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Serum Ferritin Levels: A Clinical Guide
INn Patients With Hair Loss
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PRACTICE POINTS

. In patients who are otherwise healthy without chronic
systemic disease, hepatic disease, or inflammatory
disorders, serum ferritin levels directly correlate with
body iron status.

. Elevated serum ferritin should be interpreted in the
context of other indicators of iron status, including
transferrin saturation, complete blood cell count,
and/or liver function panel.

. Low serum ferritin is a specific marker for iron
deficiency, and iron supplementation should be
initiated based on age-, sex-, and condition-
specific thresholds.

Ferritin is a key regulator of iron homeostasis that serves as an
important clinical indicator of body iron status. Low serum ferritin is
a highly specific and sensitive marker for diagnosing iron deficiency.
In patients presenting with diffuse hair loss, serum ferritin may be
a clinically useful tool for ruling out underlying iron deficiency as
a cause of alopecia. As an acute-phase reactant, ferritin may be
nonspecifically elevated in a wide range of inflammatory conditions;
however, the role of ferritin in disorders of the skin and hair is not
well understood. In this article, we review the structure and function
of ferritin, and we provide a guide for clinical use.
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erritin is an iron storage protein crucial to human
iron homeostasis. Because serum ferritin levels are
in dynamic equilibrium with the body’s iron stores,
ferritin often is measured as a reflection of iron status;
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however, ferritin also is an acute-phase reactant whose
levels may be nonspecifically elevated in a wide range of
inflammatory conditions. The various processes that alter
serum ferritin levels complicate the clinical interpreta-
tion of this laboratory value. In this article, we review the
structure and function of ferritin and provide a guide for
clinical use.

Overview of Iron

Iron is an essential element of key biologic functions
including DNA synthesis and repair, oxygen transport,
and oxidative phosphorylation. The body’s iron stores
are mainly derived from internal iron recycling fol-
lowing red blood cell breakdown, while 5% to 10% is
supplied by dietary intake.'? Iron metabolism is of partic-
ular importance in cells of the reticuloendothelial system
(eg, spleen, liver, bone marrow), where excess iron must
be appropriately sequestered and from which iron can be
mobilized.* Sufficient iron stores are necessary for proper
cellular function and survival, as iron is a necessary com-
ponent of hemoglobin for oxygen delivery, iron-sulfur
clusters in electron transport, and enzyme cofactors in
other cellular processes.

Although labile pools of biologically active free iron
exist in limited amounts within cells, excess free iron
can generate free radicals that damage cellular proteins,
lipids, and nucleic acids.>” As such, most intracellular
iron is captured within ferritin molecules. The excretion
of iron is unregulated and occurs through loss in sweat,
menstruation, hair shedding, skin desquamation, and
enterocyte turnover.® The lack of regulated excretion high-
lights the need for a tightly regulated system of uptake,
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transportation, storage, and sequestration to maintain
iron homeostasis.

Overview of Ferritin Structure and Function
Ferritin is a key regulator of iron homeostasis that also
serves as an important clinical indicator of body iron sta-
tus. Ferritin mainly is found as an intracellular cytosolic
iron storage and detoxification protein structured as a
hollow 24-subunit polymer shell that can sequester up
to 4500 atoms of iron within its core.”'® The 24-mer is
composed of both ferritin L (FTL) and ferritin H (FTH)
subunits, with dynamic regulation of the H:L ratio depen-
dent on the context and tissue in which ferritin is found.®

Ferritin H possesses ferroxidase, which facilitates oxi-
dation of ferrous (Fe?*) iron into ferric (Fe®*) iron, which
can then be incorporated into the mineral core of the fer-
ritin heteropolymer.! Ferritin L is more abundant in the
spleen and liver, while FTH is found predominantly in the
heart and kidneys where the increased ferroxidase activity
may confer an increased ability to oxidize Fe** and limit
oxidative stress.®

Regulation of Ferritin Synthesis and Secretion
Ferritin synthesis is regulated by intracellular nonheme
iron levels, governed mainly by an iron response ele-
ment (IRE) and iron response protein (IRP) translational
repression system. Both FTH and FTL messenger RNA
(mRNA) contain an IRE that is a regulatory stem-loop
structure in the 5” untranslated region. When the IRE
is bound by IRP1 or IRP2, mRNA translation of ferritin
subunits is suppressed.® In low iron conditions, IRPs
have greater affinity for IRE, and binding suppresses fer-
ritin translation.”? In high iron conditions, IRPs have a
decreased affinity for IRE, and ferritin mRNA synthesis
is increased.” Additionally, inflammatory cytokines such
as tumor necrosis factor o and IL-1o transcriptionally
induce FTH synthesis, resulting in an increased popu-
lation of H-rich ferritins.”* ' A study using cultured
human primary skin fibroblasts demonstrated UV
radiation-induced increases in free intracellular iron
content.”!® Pourzand et al*® suggested that UV-mediated
damage of lysosomal membranes results in leakage of
lysosomal proteases into the cytosol, contributing to deg-
radation of intracellular ferritin and subsequent release
of iron within skin fibroblasts. The increased intracellular
iron downregulates IRPs and increases ferritin mRNA
synthesis,’® consistent with prior findings of increased
ferritin synthesis in skin that is induced by UV radiation."
Molecular analysis of serum ferritin in iron-
overloaded mice revealed that extracellular ferritin found
in the serum is composed of a greater fraction of FTL and
has lower iron content than intracellular ferritin. The low
iron content of serum ferritin compared with intracellular
ferritin and transferrin suggests that serum ferritin is not
a major pathway of systemic iron transport.’” However,
locally secreted ferritins may play a greater role in iron
transport and release in selected tissues. Additionally,
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in vitro studies of cell cultures from humans and mice
have demonstrated the ability of macrophages to secrete
ferritin, suggesting that macrophages are an important
cellular source of serum ferritin.'®*® As such, serum
ferritin generally may reflect body iron status but more
specifically reflects macrophage iron status.'” Although
the exact pathways of ferritin release are unknown, it is
hypothesized that ferritin secretion occurs through cyto-
solic autophagy followed by secretion of proteins from
the lysosomal compartment.'*'82!

Clinical Utility of Serum Ferritin

Low Ferritin and Iron Deficiency—Although bone mar-
row biopsy with iron staining remains the gold standard
for diagnosis of iron deficiency, serum ferritin is a much
more accessible and less invasive tool for evaluation of
iron status. A serum ferritin level below 12 ug/L is highly
specific for iron depletion, with a higher cutoff recom-
mended in clinical practice to improve diagnostic sensi-
tivity.?** Conditions independent of iron deficiency that
may reduce serum ferritin include hypothyroidism and
ascorbate deficiency, though neither condition has been
reported to interfere with appropriate diagnosis of iron
deficiency.”® Guyatt et al*® conducted a systematic review
of laboratory tests used in the diagnosis of iron deficiency
anemia and identified 55 studies suitable for inclusion.
Based on an area under the receiver operating charac-
teristic curve (AUROCQC) of 0.95, serum ferritin values
were superior to transferrin saturation (AUROC, 0.74),
red cell protoporphyrin (AUROC, 0.77), red cell volume
distribution width (AUROC, 0.62), and mean cell volume
(AUROC, 0.76) for diagnosis of IDA, verified by histologic
examination of aspirated bone marrow.” The likelihood
ratio of iron deficiency begins to decrease for serum fer-
ritin values of 40 pug/L or greater. For patients with inflam-
matory conditions—patients with concomitant chronic
renal failure, inflammatory disease, infection, rheumatoid
arthritis, liver disease, inflammatory bowel disease, and
malignancy—the likelihood of iron deficiency begins to
decrease at serum ferritin levels of 70 ug/L or greater.
Similarly, the World Health Organization recommends
that in adults with infection or inflammation, serum fer-
ritin levels lower than 70 ug/L may be used to indicate
iron deficiency.?* A serum ferritin level of 41 ug/L or lower
was found to have a sensitivity and specificity of 98%
for discriminating between iron-deficiency anemia and
anemia of chronic disease (diagnosed based on bone
marrow biopsy with iron staining), with an AUROC of
0.98.7 As such, we recommend using a serum ferritin
level of 40 ug/L or lower in patients who are otherwise
healthy as an indicator of iron deficiency.

The threshold for iron supplementation may vary
based on age, sex, and race. In women, ferritin levels
increase during menopause and peak after menopause;
ferritin levels are higher in men than in women.”3" A
multisite longitudinal cohort study of 70 women in the
United States found that the mean (SD) ferritin value
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was 69.5 (81.7) pg/L premenopause and 128.8 (125.7)
ug/L postmenopause (P<.01).*' A separate longitudi-
nal survey study of 8564 patients in China found that
the mean (SE) ferritin value was 201.55 (3.60) ug/L
for men and 80.46 (1.64) ug/L for women (P<.0001).*
Analysis of serum ferritin levels of 3554 male patients
from the third National Health and Nutrition
Examination Survey demonstrated that patients who
self-reported as non-Hispanic Black (n=1616) had sig-
nificantly higher serum ferritin levels than non-Hispanic
White patients (n=1938)(serum ferritin difference of
37.1 ug/L)(P<.0001).** The British Society for
Haematology guidelines recommend that the threshold
of serum ferritin for diagnosing iron deficiency should
take into account age-, sex-, and race-based differences.™

Ferritin and Hair—Cutaneous manifestations of iron
deficiency include koilonychia, glossitis, pruritus, angular
cheilitis, and telogen effluvium (TE).! A case-control study
of 30 females aged 15 to 45 years demonstrated that the
mean (SD) ferritin level was significantly lower in patients
with TE than those with no hair loss (16.3 [12.6] ng/mL
vs 60.3 [50.1] ng/mL; P<.0001). Using a threshold of
30 ug/L or lower, the investigators found that the odds
ratio for TE was 21.0 (95% CI, 4.2-105.0) in patients with
low serum ferritin.®

Another retrospective review of 54 patients with
diffuse hair loss and 55 controls compared serum
vitamin By, folate, thyroid-stimulating hormone, zinc,
ferritin, and 25-hydroxy vitamin D levels between the
2 groups.® Exclusion criteria were clinical diagnoses of
female pattern hair loss (androgenetic alopecia), preg-
nancy, menopause, metabolic and endocrine disorders,
hormone replacement therapy, chemotherapy, immuno-
suppressive therapy, vitamin and mineral supplementa-
tion, scarring alopecia, eating disorders, and restrictive diets.
Compared with controls, patients with diffuse nonscarring
hair loss were found to have significantly lower ferritin
(mean [SD], 14.72 [10.70] ng/mL vs 25.30 [14.41] ng/mL;
P<.001) and 25-hydroxy vitamin D levels (mean [SD],
14.03 [8.09] ng/mL vs 17.01 [8.59] ng/mL; P=.01).%

In contrast, a separate case-control study of 381 cases
and 76 controls found no increase in the rate of iron
deficiency—defined as ferritin <15 pg/L or <40 pg/L—
among women with female pattern hair loss or chronic
TE vs controls.” Taken together, these studies suggest
that iron status may play a role in TE, a process that may
result from nutritional deficiency, trauma, or physical
or psychological stress®; however, there is insufficient
evidence to suggest that low iron status impacts andro-
genetic alopecia, in which its multifactorial pathogenesis
implicates genetic and hormonal factors.* More research
is needed to clarify the potential associations between
iron deficiency and types of hair loss. Additionally, it is
unclear whether iron supplementation improves hair
growth parameters such as density and caliber.*’

Low serum ferritin (<40 pg/L) with concurrent symp-
toms of iron deficiency, including fatigue, pallor, dyspnea
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on exertion, or hair loss, should prompt treatment with
supplemental iron.*"** Generally, ferrous (Fe2*) salts
are preferred to ferric (Fe3™) salts, as the former is more
readily absorbed through the duodenal mucosa* and is
the more common formulation in commercially avail-
able supplements in the United States.** Oral supple-
mentation with ferrous sulfate 325 mg (65 mg elemental
iron) tablets is the first-line therapy for iron deficiency
anemia.! Alternatively, ferrous gluconate 324 mg
(38 mg elemental iron) over-the-counter and its liquid
form has demonstrated superior absorption compared to
ferrous sulfate tablets in a clinical study with peritoneal
dialysis patients.'*® One study suggested that oral iron
40 to 80 mg should be taken every other day to increase
absorption.*” Due to improved bioavailability, intrave-
nous iron may be utilized in patients with malabsorp-
tion, renal failure, or intolerance to oral iron (including
those with gastric ulcers or active inflammatory bowel
disease), with the formulation chosen based on underly-
ing comorbidities and potential risks."*® The theoretical
risk for potentiating bacterial growth by increasing the
amount of unbound iron in the blood raises concerns
of iron supplementation in patients with infection or
sepsis. Although far from definitive, existing data suggest
that risk for infection is greater with intravenous iron
supplementation and should be carefully considered prior
to use.**

Elevated Ferritin—Elevated ferritin may be difficult
to interpret given the multitude of conditions that can
cause it.?*? Elevated serum ferritin can be broadly
characterized by increased synthesis due to iron overload,
increased synthesis due to inflammation, or increased
ferritin release from cellular damage.* Further complicat-
ing interpretation is the potential diurnal fluctuations in
serum iron levels dependent on dietary intake and timing
of laboratory evaluation, choice of assay, differences in
reference standards, and variations in calibration proce-
dures that can lead to analytic variability in the measure-
ment of ferritin.?3>

Among healthy patients, serum ferritin is directly
proportional to iron status.””* A study utilizing weekly
phlebotomy of 22 healthy participants to measure serum
ferritin and calculate mobilizable storage iron found
a strong positive correlation between the 2 variables
(r=0.83, P<.001), with each 1-ug/L increase of serum fer-
ritin corresponding to approximately an 8-mg increase of
storage iron; the initial serum ferritin values ranged from
2 to 83 ug/L in females and 36 to 224 ug/L in males.”® The
correlation of ferritin with iron status also was supported
by the significant correlation between the number of
transfusions received in patients with transfusion-related
iron overload and serum ferritin levels (r=0.89, P<.001),
with an average increase of 60 ug/L per transfusion.!

Clinical guidelines on the interpretation of serum fer-
ritin levels by Cullis et al* recommend a normal upper limit
of 200 pg/L for healthy females and 300 pug/L for healthy
males. Outside of clinical syndromes associated with iron
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overload, Lee and Means®® found that serum ferritin of
1000 pg/L or higher was a nonspecific marker of disease,
including infection and/or neoplastic disorders. We have
adapted these guidelines to propose a workflow for evalua-
tion of serum ferritin levels (Figure). In patients with inflam-
matory conditions or those affected by metabolic syndrome,
elevated serum ferritin does not correlate with body iron
status.””® It is believed that inflammatory cytokines, includ-
ing tumor necrosis factor o and IL-10,, can upregulate ferri-
tin synthesis independent of cellular iron stores.'>'® Several
studies have examined the relationship between insulin
resistance and/or metabolic syndrome with serum ferritin
levels.®*2 Han et al**found that elevated serum ferritin was
significantly associated with higher risk for metabolic syn-
drome in men (P<.0001) but not in women.

Although cutaneous manifestations of iron overload
can be seen as skin hyperpigmentation due to increased
iron deposits and increased melanin production,? the
effects of elevated ferritin on the skin and hair are not
well known. Iron overload is a known trigger of porphyria
cutanea tarda (PCT),% a condition in which reduced or
absent enzymatic activity of uroporphyrinogen decar-
boxylase (UROD) leads to build up of toxic porphyrins in
various organs.® In the skin, PCT manifests as a blister-
ing photosensitive eruption that may resolve as dyspig-
mentation, scarring, and milia.®" Phlebotomy is first-line
therapy in PCT to reduce serum iron and subsequent for-
mation of UROD inhibitors, with guidelines suggesting
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discontinuation of phlebotomy when serum ferritin levels
reach 20 ng/mL or lower.®” Hyperferritinemia (serum
ferritin >500 ug/L) is a common finding in several
inflammatory disorders often accompanied by clinically
apparent cutaneous symptoms such as adult-onset Still
disease,® hemophagocytic lymphohistiocytosis,®*** and
anti-melanoma differentiation-associated gene 5 derma-
tomyositis.®> Among these conditions, serum ferritin lev-
els have been reported to correlate with disease activity,
raising the question of whether ferritin is a bystander or
a driver of the underlying pathology.®*¢” However, rapid
decline of serum ferritin levels with treatment and control
of inflammatory cytokines suggest that ferritin is unlikely
to contribute to pathology.®*¢”

Final Thoughts

Many clinical studies have examined the association
between hair health and body iron status, the collective
findings of which suggest that iron deficiency may be asso-
ciated with TE."/Among commonly measured serum iron
parameters, low ferritin is a highly specific and sensitive
marker for diagnosing iron deficiency. Serum ferritin may
be a clinically useful tool for ruling out underlying iron
deficiency in patients presenting with hair loss. Despite
advances in our understanding of the molecular mecha-
nisms of ferritin synthesis and regulation, whether ferritin
itself contributes to cutaneous pathology is poorly under-
stood. 387 For patients who are otherwise healthy with

SF <40 ug/L
in healthy patients

SF <70 ug/L
in patients
L——— with known chronic
inflammatory
condition(s)

Serum ferritin between 300 ug/L
(200 ug/L in females) and 1000 ug/L

SF — —

—

Consider iron
supplementation
with ferrous sulfate
325 mg or ferrous
gluconate 324 mg

Repeat SF and

Normal TSAT —>  TSATin 3-6 mo

Check CBC,
LFT, TSAT

Elevated TSAT >50% in
males or >45% in females
and/or elevated LFTs with

ALT >55 IU/L and
AST >48 IU/L

J

Consider
assessment
> of liver iron

L—————————  SF>1000ug/L

stores via
MRI or liver biopsy

Proposed workflow for investigation of serum ferritin (SF) levels in patients without known iron overload.?*26:345¢ ALT indicates alanine aminotrans-
ferase; AST, aspartate aminotransferase; CBC, complete blood cell count; LFT, liver function tests; MRI, magnetic resonance imaging; TSAT,

transferrin saturation.
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low suspicion for inflammatory disorders, chronic systemic
illnesses, or malignancy, serum ferritin can be used as
an indicator of body iron status. The workup for slightly
elevated serum ferritin should be interpreted in the context
of other laboratory findings and should be reassessed over
time. Serum ferritin levels above 1000 pg/L warrant further
investigation into causes such as iron overload conditions
and underlying inflammatory conditions or malignancy.
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