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ABSTRACT

Background. International variation in anemia assessment and management practices in chronic kidney disease (CKD) is
poorly understood.

Methods. We performed a cross-sectional analysis of anemia laboratory monitoring, prevalence and management in the
prospective Chronic Kidney Disease Outcomes and Practice Patterns Study (CKDopps). A total of 6766 participants with CKD
Stages 3a–5ND from nephrology clinics in Brazil, France, Germany and the USA were included.

Results. Among patients with anemia (hemoglobin <12 g/dL), 36–58% in Brazil, the USA and Germany had repeat
hemoglobin measured and 40–61% had iron indices measured within 3 months of the index hemoglobin measurement.
Anemia was more common in the USA and Brazil than in France and Germany across CKD stages. Higher ferritin and lower

Received: 19.2.2019; Editorial decision: 21.6.2019

VC The Author(s) 2019. Published by Oxford University Press on behalf of ERA-EDTA.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.
For commercial re-use, please contact journals.permissions@oup.com

613

Clinical Kidney Journal, 2020, vol. 13, no. 4, 613–624

doi: 10.1093/ckj/sfz091
Advance Access Publication Date: 3 August 2019
Original Article

https://academic.oup.com/
https://academic.oup.com/
https://academic.oup.com/


iron saturation (TSAT) levels were observed with lower hemoglobin levels, and higher ferritin with more advanced CKD.
The proportion of anemic patients with ferritin <100 ng/mL or TSAT <20% ranged from 42% in Brazil to 53% in France and
Germany, and of these patients, over 40% in Brazil, Germany and the USA, compared with 27% in France, were treated with
oral or intravenous iron within 3 months after hemoglobin measurement. The proportion of patients with hemoglobin
<10 g/dL treated with erythropoiesis-stimulating agents ranged from 28% in the USA to 57% in Germany.

Conclusions. Hemoglobin and iron stores are measured less frequently than per guidelines. Among all regions, there was a
substantial proportion of anemic patients with iron deficiency who were not treated with iron, highlighting an area for
practice improvement in CKD care.

Keywords: anemia, chronic kidney disease, erythropoiesis-stimulating agents, iron deficiency, iron supplementation

INTRODUCTION

Anemia is a common complication among patients with
chronic kidney disease (CKD), and its prevalence rises as esti-
mated glomerular filtration rate (eGFR) decreases [1–3].
Anemia in CKD is associated with decreased quality of
life and increased risk of cardiovascular disease and mortality
[4–6]. Several mechanisms of CKD-related anemia have been
implicated [5], including relative erythropoietin deficiency [7],
decreased red cell life span [8], abnormal iron metabolism [9],
chronic inflammation [10], metabolic abnormalities [11–16]
and effects of medications such as renin angiotensin system
(RAS) inhibitors [17–21].

Several practice guidelines provide frameworks to assist
clinicians with diagnosis and management of anemia in CKD
patients [2, 22–28]. Among Chronic Kidney Disease Outcomes
and Practice Patterns Study (CKDopps) countries, the Kidney
Disease: Improving Global Outcomes (KDIGO) anemia guidelines
[22] are widely utilized in Brazil and the USA, while the
European Renal Best Practice (ERBP) group published a position
statement adapting KDIGO anemia recommendations for the
European population [25]. Many of the KDIGO recommendations
were not graded or had low quality of evidence [22]. KDIGO and
ERBP recommendations differ in hemoglobin thresholds for de-
fining anemia and in iron parameter thresholds for initiating
iron therapy [25]. In addition to practice variation between
countries, we hypothesized there would also be substantial var-
iation at the clinic level based on local practice patterns, indi-
vidualization of treatment and nephrologist preferences.

Using data from the CKDopps, we evaluated the monitoring
frequency, prevalence and management of anemia and iron de-
ficiency in patients with CKD Stages 3–5ND in Brazil, France,
Germany and the USA.

MATERIALS AND METHODS

CKDopps is an ongoing international prospective cohort study
of nondialysis patients with eGFR <60 mL/min/1.73 m2; study
methods have been previously published [29, 30]. Participants
were sequentially or randomly selected from national samples
of nephrologist-run CKD clinics in Brazil, France, Germany and
the USA. Ethics approval for CKDopps was obtained from a cen-
tral institutional review board (study number: 14004-05).

This investigation utilized data available from 1 January
2013 until 13 April 2018, which included patients entering
CKDopps at different time points over this 5.3-year period.
Patients were excluded if (i) baseline demographics/medical his-
tory questionnaire were not completed, (ii) no laboratory data
were reported or (iii) no hemoglobin measurements were
reported either during the 6 months prior to enrollment or

within 6 months of a reported eGFR during follow-up (see
Supplementary data, Figure S1 for study flow diagram).

The hemoglobin measurement used for the cross-sectional
analyses (index hemoglobin) was usually the most recent mea-
surement reported during the 6 months prior to the study en-
rollment date. In patients who did not have hemoglobin
reported prior to enrollment, the first available measurement
during study follow-up was used, as long as the hemoglobin
measurement date was within 6 months of a reported eGFR. For
analyses by CKD stage, patients contributed once to the analy-
ses for each CKD stage, utilizing the first hemoglobin measured
within 6 months at or after transition to the new CKD stage.

Anemia monitoring by CKD stage was assessed by time from
index hemoglobin measurement to the next hemoglobin mea-
surement within a particular CKD stage and presented as cumu-
lative incidence functions. Follow-up time was censored at the
earliest of when a patient switched to a different CKD stage,
date of last available lab data or end of patient’s follow-up.

Iron status was assessed by the percentage of patients with
(i) both ferritin <100 ng/mL and iron saturation (TSAT) <20%; (ii)
one of: ferritin <100 ng/mL or TSAT <20% (when both ferritin and
TSAT values were available); or (iii) ferritin <100 ng/mL or TSAT
<20% (when data for only ferritin or only TSAT were available).
The closest TSAT or ferritin measurements within 63 months of
the index hemoglobin were considered concurrent measurements.

Anemia treatment with erythropoiesis stimulating agents
(ESAs) and/or iron was based upon relevant prescriptions at or
within 3 months after the index hemoglobin measurement;
only 3% of patients with hemoglobin measurements were miss-
ing data regarding iron or ESA prescription status.

We performed a sensitivity analysis excluding patients with
CKD Stage 3a, a subgroup with lower likelihood of metabolic
complications of CKD. A subgroup analysis of anemia treatment
after two consecutive hemoglobin measurements was also per-
formed (data were available for Brazil, Germany and the USA for
this analysis).

Standard descriptive statistics were applied for this investi-
gation. All statistical analyses were conducted using SAS, ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS
Patient characteristics

The study sample was comprised of 6766 CKD Stages 3–5ND
patients from 135 CKD clinics across the four countries (Table 1;
Supplementary data, Table S1). By study design [29], most
patients had CKD Stage 4: 49% (Brazil), 42% (France), 73%
(Germany) and 55% (USA). The most common reported primary
causes of CKD were diabetes and hypertension in all countries,
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although the prevalence of diabetic kidney disease was lower in
France (22%) compared with other countries (30–37%). Patients
with lower hemoglobin levels displayed a higher prevalence of
female sex, black race, more advanced CKD, congestive heart
failure, other cardiovascular disease, diabetes and peripheral
vascular disease.

Monitoring of hemoglobin and iron indices

Figure 1 shows the cumulative incidence of a subsequent hemo-
globin measurement over 1 year, by CKD stage and index hemo-
globin level. Hemoglobin was measured more frequently with
advancing CKD, with 60% of patients having their next hemo-
globin measurement in 6, 4 and 3 months, respectively, for CKD
Stages 3, 4 and 5ND patients. Similarly, hemoglobin was mea-
sured more frequently among patients with lower index hemo-
globin levels, with 60% having their next hemoglobin level
measured in 5, 4 and 3 months, respectively, for patients with
index hemoglobin levels of �12, 10 to <12 and <10 g/dL.
Cumulative incidence of hemoglobin measurements differed
little across countries. By comparison, almost all patients had
repeat serum creatinine measurements after study entry, with
median times until the next creatinine measurement of approx-
imately 4 and 2 months, respectively, for CKD Stages 3a and
5ND patients.

Figure 2 shows measurement of TSAT and serum ferritin
within 63 months of the index hemoglobin measurement. Iron
indices were measured more commonly in patients having
lower hemoglobin levels and more advanced CKD.
Measurement rates were highest in Germany, with approxi-
mately 50% of CKD Stages 3b and 4 patients and 75% of CKD
Stage 5ND patients having a measured TSAT or ferritin. In Brazil
and the USA, TSAT or ferritin was measured for 23–50% of
patients by CKD stage. Among patients with hemoglobin <10 g/
dL, measurement of TSAT or ferritin was least common in the
USA (53%), versus 75% in Germany and 61% in Brazil. Ferritin
and TSAT were usually measured together. Similar results were
seen in a sensitivity analysis of iron status measurement ex-
cluding CKD Stage 3a patients.

Prevalence of anemia and iron deficiency

Within all CKD stages, mean hemoglobin was highest in France,
intermediate in Brazil and Germany, and lowest in the USA
(Table 1; Figure 3). In all countries, the prevalence of anemia
was higher among patients with lower eGFR and in females
than males, though this difference was less pronounced at
higher CKD stages (Figure 3; Supplementary data, Figure S2).
The prevalence of low hemoglobin levels was substantial in ad-
vanced CKD, particularly for females: 37% of the USA and 17–
26% of French, German and Brazilian CKD Stage 5ND females
had index hemoglobin levels <10 g/dL (Supplementary data,
Figure S2).

Median serum ferritin levels were higher with advancing
CKD and with lower hemoglobin levels across all four countries
(Figure 4). By contrast, TSAT did not vary with CKD stage in a
consistent pattern across the four CKDopps countries (Figure 5).
However, low TSAT levels (<20%) were 1.5- to 2-fold more com-
mon at low (<10 g/dL) versus higher (�12 g/dL) hemoglobin lev-
els, with 48–62% of patients having TSAT <20% among patients
with hemoglobin <10 g/dL in France, Germany and the USA.
TSAT levels by hemoglobin level were generally higher in Brazil
compared with all other countries.

Prevalence of iron deficiency was assessed among patients
with at least one available iron lab parameter (Figure 6). Across
all CKD stages, 8–18% of patients had absolute iron deficiency
(both TSAT <20% and ferritin <100 ng/mL), while 15–34% of
patients had incongruent iron parameters [either TSAT <20%
and ferritin >100 ng/mL (functional iron deficiency) or TSAT
>20% and ferritin <100 ng/mL]. Approximately 3–17% of
patients across CKD stages had either TSAT <20% (with no ferri-
tin available) or ferritin <100 ng/mL (with no TSAT available).

Prescription of iron and ESAs

Prescription of iron supplementation and ESAs was more com-
mon among patients with lower eGFR (Figure 7a) and lower he-
moglobin levels (Figure 7b). Among patients with hemoglobin
<10 g/dL, 48% in the USA, 58% in Brazil, 66% in France and 70%
in Germany were prescribed an ESA or iron in the 3 months fol-
lowing hemoglobin measurement. Among patients prescribed
anemia treatment: (i) for patients having hemoglobin <10 g/dL,
an ESA, either alone or in combination with iron, was the most
common therapy; and (ii) for patients with hemoglobin 10–12 g/
dL, approximately 68% in the USA and 45–50% in all other coun-
tries were prescribed supplemental iron alone without an ESA.
The most commonly prescribed ESA was epoetin alfa in Brazil
and Germany, and darbepoetin alfa in France and the USA.
Among patients with ferritin <100 ng/mL or TSAT <20%, 27–44%
of patients who also had hemoglobin <12 g/dL were prescribed
iron supplementation, compared with 40–50% of patients with
hemoglobin <10 g/dL. In all countries, prescription of iron was
higher for patients having TSAT <20% or ferritin <100 ng/mL,
versus having TSAT �20% and ferritin �100 ng/mL
(Supplementary data, Table S2). The opposite was seen regard-
ing ESA prescription, with ESA prescription typically being
higher among patients with TSAT �20% and ferritin �100 ng/mL
versus having TSAT< 20% or ferritin <100 ng/mL. Among
patients prescribed iron, intravenous (IV) iron prescription was
greater among patients with lower hemoglobin concentrations,
ranging across hemoglobin categories from 5% to 18% IV iron
prescription in the USA, 6% to 21% in France, 8% to 41% in Brazil
and 30% to 54% in Germany (Supplementary data, Table S3).
Similar results for TSAT and ferritin distributions and ESA/iron
prescriptions were obtained in sensitivity analyses excluding
CKD Stage 3a patients.

Overall, ESA use was more common in Brazil (16%) and
Germany (16%) than in France (9%) and the USA (8%). Among
patients with hemoglobin <10 g/dL, the percentage of patients
receiving ESA was 28% in the USA, 39% in Brazil, 52% in France
and 57% in Germany (Supplementary data, Table S3).

A subgroup analysis demonstrated that 86% of patients with
index hemoglobin <10 mg/dL but not treated with iron or ESA
within 3 months after the index hemoglobin had a subsequent
hemoglobin measurement during follow-up, of which 62% had
hemoglobin <10 mg/dL on repeat measurement. Twelve percent
of patients with persistent hemoglobin <10 mg/dl on two con-
secutive measurements were treated with either iron or ESA
within 3 months after the second hemoglobin <10 mg/dL (9% in
Brazil, 13% in Germany and 12% in the USA) (Supplementary
data, Table S4).

Between-clinic variation in anemia measures and
treatment

Large variability was seen across CKD clinics in each country in
measurement of anemia parameters, prevalence of anemia,
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FIGURE 1: Cumulative incidence of hemoglobin measurement. (a) By CKD stage. (b) By hemoglobin level. Graph by CKD stage allows patients to contribute once for

each stage. French data are excluded from the graph as the laboratory measurements are collected according to a predefined study protocol. Time 0 is the first hemo-

globin (Hgb) measurement. KDIGO 2012 anemia guidelines [21]: (i) for nondialysis CKD patients with anemia not being treated with an ESA, hemoglobin should be mea-

sured when clinically indicated and at least every 3 months in patients with CKD Stages 3–5ND; (ii) for nondialysis CKD patients being treated with an ESA, hemoglobin

should be measured at least monthly during the initiation phase of ESA therapy, whereas hemoglobin should be measured at least every 3 months during the mainte-

nance phase of ESA therapy.
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iron status, and prescription of iron and ESAs, among patients
with CKD Stages 3b–4 (Supplementary data, Figure S3).
Germany had the highest use of ESA and iron treatments, and
highest prevalence of ferritin and TSAT measurement, as well

as the greatest inter-clinic variability in monitoring and anemia
treatment practices. Higher inter-clinic variability in anemia
prevalence and iron status was observed in Brazil compared
with other countries.

FIGURE 2: Measurement of iron parameters, by country. (a) By CKD stage. (b) By hemoglobin level. Patients could contribute once for each CKD stage experienced during

the study for (a). Measurement within 63 months from hemoglobin (Hgb) value. French data are excluded from the graph as the laboratory measurements are collected

according to a predefined study protocol.

FIGURE 3: Hemoglobin distribution, by country and CKD stage. Patients could contribute once for each CKD stage experienced during the study for (a). First hemoglobin

(Hgb) for each stage was taken if there were multiple measures.
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FIGURE 4: Serum ferritin distribution, by country. (a) By CKD stage. (b) By hemoglobin level. Patients could contribute once for each CKD stage experienced during the

study for (a). Ferritin values within 63 months from hemoglobin (Hgb) value.

FIGURE 5: TSAT distribution, by country. (a) By CKD stage. (b) By hemoglobin level. Patients could contribute once for each CKD stage experienced during the study for

(a). TSAT values within 63 months from hemoglobin (Hgb) value.
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DISCUSSION

Our study demonstrates variations in the evaluation and preva-
lence of anemia and iron deficiency, and related treatment of
CKD patients. Hemoglobin levels were lowest in the USA and
highest in France. A high proportion of patients received no
recorded treatment for anemia.

The frequency of hemoglobin measurement was similar
among Brazil, Germany and the USA. However, measurement of
iron parameters was much higher in Germany than in Brazil
and the USA. The KDIGO guidelines provide clear recommenda-
tions for frequency of hemoglobin measurement based on ane-
mia status and ESA therapy, while specific recommendations
for iron status monitoring are provided only in the context of
ESA therapy, and clinical discretion is recommended in other
circumstances [22]. Nevertheless, the high proportion of
patients without iron indices measured in this analysis high-
lights an area for improvement in care.

Our findings indicate a high prevalence of iron deficiency, as
well as iron deficiency anemia (IDA), corroborating publications
using different methods and study samples [6, 31]. Among
these, a study assessing bone marrow iron stores found nearly
half of CKD 3–5ND patients with hemoglobin <11 g/dL were
iron-depleted [32]. Data from the general population sample in
National Health and Nutrition Examination Survey (NHANES)
indicated that approximately 60% of men and 70% of women
with creatinine clearance <60 mL/min had ferritin <100 ng/mL
or TSAT <20% [33].

Median ferritin levels varied inversely with hemoglobin lev-
els, and were higher in CKD Stage 5ND despite higher anemia
prevalence with CKD progression. In contrast, no consistent
pattern of TSAT distribution by CKD stage was discernable
across countries, whereas TSAT <20% was more common at
lower hemoglobin levels. Ferritin and TSAT demonstrated op-
posite associations with hemoglobin levels, thereby reinforcing
the central role of inflammation in the pathogenesis of anemia
of CKD. These findings are supportive of previous studies sug-
gesting that TSAT <20% is more sensitive than ferritin <100 ng/
mL for iron deficiency in advanced CKD [33, 34]. While low ferri-
tin (<100 ng/mL) is specific for iron deficiency, elevated ferritin
levels may be seen in iron-deficient patients due to inflamma-
tion, malnutrition, infection or malignancy.

We observed that a high proportion of patients with anemia
and either ferritin <100 ng/mL or TSAT <20% were not treated
with iron, even among those with persistent hemoglobin <10 g/
dL on two consecutive measurements. There is likely high vari-
ability in nephrologists’ thresholds for treatment in nondialysis
CKD patients, perhaps because guidelines reflect uncertainty
about optimal care. For example, the KDIGO anemia guidelines
contain a Grade 2C suggestion (low-quality evidence) to con-
sider iron therapy in anemic patients with TSAT <30% and ferri-
tin <500 ng/mL, indicating a very wide threshold [22]. Following
this recommendation, data from our study indicate that ap-
proximately 75% of anemic patients merit consideration for iron
therapy. Conversely, the ERBP position statement suggests iron

FIGURE 6: Iron (Fe) status, by country. (a) By CKD stage. (b) By hemoglobin level. Patients could contribute once for each CKD stage experienced during the study for (a).

Ferritin and TSAT values within 63 months from hemoglobin value in (b).
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therapy be initiated if TSAT is <25% and ferritin is <200 ng/mL,
or if there is absolute iron deficiency (TSAT <20% and ferritin
<100 ng/mL). Among patients with hemoglobin <12 g/dL plus ei-
ther TSAT <20% or ferritin <100 ng/mL, treatment with iron
therapy was more prevalent in Germany, Brazil and the USA
(43–44%), compared with France (27%) (Supplementary data,
Table S2). While this variation may partially reflect differences
in guidelines commonly utilized in each region (ERBP in
European countries versus KDIGO in USA and Brazil), the differ-
ences in treatment between Germany and France suggest that
additional factors are at play. For example, the lower severity of
anemia observed among patients in France likely contributed to
their lower rate of iron therapy prescription.

There is no current consensus on the optimal administration
route for iron in nondialysis CKD patients. In this analysis, oral
iron was far more commonly prescribed than IV iron. In addi-
tion to its gastrointestinal side effects, oral iron may not be ef-
fectively absorbed in the setting of high hepcidin levels, which
are associated with inflammation [35]. Clinical trials comparing
oral with IV iron in patients with CKD and IDA demonstrated
inconsistent findings regarding cardiovascular and infection
outcomes [36, 37]. This analysis did not assess use of new iron-
based phosphate binders such as ferric citrate [38, 39].

The international PRE-dialysis Survey on Anemia
Management [40] and a recent US study of Medicare and com-
mercially insured patients report that 13 and 7% of older CKD
patients were treated with ESAs and IV iron, respectively [41].
That study, in contrast to ours, relied on diagnosis codes, had

no data on oral iron prescription, and did not report whether
patients were followed in nephrology clinics.

The KDIGO guidelines recommend that ESAs generally not
be initiated when hemoglobin is �10.0 g/dL, but also indicate
that individualization of therapy is reasonable [22]. ERBP offers
a similar stance, suggesting ESA initiation at hemoglobin values
between 9 and 10 g/dL, with consideration of initiation at higher
hemoglobin levels in patients with worsening ischemic symp-
toms associated with anemia [25]. Preliminary data from the
CKDopps nephrologist practice survey indicate that the most
common hemoglobin threshold for prescribing ESA is �9 g/dL in
the USA, �9.5 g/dL in France and �10 g/dL in Brazil [42]. The
lower hemoglobin threshold for ESA initiation favored among
US nephrologists may explain the relatively lower ESA prescrip-
tion rate in the USA compared with other CKDopps countries.
Differences in guideline use, reimbursement programs, medica-
tion availability and use of protocols for anemia management
not captured in this analysis presumably also explain some of
the between-country variation in iron and ESA prescription, as
well as the dramatic clinic-level variation we report within
countries. Also of note, hemoglobin levels were generally high-
est in France, within each CKD stage and among both males
and females, despite a comparable proportion treated for ane-
mia (by hemoglobin category) as in Brazil and the USA, and a
lower proportion than in Germany. Explanations for this obser-
vation beyond differences in guidelines and anemia manage-
ment practices merit investigation, and likely include
differences in patient characteristics between countries, such

FIGURE 7: Prescription of ESAs and iron (oral or IV), by country. (a) By CKD stage. (b) By hemoglobin level. Patients could contribute once for each CKD stage experienced

during the study for (a). Prescription within 3 months subsequent to hemoglobin measurement. Graph by CKD stage allows patients to contribute once for each stage.

ESA = Erythropoiesis-stimulating agent.
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as CKD etiology (lower prevalence of diabetic kidney disease in
France), and the percentage of black patients who displayed
lower hemoglobin levels than other patients—consistent with
the findings of Matos et al. [43] in Brazil. Variations in use of
medications affecting hemoglobin levels such as RAS inhibitors
may also contribute to differences in mean hemoglobin levels
between countries.

Major clinical trials of ESA use in CKD have demonstrated ei-
ther no benefit or greater harm with normalizing hemoglobin,
compared with lower targets, in outcomes including mortality,
cardiovascular events and time to dialysis [44–46]. As a result,
most guidelines recommend a hemoglobin target range of 10–
12 g/dL [47]. However, our results demonstrate undertreatment
to this target range. Further, published data indicate that hemo-
globin levels are lower at dialysis initiation than in our sample
of patients with early CKD Stage 5ND. It is probable that earlier
treatment would limit the rapid worsening of anemia seen in
the period prior to dialysis start, and plausible that this may be
one part of a multifaceted strategy to lower the excessively high
mortality that characterizes the early dialysis period [48, 49].

With respect to patient-reported outcomes (PROs), improved
quality of life and fatigue scores were observed in the higher he-
moglobin target group in the Cardiovascular Risk Reduction by
Early Anemia Treatment with Epoetin Beta Trial (CREATE) [44]
and Trial to Reduce Cardiovascular Events with Aranesp
Therapy (TREAT) trials [45], respectively, but not in the
Correction of Hemogloblin and Outcomes in Renal Insufficiency
(CHOIR) trial [46]. To date, there has been insufficient research
on the impact of CKD-related anemia and its treatment on
PROs, such as functional status, activities of daily living or abil-
ity to work. The question of whether anemia treatment in ad-
vanced CKD can help to maintain patients’ lifestyles or even
delay the start of kidney replacement therapy by potentially
limiting symptoms remains of high importance to patients and
health-care providers.

While the cross-sectional design of this study limits causal
inference, the design was appropriate to address the study’s goal
to describe anemia management practices among CKD patients.
Another limitation is that this analysis is restricted to nephrology
practices participating in CKDopps in four countries, and there-
fore is not generalizable to other settings. We were unable to dif-
ferentiate missing data from true clinical variation in laboratory
monitoring practices. However, laboratory data collection was
fairly complete, as other laboratory data such as creatinine were
collected more frequently than anemia parameters. We could
not assess routine laboratory monitoring practices in France,
where the study has a mandated laboratory collection protocol.
The analysis of iron deficiency was limited by the large number
of patients with no iron measurements in Brazil, Germany and
the USA. There may have been underreporting of IV iron and ESA
therapy due to their intermittent administration, and this analy-
sis did not assess rates of blood transfusions.

In summary, this international analysis of anemia manage-
ment in patients with nondialysis CKD treated in nephrology
clinics identified substantial clinic- and country-level variation
in prevalence of anemia and iron deficiency, frequency of ane-
mia monitoring and treatment. We identified a high proportion
of patients without measurement of iron parameters, and also
patients with IDA who are not treated with iron or ESA, espe-
cially in the USA and Brazil. Anemia monitoring and treatment
are a ripe area for quality improvement in CKD care. Further
research is needed to gain understanding of determinants of
anemia in CKD, as well as the effect of its treatment on PROs
and clinical outcomes.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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25. Locatelli F, Bárány P, Covic A et al. Kidney Disease: Improving
Global Outcomes guidelines on anaemia management in
chronic kidney disease: a European Renal Best Practice posi-
tion statement. Nephrol Dial Transplant 2013; 28;1346–1359

26. Kliger AS, Foley RN, Goldfarb DS et al. KDOQI US commentary
on the 2012 KDIGO clinical practice guideline for anemia in
CKD. Am J Kidney Dis 2013; 62: 849–859

27. World Health Organization. Worldwide prevalence of anae-
mia 1993–2005: WHO global database on anaemia. In: de
Benoist B, McLean E, Egli I et al. (eds). Geneva: WHO Press,
World Health Organization, 2008

28. https://www.fda.gov/Drugs/DrugSafety/ucm259639.htm (21
September 2018, date last accessed)

29. Mariani L, Stengel B, Combe C et al. The CKD outcomes and
practice patterns study (CKDopps): rationale and methods.
Am J Kidney Dis 2016; 68: 402–413

30. Stengel B, Combe C, Jacquelinet C et al. The French Chronic
Kidney Disease-Renal Epidemiology and Information
Network (CKD-REIN) cohort study. Nephrol Dial Transplant
2014; 29: 1500–1507

31. Mercadal L, Metzger M, Haymann JP et al. A 3-marker index
improves the identification of iron disorders in CKD anae-
mia. PloS One 2014; 9: e84144

Anemia and iron deficiency in CKDopps | 623

https://nice.org.uk/guidance/ng8
https://nice.org.uk/guidance/ng8
https://www.fda.gov/Drugs/DrugSafety/ucm259639.htm


32. Stancu S, Stanciu A, Zugravu A et al. Bone marrow iron, iron in-
dices, and the response to intravenous iron in patients with
non–dialysis-dependent CKD. Am J Kidney Dis 2010; 55: 639–647

33. Fishbane S, Pollack S, Feldman HI et al. Iron indices in
chronic kidney disease in the National Health and
Nutritional Examination Survey 1988–2004. Clin J Am Soc
Nephrol 2009; 4: 57–61

34. Kalantar-Zadeh K, Kalantar-Zadeh K, Lee GH. The fascinating
but deceptive ferritin: to measure it or not to measure it in
chronic kidney disease? Clin J Am Soc Nephrol 2006; 1: S9–S18

35. Macdougall IC, Bircher AJ, Eckardt K-U et al. Iron manage-
ment in chronic kidney disease: conclusions from a “Kidney
Disease: Improving Global Outcomes” (KDIGO) Controver-
sies Conference. Kidney Int 2016; 89: 28–39

36. Macdougall IC, Bock AH, Carrera F et al. FIND-CKD: a random-
ized trial of intravenous ferric carboxymaltose versus oral
iron in patients with chronic kidney disease and iron defi-
ciency anaemia. Nephrol Dial Transplant 2014; 29: 2075–2084

37. Agarwal R, Kusek JW, Pappas MK. A randomized trial of in-
travenous and oral iron in chronic kidney disease. Kidney Int
2015; 88: 905–914

38. Umanath K, Jalal DI, Greco BA et al. Ferric citrate reduces in-
travenous iron and erythropoiesis-stimulating agent use in
ESRD. J Am Soc Nephrol 2015; 26: 2578–2587

39. Negri AL, Ure~na Torres PA. Iron-based phosphate binders:
do they offer advantages over currently available phosphate
binders? Clin Kidney 2014; J8: 161–167
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