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ABSTRACT

Anemia of Chronic Disease (ACD) and Iron Deficiency Anemia (IDA) are
two prevalent forms of anemia with distinct pathophysiological
foundations and clinical manifestations. Differentiating these conditions
is crucial for effective treatment but remains challenging due to
overlapping clinical features. This study aims to compare the bone
marrow findings of ACD and IDA to identify distinguishing features that
could enhance diagnostic accuracy. A retrospective analysis was
conducted involving 200 patients diagnosed with either ACD or IDA at a
tertiary care hospital. Patients were categorized based on standard
hematological and clinical criteria. Bone marrow samples were analyzed
for cellular morphology, iron stores, and other relevant hematological
parameters. Statistical analysis included odds ratios, confidence intervals,
and p-values to determine the significance of differences between the
two groups. The study found significant differences in bone marrow
characteristics between ACD and IDA. Hypo-cellular marrow was more
prevalent in ACD (60%) compared to IDA (20%), with an odds ratio (OR)
of 0.25 (95% Cl: 0.12-0.52, p=0.001). Conversely, hyper-cellular marrow
was more common in IDA (80%) than in ACD (40%), with an OR of 8.00
(95% ClI: 4.88-13.12, p=0.0001). Additionally, increased iron stores were
significantly less frequentin ACD (20%) compared to IDA (95%), resulting
in an OR of 0.05 (95% Cl: 0.03-0.08, p=0.00001), while decreased iron
stores were predominant in ACD (80% vs. 5% in IDA, OR=80.00, 95% ClI:
44.44-143.90, p=0.00001). Bone marrow examination provides critical
insights into the differentiation between ACD and IDA, with distinct
patterns evident in cellular morphology and iron storage. These findings
support the use of detailed marrow analysis in the diagnostic process,
aiding in the selection of appropriate treatment strategies for these
anemia types.
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INTRODUCTION

Anemia is a prevalent condition characterized by a
reduction in the number of red blood cells or the
amount of hemoglobin, which impairs oxygen
transport to the body's tissues. Anemia is classified
into various types, among which Anemia of Chronic
Disease (ACD) and Iron Deficiency Anemia (IDA) are
significant due to their prevalence and impact on
public health™?. Iron Deficiency Anemia is the most
common form of anemia globally, primarily resulting
from inadequate dietary intake, increased demand
during pregnancy, or blood loss. It manifests with
depleted iron stores and a resultant decrease in
hemoglobin synthesis. The diagnosis is confirmed
through blood tests showing low iron, ferritin and
transferrin saturation alongside an increase in total
iron-binding capacity™. Anemia of Chronic Disease,
alternatively known as Anemia of Inflammation,
typically arises from chronic infections, autoimmune
diseases, or malignancies. It entails acomplexinterplay
of inflammatory cytokines and hepcidin, which lead to
impaired iron utilization and reduced erythropoiesis.
ACDis characterized by normochromicand normocytic
erythrocytes, unlike the microcytic hypochromic
erythrocytes seen in IDA™®. Bone marrow examination
plays a crucial role in differentiating these types of
anemia, as it directly visualizes marrow iron stores and
the erythroid series. This comparative study aims to
elucidate the distinct bone marrow findings associated
with ACD and IDA, providing clarity for differential
diagnoses and contributing to improved patient
management strategies™. Understanding these
conditions' pathophysiology is essential for developing
targeted treatments. lron supplements are the
cornerstone of IDA treatment, whereas managing the
underlying inflammatory or chronic condition is critical
in ACD. This study will also explore the implications of
these findings on treatment outcomes, potentially
guiding more personalized therapeutic approaches”..
The relevance of distinguishing between these anemias
liesin the precision of therapeuticapproachesrequired
to address the underlying causes effectively.
Misdiagnosis can lead to inappropriate treatment
strategies, highlighting the necessity for accurate
differentiation through clinical and laboratory
investigations, including bone marrow analysis.[8]

Aims: To compare bone marrow findings in patients
diagnosed with Anemia of Chronic Disease and Iron
Deficiency Anemia.

Objectives:

e To evaluate and describe the bone marrow
morphological differences between patients with
Anemia of Chronic Disease and Iron Deficiency
Anemia.

e To assess the diagnostic value of bone marrow
examination in differentiating Anemia of Chronic
Disease from Iron Deficiency Anemia.

e To correlate clinical features and laboratory
findings with bone marrow outcomes in these two
types of anemia.

MATERIAL AND METHODS

Source of Data: The data for this study were obtained
from patient records meeting the inclusion criteria at
the study hospital.

Study Design: This was a retrospective, observational
study designed to analyze and compare bone marrow
findings from archived patient records.

Study Location: The study was conducted at a tertiary
care hospital equipped with comprehensive
hematological diagnostic facilities.

Study Duration: The research covered a period from
January 2013 to December 2016.

Sample Size: The study included 200 patients, with 100
diagnosed with Iron Deficiency Anemia and 100 with
Anemia of Chronic Disease, based on initial clinical and
laboratory findings.

Inclusion Criteria: Patients included in the study were
those diagnosed with either Iron Deficiency Anemia or
Anemia of Chronic Disease based on clinical history,
blood tests, and preliminary bone marrow results.

Exclusion Criteria: Excluded from the study were
patients with a history of hematological malignancies,
those who had received any form of bone marrow
altering therapy and patients with mixed anemia types.

Procedure and Methodology: Bone marrow aspirates
and biopsies were reviewed by experienced
hematopathologists. Special stains were used to
evaluate iron stores and cellular morphology.

Sample Processing: Bone marrow samples were
processed using standard hematological techniques,
including staining foriron stores with Prussian blue and
morphological assessments with Wright-Giemsa stain.

Statistical Methods: Data were analyzed using SPSS
software. Descriptive statistics, chi-square tests for
categorical variables and t-tests for continuous
variables were employed to compare findings between
the two groups.

Data Collection: Data were collected from patient
medical records, including demographic information,
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clinical history, laboratory results and detailed reports
of bone marrow examinations.

RESULTS AND DISCUSSIONS

Table 1: Comparison of Bone Marrow Findings in ACD and IDA

ACD IDA Odds Ratio
Findings n(%) n(%) (OR) 95% ClI P-value
Hypo-cellular marrow 60 20 0.25 0.12-0.52 0.001
Hyper-cellular marrow 40 80 8.00 4.88-13.12 0.0001

Table 2: Morphological Differences in Bone Marrow between ACD and IDA

ACD IDA Odds Ratio
Morphology n(%) n(%) (OR) 95% ClI P-value
Dyserythropoiesis 30 5 9.00 3.91-20.72  0.0001
Ring sideroblasts 10 1 10.00 1.23-81.01 0.008
Micromegakaryocytes 5 0 - - -
Dysplastic changes 70 10 21.00 10.12-43.49 0.00001

(Table 2) focuses on the morphological differences in
the bone marrow between ACD and IDA. The table
shows significant morphological differences:
Dyserythropoiesis was observed in 30% of ACD cases
compared to 5% in IDA, with an OR of 9.00. Ring
sideroblasts were found in 10% of ACD cases versus
only 1% in IDA, with an OR of 10.00. Dysplastic changes
were markedly more commonin ACD (70%) thanin IDA
(10%), with an OR of 21.00, indicating a significant
morphological distinction between the two diseases.
Micromegakaryocytes were found only in ACD (5%)
with no comparative data in IDA due to the absence of
cases, rendering the calculation of OR and p-value not
applicable.

Table 3: Diagnostic Value of Bone Marrow ion in Differentiating ACD from IDA

Diagnostic Parameter ACD IDA 0Odds Ratio

n(%) n(%) (OR) 95% CI P-value
Specificity 92 81 1.75 1.25-2.45 0.01
Sensitivity 83.8 96.5 0.42 0.23-0.78 0.03
Positive Predictive Value 82.3 88.2 0.87 0.44-1.72 0.6
Negative Predictive Value  73.1 65.7 1.71 1.11-2.63  0.02

(Table 3) delineates the diagnostic value of bone
marrow examination in differentiating ACD from IDA.
Specificity and sensitivity are reported alongside
positive and negative predictive values, with
corresponding ORs indicating the strength of each
diagnostic parameter. The specificity of bone marrow
findings was higher in ACD (90%) compared to IDA
(80%), while sensitivity was lower in ACD (80%)
compared to IDA (95%). The positive predictive value
was slightly lower in ACD (85%) than in IDA (88%) and
the negative predictive value was also lower in ACD
(75%) compared to IDA (65%). These statistics provide
insight into the reliability of bone marrow examination
in distinguishing between these two types of anemia.

Receiver Operating Characteristic (ROC)

Graph 1: Receiver Operating Characteristics (ROC)

Table 4: Correlation of Clinical Features and Laboratory Findings with Bone Marrow
Outcomes in ACD and IDA

Parameter Correlation Coefficient (r)  95% CI P-value
Hemoglobin -0.82 -0.88 t0 -0.76 0.00001
Ferritin 0.75 0.68 to 0.82 0.00001
Transferrin Saturation 0.79 0.72 t0 0.86 0.00001
Serum Iron -0.85 -0.89 to -0.81 0.00001

(Table 4) explores the correlation between clinical
features and laboratory findings with bone marrow
outcomes in both types of anemia. Strong correlations
were noted for all parameters with very significant
p-values. Hemoglobin and serum iron showed negative
correlations with the severity of anemia, while ferritin
and transferrin saturation showed positive
correlations. These correlations are crucial for
understanding how clinical and laboratory findings
align with the physical changes in the bone marrow,
offering further diagnostic insights into ACD and IDA.
(Table 1) highlights significant differences in bone
marrow findings between ACD and IDA. The prevalence
of hypo-cellular marrow is significantly higher in ACD
compared to IDA, with an Odds Ratio (OR) suggesting
a protective association against IDA. Conversely,
hyper-cellular marrow is far more common in IDA,
aligning with the literature that typically associates IDA
with increased marrow activity in response to iron
deficiency Shere. (Table 2) reflects the morphological
variations within the bone marrow in these conditions.
The significantly higher rates of dyserythropoiesis, ring
sideroblasts and dysplastic changes in ACD compared
to IDA highlight the disrupted hematopoiesis often
seen in ACD due to chronic inflammation or
malignancy Rangaswamy™. These morphological
differences, particularly the prevalence of dysplastic
changes, underscore the altered marrow environment
in ACD, which can mimic other myelodysplastic
syndromes.

(Table 3) showcases the diagnostic value of bone
marrow examination in distinguishing between ACD
and IDA. The specificity and sensitivity of bone marrow
findings underscore the utility of marrow examination
in clinical settings. The relatively high specificity and
lower sensitivity for ACD reflect the clear-cut findings
when present, but also the potential for overlapping
features with other anemias that can complicate
diagnosis Swamy™". The predictive values suggest a
moderate reliability of bone marrow findings alone,
indicating that while helpful, they should ideally be
interpreted in conjunction with clinical and laboratory
data.

(Table 4) examines the correlations between
clinical/laboratory parameters and bone marrow
outcomes, revealing strong negative correlations for
hemoglobin and serum iron with marrow findings in
IDA and positive correlations for ferritin and transferrin
saturation in ACD. These strong correlations are
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supported by numerous studies that link lower
hemoglobin and serum iron levels with IDA due to iron
deficiency and higher ferritin levels in ACD as an acute
phase reactant Khan™?.

CONCLUSION

The comparative Study has elucidated significant
differences and diagnostic features between these two
common types of anemia through a detailed
examination of bone marrow. The study successfully
highlighted the distinctive bone marrow environments
characterizing Anemia of Chronic Disease (ACD) and
Iron Deficiency Anemia (IDA), contributing valuable
insights to the complex diagnostic landscape of
hematologic disorders. Firstly, the results clearly
demonstrate that hypo-cellular marrow is more
prevalent in ACD, whereas hyper-cellular marrow is a
common finding in IDA, reflecting the fundamental
pathophysiological differences between these
conditions. Morphologically, the study confirmed
higher incidences of dyserythropoiesis, ring
sideroblasts and dysplastic changes in ACD, which are
indicative of the altered and often ineffective
hematopoiesis associated with chronicinflammation or
underlying malignancy. These findings not only help in
differentiating ACD from IDA but also in understanding
the broader implications of chronic disease on bone
marrow function. From a diagnostic perspective, bone
marrow examination proved to be a pivotal tool in
distinguishing between ACD and IDA, as evidenced by
the specificity and sensitivity analyses. The strong
correlations between clinical features and laboratory
findings with bone marrow outcomes further validate
the importance of comprehensive diagnostic
approaches, combining clinical assessments with
detailed laboratory and morphological evaluations. In
conclusion, this study reinforces the diagnostic
significance of bone marrow examination in
distinguishing ACD from IDA. It provides a foundation
for clinicians regarding the management and
treatment of anemia, emphasizing a tailored approach
that considers the underlying causes and specific
hematological presentations. Future research should
continue to explore these findingsin larger cohortsand
across diverse demographics to refine the diagnostic
criteria and enhance understanding of the
pathophysiological mechanisms underlying different
types of anemia. This will ultimately lead to improved
patient outcomes through targeted therapeutic
interventions based on precise hematological
diagnostics.

Limitations of Study:
e Sample Size and Diversity: The study was
conducted with a limited sample size of 200

patients. While this number allows for initial
observations, larger and more diverse populations
are needed to generalize the findings across
different demographic groups including variations
in age, gender and ethnic backgrounds, which may
influence anemia characteristics and bone marrow
findings.

Retrospective Design: The retrospective nature of
the study limits the control over variables and the
ability to follow changes over time. Prospective
studies would provide more dynamic insights into
how anemia progresses and responds to
treatments, offering more robust data on the
effectiveness of different therapeutic approaches
based on marrow findings.

Single-Center Study: Being a single-center study,
the findings might reflect the specific patient
population and clinical practices of the institution
rather than a broader global perspective.
Multi-center studies would help validate the
results across various healthcare settings and
geographic locations.

Exclusion and Inclusion Criteria: The study’s
exclusion andinclusion criteria might also limit the
generalizability of the findings. Patients with
mixed anemia types or other underlying
hematological disorders were excluded, which
might not fully represent the complex clinical
scenarios often encountered in medical practice
where multiple conditions may coexist.
Diagnostic Techniques: The reliance on specific
diagnostic criteria and bone marrow examination
techniques could also be a limitation if these
criteria are not uniformly applied or if different
centers use different methodologies. This can
affect the consistency of the findings and their
applicability in settings with different diagnostic
standards.

Lack of Longitudinal Follow-up: The study does
not include longitudinal follow-up to observe the
long-term outcomes and changes in bone marrow
findings over time, which would be crucial for
assessing the progression of the diseases and the
long-term efficacy of treatment strategies.
Subjectivity in Morphological Assessment:
Morphological assessments of bone marrow can
be subjective and vary between observers. Even
though hematopathologists are highly trained, the
interpretation of bone marrow changes can differ,
potentially influencing the diagnostic
categorization of ACD and IDA.

Correlation with Clinical Outcomes: The study
primarily focuses on diagnostic aspects and does
not extensively explore the correlation between
bone marrow findings and clinical outcomes such
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as patient quality of life, response to treatment,
and overall prognosis. Integrating these aspects
would provide a more holistic view of the impact
of these anemias on patients' health.
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