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ABSTRACT

Background. Optimal management of chronic kidney disease (CKD) anaemia remains controversial and few studies have
evaluated real-world management of anaemia in advanced CKD in the context of guideline recommendations.

Methods. We performed an observational study from the Swedish Renal Registry evaluating the epidemiology and treatment
patterns of anaemia across Stages 3b-5 in non-dialysis (ND) and dialysis-dependent (DD) CKD patients during 2015. Logistic
regression and Cox models explored the associations between anaemia treatments, inflammation, erythropoietin

resistance index (ERI) and subsequent 1-year risk of major adverse cardiovascular events (MACES).

Results. Data from 14415 (ND, 11370; DD, 3045) patients were included. Anaemia occurred in 60% of ND and 93% of DD
patients. DD patients used more erythropoiesis-stimulating agents (ESAs; 82% versus 24%) and iron (62% versus 21%) than
ND patients. All weekly ESA doses were converted to a weight-adjusted weekly epoetin equivalent dose. The prescribed ESA
doses were low to moderate [median 48.2 1U/kg/week (ND), 78.6 IU/kg/week (DD)]. Among ESA-treated patients, 6-21% had
haemoglobin (Hb) >13 g/dL and 2-6% had Hb <9 g/dL. Inflammation (C-reactive protein >5mg/L) was highly prevalent and
associated with ERI and higher ESA doses. Higher (>881U/kg/week) versus lower (<44 IU/kg/week) ESA doses were
associated with a higher risk of MACEs [{ND hazard ratio [HR] 1.36 [95% confidence interval (CI) 1.00-1.86]; DD HR 1.60 [95%
CI 1.24-2.06]}. There was no association between iron use and inflammation or MACEs.

Conclusions. Anaemia remains highly prevalent in advanced CKD. Patients with anaemia received moderate ESA doses with
a relatively low prevalence of iron use. Higher doses of ESA were associated with inflammation and a higher risk of MACE.
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INTRODUCTION

Anaemia is a common complication of chronic kidney disease
(CKD), occurring primarily as a result of impaired synthesis of
erythropoietin from the failing kidneys, often in combination
with absolute or functional iron deficiency and other contribut-
ing factors, including blood loss, inflammation and shortened
red blood cell (RBC) lifespan [1]. Treatment of anaemia in ad-
vanced CKD includes iron replacement, either intravenous (IV)
or oral, as initial therapy for iron-deficient patients and admin-
istration of erythropoiesis-stimulating agents (ESAs), with the
primary aim of minimizing anaemia-related symptoms and
avoiding RBC transfusions [2].

Optimal management of renal anaemia has yet to be fully
defined for all patient subpopulations. While epidemiological
studies have shown better outcomes associated with the
attainment of higher haemoglobin (Hb) levels in patients with
renal anaemia [3-9], the results of four key randomized clinical
trials have not supported the hypothesis that full anaemia cor-
rection with ESAs is beneficial to all patients [10-13].
Collectively these clinical studies demonstrated that the strat-
egy of targeting higher Hb levels (in the normal range) is asso-
ciated with no benefit or with a potential risk of harm in
at least some patients [i.e. increased mortality risk and/or
cardiovascular (CV) side effects] [14]. Attempts to explain the
apparent paradox between epidemiological and clinical data
on Hb levels are grounded in the hypothesis that higher doses
required in a subgroup of ESA hyporesponsive patients, precip-
itated by inflammation, may be the culprit rather than the Hb
target per se [15]. Indeed, further post hoc analyses of both the
Correction of Hemoglobin and Outcomes in Renal Insufficiency
(CHOIR) study [16] and the Normal Haematocrit Trial [13] both
demonstrated that higher ESA doses, albeit generally higher
than those used in Europe at the time of this study, were asso-
ciated with lower Hb levels and increased mortality in ESA
hyporesponsive patients. However, there remains a lack of
conclusive clinical evidence to indicate that high ESA doses are
necessarily harmful. Current anaemia guidelines, issued be-
tween 2011 and 2013 after the pivotal results of the CHOIR [12],
Cardiovascular Risk Reduction by Early Anemia Treatment
with Epoetin Beta (CREATE) [10] and Trial to Reduce
Cardiovascular Events with Aranesp Therapy (TREAT) [11] tri-
als, recommend individualizing the ESA dose based on
patients’ clinical circumstances and using the lowest dose pos-
sible to reduce the risk of RBC transfusion (US Food and Drug
Administration guidance) [17] and/or to maintain Hb <11.5 [2]
or <12 g/dL [18]. Guidance also proposes broader use of iron to
treat renal anaemia. We and others observed that
these recommendations resulted in immediate changes in
clinical anaemia practice, namely lower ESA use and lower
Hb levels [19, 20]. However, few studies have evaluated the
long-term and contemporary clinicians’ responses to these
recommendations.

Using real-world Hb data from the Swedish national CKD
registry, we explored the associations of anaemia treatments,
erythropoietin resistance, inflammation and subsequent 1-year
risk of major adverse CV events (MACEs) in a population of
nephrology-referred patients within a broad spectrum of CKD
severity.

MATERIALS AND METHODS
Study design

This was a retrospective, observational analysis conducted in
the Swedish Renal Registry (SRR) to evaluate the prevalence,
management and adverse clinical outcomes of renal anaemia
in referred CKD patients in Sweden. The SRR comprises two
interlinked nationwide registries of patients followed at ne-
phrology clinics. The patients either have CKD Stages 3b-5 (SRR-
CKD) or are dialysis-dependent (SRR-DD) [21]. Detailed informa-
tion on the SRR is reported in the Supplementary data.

Patients included in this study were >18years of age under a
nephrologist’s care in 2015. ND patients had an estimated glomer-
ular filtration rate (eGFR) <45mL/min/1.73m? (CKD Stages 3b-5),
had not yet started dialysis and had one or more visit recorded in
2015. Data for ND patients were extracted from the last recorded
visit to an outpatient clinic during 2015. Data for DD patients were
extracted from a randomly selected hospital visit from September
to October 2015. CV events were assessed prospectively for 1year
following the recorded visit in 2015. The study was approved by
the regional ethics committee in Stockholm.

Study covariates

Demographic data (i.e. age and sex), current medications and
clinical data were obtained as entered into the SRR on the visit date
by the local administrators. All weekly ESA doses for darbepoetin
and methoxy polyethylene glycol-epoetin beta were converted to a
weight-adjusted weekly epoetin equivalent dose derived from the
allocated defined daily doses defined by the World Health
Organization (WHO) Collaborating Centre [22]. Conversion factors
of 1:222 and 1:250 were used for the conversion of epoetin:darbe-
poetin and epoetin:methoxy polyethylene glycol-epoetin beta, re-
spectively. According to the SRR manual, a patient was considered
as treated with IV iron for up to 6 months after the last administra-
tion of low-frequency, high-dose IV iron. Use of oral iron was iden-
tified from pharmacy dispensations as recorded in the Prescribed
Drugs Registry up to 3months before or 15days after baseline. The
laboratory parameters of interest [Hb (g/dL), eGFR (mL/min/1.73 m?),
calculated using the CKD Epidemiology Collaboration equation [23]
and high sensitivity C-reactive protein (hs-CRP; mg/L)] were also
used as entered into the SRR on the visit date.

Records from SRR patients were cross-linked to the corre-
sponding records in national healthcare registries. The National
Prescribed Drug Registry was used to extract additional pre-
scription data. The National Patient Registry was used to extract
information on patient morbidity and records of transfusions
within the 3years prior to their nephrology visit in 2015.
Comorbidities and medications considered in this study are de-
tailed in Supplementary data, Table S1. Finally, we accessed the
National Cause of Death Registry to obtain data on death and
causes of death, which were used to evaluate the risk of MACEs
associated with anaemia management strategies within 1year
of the date of record entry in the SRR. MACE was defined as the
composite of hospitalization from non-fatal stroke, unstable an-
gina, myocardial infarction or heart failure and death from all
causes, whichever occurred first.

CKD stages were classified according to criteria of the
Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work
Group [2]. Anaemia was defined according to the WHO
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definition (females, Hb <12g/dL; males, <13g/dL). Weight-
standardized ESA doses were calculated and categorized into
equivalent tertiles of distribution: lower (<44 IU/kg/week), mid-
dle (44-87.91U/kg/week) and upper (>881U/kg/week). The eryth-
ropoietin resistance index (ERI) [24] was calculated as epoetin
dose (IU/week) per body weight (kg) divided by Hb level (g/dL)
and was categorized into tertiles of distribution.

Statistical analysis

Descriptive statistics were used to describe demographics and
clinical characteristics, including anaemia treatment, Hb levels,
inflammation (hs-CRP >5mg/L) and epidemiological endpoints.
Logistic regression models were used to evaluate the relation-
ship between inflammation and the use of iron (oral or IV) and
separately to evaluate the relationship between inflammation
and ESA dose. Cox proportional hazards models were used to
estimate the hazard ratios (HRs) for the effect of iron, ESA dose
or ERI on MACEs. Patients were followed from their recorded ne-
phrology visit until an occurrence of a MACE, end of follow-up
at lyear after the recorded nephrology visit or administrative
censoring on 31 December 2016, whichever occurred first.
Further details are provided in the Supplementary data.

RESULTS
Patient characteristics

Of 15130 individuals recorded in the SRR during 2015, 14415
(ND, 11370; DD, 3045) met the inclusion and exclusion criteria
(Figure 1). The median age was similar in the ND and DD patient
groups {ND, 73years [interquartile range (IQR) 64-80]; DD,
70years [IQR 58-78]} and more patients were male (ND, 63%;
DD, 67%). Diabetes mellitus was common (ND, 29%; DD, 36%).
Patients in both groups had established CV disease (heart fail-
ure, 12-13%; atrial fibrillation, 11-12%; cerebrovascular disease,
10-11%; previous myocardial infarction, 9-10%). The most com-
monly prescribed medications were f-blockers in ND patients
(58%) and phosphate binders in DD patients (73%) (Table 1 and
Supplementary data, Table S1).

Prevalence of anaemia and anaemia treatment in CKD
patients

The proportion of patients with anaemia was higher in DD (93%)
than ND (60%) CKD patients. DD patients had higher use of ESAs
(82% versus 24%) and iron (62% versus 21%) than ND patients. The
prevalence of anaemia increased with CKD severity in ND patients
(Stage 3b, 42.5%; Stage 5, 83.7%) and was numerically higher for

patients with
isits in 2015

i *ND (n=11,370)

+DD (n=3045)

-Aged <18 years (n=12)
+eGFR>45 mi/min/1.73m’ (n=596)
«hs-CRP >100 mg/L (n=107)

FIGURE 1: Flow chart of the study population. ®Included patients with Hb levels
<13 g/dL (males) or <12 g/dL (females) and those treated with ESAs.
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haemodialysis (HD, 94.5%) than for peritoneal dialysis (PD, 89.7%)
(Figure 2). A similar trend was also observed in males and females
analysed separately when anaemia was defined as Hb <12.0g/dL
for both sexes. The definition of anaemia as Hb <12.0 g/dL resulted
in a moderate reduction of anaemia prevalence, particularly in ND
patients (Supplementary data, Figure S1). Although anaemia was
frequently present, the proportion of patients with severe anaemia
(<9 ¢g/dL) was overall very low (ND, 1%; DD, 4%). The proportion of
CKD patients receiving iron increased with CKD severity; the most
frequent form of iron was oral in ND patients and IV in DD
patients. More HD patients used iron/IV iron (70%/69%) than
PD patients (iron 37%/IV 25%). ESA use also increased with CKD se-
verity and was more common in HD (83%) than PD (77%) (Figure 2).

Iron use in ESA-treated patients

Approximately one-quarter of ESA-treated ND patients used
concomitant oral iron, with a slight increase in the proportion
of those taking IV versus oral iron in later CKD stages. Most
ESA-treated HD patients used iron (~75%), while only 40% of
ESA-treated PD patients received iron. The predominant form of
iron in ESA-treated DD patients was IV (Figure 3).

Table 1. Patient demographics and anaemia-related characteristics
(full analysis set)

Parameter Non-DD patients DD patients
(n=11370) (n=3045)
Age (years), median (IQR) 73 (64-80) 70 (58-78)

Sex (male), n (%) 7164 (63) 2052 (67)

eGFR (mL/min/1.73 m?), median (IQR) 25 (17-33)
CKD stage, n (%)
Stage 3b 3722 (33) -
Stage 4 5520 (49) -
Stage 5 2128 (19) -
Dialysis type, n (%)
PD - 708 (23)
HD - 2337 (77)
Dialysis vintage (years), median (IQR) - 2.3 (1.0-4.4)
Comorbidities, n (%)
Cancer (previous 3 years) 1669 (15) 463 (15)
Cerebrovascular disease 1180 (10) 337 (11)
Diabetes mellitus 3309 (29) 1087 (36)
Heart failure 1345 (12) 382 (13)
Myocardial infarction 1006 (9) 313 (10)
Peripheral vascular disease 1306 (12) 451 (15)
hs-CRP (mg/L), median (IQR) 5 (2-9) 5 (3-13)
>5mg/L, n (%) 2905 (33) 1441 (50)
Anaemia, n (%)° 6792 (60) 2844 (93)
Hb (g/dL), mean (SD) 12.3(1.63) 11.4 (1.34)
ESA users, n (%) 2692 (24) 2491 (82)
Iron medication users, n (%) 2359 (21) 1880 (62)
Oral 1662 (15) 97 (3)
v 697 (6) 1783 (59)
Concomitant medications, n (%)
ACEi/ARB 6487 (57) 1093 (36)
B-blockers 6643 (58) 1814 (60)
Statins 5761 (51) 1170 (38)

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker.

#Percentage of patients with hs-CRP >5mg/mL in those with a recorded level.
®Included patients with Hb levels <13g/dL (males) or <12g/dL (females) and
those treated with ESAs.
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FIGURE 2: Prevalence of anaemia [included patients with Hb levels <13g/dL
(males) or <12 g/dL (females) and those treated with ESAs] and the proportion of
patients receiving ESA and iron treatment by CKD Stages 3b-5 and on dialysis.
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FIGURE 3: Prevalence of concomitant iron use in ESA-treated patients by CKD
Stages 3b-5 (ND patients) or dialysis type (PD and HD patients). Percentages may
not add up to 100 due to rounding.

ESA dose

The distribution of ESA doses was fairly consistent across ND
CKD Stages 3b-5, with ~40% receiving doses in the lower tertile
(<44 1U/kg/week). ESA doses in the upper tertile were more com-
mon in PD (35%) and HD (47%) patients than in ND (16-20%)
patients (Figure 4). The median ESA dose was 48 (IQR 30-75) 1U/
kg/week for ND patients and 83 (IQR 46-138) IU/kg/week and 67
(IQR 36-110) IU/kg/week for HD and PD patients, respectively.
The median dose of the upper tertile (>881U/kg/week) was 142
(IQR 110-192) for DD patients and 131 (IQR 104-177) for ND
patients. The median ESA doses by tertile, proportions of
patients using different ESA medications and number of trans-
fusions are reported in Supplementary data, Tables S3-S5.

Hb levels in ESA-treated patients

The proportion of ESA-treated patients within the recom-
mended European Hb target range of 10-12g/dL was <60%
across CKD Stages 3b-5 or in DD patients. There was a tendency
for more DD patients to be in the target range than ND patients,
where the proportion increased with increasing CKD severity.
The proportion of ESA-treated patients with Hb levels <9g/dL
across the groups was small (2-6%), whereas 6-21% of patients
had Hb levels >13 g/dL (Figure 5).

One in four patients treated with ESAs in the upper tertile
(>881U/kg/week) had Hb levels <10 g/dL. Conversely, about a third
of patients treated with ESA doses in the lower tertile (<44 1U/kg/
week) had Hb levels >12g/dL. A high proportion (20%) of patients

3888
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Proportion of Patients in Each ESA Dose Tertile (%)

0~
CKD Stage 3b CKD Stage 4 CKD Stage 5 FD HD
W <ad IU/Kg/week M 44-879 IU/Kg/week B>88 IU/Kg/week

FIGURE 4: Dose of ESA by CKD stage (ND patients) or dialysis type (DD patients).
Percentages may not add up to 100 due to rounding.

g 3

B
2

Proportion of Patients (%)
w n
S S

204

CKD Stage 3b CKD Stage 4 CKD Stage 5 FD HD
WHb <9 g/dL WHb9-99g/dL MHD10-11.9g/dL. MHb 12129 g/dL MHb >13 g/dL

FIGURE 5: Distribution of Hb levels in ESA-treated patients. Percentages may not
add up to 100 due to rounding.

Proportion of Patients (%)
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(<44 IU/kg/week)

W<9g/dlL WI-99g/dL W10-119g/dl M12-129g/dL W>13 g/dL

Middle Dose Tertile

Upper Dose Tertile
(44-879 IU/kg/week)

(>88 IU/kg/week)

FIGURE 6: Distribution of Hb levels in patients with body weight-adjusted ESA
doses in the upper, middle and lower equivalent tertiles. Percentages may not
add up to 100 due to rounding.

treated with doses of ESAs in the upper tertile achieved Hb levels
above the recommended level of 12 g/dL (Figure 6).

Association between inflammation (hs-CRP >5mg/L)
and use of iron or ESA dose

Inflammation, defined as hs-CRP >5mg/L, was common in
patients receiving ESAs and was present in 43% of ND patients
and 50% of DD patients (Supplementary data, Table S2). For
both ND and DD patients, there was a clear relationship be-
tween increasing hs-CRP levels and higher ESA doses (Figure 7).
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The odds of receiving a higher ESA dose (>88 IU/kg/week) versus
a lower ESA dose (<44 IU/kg/week) were ~2-fold in patients with
hs-CRP >5mg/L {fully adjusted odds ratio [OR] 1.85 [95% confi-
dence interval (CI) 1.53-2.25]; Table 2}. The ERI was ~0.43 in ND
patients and increased with CKD severity (PD, 0.58; HD, 0.74).
These results are consistent with higher levels of inflammation
in DD than in ND patients (Supplementary data, Table S2). The
use of IV or oral iron was not associated with hs-CRP >5mg/L
[adjusted OR IV iron 1.15 (95% CI 0.98-1.35); oral iron, 0.82 (95%
CI 0.65-1.03)] (Table 2).

Association between ESA dose, iron use, ERI and MACE

An association between oral iron treatment and increased CV
risk compared with no iron was observed in DD patients [fully
adjusted HR 1.59 (95% CI 1.02-2.46)]; the association was still
present after further adjusting for dialysis modality and ESA
dose [fully adjusted HR 1.21 (95% CI 0.97-1.52)]. This association
was not seen with IV iron. Stratification based on the type of
dialysis (PD, HD) was limited because of the small number of
individuals treated with oral iron in the HD population, leading
to low precision. Higher ESA doses (>881U/kg/week) compared
with lower doses (<441U/kg/week) were also associated with
increased CV risk, particularly in DD patients [HR 1.60 (95%
CI 1.24-2.06)]. A higher ERI [0.88 (IU/week)/kg/(g/dL)] versus a
lower ERI [<0.44 (IU/week)/kg/(g/dL)] was likewise associated
with increased CV risk in both ND [HR 1.45 (95% CI 1.06-1.98)]
and DD patients [HR 1.66 (95% CI 1.29-2.13)] (Table 3).

400 MNon-Dialysis-Dependent Dialysis-Dependent

3004

200+

" . . . I I
<3

Distribution of ESA Dose/Weight

0

3-99 10-19.9 =20 <3 399 10-19.9 =20

hs-CRP (mg/L) hs-CRP (mg/L)

FIGURE 7: ESA dose per kilogram stratified by hs-CRP levels in ESA-treated ND
and DD patients.

Anaemia in chronic kidney disease in Sweden | 825

DISCUSSION

In this nationwide contemporary study of anaemia prevalence
and management in a Swedish nephrology-referred population
across CKD Stages 3b-5, we confirmed that anaemia is a com-
mon complication of CKD, occurring in ~60% of ND and 90% of
DD patients. These findings align broadly with results from
other developed countries during 2007-10 [25-27]. Furthermore,
we demonstrated that the association between ERI, inflamma-
tion and a higher risk of CV outcomes occurs in a real-world
population of nephrology-referred patients. We observed that
~60% of ESA-treated patients had Hb levels within the range rec-
ommended in the international guidelines. Moreover, the pro-
portion of HD and PD patients with Hb within the target range
was similar to that reported in the UK [28].

Given the prevalence of anaemia and the current recom-
mendations, we found that the use of iron was surprisingly low

Table 3. Association between the use of iron (oral or IV), ESA dose or
ERI and MACEs? within 1-year follow-up for ESA-treated patients

Unadjusted HR
1.30 (1.03-1.62)

Fully adjusted HR®

Parameter 1.16 (0.92-1.46)

Iron use (versus no iron)

Non-DD
v 1.20 (0.92-1.56) 1.05 (0.81-1.36)
DD
v 1.03 (0.85-1.24) 0.97 (0.80-1.17)
Oral 1.50 (0.97-2.33) 1.59 (1.02-2.46)
ESA dose (IU/kg/week, categorized)
Non-DD

44-87.9 versus <44
>88 versus <44

DD
44-87.9 versus <44
>88 versus <44

ERI

Non-DD
0.44-0.81 versus <0.44
>0.81 versus <0.44

DD
0.44-0.81 versus <0.44
>0.81 versus <0.44

1.28 (0.98-1.66)
1.90 (1.41-2.55)

1.02 (0.78-1.34)
1.36 (1.00-1.86)

1.27 (0.97-1.67)
1.76 (1.38-2.24)

1.22 (0.93-1.60)
1.60 (1.24-2.06)

1.34 (1.03-1.76)
2.22 (1.67-2.96)

1.00 (0.75-1.33)
1.45 (1.06-1.98)

1.12 (0.86-1.47)
1.79 (1.41-2.27)

1.12 (0.86-1.47)
1.66 (1.29-2.13)

Data are displayed as HR (95% CI).

MACEs were stroke, non-fatal myocardial infarction, non-fatal heart failure,
hospitalization for unstable angina and death from all causes.

®Adjusted for age, stage (for non-DD), sex, myocardial infarction, peripheral vas-
cular disease, cerebrovascular disease, heart failure, prior diabetes, prior statin
and angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, Hb
level and hs-CRP (categorized into <3, 3-10, 10-20 and >20).

Table 2. Association between inflammation (hs-CRP >5mg/L) and use of iron (oral or IV) or ESA dose for ESA-treated patients

Unadjusted OR adjusted
OR for age, sex and stage

OR further adjusted
for comorbidities®

OR further adjusted Fully adjusted
for medication® OR®

Iron use (versus no iron) (n=3770)

v 1.24 (1.08-1.42)

Oral 0.86 (0.69-1.05)

ESA (IU/kg/week) (categorized) (n =3182)
44-87.9 versus <44 1.31 (1.09-1.56)
>88 versus <44 2.10 (1.77-2.50)

1.17 (1.01-1.37)
0.89 (0.71-1.10)

1.30 (1.09-1.56)
2.14 (1.78-2.57)

1.14 (0.98-1.32)
0.85 (0.69-1.06)

1.29 (1.08-1.55)
2.12 (1.76-2.55)

1.12 (0.96-1.31)
0.87 (0.69-1.08)

1.30 (1.08-1.56)
2.12 (1.76-2.55)

1.15 (0.98-1.35)
0.82 (0.65-1.03)

1.23 (1.02-1.48)
1.85 (1.53-2.25)

Data are displayed as odds ratio (95% CI).

2Comorbidities included indicators for CV disease, diabetes, hypertension, inflammation, inflammatory bowel disease and chronic infections.

*Medication data included indicators for angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, statins, calcium channel blockers and f-blockers.
‘Further adjusted for laboratory data included continuous variables for albumin, calcium (albumin-adjusted) and phosphate.
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in the overall ND population and in ESA-treated ND patients.
Although we acknowledge the lack of information on iron sta-
tus parameters in these patients, iron use has been shown to in-
crease Hb levels even in the presence of adequate iron stores
[29] and to be ESA dose sparing. Even though current guidelines
recommend initiating treatment of anaemia with iron, and us-
ingiron as an adjuvant to sustain or enhance the erythropoietic
response to ESAs, previous studies [25, 26] have also found low
iron use. Iron utilization patterns may be the result of perceived
tolerability issues with oral iron [30], concerns about the general
safety of IV iron [31] and poor convenience of IV iron adminis-
tration in the outpatient setting. However, in our study, the use
of IV iron was not associated with the presence of inflammation
or with an increased risk of MACEs.

In our study, the proportion of patients treated with ESA
across a spectrum of CKD severity was always less than the pro-
portion of patients with anaemia, particularly at earlier CKD
stages. This probably reflects guideline recommendations [2, 18]
to initiate ESA therapy only after Hb levels fall to <10g/dL and
to aim for partial correction of anaemia only. ESA doses admin-
istered across the anaemic CKD population were moderate,
with ~80% of ND and about half of DD patients receiving <8810/
kg/week, which can be considered the upper dose interval of
ESA initiation, but still considerably lower than the highest rec-
ommended dose according to the KDIGO guidelines (twice the
initiation dose) [2]. The moderate use of ESA may be due to the
fact that high ESA doses have been linked to excess mortality.
Indeed, we found an increased risk of MACEs in patients treated
with ESA doses in the upper tertile (>881U/kg/week) compared
with those in the lower tertiles, even after correction for poten-
tial confounding factors. We also observed that higher ERI and
ESA doses, even within the recommended dose interval, were
associated with worse CV outcomes.

The presence of inflammation as measured here (hs-
CRP >5mg/L) was a common finding across the spectrum of CKD
severity and was associated with the need for higher ESA does.
Inflammation is one of the key factors linking ESA resistance and
outcomes. Inflammation upregulates the iron-regulating hor-
mone hepcidin, which traps iron inside the cell, making it
unavailable for erythropoiesis. Inflammation is a key factor pro-
moting ESA resistance, high ferritin levels and functional iron de-
ficiency. However, several other factors interplay with hepcidin
regulation and erythropoiesis in inflamed CKD patients [32], and
measuring hepcidin levels has not been established as a reliable
biomarker of functional iron deficiency in CKD [33].

Another noteworthy finding in our study was the relatively
high proportion of ESA-treated patients above the target Hb
range of 10-12 g/dL. Other studies have found similar results
[25]. In comparison with data from the US Renal Data System,
the proportion of HD patients within the target range of 10-12 g/
dL is similar, but fewer dialysis patients in the USA have Hb
>12g/dL (14.5% versus 26%) [34]. This observation may reflect
that there are different interpretations of the evidence from
observational studies and secondary analyses of randomized
clinical trials [16] and that it is generally acknowledged in
Sweden that patients with good response to ESAs—who may
easily achieve higher Hb levels—have improved survival.
Furthermore, because of the Hb variability during treatment
with ESAs, maintaining Hb levels in a relatively narrow range
(10-12 g/dL) with ESAs is a universal challenge. Indeed, in our
study, more patients with doses in the lower two tertiles were
above target than those given doses in the upper tertile.

Our study has several strengths, one being the complete cov-
erage of nephrology-referred patients across a broad CKD

spectrum in a nationwide registry with detailed information
about diagnosis, laboratory data and treatments. Additionally,
the possibility of linking the records to other healthcare resour-
ces allowed us to obtain extensive data on comorbidities, other
medications and outcomes. Information on ESA use and ESA
doses is mandatorily reported in the registry, and there was
virtually no missing information concerning Hb. One weak-
ness is missing data for some variables (e.g. hs-CRP, ferritin
and transferrin) and a lack of information on iron doses.
Furthermore, the study was performed in a point-prevalence
design in Sweden, so the results on anaemia management, in
particular, may not reflect those in other countries.
Nevertheless, the key findings that iron use was low and that
there is a high proportion of ESA-treated patients with Hb
levels above the 10-12g/dL target have been seen in studies
conducted in other countries [25, 26].

To conclude, anaemia is a common complication of Stages
3b-5 CKD. The management of anaemia in the CKD population
remains challenging and, given the proportion of ESA-treated
patients with Hb >12 g/dL, maintaining Hb levels within the rec-
ommended target appears difficult. Iron use may be suboptimal
in this population, especially in ND CKD. ESA doses and ESA re-
sistance are affected by the high prevalence of inflammation in
this population, and while ESA doses are generally kept within
recommended intervals, ERI is also associated with CV out-
comes in this dose interval.
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