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Anemia is a common and clinically significant extra-articular complication of rheumatoid arthritis (RA),
driven by multifactorial mechanisms including anemia of inflammation and coexisting iron deficiency anemia
(IDA), which complicate diagnosis. Proinflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis
factor-alpha (TNF-a) promote hepcidin overproduction, leading to iron sequestration, reduced absorption,
impaired erythropoiesis, and shortened erythrocyte survival, alongside suppressed erythropoietin (EPO) activity.
Corticosteroids exert bidirectional effects, offering short-term improvement but potentially disrupting long-term
hematopoiesis. Diagnosis is challenging due to inflammation-related elevations in ferritin, whereas soluble
transferrin receptor (sTfR) provides greater accuracy. Targeting inflammation with disease-modifying antirheumatic
drugs (DMARDs) and biologics, particularly tocilizumab (TCZ), effectively improves anemia. This narrative review
synthesizes evidence from randomized controlled trials and cohort studies over the past decades, evaluating the
pathophysiology, diagnostic challenges, corticosteroid interactions, and therapeutic approaches to anemia in RA
to provide clinicians with a comprehensive, evidence-based framework for management.

Introduction

Rheumatoid arthritis (RA) is a chronic, systemic
autoimmune disorder defined by persistent
synovitis, progressive joint destruction,
and a broad spectrum of extra-articular
manifestations that collectively impose a
substantial burden on affected individuals
and healthcare systems alike (1-4). The
disease is characterized by immune-mediated
inflammatory processes that extend well
beyond the articular compartment, engaging
multiple organ systems and predisposing
patients to a range of comorbidities, including
osteoporosis, cardiovascular disease, and
hematological abnormalities (5,6). Among the
systemic complications of RA, anemia stands
out as both highly prevalent and clinically
consequential, yet it frequently remains
underdiagnosed and inadequately treated in
routine care (7).

Reported prevalence estimates for anemia in
RA vary considerably depending on diagnostic
criteria, patient population, and disease
activity status, ranging from approximately
10% to over 55% in different studies (8-10).
A cross-sectional analysis of 330 RA patients
conducted across three tertiary care centers
found anemia in 54.55% of participants, with

mean hemoglobin levels of 11.41 + 1.87 g/
dL in affected individuals (9). Anemia in
RA is significantly associated with higher
disease activity scores, elevated inflammatory
markers such as C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR),
and longer disease duration, making it both a
marker of disease severity and an independent
contributor to poor outcomes (9, 11). A
population-based analysis using the National
Health and Nutrition Examination Survey
(NHANES) database, spanning 20 years from
1999 to 2018, estimated the prevalence of
anemia in RA patients in the United States at
approximately 10.25%, with a characteristic
U-shaped distribution across age groups,
lowest around 60 years of age, and a modestly
higher prevalence in females compared to
males (8).

The presence of anemia in RA carries
important prognostic implications beyond
its symptomatic burden. Retrospective
cohort studies have demonstrated that
anemia is associated with progression in RA,
suggesting it reflects the intensity of systemic
inflammation that simultaneously damages
articular structures (12). The overlap between
different anemia subtypes in RA, particularly
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Key point

The literature review indicated that anemia is a frequent extra-
articular manifestation of rheumatoid arthritis (RA), primarily driven by
inflammation-mediated mechanisms and often accompanied by iron
deficiency anemia (IDA), complicating its diagnosis. Proinflammatory
cytokines, particularly interleukin-6 (IL-6) and tumor necrosis factor-
alpha (TNF-a) stimulate hepcidin overproduction, resulting in disrupted
iron homeostasis, impaired erythropoiesis, and reduced erythrocyte
lifespan. Corticosteroids exert variable effects, offering short-term
hematologic improvement through anti-inflammatory action, but
potentially ~contributing to long-term dysregulation. Diagnostic
assessment is further complicated by the limited reliability of ferritin
as an acute-phase reactant, whereas soluble transferrin receptor (sTfR)
provides greater diagnostic accuracy under inflammatory conditions.
Therapeutic approaches targeting inflammation, including disease-
modifying antirheumatic drugs (DMARDs) and biologic agents such
as tocilizumab (TCZ), have demonstrated effectiveness in ameliorating
anemia. The Mediterranean diet can also alleviate iron deficiency by
dampening IL-6—driven hepcidin upregulation via its anti-inflammatory
phytochemicals and omega-3 fatty acids, and by improving non-heme
iron absorption through its vitamin C-rich plant foods.

anemia of inflammation and true iron deficiency anemia
(IDA), complicates both diagnosis and treatment, requiring
careful evaluation of iron metabolism parameters within
the context of chronic inflammatory disease (7). The
present narrative review synthesizes current evidence from
controlled trials and cohort studies published over the past
decades, examining the pathophysiology of anemia in RA
with a focus on inflammatory mechanisms, the specific
impact of corticosteroid therapy, diagnostic strategies for
distinguishing anemia of inflammation from IDA, and
targeted therapeutic approaches, including biological
agents.

Search Strategy

A literature search was conducted in PubMed
(MEDLINE), Web of Science, Scopus, the Cochrane
Library, and Google Scholar, restricted to peer-reviewed
English-language articles. The following Medical Subject
Headings (MeSH) terms and Boolean operators were
applied: (“Rheumatoid Arthritis” [MeSH] AND “Anemia”
[MeSH]) OR (“Iron Deficiency Anemia” [MeSH] AND
“Arthritis, Rheumatoid” [MeSH]) OR (“Anemia of Chronic
Disease” AND “Rheumatoid Arthritis”) OR (“Hepcidin”
AND “Rheumatoid Arthritis’) OR (“Glucocorticoids”
AND “Anemia” AND “Rheumatoid Arthritis’) OR
(“Tocilizumab” AND “Anemia” AND “Rheumatoid
Arthritis”) OR (“Soluble Transferrin Receptor” AND
“Rheumatoid Arthritis”). Filters were applied to restrict
results to randomized controlled trials (RCTs), cohort
studies, and observational studies. Articles not available
in English and those without accessible full text were
also excluded. Reference lists of included articles were
reviewed for additional eligible sources. Final selection
prioritized high-quality evidence with direct relevance to
the pathophysiology, diagnosis, corticosteroid effects, and
treatment of anemia in RA.

Pathophysiology of anemia in RA

Anemia of inflammation; the central role of the hepcidin-
ferroportin axis

Anemia of inflammation, sometimes referred to
interchangeably as anemia of chronic disease (ACD),
represents the most prevalent anemia type in RA and is
mechanistically rooted in immune-mediated disturbances
of iron homeostasis, erythropoiesis, and red cell survival
(13,14). At the center of this pathophysiology stands
hepcidin, a 25-amino acid peptide hormone synthesized
predominantly in hepatocytes, which functions as the
masterregulator of systemicironmetabolism (15,16). Under
conditions of systemic inflammation, activated immune
cells release an array of proinflammatory cytokines, most
importantly IL-6, which stimulates hepcidin transcription
in hepatocytes via the JAK/STAT?3 signaling pathway (16).
The resulting hyperhepcidemia drives the degradation of
ferroportin, the only known cellular iron export protein,
on the surface of macrophages, duodenal enterocytes, and
hepatocytes, thereby simultaneously reducing intestinal
iron absorption and blocking the efflux of iron from
tissue stores into the circulation (17). This process results
in hypoferremia accompanied by paradoxically elevated
or normal ferritin levels, the biochemical hallmark of
anemia of inflammation (13). Ferritin, functioning as an
intracellular iron storage protein, is additionally an acute-
phase reactant whose transcription is directly upregulated
by inflammatory mediators, causing it to rise independently
of actual iron stores during active inflammation (18,19).
The net consequence is iron sequestration within the
reticuloendothelial system, with abundant iron locked in
macrophages while developing erythroid progenitor cells
in the bone marrow face functional iron starvation, a state
termed iron-restricted erythropoiesis (20).

Cytokine-mediated suppression of erythropoiesis
Beyond the disturbances of iron homeostasis, inflammatory
cytokines exert direct inhibitory effects on erythropoiesis
at multiple levels. Erythropoietin (EPO), the primary
erythropoietic hormone synthesized by peritubular cells of
the kidney in response to tissue hypoxia, is inappropriately
suppressed in the setting of anemia of inflammation
(21). This blunted EPO response to anemia is a defining
characteristic of anemia of inflammation and distinguishes
it from other anemia etiologies in which EPO levels rise
appropriately (22). A cohort study involving 330 RA patients
demonstrated that anemic patients had significantly higher
mean disease activity score (DAS28) scores (5.23 + 1.42
versus 4.98 + 1.35) and markedly elevated CRP levels (28.79
+ 12.56 mg/L versus 14.21 * 8.35 mg/L) compared with
non-anemic RA patients, providing direct clinical evidence
linking the magnitude of systemic inflammation to the
development and severity of anemia (9).

Concurrent iron deficiency in RA
While anemia of inflammation constitutes the dominant
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anemia subtype in RA, true absolute iron deficiency
contributes to anemia in approximately one/third of
RA patients, either in isolation or superimposed upon
anemia of inflammation (a condition designated ACD/
IDA) (13,14). Patients with RA face several pathways
to iron depletion that are distinct from the iron
sequestration of anemia of inflammation. Long-term
use of nonsteroidal anti-inflammatory drugs (NSAIDs),
which is common in RA management, causes subclinical
or overt gastrointestinal mucosal injury leading to occult
or frank gastrointestinal blood loss, a significant source of
iron depletion (23). Additionally, methotrexate and other
conventional disease-modifying antirheumatic drugs
(DMARDs) may affect gastrointestinal absorption and
nutritional status over time, and chronic disease-related
malnutrition or reduced dietary iron intake can further
compound iron stores depletion (24). The distinction
between ACD and IDA is of direct therapeutic relevance:
patients with pure ACD benefit primarily from treatment
of the underlying inflammatory disease and do not
require iron supplementation, whereas those with true
iron deficiency require specific evaluation for blood loss
sources and targeted iron replacement therapy (25,26).
The dietary inflammatory index (DII) has been evaluated
as a measure of diet-related inflammatory potential and
its association with anemia risk in RA; a large-scale
population-based analysis using NHANES data (n =
2,287 RA patients) found that higher DII quartiles were
significantly associated with increased anemia risk after
full adjustment for confounders (Q4 vs. Q1l: OR = 1.98),
suggesting that pro-inflammatory dietary patterns may
amplify the anemic burden in RA patients, with alcohol
intake, iron, and zinc identified as the most influential
dietary determinants (8).

Diagnostic challenges;
inflammation from IDA
Limitations of conventional iron parameters in the
inflammatory setting
The accurate identification of iron depletion, whether
absolute IDA or ACD with concurrent iron deficiency
(ACD/IDA), in anemic RA patients is of fundamental
clinical importance, yet it is diagnostically challenging
because inflammation profoundly distorts conventional
iron biomarkers (7). Serum ferritin, under non-
inflammatory conditions, is the most reliable indicator of
total body iron stores, with sensitivities of 63% to 100%
and specificity of 92% to 98% for iron deficiency (27). This
renders low ferritin thresholds insensitive, while elevated
ferritin cannot be interpreted as evidence of adequate iron
stores, creating a diagnostic paradox that undermines the
clinical utility of ferritin-based assessments alone.
Transferrin saturation and red blood cell indices,
mean corpuscular volume (MCV) and mean corpuscular
hemoglobin (MCH), are similarly affected by the
inflammatory milieu. Transferrin synthesis is itself

distinguishing anemia of

Iron deficiency in RA patients

suppressed by inflammation and malnutrition, causing
transferrin saturation to appear falsely normal or low,
independent of actual iron status. Microcytosis and
hypochromasia (reduced MCV and MCH), while
characteristic of iron-deficient erythropoiesis, are late
manifestations of iron depletion and show low sensitivity
(23.8% for red blood cell indices alone in anemic RA
patients) compared with other biomarkers (7).

The role of soluble transferrin receptor in inflammatory
states

The soluble transferrin receptor (sTfR), a truncated
extracellular fragment of the cell-surface transferrin
receptor released into the circulation in proportion to
cellulariron demand, has detected as a particularly valuable
biomarker for iron deficiency diagnosis in the context of
inflammation (28,29). A prospective cohort study of 116
consecutively enrolled anemic RA patients evaluated the
diagnostic performance of sTfR measurement relative to
standard parameters of iron status across the full range
of inflammatory activity. In the total patient sample, sTfR
demonstrated higher sensitivity (80.9%) for the detection
of iron depletion (IDA or ACD/IDA) compared with
combined standard parameters (66.7%), with comparable
specificity and predictive values (7). Critically, this
diagnostic advantage of sTfR was most pronounced in
patients with high inflammatory activity (serum CRP
above the median of 24.1 mg/L), in whom sTfR achieved
100% sensitivity and 100% negative predictive value for
detecting iron depletion, compared with only 52.4%
sensitivity for combined standard parameters. In contrast,
in patients with lower inflammatory activity (CRP below
the median), the combined use of conventional iron
parameters yielded a higher sensitivity (76.2%) than sTfR
alone (66.7%), suggesting that sTfR adds the greatest
diagnostic value specifically in the highly inflamed, high-
CRP subgroup of RA patients (7).

Mechanisms of glucocorticoid action in RA-related
inflammation and hematopoiesis
Glucocorticoids (GCs) have been used for decades in the
management of RA, exerting broad anti-inflammatory and
immunosuppressive effects through multiple mechanisms;
in the short term, these anti-inflammatory actions can
be expected to reduce the cytokine-driven hepcidin
response and potentially improve iron availability for
erythropoiesis, which may modestly improve hemoglobin
in patients with highly active, inflammation-dominant
ACD (30). Corticosteroid use was documented in 40.84%
of RA patients in a cross-sectional study, a finding that
likely reflects the use of corticosteroids in patients with
more severe and active disease rather than a direct anemia-
inducing effect at low doses (31).

However, the long-term hematopoietic effects of
cumulative GC exposure are considerably more complex.
Clinical evidence demonstrates a paradoxical relationship
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between high cumulative GC doses and systemic
inflammation in patients with active RA; a prospective
cohort study evaluating 72 long-treated RA patients
(median disease duration 14 years) stratified by cumulative
GC dose (cut-off 20 g) found that patients with active RA
receiving high cumulative GC doses exhibited significantly
elevated serum levels of 23 inflammation-related proteins
compared with those receiving low cumulative doses;
among the most prominently upregulated proteins were
the chemokines CCL20, CCL3, and IL-8/CXCLS, the
cytokines IL-17A, IL-17C, IL-18, oncostatin M, and the
inflammatory mediators caspase-8, STAMBP, and 4E-BP1.
Furthermore, in patients with active RA receiving high
cumulative GC doses, significant derangements in blood
cell count ratios were identified: elevated white blood cell
counts, increased neutrophil-to-lymphocyte ratios and
platelet-to-lymphocyte ratios, and decreased lymphocyte-
to-monocyte ratios, compared with the low-dose group.
These findings were not observed in patients with inactive
RA, indicating that the elevated inflammatory milieu
associated with high cumulative GC exposure is specific to
contexts of persisting disease activity (32).

Inflammatory mechanisms linking disease activity to
anemia severity

Cytokine profiles and their anemic consequences

The inflammatory cytokine milieu in active RA creates a
self-reinforcing cycle of anemia perpetuation that is closely
proportional to disease activity. Elevated circulating IL-6
acts simultaneously on multiple targets to drive anemia
of inflammation; since, it stimulates hepcidin production
in hepatocytes, promotes synthesis of acute-phase
proteins including ferritin and CRP, suppresses albumin
and transferrin synthesis, and inhibits EPO-responsive
erythroid progenitor signalling (33,34). Besides, IL-6
decreases total iron-binding capacity and reduces
hemoglobin levels while elevating the iron-regulatory
hormone hepcidin, a mechanistic triad that consolidates
its role as the central cytokine mediator of anemia of
inflammation in RA (35). A population-based study found
that anemic RA patients had significantly higher DII
scores (a proxy for dietary and systemic pro-inflammatory
burden) compared with non-anemic RA patients, further
supporting the role of systemic inflammatory load in
driving anemia (8).

Hepcidin as the molecular bridge between inflammation
and anemia

Hepcidin has emerged as the molecular lynchpin
connecting the systemic inflammatory response in
infections and other inflammatory conditions to the
hematopoietic consequences of anemia of inflammation,
and its measurement has been explored as both a
diagnostic and therapeutic target (36). Under conditions
of high inflammatory activity, hepcidin concentrations are
elevated compared with healthy controls, whereas patients

with pure iron deficiency have low or undetectable
hepcidin levels, and patients with ACD/IDA show
intermediate hepcidin values in which the iron depletion
signal partially overrides the inflammatory stimulus (37).
This differential behavior of hepcidin across anemia
subtypes has potential diagnostic utility: low hepcidin in
an RA patient with anemia should prompt investigation
for absolute iron deficiency, whereas elevated hepcidin in
a moderately anemic RA patient point toward a dominant
inflammatory etiology.

Treatment of anemia in RA; targeting inflammation
Tocilizumab and anti-IL-6 therapy

The most compelling evidence for treating anemia of
inflammation by targeting its central inflammatory driver
comes from studies of tocilizumab (TCZ), a humanized
monoclonal antibody directed against the IL-6 receptor
alpha subunit, which inhibits both classical (cis-) and
trans-signaling cascades of IL-6 (38,39). By blocking IL-
6R, TCZ interrupts the dominant stimulus for hepatic
hepcidin induction via the JAK/STAT3 pathway, resulting
in rapid and sustained reductions in circulating hepcidin
concentrations (40). An analysis of a US healthcare
database including 153,788 RA patients found that anemic
patients treated with TCZ were 86% more likely to achieve
a clinically meaningful hemoglobin increase of at least 1
g/dL at 2 years (OR 1.86; 95% CI 1.43-2.00) compared
with patients receiving other treatments, including
conventional DMARDs, other bDMARD:, or tofacitinib
(41). Sarilumab, another anti-IL-6 receptor monoclonal
antibody, demonstrated similar improving effects in
RA clinical trials, further establishing the IL-6 blockade
strategy as a targeted approach for improving RA (42,43).

TNF inhibitors and conventional DMARDs

TNF inhibitors are biologic  disease-modifying
antirheumatic drugs that selectively block tTNF-a, a key
pro-inflammatory cytokine, thereby reducing pathologic
inflammation in immune-mediated diseases such as RA
(44). Remarkably, TNF inhibitors improve anemia in RA
primarily by suppressing TNF-a-driven inflammation
that impairs erythropoiesis and promotes ACD (45).

Iron supplementation and erythropoiesis-stimulating
agents

Oral iron is generally reserved for mild iron deficiency in
patients with low inflammatory activity, but its effectiveness
is impaired in active RA because cytokine-driven hepcidin
elevation reduces intestinal absorption and mobilization
of iron stores; in patients with active inflammation,
severe or symptomatic anemia, or intolerance to oral
iron, intravenous iron (for example iron sucrose or
ferric carboxymaltose) is preferred because it bypasses
hepcidin-mediated absorption blockade and achieves
faster, more reliable hemoglobin improvement (46).
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The Mediterranean diet

The pathophysiological link between RA-associated
inflammation and impaired iron homeostasis is well
established through the hepcidin-IL-6 axis: inflammatory
cytokines, particularly IL-6, directly stimulate hepatic
production of hepcidin, an iron-regulatory hormone
that induces ferroportin internalization and degradation,
thereby sequestering iron within macrophages and
enterocytes and restricting its availability for erythropoiesis
(47). In a cross-sectional study by Nita et al, hepcidin
demonstrated significant correlations with markers of
anemia, iron metabolism, inflammation (IL-6, CRP and
ESR), and erythropoiesis in RA patients, confirming its
pivotal role at the intersection of inflammation-driven
iron restriction and red cell health (48). Weiss et al further
established that IL-6 and TNF-a upregulate hepcidin,
leading to functional iron deficiency even in patients who
appear iron-replete by conventional assays, a phenomenon
distinctly prevalent in RA (49). The Mediterranean diet,
characterized by high consumption of extra-virgin olive
oil, fish, fruits, vegetables, legumes, and nuts, with low
intake of red meat and saturated fats, has been proposed
as a complementary dietary intervention to address both
systemic inflammation and consequent iron restriction
(50). In the landmark randomized controlled trial by
Skoldstam et al, RA patients assigned to a Mediterranean
diet for 12 weeks demonstrated a statistically significant
reduction in DAS28 of 0.56, improved health assessment
questionnaire (HAQ) scores, and enhanced vitality
compared toa Western control diet, indicatinga measurable
anti-inflammatory dietary effect (51). Recently, McKellar
etal in a prospective intervention involving 130 female RA
patients, reported significant improvements in pain, early
morning stiffness, patient global assessment, and HAQ
scores at 3-6 months following a Mediterranean-type
dietary intervention promoting fruits, vegetables, legumes,
and monounsaturated fat substitution, along with a trend
toward lower IL-6 levels in the intervention group (52). A
cross-sectional Italian study by De Vito et al demonstrated
that higher consumption of olive oil significantly reduced
DAS28-CRP by ~0.70 and simplified disease activity
index by 23.30 in RA patients with more severe or long-
standing disease, attributing this benefit primarily to
the polyphenolic compounds (oleuropein, oleocanthal,
hydroxytyrosol) and monounsaturated fatty acids in olive
oil, which modulate pro-inflammatory cytokine expression
and inhibit metalloprotease activity at the synovial level
(53). A systematic review and meta-analysis by Genel et
al confirmed that a low-inflammatory/Mediterranean diet
significantly reduced inflammatory biomarkers (CRP, IL-
6) in RA patients with a standardized mean difference of
-2.33 independently of weight change, reinforcing the
notion that suppression of these cytokines through dietary
modulation could secondarily alleviate hepcidin-mediated
ironrestriction (54). The green-Mediterranean diet variant,
enriched with Mankai duckweed as a plant-based iron

Iron deficiency in RA patients

source alongside standard Mediterranean components,
was demonstrated by Yaskolka Meir et al to produce a
modest but significant increase in hemoglobin (0.23 g/dL,
P<0.001 versus control) over 6 months in overweight
participants, further suggesting that a strategically
structured Mediterranean diet can preserve or restore
iron homeostasis (55). Collectively, the evidence supports
a dual mechanism whereby the Mediterranean diet
addresses iron deficiency in RA; since, first, by suppressing
IL-6-mediated hepcidin induction through its anti-
inflammatory phytochemicals and omega-3 fatty acids,
thereby releasing the inflammatory block on intestinal
iron absorption and macrophage iron release; and second,
by directly enhancing dietary iron bioavailability through
its high vitamin C content, reinforcing the rationale for
the Mediterranean diet as an evidence-based adjunct
nutritional strategy in the comprehensive management of
RA-associated iron deficiency.

Conclusion

Anemia in RA is a multifactorial hematological
complication with deep roots in the systemic inflammatory
biology of the disease. The IL-6/hepcidin/ferroportin
axis constitutes the dominant mechanistic pathway, with
TNE-a, IFN-y, and other cytokines contributing through
direct EPO suppression, erythroid progenitor inhibition,
and accelerated red cell destruction. True iron deficiency
complicates anemia of inflammation in up to half of RA
patients, and its recognition requires adoption of sTfR
measurement, particularly in high-inflammatory states—
alongside conventional iron parameters. Corticosteroid
therapy presents a paradox: while acutely anti-
inflammatory, high cumulative GC doses are associated
with an amplified systemic inflammatory proteome and
deranged blood count ratios in active RA, underscoring the
need for GC minimization strategies. Anti-IL-6 receptor
therapies, particularly TCZ, offer the most mechanism-
aligned treatment for anemia of inflammation in RA,
rapidly lowering hepcidin and restoring iron availability
for erythropoiesis, while TNF inhibitors and conventional
DMARDs contribute through broader disease activity
suppression. Comprehensive anemia management in RA
requires integrating inflammatory disease control, targeted
iron supplementation where deficiency is confirmed, and
individualized assessment of the hematopoietic side effects
of both the disease and its treatments.
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