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Anaemia is a common consequence of chronic kidney disease (CKD); however, the risk factors for its development and its impact
on outcomes have not been well synthesised. )erefore, we undertook a systematic review to fully characterise the risk factors
associated with the presence of anaemia in patients with CKD and a contemporary synthesis of the risks of adverse outcomes in
patients with CKD and anaemia. We searched MEDLINE, EMBASE, and the Cochrane Library from 2002 until 2018 for studies
reporting the incidence or prevalence of anaemia and associated risk factors and/or associations between haemoglobin (Hb) or
anaemia and mortality, major adverse cardiac events (MACE), hospitalisation, or CKD progression in adult patients with CKD.
Extracted data were summarised as risk factors related to the incidence or prevalence of anaemia or the risk (hazard ratio (HR)) of
outcome by Hb level (<10, 10–12, >12 g/dL) in patients not on dialysis and in those receiving dialysis. 191 studies met the
predefined inclusion criteria. )e risk factor most associated with the prevalence of anaemia was CKD stage, followed by age and
sex. Mean HRs (95% CI) for all-cause mortality in patients with CKD on dialysis with Hb <10, 10–12, and >12 g/dL were 1.56
(1.43–1.71), 1.17 (1.09–1.26), and 0.91 (0.87–0.96), respectively. Similar patterns were observed for nondialysis patients and for the
risks of hospitalisation, MACE, and CKD progression. )is is the first known systematic review to quantify the risk of adverse
clinical outcomes based on Hb level in patients with CKD. Anaemia was consistently associated with greater mortality, hos-
pitalisation, MACE, and CKD progression in patients with CKD, and risk increased with anaemia severity. Effective treatments
that not only treat the anaemia but also reduce the risk of adverse clinical outcomes are essential to help reduce the burden of
anaemia and its management in CKD.

1. Introduction

)e worldwide prevalence of chronic kidney disease (CKD)
is estimated to be 8–16% [1] and continues to grow, driven
by ageing populations and increasing rates of obesity and
type 2 diabetes mellitus. Type 2 diabetes and hypertension
are the leading causes of CKD in the developed world [1],
and the presence of CKD increases san individual’s risk of
developing cardiovascular (CV) disease, hyperlipidaemia,
mineral and bone disorders, and anaemia [2]. Anae-
mia—defined by the World Health Organization (WHO) as

a blood Hb concentration of <12 g/dL for nonpregnant adult
women and <13 g/dL for adult men [3]—is characterised by
insufficient red blood cells and therefore haemoglobin (Hb),
and common signs/symptoms include a pale appearance,
fatigue, and dyspnoea (breathlessness).

)e development of anaemia in patients with CKD is
driven by at least two factors. First, compared with patients
without CKD, those with CKD produce less erythropoietin
(EPO), a hormone produced by the kidneys that stimulates
red blood cell production [4], and second, hepcidin—a
hormone that (at high levels) impairs dietary iron
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absorption—is elevated in patients with CKD [5]. Iron is an
essential component of Hb and is therefore necessary for
oxygen transport. Whilst it is well established that that the
presence of anaemia in patients with CKD is associated with
poorer quality of life [6] and increased risks of adverse
clinical outcomes [2], no known systematic literature re-
views (SLRs) or meta-analyses have quantified the risk of
adverse clinical outcomes against the severity of anaemia.
)erefore, we sought to review the literature to better un-
derstand the risk factors associated with the prevalence of
anaemia in patients with CKD treated according to standard
of care and to quantify the associations between anaemia (or
Hb concentration) and the risks of patient mortality, hos-
pitalisation, major adverse cardiac events (MACE), or CKD
progression.

2. Methods

2.1. Literature Search and Data Extraction. A SLR was
conducted according to the Preferred Reporting Items for
Systematic review and Meta-Analysis Protocols (PRISMA-
P) checklist [7]. Searches were conducted to include studies
published between 01 January 2002 and 31 August 2018
across the following electronic databases: PubMed (MED-
LINE and MEDLINE In-Process), EMBASE, and the
Cochrane Library. )e electronic search strategies for each
of the databases are included in the Supplementary Material
(available here). In addition to the searching of databases
and conference proceedings, a free text Internet search was
conducted and reference lists from relevant studies were
used to identify further studies that may meet eligibility
criteria. Search strategies for each database are detailed in
Supplementary Tables S1–S3.

Bibliographic details and abstracts of all citations re-
trieved by the literature search were downloaded into
Endnote version X7. Titles and abstracts were independently
assessed for eligibility by two reviewers. Full texts of po-
tentially eligible studies were retrieved and assessed against
the Population-Intervention-Comparators-Outcomes-
Study (PICOS) eligibility criteria (Table 1) independently by
two reviewers. Any discrepancies between the two reviewers
concerning eligibility were resolved by consensus.

)e inclusion criteria captured studies describing the
incidence or prevalence of anaemia alongside associated risk
factors and/or associations between Hb or anaemia and
mortality, MACE, hospitalisation, or CKD progression in
adult patients with CKD on dialysis or adult patients with
CKD not on dialysis. “Associations” included all studies that
reported relative or absolute measures of risk for mortality,
hospitalisation, MACE, and CKD progression dependent on
a patient’s Hb level or the presence of anaemia and were
reported in terms of event incidence rate, probability of
event, hazard ratio (HR), odds ratio (OR), relative risk ratio
(RR), and incidence rate ratios (IRRs), irrespective of sig-
nificance. Most studies reported measures of risk adjusted
for baseline demographics and comorbidities, and the most
adjustedmeasure was extracted for analysis. MACE included
cardiovascular events, stroke, coronary heart (or artery)
disease, heart failure, myocardial infarction, and atrial

fibrillation. Studies conducted in paediatric patients or those
reported in languages other than English were excluded.
Data from studies that met the inclusion criteria were
extracted by a single reviewer and quality-checked by a
second reviewer. Due to wide heterogeneity in study design
across the included studies, a quality assessment was not
performed.

2.2. Analysis. Extracted data were tabulated to identify
frequently reported risk factors associated with the devel-
opment of anaemia in patients with CKD. Risk factors were
grouped into broader categories for reporting, and those
identified by more than one study were displayed graphi-
cally; however, due to heterogeneity of risk factor definitions
within these categories, no formal quantitative analysis is
presented regarding the relative magnitude of the effects of
these risk factors on the incidence of adverse clinical
outcomes.

A random-effects meta-analysis of the effects of Hb
concentration on the risks of all-cause mortality, CV specific
mortality, MACE, hospitalisation, and CKD progression
(defined as progressing to end-stage renal disease (ESRD) or
the initiation of renal replacement therapy (RRT)) was
conducted for studies reporting outcomes of interest in
patients with CKD not on dialysis and patients with CKD
receiving dialysis. Note that CKD progression was only
assessed in patients with CKD not on dialysis. )e meta-
analysis was conducted using R 3.4.0 [8] and the package
meta [9] to account for study sample sizes and reported
estimates of uncertainty.

To enable more consistent analysis of reported associations
between Hb concentration and patient adverse outcomes (i.e.,
mortality, MACE, hospitalisation, and CKD progression), Hb
concentration categories were converted to a single Hb value
for analysis using themidpoint of the categorical range. Hbwas
grouped into the following categories for analysis: <10 g/dL,
10–12 g/dL, and >12 g/dL, and risk of each outcome attributed
to each Hb grouping where data were available. If a study
reported Hb without a defined lower limit (e.g., <9 g/dL), the
upper defined limit minus 1 g/dL (i.e., 8 g/dL) was applied to
that category prior to inclusion into the overall analysis.
Similarly, if a study reported Hb without a defined upper limit
(e.g., >13 g/dL), the lower defined limit plus 1 g/dL (i.e., 14 g/
dL) was applied to that category prior to inclusion into the
overall analysis. Where definitions of anaemia were not pro-
vided, a threshold value of 10 g/dL was assumed for anaemic
patients and a threshold value of 13 g/dL was assumed for
nonanaemic patients. Reference categories for relative mea-
sures of risk are as reported in their respective publications, and
point estimates presented are based on the aggregation of
relative measures of risk reported for each Hb category. Re-
ported absolute measures of risk were converted to the cor-
responding relative measure for meta-analysis, using the
highest Hb category as a reference.

)e risk of each outcome was also expressed based on
continuous Hb data (per 1 g/dL increase in Hb). Data re-
ported are means (95% confidence interval (CI)). All re-
ported estimates of associations between Hb or anaemia and
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patient outcomes were included in the analysis regardless of
statistical significance.

3. Results

3.1. Summary of Included Studies. )e searches identified
3734 references, after the removal of duplicates. After
reviewing titles and abstracts, a further 2728 references were
excluded. Full texts of the remaining 1006 references were
retrieved and reviewed. Following full-text review, 191
references were deemed to satisfy the inclusion criteria and
data were subsequently extracted for analysis (Figure 1). Of
the 815 studies excluded following full-text review, 637
studies were excluded for not including variables (i.e., the
use of haematocrit or red blood cell width distribution
instead of Hb or the reporting of incidence or prevalence
without associated risk factors) or outcomes (i.e., the risk of
outcome was not reported in association with anaemia) of
interest. Furthermore, 88 were conducted in non-CKD
populations, 56 were excluded due to study design, and five
were reported in languages other than English.

From the 191 included studies (Table 2), 75 were
prospective, 65 were retrospective, 11 were observational,
and 11 were randomised controlled trials; the design was
unspecified in 29 studies. Total cohort sizes ranged from
50 to 1,136,201. Sixty-six of the included studies were
conducted in Asia, 62 in North America, 48 in Europe, five
in South America, four in Africa, two in Australia, and
four were multinational. )e majority of studies were
conducted in either outpatient/renal clinic (n � 67) or
hospital settings (n � 56), with small numbers undertaken
in the community (n � 10); the setting was not reported in
58 studies.

3.2. Risk Factors Associated with Anaemia. )e incidence or
prevalence of anaemia was reported in 32 studies; prevalence
was reported in n� 30, and incidence was reported in n� 2.
23 studies were conducted in CKD patient cohorts not on
dialysis, one study in a dialysis cohort, and eight studies in
cohorts that included both nondialysis and dialysis patients
with CKD. )ere was significant heterogeneity in the defi-
nition of anaemia used across the included studies; however,
there was no trend in of the use of different Hb thresholds
over time in line with changing recommendations. Whilst
the most common definition of anaemia aligned with WHO
guidelines for the diagnosis of anaemia [3], of Hb levels
<13.0 g/dL in men and <12.0 g/dL in women (n� 13),
thresholds ranged between 10.0 g/dL and 13.5 g/dL for men
and 10.0 g/dL and 12.0 g/dL for women. Furthermore, not all
studies reported separate thresholds for men and women.
Risk factors associated with the presence of anaemia re-
ported by more than one study are shown in Figure 2. )e
most frequently identified risk factor was eGFR or CKD
stage (n� 30), followed by age (n� 10), sex (n� 10), race/
ethnicity (n� 5), and albuminuria (n� 5). In all of these
cases, patients with more severe renal impairment were at
increased risk of experiencing anaemia.

3.3. Associations between Haemoglobin and Adverse Clinical
Outcomes

3.3.1. Association between Haemoglobin and Mortality.
An association between Hb concentration (or anaemia) and
mortality was reported by 124 studies, with 42 studies
conducted in CKD patient cohorts not on dialysis, 76 studies
in dialysis cohorts, and six studies in cohorts that included
both nondialysis and dialysis patients with CKD. One

Table 1: PICOS eligibility criteria for the identification of studies.

Inclusion criteria Exclusion criteria

Population Patients with CKD∗
Patients without CKD
Patients with cancer
Patients with MDS
Paediatric patients

Intervention and
comparators NA NA

Outcomes

Incidence or prevalence of anaemia† alongside associated risk
factors

Anaemia or Hb concentration as a predictor of event incidence
(probability, odds or rate, hazard ratio (HR), incident rate ratio
(IRR), or odds ratio (OR)) for stroke, MI, heart failure, MACE,
eGFR decline and/or CKD progression, progression to dialysis,

death, or hospitalisation

Outcomes of interest not reported

Study
Randomised controlled trial, nonrandomised controlled trial,
prospective study, longitudinal study, retrospective study,

observational study, and cohort study

Economic evaluation, clinical practice or
treatment guidelines, case reports, letter,

editorial, and review
Language
restrictions English language only Studies published in languages other than

English
Date restrictions 2002 onwards (15-year time horizon) Prior to 2002
CKD: chronic kidney disease; ESRD: end-stage renal disease; Hb: haemoglobin; HR: hazard ratio; IRR: incident rate ratio; MACE: major adverse car-
diovascular events; MDS: myelodysplastic syndrome; MI: myocardial infarction; NA: not applicable; OR: odds ratio. ∗Patients with comorbidities were
included, with the exception of CKD patients with cancer orMDS. †Anaemia was defined as lowHb in the blood or low red blood cell production. Other types
of anaemia such as chemotherapy-induced anaemia and sickle cell anaemia were excluded.
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hundred and nineteen and 13 studies identified similar
relationships between Hb or anaemia and both all-cause
mortality and CV mortality, respectively. Pooled mean HRs
quantifying the risk of both all-cause and CVmortality based
on Hb concentration are shown in Figure 3.

Pooled mean (95% CI) HRs for the risk of all-cause
mortality in patients with CKD not on dialysis with Hb< 10 g/
dL (n� 17) and 10–12 g/dL (n� 1) were 1.70 (1.42–2.01) and
0.97 (0.92–1.01), respectively. No studies reported the risk of
all-cause mortality in patients with CKD not on dialysis with
Hb> 12 g/dL. )e HR of CV mortality in patients with CKD
not on dialysis with Hb< 10 g/dL was only reported by one
study, with a median HR of 3.72 and wide CIs of 1.72 to 8.05.

)e estimated HRs of all-cause mortality in patients with
CKD on dialysis with Hb< 10 g/dL (n� 11), 10–12 g/dL
(n� 15), and >12 g/dL (n� 8) were 1.56 (1.43–1.71), 1.17
(1.09–1.26), and 0.91 (0.87–0.96), respectively. )e HRs of
CV mortality in dialysis patients followed a similar pattern
with HRs of 1.50 (1.32–1.70), 1.24 (1.09–1.40), and 1.00
(0.95–1.06) across Hb< 10 g/dL (n� 4), 10–12 g/dL (n� 7),
and >12 g/dL (n� 4), respectively.

)e HR of all-cause mortality and CV mortality when
Hb concentration was reported as a continuous variable
followed similar patterns to the categorical data, of de-
creasing risk with increasing Hb. Mean (95% CI) HRs for the
overall risk of all-cause mortality in patients with CKD not

on dialysis (n� 18) and on dialysis (n� 33) were 0.93
(0.91–0.95) and 0.86 (0.83–0.89) per 1 g/dL increase in Hb,
respectively. )e HR of CV mortality per 1 g/dL increase in
Hbwas 0.70 (0.52–0.94) and 0.87 (0.81–0.94) in patients with
CKD not on dialysis (n� 1) and on dialysis (n� 1),
respectively.

3.3.2. Association between Haemoglobin and Hospitalisation.
An association between Hb concentration (or anaemia) and
hospitalisation was reported in 22 studies, with seven studies
conducted in CKD patient cohorts not on dialysis, 14 studies
in dialysis cohorts, and one study in a cohort that included
both patients CKD not on dialysis and patients on dialysis.
Mean HRs quantifying the risk of hospitalisation based on
Hb concentration are shown in Figure 4 (left).

)e pattern of association between Hb (or anaemia) and
hospitalisation observed in the included studies tended to be
similar to that observed between Hb and mortality, with
lower Hb associated with higher risk of hospitalisation.

)e pooled mean (95% CI) HR for the risk hospitalisation
in CKD patients not on dialysis with Hb< 10g/dL (n� 2) was
1.46 (1.02–2.09). No studies reported the risk of hospitalisation
in CKD patients not on dialysis with Hb of 10–12 g/dL or
>12 g/dL.)eHR of hospitalisation in patients on dialysis with
Hb 10–12 g/dL (n� 2) and >12 g/dL (n� 2) were 1.09
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ić

et
al
.[
81
]

20
14

Bo
sn
ia
-S
er
bi
a-

Sl
ov
en
ia

44
2

0.
0

10
0.
0

32
.0

N
R

N
R

Y
N

N
N

In
ke
r
et

al
.[
82
]

20
11

U
SA

30
,5
28

10
0.
0

0.
0

6.
50

N
R

Pr
ev
al
en
ce

N
N

N
N

In
ri
g
et

al
.[
83
]

20
12

U
SA

1,
43
2

10
0.
0

0.
0

31
.2

10
0.
0

N
R

N
N

Y
Y

Is
ak
ov

et
al
.[
84
]

20
14

Is
ra
el

18
,4
74

N
R

N
R

N
R

N
R

Pr
ev
al
en
ce

N
N

N
Y

Is
hi
ga
m
ie

ta
l.
[8
5]

20
13

Ja
pa
n

34
9

0.
0

10
0.
0

37
.5

N
R

N
R

Y
N

N
N

Is
hi
ga
m
ie

ta
l.
[8
6]

20
18

U
SA

5,
80
1

10
0.
0

0.
0

15
.5

N
R

Pr
ev
al
en
ce

N
N

Y
N

6 International Journal of Nephrology



Ta
bl

e
2:

C
on

tin
ue
d.

A
ut
ho

r
Ye

ar
C
ou

nt
ry

N
N
D
D

(%
)

D
D

(%
)

T2
D
M

(%
)

ES
A

us
e

(%
)

In
ci
de
nc
e
or

pr
ev
al
en
ce

of
an
ae
m
ia
?

A
ss
oc
ia
tio

n
be
tw
ee
n
an
ae
m
ia

an
d:

M
or
ta
lit
y

H
os
pi
ta
lis
at
io
n

M
A
C
E

C
K
D

pr
og
re
ss
io
n

It
o
et

al
.[
87
]

20
07

Ja
pa
n

12
7

0.
0

10
0.
0

16
.0

N
R

N
R

N
N

Y
N

Jo
hn

so
n
et

al
.[
88
]

20
07

U
SA

6,
54
1

10
0.
0

0.
0

31
.3

N
R

N
R

Y
N

N
N

Jo
hn

so
n
et

al
.[
89
]

20
08

U
SA

7,
98
2

10
0.
0

0.
0

28
.0

N
R

N
R

N
N

N
Y

Jo
sh
ie

ta
l.
[9
0]

20
14

C
hi
na

80
5

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

Jo
ss

et
al
.[
91
]

20
07

U
K

50
8

N
R

N
R

N
R

N
R

Pr
ev
al
en
ce

Y
N

N
N

Ju
ng

et
al
.[
92
]

20
15

K
or
ea

N
R

0.
0

10
0.
0

37
.3

N
R

N
R

Y
N

N
N

K
at
ao
ka

et
al
.[
93
]

20
15

Ja
pa
n

72
0.
0

10
0.
0

55
.6

N
R

N
R

N
N

Y
N

K
ea
ne

et
al
.[
94
]

20
03

M
ul
ti
co
nt
in
en
t

1,
51
3

10
0.
0

0.
0

10
0.
0

N
R

N
R

N
N

N
Y

K
ea
ne

et
al
.[
95
]

20
06

M
ul
ti
co
nt
in
en
t

1,
51
3

10
0.
0

0.
0

10
0.
0

N
R

N
R

N
N

N
Y

K
eo
ug
h-
Ry

an
et

al
.

[9
6]

20
05

C
an
ad
a

5,
54
9

10
0.
0

0.
0

26
.2

N
R

N
R

Y
N

N
N

K
ha
n
et

al
.[
97
]

20
17

M
al
ay
sia

62
1

10
0.
0

0.
0

40
.1

N
R

N
R

N
N

N
Y

K
ov
es
dy

et
al
.[
98
]

20
06

U
SA

86
1

10
0.
0

0.
0

53
.1

N
R

N
R

Y
N

N
N

K
ov
es
dy

et
al
.[
99
]

20
06

U
SA

85
3

10
0.
0

0.
0

52
.8

N
R

N
R

Y
N

N
Y

K
ov
es
dy

et
al
.[
10
0]

20
06

U
SA

86
0

10
0.
0

0.
0

52
.8

N
R

N
R

Y
N

N
N

K
uo

et
al
.[
10
1]

20
18

Ta
iw
an

1,
55
8

10
0.
0

0.
0

10
0.
0

N
R

N
R

Y
N

N
Y

K
uo

et
al
.[
10
2]

20
18

Ta
iw
an

42
,2
30

0.
0

10
0.
0

45
.4

N
R

N
R

Y
N

N
N

K
uw

ah
ar
a
et

al
.[
10
3]

20
15

Ja
pa
n

29
7

10
0.
0

0.
0

N
R

10
0.
0

N
R

Y
N

N
N

K
w
on

et
al
.[
10
4]

20
15

K
or
ea

1,
27
6

0.
0

10
0.
0

52
.4

71
.8

N
R

Y
N

N
N

La
cs
on

et
al
.[
10
5]

20
09

U
SA

78
,4
20

0.
0

10
0.
0

51
.9

N
R

N
R

Y
Y

N
N

La
tta

nz
io

et
al
.[
10
6]

20
15

It
al
y

48
7

N
R

N
R

25
.5

N
R

N
R

Y
N

N
N

La
u
et

al
.[
10
7]

20
15

Si
ng

ap
or
e

45
7

10
0.
0

0.
0

64
.6

0.
0

In
ci
de
nc
e

N
N

N
N

Le
vi
n
et

al
.[
10
8]

20
08

C
an
ad
a

4,
23
1

10
0.
0

0.
0

33
.0

N
R

N
R

Y
N

N
Y

Le
vi
n
et

al
.[
10
9]

20
06

C
an
ad
a

3,
02
8

10
0.
0

0.
0

28
.0

N
R

Pr
ev
al
en
ce

Y
N

N
N

Li
V
ec
ch
ie

ta
l.
[1
10
]

20
07

It
al
y

28
1

0.
0

0.
0

64
.4

N
R

Pr
ev
al
en
ce

N
N

N
N

Li
n
et

al
.[
11
1]

20
04

Ta
iw
an

10
5

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

Li
n
et

al
.[
11
2]

20
06

Ta
iw
an

44
5

0.
0

10
0.
0

44
.5

N
R

N
R

Y
N

N
N

Li
n
et

al
.[
11
3]

20
13

Ta
iw
an

N
R

0.
0

N
R

51
.9

N
R

N
R

N
N

Y
N

Li
u
et

al
.[
11
4]

20
16

C
hi
na

1,
77
8

0.
0

10
0.
0

25
.3

N
R

N
R

Y
N

N
N

Lo
ca
te
lli

et
al
.[
11
5]

20
04

Eu
ro
pe

4,
59
1

0.
0

10
0.
0

N
R

N
R

N
R

Y
Y

N
N

M
ac
D
ou

ga
ll
et

al
.

[1
16
]

20
10

U
K

13
,4
22

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

M
cC

le
lla
n
et

al
.[
11
7]

20
04

U
SA

5,
22
2

10
0.
0

0.
0

64
.4

N
R

Pr
ev
al
en
ce

N
N

N
N

M
cC

ul
lo
ug
h
et

al
.

[1
18
]

20
07

U
SA

37
,1
53

10
0.
0

0.
0

26
.2

N
R

N
R

Y
N

Y
N

M
cM

ah
on

et
al
.[
11
9]

20
12

A
us
tr
al
ia

30
2

0.
0

10
0.
0

N
R

88
.4

N
R

Y
N

N
N

M
es
sa

et
al
.[
12
0]

20
15

It
al
y

56
8

0.
0

10
0.
0

28
.9

N
R

N
R

Y
N

N
N

M
et
ca
lfe

et
al
.[
12
1]

20
03

U
K

52
3

0.
0

10
0.
0

23
.7

N
R

N
R

Y
N

N
N

M
in
ut
ol
o
et

al
.[
12
2]

20
09

It
al
y

13
7

10
0.
0

0.
0

32
.9

10
0.
0

N
R

Y
N

N
N

M
in
ut
ol
o
et

al
.[
12
3]

20
12

It
al
y

19
4

10
0.
0

0.
0

34
.0

10
0.
0

N
R

N
N

N
Y

M
in
ut
ol
o
et

al
.[
12
4]

20
14

It
al
y

30
,3
26

10
0.
0

0.
0

24
.5

N
R

Pr
ev
al
en
ce

Y
N

N
Y

M
oh

an
ra
m

et
al
.[
12
5]

20
04

U
SA

1,
46
8

10
0.
0

0.
0

10
0.
0

N
R

N
R

N
N

N
Y

M
ok

ol
ie

ta
l.
[1
26
]

20
16

K
en
ya

25
0

0.
0

10
0.
0

N
R

51
.6

N
R

Y
N

N
N

M
ol
na
r
et

al
.[
12
7]

20
11

U
SA

9,
26
9

0.
0

10
0.
0

46
.0

88
.0

N
R

Y
N

N
N

International Journal of Nephrology 7



Ta
bl

e
2:

C
on

tin
ue
d.

A
ut
ho

r
Ye

ar
C
ou

nt
ry

N
N
D
D

(%
)

D
D

(%
)

T2
D
M

(%
)

ES
A

us
e

(%
)

In
ci
de
nc
e
or

pr
ev
al
en
ce

of
an
ae
m
ia
?

A
ss
oc
ia
tio

n
be
tw
ee
n
an
ae
m
ia

an
d:

M
or
ta
lit
y

H
os
pi
ta
lis
at
io
n

M
A
C
E

C
K
D

pr
og
re
ss
io
n

M
oo

n
et

al
.[
12
8]

20
11

K
or
ea

25
0

10
0.
0

0.
0

10
0.
0

16
.0

N
R

N
N

N
Y

N
ak
az
at
o
et

al
.[
12
9]

20
15

Ja
pa
n

38
4

0.
0

10
0.
0

27
.1

N
R

N
R

Y
N

N
N

N
ev
es

et
al
.[
13
0]

20
07

Po
rt
ug
al

95
10
0.
0

0.
0

N
R

N
R

N
R

N
N

N
Y

N
ish

io
et

al
.[
13
1]

20
13

U
SA

60
6

0.
0

10
0.
0

56
.3

10
0.
0

N
R

Y
N

N
N

N
se
ir
et

al
.[
13
2]

20
16

Is
ra
el

30
7

10
0.
0

0.
0

10
0.
0

N
R

N
R

Y
Y

N
N

O
fs
th
un

et
al
.[
13
3]

20
03

U
SA

44
,5
50

0.
0

10
0.
0

47
.9

N
R

N
R

Y
Y

N
N

O
hn

o
et

al
.[
13
4]

20
14

Ja
pa
n

2,
77
2

10
0.
0

0.
0

0.
0

N
R

N
R

N
N

N
Y

O
ka
za
ki

et
al
.[
13
5]

20
14

Ja
pa
n

24
8

0.
0

10
0.
0

48
.8

10
0.
0

N
R

Y
N

N
N

O
ss
ar
eh

et
al
.[
13
6]

20
16

Ir
an

56
0

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

Pa
na
go
ut
so
s
et

al
.

[1
37
]

20
06

G
re
ec
e

29
9

0.
0

10
0.
0

77
.9

N
R

N
R

Y
N

N
N

Po
rt
ol
és

et
al
.[
13
8]

20
07

Sp
ai
n

12
2

10
0.
0

0.
0

N
R

N
R

Pr
ev
al
en
ce

Y
Y

Y
Y

Pu
lli
am

et
al
.[
13
9]

20
14

U
SA

1,
67
7

0.
0

10
0.
0

42
.9

N
R

N
R

Y
Y

N
N

Ra
ja
ee
fa
rd

et
al
.[
14
0]

20
16

Ir
an

29
0

0.
0

10
0.
0

32
.4

N
R

N
R

Y
N

N
N

Re
gi
do

r
et

al
.[
14
1]

20
06

U
SA

58
,0
58

0.
0

10
0.
0

44
.7

93
.0

N
R

Y
N

N
N

Ro
be
rt
s
et

al
.[
14
2]

20
06

U
SA

93
,0
87

0.
0

10
0.
0

49
.1

10
0.
0

In
ci
de
nc
e

Y
Y

N
N

Ro
bi
ns
on

et
al
.[
14
3]

20
05

U
SA

5,
51
7

0.
0

10
0.
0

40
.4

91
.7

N
R

Y
N

N
N

Ro
ss
in
g
et

al
.[
14
4]

20
04

D
en
m
ar
k

22
7

N
R

N
R

10
0.
0

N
R

N
R

Y
N

N
Y

Sa
be

et
al
.[
14
5]

20
16

U
SA

4,
03
8

N
R

N
R

10
0.
0

N
R

N
R

N
N

N
Y

Sa
nt
os

et
al
.[
14
6]

20
17

Po
rt
ug
al

41
6

10
0.
0

0.
0

50
.0

N
R

N
R

Y
N

N
Y

Sa
nt
os

et
al
.[
14
7]

20
11

Br
az
il

15
6

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

Sa
to

et
al
.[
14
8]

20
18

Ja
pa
n

62
,9
31

N
R

N
R

8.
8

N
R

N
R

Y
N

N
N

Sa
to

et
al
.[
14
9]

20
13

Ja
pa
n

21
3

N
R

N
R

N
R

N
R

N
R

N
N

Y
N

Sa
w
hn

ey
et

al
.[
15
0]

20
09

U
K

an
d
C
an
ad
a

7,
29
9

0.
0

10
0.
0

23
.4

N
R

N
R

Y
N

N
N

Sc
hr
oe
de
r
et

al
.[
15
1]

20
17

U
SA

22
,4
60

10
0.
0

0.
0

34
.3

N
R

N
R

N
N

N
Y

Se
lim

et
al
.[
15
2]

20
07

M
ac
ed
on

ia
21
4

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

Se
lim

et
al
.[
15
3]

20
07

M
ac
ed
on

ia
23
6

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

Se
rv
ill
a
et

al
.[
15
4]

20
09

U
SA

12
,7
33

0.
0

10
0.
0

47
.2

97
.7

N
R

Y
Y

N
N

Sh
em

a-
D
id
ie
ta
l.
[1
55
]

20
10

Is
ra
el

25
,8
00

10
0.
0

0.
0

N
R

N
R

N
R

N
N

N
Y

Sh
im

iz
u
et

al
.[
15
6]

20
14

Ja
pa
n

1,
10
5

N
R

N
R

N
R

N
R

Pr
ev
al
en
ce

N
N

N
N

Sh
ir
ai
sh
ie

ta
l.
[1
57
]

20
14

Ja
pa
n

52
1

N
R

N
R

35
.5

N
R

N
R

Y
N

N
N

Si
ng

h
et

al
.[
15
8]

20
06

U
SA

1,
43
2

10
0.
0

0.
0

50
.0

10
0.
0

N
R

Y
Y

Y
Y

Sk
al
ie

ta
l.
[1
59
]

20
11

U
SA

4,
03
8

10
0.
0

0.
0

10
0.
0

49
.8

N
R

N
N

Y
N

So
ng

et
al
.[
16
0]

20
17

C
hi
na

4,
10
4

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

Sp
ig
ol
on

et
al
.[
16
1]

20
16

Br
az
il

4,
10
7

0.
0

10
0.
0

45
.0

N
R

N
R

Y
N

N
N

St
ev
en
s
et

al
.[
16
2]

20
11

U
SA

11
6,
32
1

N
R

N
R

29
.5

N
R

Pr
ev
al
en
ce

N
N

N
N

St
ev
en
s
et

al
.[
16
3]

20
07

U
K

38
,2
62

N
R

N
R

21
.2

N
R

Pr
ev
al
en
ce

N
N

N
N

St
ev
en
s
et

al
.[
16
4]

20
10

Eu
ro
pe

1,
19
8

10
0.
0

0.
0

10
0.
0

N
R

Pr
ev
al
en
ce

N
N

N
N

St
os
ov
ic

et
al
.[
16
5]

20
11

Se
rb
ia

24
2

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

St
re
ja

et
al
.[
16
6]

20
08

U
SA

40
,7
87

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

St
ur
m

et
al
.[
16
7]

20
10

A
us
tr
ia

23
5

0.
0

10
0.
0

34
.9

0.
0

N
R

Y
N

N
N

Sz
et
o
et

al
.[
16
8]

20
11

C
hi
na

33
2

10
0.
0

0.
0

29
.5

N
R

N
R

Y
N

N
Y

8 International Journal of Nephrology



Ta
bl

e
2:

C
on

tin
ue
d.

A
ut
ho

r
Ye

ar
C
ou

nt
ry

N
N
D
D

(%
)

D
D

(%
)

T2
D
M

(%
)

ES
A

us
e

(%
)

In
ci
de
nc
e
or

pr
ev
al
en
ce

of
an
ae
m
ia
?

A
ss
oc
ia
tio

n
be
tw
ee
n
an
ae
m
ia

an
d:

M
or
ta
lit
y

H
os
pi
ta
lis
at
io
n

M
A
C
E

C
K
D

pr
og
re
ss
io
n

Te
ix
ei
ra

et
al
.[
16
9]

20
15

Br
az
il

16
2

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

)
ijs
se
n
et

al
.[
17
0]

20
12

U
SA

6,
83
8

0.
0

10
0.
0

54
.2

N
R

N
R

Y
N

N
N

)
or
p
et

al
.[
17
1]

20
09

U
SA

5,
88
5

10
0.
0

0.
0

52
.3

0.
0

N
R

Y
Y

N
Y

To
id
a
et

al
.[
17
2]

20
17

Ja
pa
n

1,
37
5

0.
0

10
0.
0

32
.4

0.
0

N
R

Y
N

N
N

Tr
ip
ep
ie

ta
l.
[1
73
]

20
10

It
al
y

28
3

0.
0

10
0.
0

15
.0

52
.7

N
R

Y
N

Y
N

Ts
ub

ak
ih
ar
a
et

al
.

[1
74
]

20
15

Ja
pa
n

32
1

10
0.
0

0.
0

35
.3

N
R

N
R

Y
N

N
N

Ts
ub

ak
ih
ar
a
et

al
.

[1
75
]

20
12

Ja
pa
n

32
2

10
0.
0

0.
0

N
R

N
R

N
R

Y
N

N
N

U
ed
a
et

al
.[
17
6]

20
03

Ja
pa
n

20
2

10
0.
0

0.
0

10
0.
0

N
R

N
R

N
N

N
Y

V
ai
ci
un

ie
ne

et
al
.[
17
7]

20
10

Li
th
ua
ni
a

55
9

0.
0

10
0.
0

N
R

N
R

N
R

N
Y

N
N

V
an

D
ie
pe
n
et
al
.[
17
8]

20
14

N
et
he
rla

nd
s

39
4

0.
0

10
0.
0

10
0.
0

N
R

N
R

Y
N

N
N

V
ar
as

et
al
.[
17
9]

20
18

Sp
ai
n

1,
67
9

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

V
az
qu

ez
et

al
.[
18
0]

20
09

Sp
ai
n

25
6

0.
0

10
0.
0

28
.5

N
R

N
R

N
N

Y
N

V
ej
ak
am

a
et

al
.[
18
1]

20
13

)
ai
la
nd

1,
17
7

0.
0

10
0.
0

21
.2

N
R

N
R

Y
N

N
N

V
oo

rm
ol
en

et
al
.[
18
2]

20
10

N
et
he
rla

nd
s

54
7

10
0.
0

0.
0

23
.6

25
.1

N
R

Y
N

N
N

W
ag
ne
r
et

al
.[
18
3]

20
11

G
er
m
an
y

21
5

10
0.
0

0.
0

10
0.
0

0.
0

N
R

Y
N

N
N

W
ag
ne
r
et

al
.[
18
4]

20
11

U
K

5,
44
7

0.
0

10
0.
0

28
.6

N
R

N
R

Y
N

N
N

W
al
ke
r
et

al
.[
18
5]

20
06

U
SA

88
,6
57

10
0.
0

0.
0

19
.6

N
R

N
R

N
N

Y
Y

W
ei
ne
r
et

al
.[
18
6]

20
08

U
SA

1,
67
8

10
0.
0

0.
0

15
.0

N
R

N
R

Y
N

Y
N

W
ei
ne
r
et

al
.[
18
7]

20
05

U
SA

2,
33
3

10
0.
0

0.
0

17
.1

N
R

N
R

Y
N

Y
N

W
ei
nh

an
dl

et
al
.[
18
8]

20
11

U
SA

13
3,
24
6

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

W
u
et

al
.[
18
9]

20
13

Ta
iw
an

1,
15
7

10
0.
0

0.
0

0.
48

N
R

N
R

Y
N

N
Y

X
u
et

al
.[
19
0]

20
12

C
hi
na

31
3

0.
0

10
0.
0

39
.9

N
R

N
R

Y
N

N
N

Ya
m
am

ot
o
et

al
.[
19
1]

20
16

Ja
pa
n

2,
60
2

10
0.
0

0.
0

27
.9

6.
8

N
R

Y
N

N
N

Ya
ng

et
al
.[
19
2]

20
07

C
hi
na

7,
06
7

N
R

N
R

10
0.
0

N
R

N
R

N
N

Y
N

Ya
ng

et
al
.[
19
3]

20
07

U
SA

34
,9
63

0.
0

10
0.
0

45
.0

N
R

N
R

Y
N

N
N

Ya
ng

et
al
.[
19
4]

20
13

C
hi
na

80
9

0.
0

10
0.
0

23
.4

N
R

N
R

Y
N

N
N

Ye
at
es

et
al
.[
19
5]

20
07

C
an
ad
a

26
,3
16

0.
0

10
0.
0

N
R

N
R

N
R

Y
N

N
N

Yo
ts
ue
da

et
al
.[
19
6]

20
18

Ja
pa
n

3,
43
6

0.
0

10
0.
0

28
.9

10
0.
0

N
R

N
N

Y
N

Zh
an
g
et

al
.[
19
7]

20
15

C
hi
na

42
1

0.
0

10
0.
0

28
.7

N
R

N
R

Y
N

N
N

Zi
gi
ns
ki
en
e
et
al
.[
19
8]

20
13

Li
th
ua
ni
a

55
9

0.
0

10
0.
0

N
R

N
R

N
R

Y
Y

N
N

Zi
tt
et

al
.[
19
9]

20
14

A
us
tr
ia

23
5

0.
0

10
0.
0

34
.9

77
.9

N
R

Y
N

N
N

Zo
pp

in
ie

ta
l.
[2
00
]

20
10

It
al
y

1,
15
3

10
0.
0

0.
0

10
0.
0

N
R

N
R

Y
N

N
N

C
K
D
:c
hr
on

ic
ki
dn

ey
di
se
as
e;
D
D
:d
ia
ly
sis

de
pe
nd

en
t;
ES

A
:e
ry
th
ro
po

ie
tin

-s
tim

ul
at
in
g
ag
en
t;
M
A
C
E:

m
aj
or

ad
ve
rs
e
ca
rd
ia
c
ev
en
ts
;N

;n
o;
N
D
D
:n

on
di
al
ys
is
de
pe
nd

en
t;
N
R:

no
tr
ep
or
te
d;
T2

D
M
:t
yp
e
2
di
ab
et
es

m
el
lit
us
;Y

:y
es
.

International Journal of Nephrology 9



(1.07–1.11) and 0.91 (0.87–0.96), respectively. No studies re-
ported the risk of all-cause mortality in CKD patients not on
dialysis with Hb of 10–12 g/dL or >12 g/dL.

)e overall risk of hospitalisation when Hb concentra-
tion was reported as a continuous variable followed a similar
pattern to the categorical data, of decreasing risk with in-
creasing Hb. )e mean (95% CI) HR for the risk of hos-
pitalisation in dialysis patients (n� 4) was 0.92 (0.87–0.98)
per 1 g/dL increase in Hb. No studies reported the risk of
hospitalisation in CKD patients not on dialysis where Hb
was expressed as a continuous variable.

3.3.3. Association between Haemoglobin and Major Adverse
Cardiac Events. An association between Hb concentration
(or anaemia) and MACE was reported by 30 studies. Whilst
some studies reported MACE specifically, others reported
single components of MACE such as stroke, heart failure,
and myocardial infarction; all MACE-type events were
grouped for combined analysis in this SLR. 19 were studies
conducted in CKD patient cohorts not on dialysis, seven
studies in dialysis cohorts, and four studies that included
both CKD patients not on dialysis and patients on dialysis.
Mean HRs quantifying the risk of MACE based on Hb
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Figure 2: Risk factors associated with the presence of anaemia identified by more than one included study.
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Figure 3: Associations between Hb level and mortality in CKD patients.
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concentration are shown in Figure 4 (middle). )e risks of
MACE with anaemia tended to follow a similar pattern to
the risks of mortality and hospitalisations, with higher levels
of risk associated with lower Hb levels.

)e mean (95% CI) HR for the risk MACE in CKD
patients not on dialysis with Hb< 10 g/dL (n� 6) was 1.44
(1.17–1.76). )e estimated HRs of MACE in patients on
dialysis with Hb< 10 g/dL (n� 1), 10–12 g/dL (n� 2), and
>12 g/dL (n� 1) were 2.31 (1.14–4.66), 1.19 (0.96–1.46), and
0.88 (0.74–1.04), respectively.

)e overall risk of MACE in CKD patients when Hb
concentration was expressed as a continuous variable fol-
lowed a similar pattern to the categorical data, of decreasing
risk with increasing Hb. )e mean (95% CI) HRs for MACE
in CKD patients not on dialysis (n� 5) and on dialysis (n� 2)
were 0.92 (0.86–0.99) and 0.72 (0.21–2.46) per 1 g/dL in-
crease in Hb, respectively.

3.3.4. Association between Haemoglobin and CKD Progression.
An association between Hb or anaemia and CKD pro-
gression was reported by 38 studies. )e majority (n� 28)
defined CKD progression as progression to ESRD, with the
remainder based on prespecified declines in eGFR or the
doubling of serum creatinine. All studies were in cohorts of
patients with CKD not on dialysis. Mean HRs quantifying
the risk of CKD progression based on Hb levels are shown in
Figure 4 (right).

)e mean (95% CI) HRs for the risk of CKD progression
in CKD patients not on dialysis with Hb< 10 g/dL (n� 11)
and 10–12 g/dL (n� 1) were 1.65 (1.36–2.00) and 1.41
(1.27–1.56), respectively.

)e risk of CKD progression in CKD patients not on
dialysis when Hb concentration was expressed as a con-
tinuous variable followed a similar pattern to the categorical
data, of decreasing risk with increasing Hb. )e mean (95%
CI) HR for the risk of CKD progression in CKD patients not
on dialysis (n� 18) was 0.85 (0.80–0.89) per 1 g/dL increase
in Hb.

4. Discussion

)e aim of this review was to identify in a systematic manner
the studies that reported risk factors associated with the
presence of anaemia in patients with CKD and studies that
characterised the association between anaemia (Hb level)
and outcomes in patients with CKD. In doing so, we have
summarised a contemporary evidence base of the risks of
anaemia in CKD patients. In total, 191 studies that reported
risk factors associated with anaemia in CKD and/or asso-
ciations between Hb and mortality, hospitalisation, MACE,
and CKD progression were identified. Overall, more severe
anaemia was consistently associated with a greater risk of
adverse outcomes.

)e incidence or prevalence of anaemia in patients with
CKD was reported in 31 studies identified by this systematic
review. Anaemia is relatively common in CKD patients
especially with increasing disease severity, with rates of up to
90% in Stage 5 patients. Studies from the UK [201] and USA
[202] reported overall prevalence rates of anaemia in CKD
patients with diabetes of 22% and 15%, ranging from 5% and
8% in Stage 1 up to 46% and 53% in Stage 5, respectively.
Higher overall prevalence rates (32% and 52%) have been
reported in studies of Malaysian [203] and Chinese [204]
patients, with prevalence ranging from 13% and 22% in
Stage 1 up to 70% and 90% in Stage 5, respectively.

)e most commonly reported risk factor for the de-
velopment of anaemia was eGFR (or CKD stage). Data
consistently indicated that more severe CKD was associated
with greater prevalence of anaemia. )ere are a number of
pathophysiological mechanisms responsible for the devel-
opment of anaemia alongside CKD. Compared to patients
with anaemia without CKD, diseased kidneys produce less
EPO than would normally be expected relative to the degree
of anaemia. Whether this insufficient EPO is due to an
absolute reduction in production capacity or an impaired
sensitivity of kidney cells to the low tissue oxygenation that
would normally stimulate production is unknown
[205, 206]. More recent research has identified hepcidin as a
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Figure 4: Associations between Hb level and hospitalisation, MACE, and CKD progression in CKD patients.
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key hormone implicated in disordered iron homeostasis in
CKD patients. When elevated, hepcidin impairs dietary iron
absorption and reduces the mobilisation of stored iron,
further contributing to anaemia [207, 208]. Overall, anaemia
in CKD is likely to be multifactorial and other factors such as
shortened red blood cell survival, greater blood losses (es-
pecially in dialysis patients), and impaired absorption of
dietary iron may further exacerbate the condition [4].

Older age and female sex were also commonly identified
as a risk factors involved in the development of anaemia in
patients with CKD. Older age is associated with greater
inflammation and age-related comorbidities. )e presence
of proinflammatory cytokines (e.g., IL-6) increases hepcidin
expression [209], likely placing older patients at higher risk
of developing anaemia. Furthermore, sex hormone regula-
tion is also impacted with older age, and both testosterone
and oestrogen have been shown to reduce circulating
hepcidin [210, 211]. Despite lower Hb thresholds for
anaemia diagnosis in females (<12 g/dL vs. <13 g/dL for
males), female patients with CKD tended to be at higher risk
of developing anaemia than their male counterparts. Indeed,
McClellan et al. [117] found that female patients with CKD
were approximately two times more likely to develop
anaemia than males. Race or ethnicity has also been iden-
tified as factors that affect the prevalence of anaemia in
patients with CKD [212].

)e majority of risk factors reported in the included
studies were patient characteristics or comorbidities. Despite
EPO and hepcidin playing a significant role in the devel-
opment of anaemia in patients with CKD, only two studies
identified in this SLR assessed the role of EPO as a risk factor
for anaemia and no studies included hepcidin. Further work
on these laboratory-based variables and their role in the risk
of anaemia associated with varying levels of each bio-
chemical parameter would be helpful to better understand
the development of anaemia in patients with CKD.

Anaemia was associated with higher risks of all-cause
mortality, CV mortality, MACE, hospitalisations, and CKD
progression. )e effects tended to increase with anaemia
severity, such that a Hb< 10 g/dL was linked to comparable
or higher risk of each outcome than a Hb of 10–12 g/dL.
Although the effects tended to be consistent across CKD
patients not on dialysis and those patients on dialysis in
terms of direction, the magnitude of the risks of all-cause
and CVmortality in patients with CKD not receiving dialysis
appears to be greater than for those not on dialysis. )e
reason for this is unclear; however, due to small study
numbers in some groups and an inability to control for other
variables in the study populations, this finding should be
interpreted with caution and may warrant further investi-
gation. Nevertheless, the reasons for the association between
anaemia and poorer outcomes are not well understood.
Chronic anaemia is associated with increased cardiac output
and reduced systemic vascular resistance. )e low blood
pressure resulting from systemic vasodilation may initiate a
cascade of events, including increased sympathetic nervous
activity and activation of the renin-angiotensin-aldosterone
system to reduce salt and water excretion, thereby resulting
in plasma volume expansion and oedema [213]. Overall,

these changes result in greater cardiovascular workload,
increasing the risk of conditions such as left ventricular
hypertrophy [214, 215], and may contribute to the obser-
vation of higher rates of mortality, MACE, and hospital-
isations observed with anaemia in CKD patients.

Anaemia is a common contributor to poor quality of life
in patients with CKD but is also likely to be the factor that is
most responsive to treatment [6]. Treatment of anaemia in
CKD typically involves the use of supplemental iron (either
oral or intravenous) and erythropoiesis-stimulating agents
(ESAs) [205]. Supplemental iron may help improve iron
status; however, it is not symptom- or risk-free
and—depending on the mechanism(s) responsible for the
anaemia—may not treat the condition adequately. ESAs
mimic erythropoietin and act to stimulate red blood cell
production in the bone marrow. However, although ESAs
are successful at increasing haemoglobin levels in the ma-
jority of cases, they have not been shown to reduce the risks
of adverse outcomes associated with anaemia in CKD pa-
tients [6] and may even result in increased risk of negative
outcomes, as evidenced by three large randomised con-
trolled trials [216–218].

)e TREAT [218] study assessed the effect of darbe-
poetin alfa (ESA) versus placebo in more than 4000 patients
with CKD, type 2 diabetes, and anaemia. HRs for death or
CV event and for death or ESRD were similar; however,
treatment group patients were almost two times more likely
to suffer stroke (HR: 1.92 (95% CI: 1.38–2.65); p< 0.001)
than control group patients. Additional studies have
assessed the effect of ESA treatment based on different Hb
target levels. )e CREATE [217] trial assessed the effect of
epoetin beta (ESA) administration on CV events in 603
patients with Stage 3 or 4 CKD and mild-to-moderate
anaemia (Hb 11.0–12.5 g/dL). Patients were randomly
assigned to receive ESA treatment to target a Hb level of
13.0–15.0 g/dL or to only receive the ESA if their Hb dropped
below 10.5 g/dL (so as to maintain Hb 10.5–11.5 g/dL). ESA
treatment successfully maintained Hb within predetermined
ranges; however, treatment to normalise Hb (within
13.0–15.0 g/dL) was not associated with a reduction in the
risk of CV events. Furthermore, the CHOIR [216] study
involved the prescription of epoetin alfa (ESA) in 1400
patients with CKD to achieve a target Hb of either 13.5 g/dL
(high) or 11.3 g/dL (low). Patients in the high Hb group
experienced increased risk of composite (death, myocardial
infarction, hospitalisation for congestive heart failure, or
stroke) events (HR: 1.34 (95% CI: 1.03–1.74); p � 0.03) and
no improvement in quality of life. Post hoc analyses from
this study indicate that higher ESA doses (irrespective of Hb
achieved) were the primary driver for the risk of adverse
outcomes [219], indicating there is a need for more effective
treatments.

Based on these trials, it is clear that high Hb targets
should be avoided; however, it is unclear whether the poorer
outcomes are due to the ESAs themselves or factors that
often accompany low Hb such as inflammation, elevated
hepcidin levels, blood loss, and/or malnutrition [4]. Ulti-
mately, this uncertainty in trying to balance the risks of
untreated anaemia against the risks of treatment with ESAs
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has led to frustration amongst many in the clinical com-
munity. With no clear effective intervention available to
both restore Hb levels and improve outcomes, Hb remains
little more than a biomarker for adverse outcomes in pa-
tients with CKD.

)is study is not without limitations. )ere was wide
heterogeneity—as evidenced by I-squared statistic—in the
study design, study size, patient characteristics, treatments
received, outcomes (e.g., coding systems of hospitalisations),
and anaemia definitions. Such variations in reporting of
variables and outcomes meant that large numbers of studies
were either excluded or were unable to be included in the
final analysis that summarised HRs for the risk of each
outcome. Furthermore, when outcome data were subdivided
by Hb category and by patients receiving dialysis or not,
many gaps were apparent, preventing full understanding of
the level of risk. A SLR is also limited by the data available in
each individual study. Whilst the most adjusted (for de-
mographics and comorbidities) measure of risk was pref-
erentially extracted, not all studies performed this level of
analysis which may affect the overall estimate of risk.

As with all SLRs, there is also the potential for publi-
cation bias to impact on the generalisability of results.
Furthermore, geographical bias may also affect the gen-
eralisability of the findings. )e majority of included studies
were conducted in Asia, North America, and Europe, with
small study numbers in other regions. Despite this, the
findings were relatively consistent irrespective of geo-
graphical location, indicating the findings are relatively
generalisable across different countries and different ethnic
backgrounds. )e majority of studies included in this review
also only presented relative risks of adverse outcomes as-
sociated with Hb or anaemia, and in general, there is a lack of
information regarding the absolute risks of outcomes in
these patients which may present an avenue for future re-
search. However, the number of identified studies and the
size of the cohorts represented in this review allow the
formulation of an overarching summary of the associated
risks to patients with anaemia.

5. Conclusion

)is is the first known systematic review to quantify the risks
of mortality, hospitalisation, MACE, and CKD progression
associated with anaemia severity in patients with CKD.
Anaemia was associated with greater risk of all clinical
outcomes, and the risk increased with anaemia severity. )e
burden of CKD and its complications is substantial and
projected to increase. Effective treatments that not only treat
the anaemia but also reduce the risk of adverse clinical
outcomes are essential to help reduce the burden of anaemia
and its management in CKD.
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[37] D. Cană-Ruiu, “Renal anemia-risk factor for chronic kidney
disease,” Current Health Sciences Journal, vol. 39, no. 4,
pp. 214–217, 2013.

[38] J. P. Capelli and H. Kushner, “Correlates affecting survival in
chronic hemodialysis patients: the combined impact of al-
bumin and high hemoglobin levels on improving outcomes,
local and national results,” Hemodialysis International,
vol. 12, no. 4, pp. 450–462, 2008.

14 International Journal of Nephrology



[39] K. E. Chan, J. M. Lazarus, R. L. Wingard, and R. M. Hakim,
“Association between repeat hospitalization and early in-
tervention in dialysis patients following hospital discharge,”
Kidney International, vol. 76, no. 3, pp. 331–341, 2009.

[40] L. Chan, K. Chauhan, P. Poojary et al., “National estimates of
30-day unplanned readmissions of patients on maintenance
hemodialysis,” Clinical Journal of the American Society of
Nephrology, vol. 12, no. 10, pp. 1652–1662, 2017.

[41] P. Y. Chang, L.-N. Chien, Y. F. Lin, M. S. Wu, W. T. Chiu,
and H. Y. Chiou, “Risk factors of gender for renal pro-
gression in patients with early chronic kidney disease,”
Medicine, vol. 95, no. 30, 2016.

[42] C. X. R. Chen, Y. C. Li, S. L. Chan, and K. H. Chan, “Anaemia
and type 2 diabetes: implications from a retrospectively
studied primary care case series,” Hong Kong Medical
Journal, vol. 19, no. 3, pp. 214–221, 2013.

[43] S. C. Chen, H.-M. Su, Y. C. Tsai et al., “Framingham risk
score with cardiovascular events in chronic kidney disease,”
PLoS One, vol. 8, no. 3, Article ID e60008, 2013.

[44] S.-C. Chen, J.-M. Chang, W.-C. Liu et al., “)e ratio of
observed to predicted left ventricular mass is independently
associated with increased cardiovascular events in patients
with chronic kidney disease,”Hypertension Research, vol. 35,
no. 8, pp. 832–838, 2012.

[45] X. Chen, B. Shen, J. Zou et al., “)e prognostic value of red
blood cell distribution width in patients on maintenance
hemodialysis,” Blood Purification, vol. 42, no. 4, pp. 314–321,
2016.

[46] N. Chen, X.-X. Pan, Y. Gu et al., “Analysis of early kidney
damage in hospitalized patients with chronic kidney disease:
a multicenter study,” Renal Failure, vol. 34, no. 3, pp. 329–
333, 2012.

[47] M. Chonchol, G. Lippi, M. Montagnana, M. Muggeo, and
G. Targher, “Association of inflammation with anaemia in
patients with chronic kidney disease not requiring chronic
dialysis,” Nephrology Dialysis Transplantation, vol. 23, no. 9,
pp. 2879–2883, 2008.

[48] A. J. Christensen, S. L. Ehlers, J. S. Wiebe et al., “Patient
personality and mortality: a 4-year prospective examination
of chronic renal insufficiency,” Health Psychology, vol. 21,
no. 4, pp. 315–320, 2002.

[49] B. Conway, L. Fried, and T. Orchard, “Hemoglobin and overt
nephropathy complications in type 1 diabetes,” Annals of
Epidemiology, vol. 18, no. 2, pp. 147–155, 2008.

[50] L. de Nicola, P. Chiodini, C. Zoccali et al., “Prognosis of CKD
patients receiving outpatient nephrology care in Italy,”
Clinical Journal of the American Society of Nephrology, vol. 6,
no. 10, pp. 2421–2428, 2011.

[51] L. De Nicola, P. Chiodini, R. Minutolo et al., “)e effect of
increasing age on the prognosis of non-dialysis patients with
chronic kidney disease receiving stable nephrology care,”
Kidney International, vol. 82, no. 4, pp. 482–488, 2012.

[52] L. De Nicola, R. Minutolo, P. Chiodini et al., “Prevalence and
prognosis of mild anemia in non-dialysis chronic kidney
disease: a prospective cohort study in outpatient renal
clinics,” American Journal of Nephrology, vol. 32, no. 6,
pp. 533–540, 2010.

[53] L. De Nicola, M. Provenzano, P. Chiodini et al., “Epide-
miology of low-proteinuric chronic kidney disease in renal
clinics,” PLoS One, vol. 12, no. 2, Article ID e0172241, 2017.

[54] A. S. Desai, R. Toto, P. Jarolim et al., “Association between
cardiac biomarkers and the development of ESRD in patients
with type 2 diabetes mellitus, anemia, and CKD,” American
Journal of Kidney Diseases, vol. 58, no. 5, pp. 717–728, 2011.
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