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Aboriginal and Torres Strait Islander Australians (IndigenousAustralians) suffer someof the highest rates of

chronic kidney disease (CKD) in the world. Among Indigenous Australians in remote areas of the Northern

Territory, prevalence rates for renal replacement therapy (RRT) are up to 30 times higher than national

prevalence. Anemia among patients with CKD is a common complication. Iron deficiency is one of themajor

causes. Iron deficiency is also one of the key causes of poor response to themainstay of anemia therapywith

erythropoiesis-stimulating agents (ESAs). Therefore, the effective management of anemia in people with

CKD is largely dependent on effective identification and correction of iron deficiency. The current identifi-

cation of iron deficiency in routine clinical practice is dependent on 2 surrogatemarkers of iron status: serum

ferritin concentration and transferrin saturation (TSAT). However, questions exist regarding the use of

serum ferritin concentration in people with CKD because it is an acute-phase reactant that can be raised in

the context of acute and chronic inflammation. Serum ferritin concentration among Indigenous Australians

receiving RRT is often markedly elevated and falls outside reference ranges within most national and in-

ternational guidelines for iron therapy for people with CKD. This review explores published data on the

challenges of managing anemia in Indigenous people with CKD and the need for future research on the

efficacy and safety of treatment of anemia of CKD in patients with high ferritin and evidence iron deficiency.
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A
boriginal and Torres Strait Islander Australians
(herein respectively referred to as Indigenous

Australians) suffer some of the highest rates of
chronic kidney disease (CKD) in the world. Among
Indigenous Australians in remote areas of the
Northern Territory, prevalence rates for renal
replacement therapy (RRT) are up to 30 times higher
than national prevalence.1-4 Anemia among patients
with CKD is a common complication, and iron defi-
ciency is one of the major causes. Iron deficiency is
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also one of the key causes of poor response to the
mainstay of anemia therapy with erythropoiesis-
stimulating agents (ESAs). Therefore, the effective
management of anemia in people with CKD is largely
dependent on effective identification and correction
of iron deficiency.

The current identification of iron deficiency in
routine clinical practice is dependent on 2 surrogate
markers of iron status: serum ferritin concentration and
transferrin saturation (TSAT)—the ratio of serum iron to
the total iron-binding capacity as a percentage. How-
ever, questions exist regarding the use of serum ferritin
concentration in people with CKD because it is an acute-
phase reactant that can be raised in the context of acute
and chronic inflammation. Serum ferritin concentration
among Indigenous Australians receiving RRT is often
markedly elevated5 and falls outside reference ranges
501
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Table 1. Guidelines on target levels of markers of iron status in
people with CKD
Guidelines Continent Ferritin (mg/l) TSAT (%)

Canadian Renal Guidelines Canada 100–500 >20

KDIGO Worldwide 100–500 >20

ERA–EDTA Europe 200–300 30–50

CARI Australia and New Zealand 200–500 30–40

KDOQI United States 200–500 30–50

UK Renal Association/NICE United Kingdom 250–500 >20

Japanese Society for
Dialysis therapy

Japan 100–300 >20

CARI, Caring for Australasians with Renal insufficiency; CKD, chronic kidney disease;
ERA-EDTA, European Renal Association–European Dialysis and Transplant Association;
KDIGO, Kidney Disease: Improving Global Outcomes; KDOQI, Kidney Disease Outcome
Quality Initiative; NICE, National Institute for Health and Care Excellence; TSAT,
transferrin saturation.5,22

The NICE guidelines also recommend offering people with anemia of CKD who are
receiving ESAs iron therapy to achieve percentage hypochromic red cell less than 6%
(unless ferritin is greater than 800 mg/l) and reticulocyte hemoglobin count or equivalent
tests higher than 29 pg (unless serum ferritin is greater than 800 mg/l).
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within most national and international guidelines for
iron therapy for people with CKD.

Anemia—A Major Complication of CKD

Anemia, a major complication of CKD, is associated
with reduced quality of life, increased risk of cardio-
vascular disease, hospitalizations, cognitive impair-
ment, and mortality.6-10 The 2 main causes of anemia in
people with CKD are insufficient erythropoietin pro-
duction by the failing kidneys and/or absolute or
functional iron deficiency.6,11 The prevalence of anemia
in CKD varies from less than 10% in those with stage 1
CKD to more than 50% in those with end-stage kidney
disease (ESKD) or on dialysis (Stages 5/5D CKD).12,13

ESAs are the main agents for correcting anemia in
people with CKD14-16 and work most effectively when
the patient is replete in iron stores.15,17-19 Iron defi-
ciency and its effective identification using current
biomarkers and effective administration and use of iron
is one of the commonest causes of poor response to ESA
therapy.20,21

The effective treatment of anemia in CKD patients
therefore requires both the accurate determination of
iron status and a safe and effective correction of iron
deficiency to achieve and maintain a target hemoglo-
bin level of 100–115 g/l.22 This will ensure avoidance
of overtreatment resulting in iron overload, minimize
continuing anemia from undertreatment of iron defi-
ciency, and limit inadvertent iron infusions in pa-
tients with infections, which can aid bacterial
replication.23

As shown in Table 1, in international clinical prac-
tice guidelines on renal anemia management, recom-
mendations regarding iron management are largely
dependent on the levels of serum ferritin and
TSAT.22,24-27 However, the guidelines do not address
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variations within populations across these continents,
be they ethnicity-based, geographical, social, or
environmental.

Iron in CKD

As humans have no endogenous mechanisms for mak-
ing iron, dietary intake is the only source of iron.28

Therefore, humans need to replace losses of iron by
maintaining adequate dietary intake of iron-rich foods
such as vegetables and meats. Inadequate access to
foods rich in iron in patients with chronic conditions,
inflammation, and infections increases the risk of iron
deficiency.28,29

In people with CKD, the following are the major
causes of iron deficiency in dialysis patients: (i) blood
loss for laboratory tests, aggravated by hospitaliza-
tions; (ii) gastrointestinal losses (may be exacerbated by
systemic anticoagulation during dialysis, and/or the
use of maintenance oral anticoagulants or antiplatelet
drugs used for the treatment or prevention of cardio-
vascular disease); (iii) blood losses associated with the
hemodialysis procedure, including dialyzer blood loss
and blood loss from the arteriovenous fistula or graft
puncture site and from catheters; (iv) reduced intestinal
iron absorption, at least in part due to increased hep-
cidin levels, and medications (e.g., proton pump in-
hibitors and calcium-containing phosphate binders);
(v) reduced intake due to poor appetite, malnutrition,
and dietary advice (e.g., protein restriction); and (vi)
functional iron deficiency that is due to increased levels
of hepcidin blocking the release of iron from stores and
the reticuloendothelial system despite adequate iron
stores.11,17,30

Effective treatment of anemia in patients with CKD is
associated with improved quality of life, cardiovascular
function, and improved survival.31 As described
above, effective treatment includes identification and
correction of iron deficiency and the use of ESAs as
necessary.22 Correction of iron deficiency and mainte-
nance of an iron-replete state are, therefore, key to
managing the anemia of CKD.14,22,24,17

Ferritin—More Than a Marker of Iron Status

Ferritin is an intracellular protein that stores excess
iron,32 and low serum ferritin is correlated with iron
deficiency.32,33 However, ferritin is also an acute-phase
protein, and increased serum ferritin concentrations,
along with increases in other inflammatory markers
such as C-reactive protein (CRP), is observed in patients
who have inflammation.32,34,35 There is also accumu-
lating evidence that high serum ferritin concentrations
are independently associated with high rates of hos-
pitalizations,36,37 cardiovascular disease,38-40 metabolic
syndrome,41-44 and mortality45 (Figure 1).
Kidney International Reports (2021) 6, 501–512
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Figure 1. Associations of high serum ferritin concentrations in patients with chronic kidney disease (CKD). *There is conflicting evidence on this
association, with some studies suggesting high serum ferritin as associated and others suggest no association. NAFLD/NASH, nonalcoholic
fatty liver disease / nonalcoholic steatohepatitis.
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Our work, and that of other researchers, has shown
that iron deficiency, hyperferritinemia, and evidence of
recurrent infection and/or inflammation coexist among
adult Indigenous Australians, particularly in those
with dialysis-dependent ESKD.5,46-48

Challenges With Measuring Serum Ferritin

Concentrations in Patients With CKD

There is no gold standard assay for measuring serum
ferritin. Immunoassay methods are typically available
to measure serum or plasma ferritin. These immuno-
assays could be broadly categorized into radiometric,
nonradiometric, and agglutination assays. To improve
the comparability between assays, the World Health
Organization (WHO) Expert Committee on Biological
Standardization established international reference
materials.49-51 The WHO recommendation is that one
method does not appear to be superior to another and
that all methods are acceptable if a commutable material
traceable to the WHO international reference standard
is used to calibrate the assay. However, their strong
recommendation is that once a method has been
selected, that same method should be used for the
follow-up of individuals and populations. A recent
systematic review assessing the performance and
Kidney International Reports (2021) 6, 501–512
comparability of laboratory methods for measuring
ferritin concentrations in human serum or plasma
concluded that laboratory methods most used to
determine ferritin concentrations have comparable ac-
curacy and performance.50 This heterogeneity in
ferritin measurement methods creates challenges in
clinical decisions in iron deficiency and overload. The
challenges are further accelerated in inflammatory
states and in people with CKD where levels of serum
ferritin are generally higher than the reference ranges
determined by the WHO. Performance of different
methods need to be evaluated to determine clinical
decision limits in people with CKD.

High Prevalence of CKD, Anemia, and Inflam-

mation Among Indigenous Australians of the

Northern Territory

ESKD prevalence rates in Indigenous Australians are
more than 6 times those for non–Indigenous Austra-
lians and, in remote areas, are up to 30 times higher
than the national average4,52,53 (Figure 2). ESKD im-
pacts Indigenous Australians at a younger age and
disproportionately affects women.4,52 In the Northern
Territory (NT), demand for dialysis treatment and the
associated expenditure has increased relentlessly over
503



Prevalence of dialysis-dependent patients by state, 1998–2018
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Figure 2. The prevalence of dialysis requiring end-stage kidney disease showing rates of between 1800 and 2000 per million population in the
NT. Each bar represents the year from 1998 to 2018. ACT, Australian Capital Territory; Aust, Australia; NSW, New South Wales; NT, Northern
Territory; QLD, Queensland; SA, South Australia; TAS, Tasmania; VIC, Victoria; WA, Western Australia
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recent decades.54 Admission for dialysis treatment
comprises 50% of all NT hospital admissions.54

Anemia is also common among Indigenous Austra-
lians, with prevalence rates higher than 50% in some
cases associated with chronic illness.55,56 Evidence from
our work and other researchers has shown the coex-
istence of iron deficiency, evidence of recurrent infec-
tion, and/or inflammation in adult Indigenous
Australians particularly in those with dialysis depen-
dent ESKD.5,46-48,55,57,58

Inflammation is also common among Indigenous
Australians with chronic conditions.59-62 The high
prevalence of chronic inflammation among those with
CKD is associated with major adverse clinical outcomes
such as all-cause hospitalizations and cardiovascular
events.63-67
High Prevalence of Iron Deficiency Anemia

Among Indigenous Australians in the NT

Several studies have shown high prevalence of iron
deficiency in Indigenous children and young people
across Australia.68,69 Evidence also suggests that iron
deficiency is the most common cause of anemia in
Indigenous Australians of all ages70 and that anemia is
common among Indigenous people of Northern
Australia and is likely to be highly prevalent in those
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with CKD.57,71 Data from the Australian Bureau of Sta-
tistics suggest that prevalent rates of iron deficiency
anemia among adults are as high as 7.6%, which is twice
that of non–Indigenous Australians, and rates can be as
high as 29.6% among those with diabetes and CKD.72

This is thought to be driven mainly by nutritional fac-
tors and infectious disease. Evidence suggests that
Indigenous Australians with advanced CKD or ESKD are
likely to have higher risk of iron deficiency anemia.55,57

This may account, in part, for the high resistance to ESA
therapy we observed in a recent study.5
Measurement of Iron Status in People With CKD

The most accurate and direct measurement of human
iron stores is achieved by directly measuring the level
of iron in bone marrow biopsy and/or liver biopsy.73

However, these are invasive high-risk procedures
that are rarely used in clinical practice. As a result,
surrogate measures of iron stores have been used in
clinical practice since the 1970s.32,74

The combination of serum ferritin levels and TSAT
is used worldwide in renal anemia management
guidelines (Table 1). Low TSAT and low serum ferritin
are indicative of iron deficiency.17,75 However, recent
published evidence suggests that TSAT is a better
marker of iron status than ferritin and is more
Kidney International Reports (2021) 6, 501–512



Table 2. Current protocol for iron infusion in hemodialysis patients
in renal units across the Northern Territory of Australia
Regimen Iron studies result IV iron dose

A TSAT <25 and Ferritin <500 (notify
doctor before administering a third

consecutive regime A)

Iron 200 mg 3 times/wk over 14
d (total 6 doses) (repeat iron studies 2
weeks post sixth dose—withhold iron

until results known)

B TSAT <25 and ferritin <1000 Iron 200 mg weekly

C TSAT 26–50 and ferritin <1000 Iron 100 mg weekly

D TSAT <50 and ferritin <1500 Iron 50 mg weekly

E TSAT >50 and or ferritin >1500 with
normal CRP

No replacement

F TSAT >50 and or ferritin >1500 with
elevated CRP

Withhold and repeat iron studies after
14 d without receiving iron

1. Measure iron studies and CRP 3-monthly.
2. Withhold IV iron 14 d before iron studies and 14 d post blood transfusion.
3. Ferritin > 1500 no iron replacement.

CRP, C-reactive protein; IV, intravenous; TSAT, transferrin saturation.
Units of TSAT as a percentage, ferritin in micrograms per liter, elevated CRP >20 mg/dl.
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predictive of the response to treatment of anemia in
maintenance hemodialysis (MHD) patients.74,76

Standard clinical care recommends therapeutic sup-
plementation of iron for CKD patients until pre-
determined targets of these measures are achieved.
Internationally, the target levels vary (Table 1). There
are no recommendations to vary targets according to
ethnic groups.

Uncertainty Regarding the Use of Serum Ferritin

Levels as a Marker of Iron Status in Indigenous

Australians

Low serum ferritin is a marker of iron
deficiency.24,32,74,77,78 However, as an acute-phase pro-
tein, increased serum ferritin concentration, along with
increases in other acute-phase reactants such as CRP, is
observed in patients who have inflammation.35,67,79

Therefore, there is uncertainty regarding the useful-
ness of serum ferritin as a marker of iron stores in states
of chronic inflammation and chronic infections. As a
result of this uncertainty, a clinical practice guideline
from the National Institute for Health and Clinical
Excellence (NICE) in the United Kingdom discourages
the use of either ferritin or TSAT alone to determine iron
status in people with CKD although several expert
opinions have suggested revising this such that if serum
ferritin is low, this alone is sufficient to confirm iron
deficiency and the need for therapy.24

Among Indigenous Australians on MHD, a popula-
tion known to have a heavy burden of cardiovascular
and infectious diseases, hospitalizations, and premature
mortality,80 we have shown that anemia coexists with
ESA therapy hyporesponsiveness, hyperferritinemia,
and high serum CRP.5,46 High serum ferritin levels have
been recognized in this population for almost 20 years.
Given the coexistence of chronic conditions, chronic
inflammation, and hyperferritinemia, there is significant
Kidney International Reports (2021) 6, 501–512
clinical uncertainty regarding the appropriate manage-
ment of anemia in Indigenous CKD and ESKD patients.

NT Renal Services have developed an iron manage-
ment protocol to guide iron replacement that addresses
the particular burden of comorbidities seen within the
NT dialysis population. There are no other iron man-
agement protocols in Australia or internationally that
address the safe use of iron in CKD and ESKD patients
with high serum ferritin levels above 500 mg/l associ-
ated with low TSAT (Table 2).

In a study of the effectiveness of this protocol in
correcting iron deficiency in 197 NT patients on MHD,
we found patients were poorly responsive to ESA treat-
ment and received higher annual doses of iron treatment
both in absolute terms and relative to the hemoglobin
response.5 Furthermore, in another cohort of more than
1500 NT patients on MHD, we showed that high serum
ferritin levels in Indigenous patients were only partly
explained by iron sufficiency as indicated by low
TSAT.46 However, because of the retrospective study
design, we could not determine whether iron overload,
which is a clear risk in this situation, was also present.
Despite this, the higher iron doses observed suggest iron
overload is a potential harm. We concluded that the
administration of iron among Indigenous patients on
MHD with hyperferritinemia needs to be prospectively
studied to avoid adverse infections,48 cardiovascular, and
clinical outcomes associated with iron overload.5,46

The 2 studies also showed a lack of correlation be-
tween serum ferritin and CRP. This lack of correlation
raises the question whether hyperferritinemia observed
in Indigenous patients with CKD/ESKD may be
explained by factors other than inflammation.5,46

Other Measures of Iron Status

The uncertainty regarding the use of serum ferritin
levels to guide iron therapy in patients with hyper-
ferritinemia raises questions regarding whether other
measures of iron status should be considered.5 These
include percentage hypochromic red cells,81 reticulo-
cyte hemoglobin content (CHr),82 soluble transferrin
receptor (sTfR),83 and hepcidin.84

Overall, the CHr is a better predictor of response to
intravenous (IV) iron treatment and has less variability
than ferritin and TSAT especially in states of inflam-
mation, resulting in better diagnostic accuracy for iron
status.74,82 CHr is approved both in the United States
and Europe as marker of functional iron deficiency
with a diagnostic threshold of 29 pg. It has one of the
best specificities of greater than 90%. The NICE
guidelines suggest using CHr as it is also available on
most analyzers in the laboratories. However, there is no
agreed value that provides the best balance between its
sensitivity and specificity. In the context of our
505
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patients with high serum ferritin, CHr may still pro-
vide better interpretation of iron status.

Although the percentage hypochromic red cell
measure produces comparable or somewhat better re-
sults than CHr, samples need to be analyzed on site by
the laboratory technician, which may affect reproduc-
ibility of measures between and within individuals,
making its widespread adoption difficult in our setting
where most samples need transporting to laboratories
at distant sites.

sTfR levels are not affected by inflammation.85 This
may suggest sTfR as the best marker in our setting.85

However, sTfR is very sensitive to erythropoiesis and
can be affected by administration of ESAs. This raises
uncertainty for its use in determining iron status in pa-
tients receiving these drugs.86 It may still be useful in
those not yet receiving ESAs as part of an evaluation to
determine the baseline for subsequent iron therapy.
Ritchie et al showed that sTfR was a more reliable
adjunctive measure of iron status than serum ferritin in
Aboriginal children in tropical Australia.58 This needs to
be explored in our CKD and hemodialysis patients, most
of whom are Indigenous.

Hepcidin, a protein synthesized by the liver, regulates
both absorption of iron from the intestine and release of
intracellular iron into plasma from the reticuloendothelial
cells following recycling of erythrocytes. It reduces the
expression of ferroportin, a regulating protein for cellular
iron export. Hepcidin-25 synthesis is enhanced by iron
itself and by inflammation, and is downregulated by
anemia, hypoxia, bleeding, iron deficiency, erythropoi-
etin, and increased medullary erythropoiesis.74,87 As a
key regulator of iron homeostasis, it would be an ideal
measure. However, its use is not readily available in
clinical practice, and current available assays for
measuring blood levels of hepcidin have high variability
and at present are not useful in the clinical setting because
of this variability.88 Studies suggest that its use may be
mainly limited to distinguishing simple functional iron
deficiency from those with reticuloendothelial
blockade.89 Its potential use in our patients needs to be
explored. However, some studies have shown no corre-
lation between hepcidin levels and other markers of iron
stores and function, casting doubt on its potential use-
fulness in hemodialysis patients.74

The use of these measures in patients with CKD and
MHD from the NT is unknown. Assessing their po-
tential use may provide additional certainty regarding
the safe use of iron in our patients.

Other Recognized Causes of Raised Ferritin

Beyond Inflammation

In addition to inflammation, the classical causes of
hyperferritinemia include chronic alcoholism, acute
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and chronic hepatitis, dysmetabolic syndrome (often
associated with dysmetabolic iron overload or nonal-
coholic fatty liver disease / nonalcoholic steatohepati-
tis), genetic hemochromatosis, and secondary
hemosiderosis.90,91 Confirmation of causes of hyper-
ferritinemia in CKD and ESKD requires further evalu-
ation.5,46 One potential and unexplored cause is the
association with metabolic syndrome and type 2 dia-
betes mellitus in Australian Indigenous
patients.41,43,44,92,93 Metabolic syndrome and diabetes
are highly prevalent conditions among Indigenous
ESKD patients,94 but the association with raised serum
ferritin has not been investigated. Examining the as-
sociation of ferritin with more specific inflammatory
markers such as interleukin-6 (IL-6), tumor necrosis
factor receptor 1 (Tnfr1), serum tumor necrosis factor
(TNF) alpha, and interleukin-1 (IL-1) will help to
confirm if the ferritin is due to causes other than
inflammation. The potential association of hyper-
ferritinemia, liver function, and progression of CKD
also needs investigation (Figure 1).
Iron Overload and Other Clinical Outcomes

in CKD and ESKD Patients With High Serum

Ferritin

The liver is the main site of iron storage, and liver iron
concentration is a valuable marker of total body iron
stores, which can be measured noninvasively and
accurately by quantitative magnetic resonance imaging
in iron overload disorders including dialysis pa-
tients.95,96 Recent studies of liver iron stores in dialysis
patients by quantitative magnetic resonance imaging
and susceptometry have revealed a high frequency of
radiologic hemosiderosis (affecting up to 66% of the
500 dialysis patients in a pooled analysis of 11 pub-
lished radiologic studies on liver iron concentration),
therefore questioning the potential hazards of routine
indiscriminate administration of high-dose IV iron in
this setting.97,98

A recent study showed that serum ferritin level of
200–500 mg/l correctly reflected liver iron stores as
assessed by magnetic resonance imaging in hemodial-
ysis patients without overt inflammation or malnutri-
tion. The authors concluded that the results strongly
suggest that current ferritin target values should be
lowered to avoid iron overload.99 However, ferritin
levels in their patients were much lower than in our
Indigenous MHD patients.

Another study had the contrasting conclusion that
transferrin saturation and serum ferritin levels were
poor markers of liver and cardiac iron deposition in
MHD subjects.100 The authors recommended that in
patients with high serum ferritin receiving iron
Kidney International Reports (2021) 6, 501–512
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treatment, it will be crucial to monitor iron overload by
measuring liver iron.100,101

Some studies have shown that iron treatment is
associated with adverse effects especially if doses of
>1000 mg are administered over #6 months.102 These
include increased infection,103 cardiovascular compli-
cations, and hospitalizations.25 In 32,435 hemodialysis
patients in 12 countries in the Dialysis Outcomes and
Practice Patterns Study, compared with average IV iron
doses of 100–199 mg/mo (the most common dose range),
case mix–adjusted mortality was similar for the 0-, 1–
99-, and 200–299-mg/mo categories but significantly
higher for the 300–399-mg/mo (hazard ratio [HR] 1.13,
95% confidence interval [CI] 1.00–1.27) and $400-mg/
mo (HR 1.18, 95% CI 1.07–1.30) groups. Associations
with cause-specific mortality (cardiovascular, infec-
tious, and other) were generally similar to those for all-
cause mortality. The hospitalization risk was elevated
among patients receiving $300 mg/mo compared with
100–199 mg/mo (HR 1.12, 95% CI 1.07–1.18). The
recommendation from this study was that a well-
powered clinical trial to evaluate the safety of
different IV iron-dosing strategies in hemodialysis pa-
tients was urgently needed.104

However, a recent large clinical trial, the PIVOTAL
study, indicated that high doses of IV iron of up to
3164 mg per annum were safe and efficacious. This trial
was a multicenter, open-label noninferiority trial with
blinded endpoint evaluation, which randomized 2141
UK hemodialysis patients either to high-dose IV iron-
sucrose originator (Venofer; n ¼ 1093 patients) or to
low-dose IV iron-sucrose originator (Venofer; n ¼ 1048)
for a median follow-up of 2.1 years. In the group with
high-dose iron, Venofer was given in a proactive
fashion: patients were scheduled to receive 400 mg/mo
of iron-sucrose originator, up to a ferritin level of 700
ng/ml or a transferrin saturation $40%, whereas pa-
tients in the low-dose iron group were administered
Venofer (0‒400 mg monthly) in a reactive fashion
aimed at maintaining ferritin >200 ng/ml or a trans-
ferrin saturation >20%. The primary endpoint was a
composite of nonfatal myocardial infarction, nonfatal
stroke, hospitalization for heart failure, or death,
whereas secondary endpoints included death, infection
rate, and ESA dose. The trial demonstrated non-
inferiority (P < 0.001) with a slight superiority (P ¼
0.04) related to fewer cardiovascular events (fatal and
nonfatal myocardial infarction; HR 0.69, 95% CI 0.52‒
0.93) or hospitalizations for cardiac failure (HR 0.66,
95% CI 0.46‒0.94). The trial also confirmed that
maintenance iron therapy was better than an iron
loading strategy for sparing ESA requirements
(–19.4%). Interestingly, the trial also confirmed the
lack of toxicity in dialysis patients of IV iron
Kidney International Reports (2021) 6, 501–512
dosages <300 mg/mo, as shown by DOPPS. Patients
enrolled in the proactive high-dose arm received an
average monthly dose of 264 mg (interquartile range
200‒336 mg) whereas patients in the low-dose reactive
arm received 145 mg monthly during the trial (inter-
quartile range 100‒190 mg).18 However, this landmark
clinical trial was mainly in Europeans and excluded
patients with serum ferritin >700 mg/l.18

High serum ferritin is also an independent predictor
of mortality, cardiovascular disease, and hospitaliza-
tions.36,40,105 NT patients on MHD for ESKD are already
at high risk of infections such as high rates of melioi-
dosis during the wet season and cardiovascular
disease.47,48
Current Treatment of ESKD Patients With Ane-

mia, High Ferritin, and Low TSAT

As outlined above, the paucity of published evidence
has motivated the development of the current NT iron
management protocol to guide the safe administration
of iron in MHD patients with serum ferritin levels
>500 ug/l associated with low TSAT (Table 2). The
evidence from our 2 recent studies suggests that even
this protocol may be contributing to higher and
potentially harmful total doses of iron in NT patients
on MHD.5,46

Patients with anemia, TSAT <30%, and serum
ferritin levels <500-mg/l levels fall within national and
international guidelines. They are treated with ESA
and iron therapy to maintain hemoglobin between 100
and 115 g/l, a ferritin of 200–500 mg/l, and TSATs of
20%–30%.17,26,27

In patients with high serum ferritin >500 mg/l, most
guidelines discourage iron administration.16,22 The
only evidence for iron administration under these cir-
cumstances is from 2 small clinical studies from North
America, only one of which was a randomized
controlled trial.106,107 The Dialysis Patients’ Response
to IV Iron with Elevated Ferritin (DRIVE) study eval-
uated the safety and efficacy of IV iron therapy in
anemic hemodialysis patients treated with epoetin, who
had higher serum ferritin levels, but low to normal
TSAT. The DRIVE study was an open label study,
which randomized 134 patients to an IV iron group and
a control group (62 patients in each group). The pri-
mary outcome was the difference between treatment
groups in hemoglobin change from baseline to week 6.
They also assessed the safety of administration of iron.
This study showed that the IV administration of ferric
gluconate (125 mg for 8 treatments) was superior to no
iron therapy in anemic dialysis patients receiving
adequate epoetin dosages with a ferritin 500–1200 ng/
mL and TSAT #25%.106 In our patient population,
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however, only 5.6% of the Indigenous patients would
fit the entry criteria for the DRIVE study.5

The follow-up DRIVE II study was a 6-week obser-
vational extension of DRIVE comparing the extended
effects of ferric gluconate or no iron on epoetin doses
and the mean change between treatment groups in
hemoglobin from the end of DRIVE to the end of
DRIVE II. They concluded that ferric gluconate main-
tained target hemoglobin and allowed lower ESA doses
in anemic hemodialysis patients with low TSAT and
high serum ferritin levels up to 1200 ng/mL.106,107

These 2 studies partly informed the development of
the current NT treatment protocol, which was tailored
to the high levels of serum ferritin in NT MHD patients
(Table 2). This review of evidence re-emphasizes the
current lack of evidence to guide treatment in our
patient population because of the hyperferritinemia.

A recent epidemiologic study analyzed the influence
of 5 commonly used strategies of iron utilization (a set
of decision rules with levels of iron status tests and
corresponding iron dosing approaches) including very
high dosage of IV iron inspired by DRIVE in US pa-
tients in a cohort of 18,697 USRDS patients who started
hemodialysis between 2009 and 2012. The authors
analyzed mortality and infection-related hospitalization
in a dynamic Cox marginal structural model, after
multiple adjustments for factors contributing to strat-
egy initiation and deviation. When compared to the
strategy that recommended less intensive treatment at
lower ferritin levels, strategies using a large amount of
iron at high levels of ferritin and transferrin saturation
inspired by the DRIVE trial demonstrated an increased
risk of all-cause mortality (60-day risk difference: 1.3%
[0.8%–2.1%]; 120-day risk difference: 3.1% [1.0%–
5.6%]). These strategies with high IV iron use inspired
by the DRIVE trial were also associated with an
elevated risk of infection-related morbidity and
mortality.108
Rationale for Studies to Assess the Causes of

Hyperferritinemia and Generate Evidence

Regarding Safety and Efficacy of Iron Therapy in

Indigenous Australians With CKD

There is a strong rationale for assessing the potential
causes and associations of hyperferritinemia in Indig-
enous patients with CKD/ESKD as uncertainty persists
regarding its use as a measure of iron status:

(i) Anemia is particularly common among Indigenous
ESKD patients from the NT. Iron deficiency, highly
prevalent among Indigenous Australians, causes
poor response to ESAs. The accurate diagnosis of
iron deficiency depends on serum ferritin levels.
However, the coexistence of hyperferritinemia,
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inflammation, and chronic infections complicates
the diagnosis of iron deficiency in Indigenous pa-
tients with CKD/ESKD. Evidence-based guidelines
are needed to support best practice clinical care in
CKD/ESKD patients with hyperferritinemia. Serum
ferritin levels and TSAT, which are used to guide
iron treatment, might be inadequate as measures of
iron status. Evidence from our recent studies
showed that a significant number of Indigenous
patients on MHD are not adequately treated for
anemia due to hyperferritinemia, and there is
associated uncertainty regarding the benefits and
harms of treatment.5,46 The best available RCT
evidence guiding iron therapy in patients with
high ferritin cannot be applied to treatment of NT
Indigenous patients. Only approximately 1 in 20 of
our Indigenous patients would fit entry criteria for
these studies.106,107

(ii) There are significant risks of adverse outcomes in
Indigenous patients receiving iron. The high iron
dose received and the hyperferritinemia may pre-
dispose patients to bacterial infections, cardiovas-
cular disease and metabolic syndrome observed in
Indigenous patients with CKD/ESKD.

(iii) Examining the association of hyperferritinemia and
biomarkers of inflammation with progression of
CKD to ESKD and clinical outcomes such as cardio/
peripheral vascular disease, infections, and hospi-
talizations will further improve the understanding
of the clinical significance of the hyperferritinemia.

(iv) Studies assessing the performance and compara-
bility of the different ferritin measurement
methods in people with CKD are also needed.

(v) Considering the high prevalence of diabetes melli-
tus and metabolic syndrome in this Indigenous
Australian population, we may hypothesize a high
prevalence of hepatic steatosis as encountered in
dialysis patients more and more frequently in
developed countries as well as dysmetabolic iron
overload.109,110 There is a need to identify those
patients with these underlying liver diseases, to
adapt iron dosage and to monitor the safety of IV
iron in this setting. This peculiar safety issue seems
particularly relevant since indiscriminate IV iron
has recently been shown to either trigger or
aggravate NAFLD in dialysis patients suggesting a
double-edged iron sword.111,112

(vi) MRI-R2* Relaxometry, using multipeak fat spectral
modeling (General Electric: IDEAL-IQ), has
recently been shown to accurately measure hepatic
iron load in dialysis patients by comparison with
quantitative histology. This suggest that MRI-R2*
Relaxometry with multipeak fat spectral modeling
could be particularly useful in the population of
Kidney International Reports (2021) 6, 501–512
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Indigenous Australians for decision, choice, and
follow-up of iron therapy. This will need evalua-
tion in future studies.96

Conclusions

A significant evidence gap exists, and there is clinical
equipoise or uncertainty regarding the potential ben-
efits or harms of iron therapy in Indigenous ESKD
patients with hyperferritinemia. We need to explore
the clinical significance of high serum ferritin levels
and generate clear evidence to guide clinical decision
making regarding the need for iron therapy.
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