed independent
t-test and Mann Whitney U-test. We selected
95% Confidence Interval with 5% margin of
error for these tests. We set p-value at 0.05 as
reference value. Independent t-test and Mann
Whitney U-test for these measures with p-
value less than 0.05 were considered
significant, whereas these tests with p-value
more than 0.05 was not considered
significant. Bar Charts were created using
Microsoft Excel and Microsoft Words.

525 mcg/dL. TIBC levels ranged from 409
mcg/dL to 675 mcg/dL. An indicator of
inflammation is C-reactive protein. IDA
patients had a mean CRP of 15.0 mg/L and a
standard deviation of 10.0 mg/L. The CRP
readings ranged from around 2.9 mg/L to
36.7 mg/L. Red blood cell settling time in a
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3. RESULTS
In our research, total 109 patients including
59 patients of Iron deficiency anemia and 50
patients of Anemia of chronic disease
participated. The average hemoglobin
percentage for IDA patients was 6.5%, with a
1.2% standard deviation shown in table 4.1.
The values of Hb% ranged from 3.2% to
7.9%. Red blood cells' mean corpuscular
volume was their average size. With a
standard deviation of 8.0 fl, the mean MCV
for IDA patients was 65.0 fl. The MCV
values were found to vary from 50.9 fl to 75.5
fl. Protein called ferritin is used to store iron.
In our investigation, the ferritin level for IDA
patients was 25.0 mcg/dL on average, with a
standard deviation of 15.0 mcg/dL. Ferritin
levels ranged from 5.9 mcg/dL to 50.1
mcg/dL (Table 3.1).

TABLE 1: Descriptive Statistics For Iron
Deficiency Anemia Patients

Standard
Measure | Mean | Deviation | Median Range
Hb% 6.5 1.2 6.7 32-79
50.9 -
MCV 65.0 8.0 63.1 75.5
Ferritin 25.0 15.0 11.8 5.9-50.1
TIBC 525 60 505 409 — 675
CRP 15.0 10.0 11.9 2.9-36.7
ESR 25 15 23 6 —56

The amount of iron that transferrin, a protein
that carries iron throughout the bloodstream,
can bind to is known as its total iron-binding
capacity. With a standard deviation of 60
mcg/dL, the mean TIBC for IDA patients was

tube is gauged by the erythrocyte
sedimentation rate. In our investigation, the
average ESR for IDA patients was 25 mm/hr,
with a standard variation of 15 mm/hr. The
ESR values were found to range from 6
mm/hr to 56 mm/hr (Table 3.2).
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Table 2: Shows The Descriptive Statistics

For Each Parameters Used To
Differentiate IDA And ACD
Standard
Measure | Mean | Deviation | Median Range
Hb% 6.0 1.5 6.4 3.4-8.9
46.9 -
MCV 65.0 6.0 64.1 73.1
305 -
Ferritin 350 120 378 590
TIBC 180 40 160 95 — 245
CRP 20.0 15.0 10.0 5.0 -58
ESR 75 30 68 25-135

In patients with IDA, the mean Hb% level
was 6.0 g/dL: in patients with ACD, it was
6.4 g/dL. This indicates that compared to
IDA patients, ACD patients had a somewhat
higher hemoglobin level. Additionally,
individuals with ACD had a somewhat larger
range of Hb% values (3.4-8.9 g/dL) than
patients with IDA (3.2-7.9 g/dL). Patients
with IDA had an average MCV level of 65.0
fl, whereas those with ACD had an average
MCYV level of 65.0 fl. This indicates that
patients with IDA and ACD had extremely
similar MCV levels. Additionally, there was
a near identical range of MCV levels across
IDA patients (50.9 - 75.5 fl) and ACD
patients (46.9-73.1 fl) IDA patients had an
average ferritin level of 25.0 mg/dL, whereas
ACD patients had an average ferritin level of
350 mg/dL. This indicates that compared to
IDA patients, ferritin levels in the blood of
ACD patients are, on average, five times
higher. Additionally, patients with ACD have
a far larger range of ferritin levels (305-590
mg/dL) than do patients with IDA (5.9-50.1
mg/dL).

Patients with IDA had an average TIBC level
of 525 pg/mL, whereas those with ACD had
an average TIBC level of 180 pg/mL. This
indicates that TIBC levels in the blood of
ACD patients were, on average, twelve times
higher than those of IDA patients. In
addition, patients with ACD had a far larger
range of TIBC values (95-245 pg/mL) than
patients with IDA (409-675 pg/mL). IDA
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patients had a mean CRP level of 15.0 mg/L,
but ACD patients had a mean CRP level of
20.0 mg/L. This implies that compared to
IDA patients, ACD patients might have
higher levels of inflammation. For patients
suffering from ACD, the CRP range was
found to be between 5.0-58 mg/L whereas for
those facing IDA it stood at 2.9-36.7 mg/dl.
The ESR levels were different too with an
average of 25 mm/hr in case of IDA and a
enormous 75 mm/hr among ACD patients
thus indicating higher inflammation amongst
them as compared to their counterparts with
IDA diagnosis. Additionally, the study
observed that while ESR level ranged within
(25-135 mm/hr) for patients affected by
ACD, its variation assessed over (6-
56mmHr) in cases related to IDA typically
implying  distinctive ~ symptomatology
associated with one or both these particular
health conditions indeed.

Table 3: Group Comparison Of Iron
Deficiency Anemia From Anemia  Of
Chronic Disease Using Different Statistical
Test

Statistical Significant
Measure Test p-value Difference
Independen
Hb% t t-test 0.02 Yes
Mann-
Whitney U
MCV Test 0.10 No
Independen
Ferritin t t-test 0.07 No
Mann-
Whitney U
TIBC Test 0.001 Yes
Independen
CRP t t-test 0.15 No
Mann-
Whitney U
ESR Test 0.005 Yes

An independent t-test showed a significant
difference in hemoglobin level (Hb%)
between the two groups, indicated by a p-
value which was 0.02. This suggested that it
was unlikely The Hb% values differed
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randomly for both groups. The p-value for
the Mann-Whitney U test is 0.1 indicates that
there was no significant difference in MCV
(mean corpuscular volume) values between
the two groups. Based on the independent t-
test, the p-value is 0.07 indicates that there
showed no  statistically  significant
differences in ferritin levels between the two
groups.

The Mann-Whitney U test p-value of 0.001
suggests that there is a significant difference
in TIBC (total iron binding capacity) values
between the two groups. An independent t-
test showed no significant differences in CRP
(c-reactive protein) levels between the two
groups, as evidenced by a p-value of 0.15.
The p-value of 0.005 for the Mann-Whitney
U test indicates that there was a significant
difference in the ESR (erythrocyte
sedimentation rate) levels between the two
groups.

TABLE 4: Summary Of The Analysis To
Differentiate Between Ida And Acd
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A logistic regression model was
built to predict anemia type

Measure Finding

Hb% ACD patients.

Significant difference (p=0.02)
observed between IDA and

No  significant

MCV patients.

difference
(p=0.10) between IDA and ACD

No  significant

Ferritin patients.

difference
(p=0.07) between IDA and ACD

TIBC ACD patients.

Significant difference (p=0.001)
observed between IDA and

No  significant

CRP patients.

difference
(p=0.15) between IDA and ACD

ESR ACD patients.

Significant difference (p=0.005)
observed between IDA and

Correlation | various measures.

Different correlation patterns
observed within each group for

Logistic based on hematological
Regression | measures.

Table 4.4 presents key findings from analysis
conducted to differentiate between IDA (Iron
Deficiency Anemia) and ACD (Anemia of
Chronic Disease). It compares the two types
of anemia across several measures, including
Hemoglobin percentage, MCV, Ferritin,
TIBC, CRP, and ESR. It highlights
significant differences found between IDA
and ACD patients for Hb%, Ferritin, TIBC,
CRP, and ESR. It notes different correlation
patterns observed within each group for
various measures. It mentions the
development of a logistic regression model to
predict anemia type based on hematological
measures.

4. DISCUSSION

The main goal of our study, in which we used
hematological measurements to distinguish
between Iron Deficiency Anemia and
Anemia of Chronic Disease, was to enhance
patient care by giving doctors more precise
diagnostic tools, which would maximize
treatment regimens and resource use. The
study influences guidelines and advances
science in the sector, with wider
consequences for healthcare practices.

There are various ways in which iron-
restricted erythropoiesis causes anemia.
Depleted iron stores in pure iron deficiency
result from an imbalance between iron intake
and utilization. Initially, anemia might not be
evident due to iron recycling from
erythrocyte turnover(Kassebaum et al.,,
2014). Our study was totally based on
hospitalized patients in which we included
109 patients of both Iron deficiency anemia
and anemia of chronic disease. In the sample
of 109 patients, 59 patients were of Iron
deficiency anemia and 50 were of Anemia of
chronic disease. The study conducted in
Different hospitals of Rawalpindi and
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Islamabad region. We took detailed
information of patients we selected, we also
performed some to confirm tests diagnosis.
Low amounts of hemoglobin, a vital
component of red blood cells that carries
oxygen throughout the body, are a hallmark
of iron deficiency anemia. The standard
definition of normal hemoglobin ranges from
13.2 to 16.6 grams (g) of hemoglobin per
deciliter of blood. Hemoglobin levels in those
suffering from iron deficiency anemia is
usually below normal. In our study, the mean
hemoglobin level for patients with IDA was
6.5 g/dl, with a standard deviation of 1.2 g/dI.
In a significant outpatient facility in
Damascus, Syria, the same study for IDA
patients also included Syrian youngsters. The
youngsters enrolled in this study had a mean
hemoglobin level of 10.54 g/dL and a
standard deviation of 1.95 g/dl (Yuldasheva,
2023). Comparably, our study's mean MCV
for IDA patients was 65.0 fl with an 8.0 fl
standard deviation, while the identical study
conducted in Syria had a lower mean MCV
of 75.29 g/dl with a 9.47 standard deviation.
Hemoglobin levels in anemia of chronic
disease (ACD) are frequently below normal.
The ACD patient's hemoglobin level was 6.0
g/dl on average, with a 1.5 g/dl standard
deviation. The Hemoglobin mean result for
the same tests conducted in 2012 at the
District Headquarter Hospital in Rawalpindi
was 8.0g/dl.

MCV might not be impacted by ACD as
much as it is by other forms of anemia. While
MCYV levels are typically lower than normal
in people with iron deficiency anemia. This is
suggestive of smaller-than-normal red blood
cells called microcytic red blood cells. The
MCV mean for ACD patients in our research
was 65.0 with a standard deviation of 8.0,
which was comparable to the MCV mean of
65.0 with a standard deviation of 6.0 for IDA
patients. The same study carried out in
Dallas, Texas's Parkland Memorial Hospital,
in which IDA patients had a mean MCV level
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of 72.6 and a standard deviation of 9.8. In the
same hospital, the average MCV level for
patients with ACD was 87.5 ¢/l, with a
standard deviation of 7.87 fl (Xiao et al.,
2021).

When there is a shortage of iron, the body
makes up for it by increasing TIBC, which
improves its ability to bind and transport
more iron. An effective marker for iron
deficiency anemia diagnosis is elevated
TIBC. In our study, the average level of TIBC
for IDA patients was 525mg/dl and had a
standard deviation of 60.0. Meanwhile, ACD
patients in the same study had an average
TIBC level of 180mg/dl with a standard
variation of 40fl. At Parkland Memorial
Hospital in Dallas, Texas where another
similar research took place, the mean TIBC
levels attained were 153mg/dL with a SD
(standard deviation) of 79f/L for all
participants while specifically it was found
that ACD patient's possessed an average
TIBC level varying at 167mg supplemented
by a SD measuring approximately 93 fl
(Perry, 2021).

As these hematological measurements are
helpful, it is important to this a complete
clinical follow wup that include both
underlying disorders, the patient medical
history and physical examination is
mandatory to clearly differentiate IDA and
ACD. When these hematological measures
are resulted together, diagnostic accuracy is
increased and effective treatment plans are
guided. Further, Current research and
development in diagnostic technologies may
offer more awareness in improving the
distinction between these two types of
anemia. Physicians can specialize treatment
approaches according to individual form of
anemia with accurate and clear diagnosis.
Iron supplementation is the main therapeutic
for IDA and in ACD, controlling the ongoing
condition is essential. Poor diagnosis can
result in ineffective treatment. For example,
giving iron supplements to patient with ACD
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can be dangerous or may not work. Accurate
diagnostic standards help in avoiding
needless and sometimes harmful treatments
(Luxford et al., 2022).

5. CONCLUSION

By statistical analysis and findings, the
ongoing study explained that distinguishing
iron deficiency anemia from anemia of
chronic disease is mainly based on three
hematological =~ parameters  that  are
Hemoglobin Estimation, Total Iron Binding
Capacity and Erythrocyte Sedimentation
Rate. These parameters are easy to perform
and economical to conduct. Therefore, these
parameters can widely use in differentiating
these two disorders (Iron Deficiency Anemia
& Anemia of Chronic Disease).
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