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Abstract
Background: Anaemia is a nearly universal complication of 
chronic kidney disease (CKD). Erythropoiesis-stimulating 
agents (ESAs) have been demonstrated to improve clinical 
outcomes and quality of life (QOL) in renal patients with 
anaemia. Patient-reported outcome measures (PROMs) are 
increasingly being used to evaluate the patient-centred im-
pact of medical therapy. Here, we describe a systematic re-
view of studies that evaluated patient-centred outcomes 
(PCOs) in renal patients undergoing anaemia treatment. 
Methods: We conducted a search of Medline (Ovid), EM-
BASE (Ovid), PsychINFO, and CINAHL databases for studies 
published until March 2018 that investigated an interven-
tion to treat anaemia in renal patients and used at least one 
PROM. We also performed a quality assessment for all in-
cluded studies. Statistical analyses characterized each study, 
PROMs used, the quality of PCO reporting, and the associa-
tion between haematological outcomes and PCOs. Results: 

Of the 3,533 studies identified in the database search, 21 
met all eligibility criteria. Fourteen (67%) of the studies were 
randomized-controlled trials. Most studies (81%) investigat-
ed CKD patients, 14% investigated post-renal transplant pa-
tients and 5% assessed patients with heart disease on hae-
modialysis. The most common anaemia intervention, used 
in 95% of studies, was ESAs. Forty-three percent of studies 
utilized one PROM, most commonly the SF-36, a measure of 
QOL not specifically created for use in nephrology patients. 
About a third of studies selectively reported PROM sub-
scales, rather than reporting all subscales. Notable biases 
among included studies included lack of blinding, selective 
outcome reporting, and lack of power estimates for PCOs. 
We did not find a statistically significant association be-
tween improvements in haemoglobin and QOL. Conclu-
sions: Future studies employing anaemia and nephrology-
specific PROMs and conducted with greater rigour, stan-
dardization in the research methods, and reporting of PCOs 
in renal populations will improve understanding of PCOs in 
this patient group and hopefully improve patient outcomes 
and experiences. © 2019 The Author(s)
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Introduction

Anaemia is a nearly universal sequela of chronic kid-
ney disease (CKD) typically due to underproduction of 
erythropoietin, although other aetiologies may also be 
present [1–3]. In CKD, anaemia is independently associ-
ated with a heightened risk of cardiovascular disease [4], 
increase in hospitalizations, mortality, and reduced qual-
ity of life (QOL) [5–7]. Therapies to treat anaemia in 
these patients include erythropoiesis-stimulating agents 
(ESAs), iron replacement and blood transfusion. Man-
agement of anaemia, and use of ESAs in particular, has 
been shown to reduce mortality and cardiovascular com-
plications, while improving anaemia symptoms [8] and 
QOL [9, 10]. Though initially shown to have a clinical 
benefit, ESAs in patients with renal disease are associated 
with an increased occurrence of stroke, heart failure, 
myocardial infarction, worsening renal function, and 
death [11–14]. ESAs should, therefore, be used sparingly 
in renal populations. Current recommendations for ESA 
use in nephrology use haemoglobin (Hb) levels to direct 
therapy [15]. Using patient symptoms and QOL, patient-
centred outcomes (PCOs) may be more appropriate 
thresholds for initiation and modification of treatment. 

Patient-reported outcome measures (PROMs) are 
one class of methodological tools that are increasingly 
being employed to evaluate the impact of disease burden 
and the effects of medical therapies on QOL and patient 
well-being [16]. PROMs typically measure multiple do-
mains of well-being with one or more questions in each 
domain subsection, including physical, functional, emo-
tional, and social components of well-being. PCOs are 
becoming recognized as a critical aspect of patient-cen-
tred research and are increasingly being utilized as end-
points in clinical trials [17, 18]. In this study, we aimed 
to characterize the quality of PROM usage and PCO re-
porting in studies of CKD patients with anaemia and to 
determine whether improvements in haematological 
outcomes are associated with improvements in PCOs, as 
measured by PROMs.

Materials and Methods

Database Search
A search strategy was developed in conjunction with an expe-

rienced information specialist. The databases Medline (Ovid), Em-
base (Ovid), CINAHL, and PsychINFO were searched without 
limits from inception until March 2018. The search strategy is pre-
sented in online supplementary Appendix A (for all online suppl. 
material, see www.karger.com/doi/10.1159/000502208).

Eligibility Criteria
Studies addressing interventions to manage anaemia in per-

sons with renal disease of any age were included. Interventions 
administered at any dose, frequency, and for any duration were 
eligible. Studies had to report at least one haematological outcome 
(e.g., Hb levels) and at least one PCO measured by one or more 
PROM tools. Comparator groups for the anaemia intervention 
could be placebo, a different anaemia therapy, or no comparator 
(i.e., patients compared before and after the anaemia interven-
tion). In the case of blood transfusion, we also accepted compara-
tor groups of different transfusion thresholds. Randomized and 
non-randomized clinical trials, observational cohort studies, and 
case series with > 10 subjects were all accepted.

Article Selection and Data Abstraction
A detailed description of the study screening, selection and ab-

straction processes was provided in a previous study [19]. In the 
current study, we also abstracted data concerning PCOs and hae-
matological outcomes. All stages of full-text review and data ab-
straction were performed independently by 3 reviewers (J.L., P.S., 
and I.P.) without duplication using a standardized and piloted 
form. Any discrepancies were resolved by a fourth, senior investi-
gator (E.S.).

Statistical Analyses
Descriptive analysis of included studies was performed to syn-

thesize study and patient characteristics, the PROMs used by these 
studies, and the quality of PCO reporting. We evaluated the com-
pleteness of PROM subscale reporting before and after anaemia 
intervention. We defined complete PROM subscale reporting as 
the reporting of all validated subscales for the chosen PROM. 

Next, we assessed whether an improvement in haematological 
outcomes was associated with an improvement in PCOs following 
an intervention for the treatment of anaemia in renal disease pa-
tients. While we wished to analyse studies by PROM and PROM 
subscales, this was not feasible due to small sample sizes, and vari-
ability in PROMs used and subscales reported. Instead, we anal-
ysed according to various dimensions of PCOs, which we classified 
as follows: (a) physical functioning and QOL, (b) mental and emo-
tional QOL, (c) social QOL (e.g., relationships and social interac-
tions), (d) fatigue, vitality, and energy levels, and (e) global or over-
all QOL and well-being. Studies reporting PROM subscales rele-
vant to one PCO dimension were grouped together for analysis. 
Due to the heterogeneity in the reporting of haematological out-
comes and PCOs, it was not possible to perform a meta-analysis. 
Instead, data was analysed dichotomously using 2 × 2 tables to 
determine whether an association existed between haematological 
outcomes and PCOs following an anaemia intervention. 

Fisher’s exact tests were performed to test for associations be-
tween haematological outcome improvement and PCO improve-
ment, as is appropriate for small sample sizes. For unclear im-
provements in haematological outcomes (e.g., if no p value was 
given), we looked at either the mean change in Hb levels, the dif-
ference in Hb levels between study groups, or the difference in Hb 
before and after anaemia intervention. We considered a significant 
change in Hb to be a statistically significant improvement (i.e., p < 
0.05) in Hb levels, or an Hb change of 10 g/L or more, as this is 
likely clinically and statistically significant. For an unclear im-
provement in a subscale of a PROM tool (e.g., if no measure of 
statistical significance was provided), we assessed whether the 
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magnitude of improvement in the scale met minimal clinical sig-
nificance, as defined by each PROM tool. In cases where it was not 
possible to ascertain whether there was a significant change in hae-
matological outcomes or in PCOs, the study was excluded from 
this analysis, and the reason for exclusion was noted.

A risk-of-bias assessment was also completed for each included 
study. For randomized-controlled trials (RCTs), the Revised Co-
chrane Risk-of-Bias Tool for RCTs (RoB 2.0) was used, and for 
prospective studies we utilized the NIH Quality Assessment Tool 
for Observational Cohort and Cross-Sectional Studies [20, 21].

Results

Database Search Results
Of 3,533 articles obtained from database searching, 21 

articles met all eligibility criteria. Figure 1 shows the study 
selection process. 

Study Characteristics
Baseline characteristics of the included studies are pre-

sented in Table 1. Studies were published between 1991 
and 2017, with 6 (29%) published after 2010. It is relevant 
to note that recombinant human erythropoietin was ap-
proved for use in CKD in 1989 and all included articles in 
this study were published after that time [22]. The major-
ity of studies were RCTs (67%) and 33% were prospective 
cohort studies. 

Double-blinded studies accounted for 19% of the total, 
10% were single-blinded, and the majority of studies were 
open-label (71%). All studies included both male and fe-
male patients. Nearly all (81%) studies investigated adults 
(≥18 years old), one study looked at older adults only 
(≥65 years old), and 14% of studies did not clearly report 
an age criterion for study inclusion. Across all studies, 

Full-text ar�cles excluded 
n = 469 

 
• Ineligible pa�ent popula�on  

(n = 172)  
• Conference abstract (n = 129) 
• PCOs/PROMs not reported (n = 58)  
• Not a primary research ar�cle  

(n = 34) 
• No interven�on for anaemia (n = 21) 
• Unable to access full-text ar�cle  

(n = 20) 
• Duplicate publica�on (n = 18) 
• Not wri�en in English (n = 13) 
• Ineligible study design (n = 4) Studies included in synthesis 

Records a�er duplicates 
removed  
n = 2,493  

Records screened based on �tle 
and abstract 

n = 2,803 

Records excluded based 
on �tle and abstract  

n = 2,313 
Full-text ar�cles assessed for 

eligibility  
n = 490 

n = 21 

Records iden�fied through 
database searching  

n = 3,533 
 

Medline (n = 1,184) 
Embase (n = 1,883) 
CINAHL (n = 412) 

PsychINFO (n = 54) 

Records iden�fied through 
other sources  

n = 47 

Fig. 1. Flowchart of the study selection process.
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Table 1. Summary of included studies (n = 21) by study design

Study Patient population Study  
design

Number Blinding Follow-up
duration

Anaemia
intervention

Comparator 
group

PROMs used Study quality 
assessmentb

Agarwal 
et al. (2006) 
[41]

Adult (18+) patients 
with CKD stages 3–5 
and anaemia (Hb <120 
g/L), not on dialysis

RCT 89 Open-label 10 weeks Intravenous iron
(sodium ferric gluconate 
complex, given in doses of 
250 mg/250 mL over 1 h on 
days 1, 8, 15, and 22)

Oral iron
(325 mg ferrous 
sulphate tablets 
given 3 times 
daily for 6 weeks)

KDQoL Moderate

Akizawa 
et al. (2011) 
[42]

Adult (20+) patients 
with CKD and anaemia 
(Hb <100 g/L), not on 
dialysis

RCT 322 Open-label 48 weeks Darbepoetin alfa
(given as needed to achieve 
Hb of 110–130 g/L)

rHuEPO
(given as needed 
to achieve Hb of
90–110 g/L)

FACIT-F,
SF-36

Moderate

Alexander 
et al. (2007) 
[43]

Adult (18+) patients 
with CKD and anaemia 
(Hb <100 g/L), not on 
dialysis

RCT 81 Open-label 24 weeks Darbepoetin alfa
(0.45 g/kg initial 
subcutaneous dose, then 
dose adjusted to achieve Hb 
increase of 10–30 g/L per 
month)

No intervention SF-36, KDQoL, 
FACT-An and 
FACT-F, 
instrumental 
activities of daily 
living scale

High

Foley et al. 
(2000) [44]

Adult (18+) patients 
with end-stage renal 
disease, 
cardiomyopathy, and 
anaemia (90< Hb <110 
g/L), on haemodialysis

RCT 146 Open-label 48 weeks Epoetin alfa
(given subcutaneously as 
needed to achieve Hb of 
130–140 g/L)

Epoetin alfa
(given as needed 
to achieve Hb of
95–105 g/L)

SF-36, KDQ, Health 
Utilities Index

Low

Furuland 
et al. (2003) 
[45]

Adult (18+) patients 
with end stage renal 
disease and anaemia 
(90< Hb <120 g/L), with 
or without dialysis

RCT 416 Open-label 48 weeks Epoetin alfa
(50 U/kg initial 
subcutaneous dose, then 
dose adjusted to achieve Hb 
of 135–150 g/L in females 
and 145–160 g/L in males)

Epoetin alfa
(given as needed 
to maintain Hb of
90–120 g/L)

KDQ High

Laupacis 
et al. (1991) 
[46]

Adult (18–75 years) 
patients with end-stage 
renal disease and 
anaemia (Hb <90 g/L), 
on haemodialysis

RCT 118 Double-
blind

6 months Erythropoietin
(given intravenously 3 times 
per week over 6 months, to 
maintain Hb of 95–110 g/L 
(low Hb group), or Hb of 
115–130 g/L (high Hb 
group)

Placebo KDQ, sickness 
impact profile, time 
trade-off technique, 
VAS, 6MWT, 
exercise stress test

Moderate

Muirhead et al. 
(1992) [47]

Adult (18+) patients 
with end-stage renal 
disease and at least one 
other major 
comorbidity, anaemia 
(Hb <95 g/L), on 
haemodialysis

RCT 128 Single-
blinda

Unclear, 
>48 weeks

rHuEPO
(intravenous, dose adjusted 
to achieve Hb of 105–125 
g/L over 8–24 weeks)

rhuEPO
(subcutaneous, 
dose adjusted to 
achieve Hb of 
105–125 g/L over 
8–24 weeks)

KDQ Moderate

Parfrey 
et al. (2005) 
[48]

Adult (18+) patients 
with renal failure and 
anaemia (80< Hb <120 
g/L), on haemodialysis

RCT 596 Double-
blind 

96 weeks Epoetin alfa
(intravenous, dose adjusted 
to achieve Hb levels of 135–
145 g/L by 24 weeks)

Epoetin alfa
(given as needed 
to maintain Hb of
95–115 g/L)

FACIT-F, KDQoL 
vitality and social 
interaction subscales, 
6MWT

Low

Pfeffer 
et al. (2009) 
[49]

Adult patients with 
CKD, type 2 diabetes, 
and anaemia (Hb<110 
g/L), not on dialysis

RCT 4,038 Double-
blind

Unclear, 
>49 weeks

Darbepoetin alfa
(dose adjusted to maintain 
Hb of 130 g/L)

Placebo FACT-F, SF-36 Low 

Provenzano 
et al. (2005) 
[50]

Adult (18+) patients 
with CKD and anaemia 
(with stable Hb levels, 
Hb 110 g/L), not on 
dialysis

RCT 519 Open-label 16 weeks Epoetin alfa
(4 treatment groups: (1) 
10,000 units weekly, (2) 
20,000 units biweekly, (3) 
30,000 units every 3 weeks, 
(4) 40,000 units every 4 
weeks, all for 16 weeks)

No specified 
comparator; 4 
treatment groups 
compared to each 
other

KDQ, LASA High

Roger 
et al. (2014) 
[51]

Patients aged 70 years 
and over with CKD 
stages 3–5 and anaemia 
(Hb <110 g/L)

RCT 51 Double-
blind

24 weeks Darbepoetin alfa
(0.75 g/kg biweekly, then 
monthly to achieve Hb of
130 g/L)

Placebo
(biweekly for 16 
weeks, then 
monthly)

SF-36,
FACT-An, EQ-5D

Moderate
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Table 1 (continued)

Study Patient population Study  
design

Number Blinding Follow-up
duration

Anaemia
intervention

Comparator 
group

PROMs used Study quality 
assessmentb

Rossert 
et al. (2006) 
[52]

Adult (18–75 years) 
patients with CKD and 
anaemia (Hb<125 g/L 
for females and <130 
g/L for males)

RCT 390 Open-label 40 months Epoetin alfa
(25–100 IU/kg weekly 
subcutaneous dose, then 
dose adjusted to achieve Hb 
of 130–150 g/L over 4–6 
months)

Epoetin alfa
(given as needed 
to achieve Hb of
110–120 g/L)

SF-36, Katz index of 
activities of daily 
living

High 

Saglimbene 
et al. (2017) 
[53]

Adult (18+) patients 
with CKD and anaemia 
(Hb <100 g/L without 
treatment or <130 g/L if 
had treatment), on 
haemodialysis

RCT 656 Single-
blinda

1 year ESAs
(epoetin alfa or epoetin beta 
18,000 IU weekly, or 
darbepoetin alfa 90 μg 
weekly)

ESAs
(epoetin alfa or 
epoetin beta 4,000 
IU weekly, or 
darbepoetin alfa 
20 μg weekly)

KDQoL-SF Moderate

Singh 
et al. (2006) 
[11]

Adult (18+) patients 
with CKD and anaemia 
(Hb <110 g/L), not on 
dialysis

RCT 1,432 Open-label 3 years Epoetin alfa
(given subcutaneously 
weekly or biweekly, as 
needed, to achieve Hb of 
135 g/L)

Epoetin alfa
(given as needed 
to achieve Hb of
113 g/L)

SF-36, KDQ, LASA Moderate

Abu-Alfa 
et al. (2008) 
[54]

Adult (18+) patients 
with CKD and anaemia 
(Hb <110 g/L), not on 
dialysis

Prospective 
cohort,  
single arm

911 Open-label 1 year Darbepoetin alfa
(0.45 g/kg subcutaneous 
dose every 2 weeks, then 
dose adjusted to achieve Hb 
of 110–120 g/L)

None
(patients 
compared before 
and after 
intervention)

KDQoL-CRI Fair

Bloom 
et al. (2011) 
[55]

Adult (18+) renal 
transplant patients with 
anaemia (Hb <110 g/L), 
not on dialysis

Prospective 
cohort,  
single arm

66 Open-label 24 weeks Darbepoetin alfa
(0.75 g/kg initial 
subcutaneous dose, then 
dose adjusted to maintain 
Hb of 110–125 g/L)

None
(patients 
compared before 
and after 
intervention)

SF-36 Good

Bonner 
et al. (2013) 
[56]

Adult (18+) patients 
with CKD and anaemia 
(Hb<100 g/L)

Prospective 
cohort,  
single arm

28 Open-label 1 year ESAs
(any ESA, dosage regimen 
determined by physician)

None
(patients 
compared before 
and after 
intervention)

SF-36, human 
activity profile, 
fatigue severity scale

Poor

Islam 
et al. (2015) 
[57]

Pre-dialysis chronic 
renal failure patients 
with anaemia (Hb <95 
g/L)

Prospective 
cohort,  
single arm

45 Open-label 6 months rHuEPO
(80–100 IU/kg weekly 
subcutaneous dose)

None
(patients 
compared before 
and after 
intervention)

PROM tool name 
not specified; tool 
measured the 
following QoL 
aspects: physical 
ability, sense of well-
being, appetite

Poor

Kawada 
et al. (2009) 
[58]

Adult (18+) renal 
transplant patients with 
anaemia (Hb <120 g/L)

Prospective 
cohort,  
single arm

24 Open-label 6 months rHuEPO
(6,000 IU weekly dose given 
subcutaneously to achieve 
Hb of 133 g/L, then as 
needed to maintain Hb 
levels)

None
(patients 
compared before 
and after 
intervention)

SF-36 Good

Provenzano 
et al. (2004) 
[59]

Adult (18+) patients 
with CKD (any stage) 
and anaemia (Hb <110 
g/L), not on dialysis

Prospective 
cohort,  
single arm

1,557 Open-label 16 weeks Epoetin alfa
(10,000 U subcutaneous 
weekly dose for 16 weeks)

None
(patients 
compared before 
and after 
intervention)

KDQ, LASA Good

Rebollo 
et al. (2004) 
[60]

Adult (18+) renal 
transplant patients with 
chronic renal 
insufficiency and 
anaemia (Hb <110 g/L), 
not on dialysis

Prospective 
cohort,  
single arm

24 Open-label 1 year rHuEPO
(2,000 IU subcutaneous 
weekly dose for 4 weeks, 
then adjusted to achieve 
haematocrit of 35%, total of 
6 months of treatment)

None
(patients 
compared before 
and after 
intervention)

SF-36 Fair

CKD, chronic kidney disease; ESAs, erythropoiesis-stimulating agents; EQ-5D, quality of life instrument developed by the EuroQoL Association; FACT-An, Functional Assessment 
of Cancer Therapy Anaemia scale; FACT-F, Functional Assessment of Cancer Therapy Anaemia scale; FACIT-F, Functional Assessment of Chronic Illness Therapy Fatigue scale; KDQ, 
Kidney Disease Questionnaire; KDQoL, Kidney Disease Quality of Life instrument; KDQoL-CRI, KDQoL questionnaire for chronic renal insufficiency; KDQoL-SF, KDQoL Short Form 
questionnaire; LASA, linear analogue scale assessment; PROMs, patient-reported outcome measures; QoL, quality of life; RCT, randomized-controlled trial; rHuEPO, recombinant hu-
man erythropoietin; SF-36, 36-item Short Form Health Survey; VAS, visual analogue scale; 6MWT, 6-min walking test.

a Single blinding: outcome assessors were blinded. b Revised Cochrane Risk-of-Bias Tool for RCTs (RoB 2.0) was used to evaluate RCTs and the NIH Quality Assessment Tool for 
Observational Cohort and Cross-Sectional Studies was used for prospective studies. 
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sample size ranged from 24 to 4,038 participants and 
mean study duration was 54 weeks (range 6–209 weeks). 

We found that 81% of studies investigated patients 
with CKD, while 14% of studies investigated patients fol-
lowing renal transplantation surgery, and one study (5%) 
assessed patients with heart failure on haemodialysis. In 
the studies investigating patients with CKD, patients were 
categorized according to various measures of renal func-
tion, including glomerular filtration rate (GFR), creati-
nine clearance, and serum creatinine levels. Of the 38% of 
studies reporting GFR, patients with GFR ranging from 
70 to 10 mL/min/1.73 m2 were included, corresponding 
to CKD stages of 2–5. About one third of studies did not 
clearly report renal function criteria for inclusion, but 
many of these studies only included patients on haemo-
dialysis, indicating advanced renal dysfunction. In 33% of 
studies, some or all patients were receiving dialysis, while 
in 57% of all studies, none of the patients were on dialysis. 

All patients in all studies were anaemic at the start of 
the study period, with the Hb level used to diagnose anae-
mia varying between 80 and 130 g/L. A little over half of 
the studies defined anaemia as an Hb level of either < 110 
or < 100 g/L. The World Health Organization (WHO) de-
fines anaemia as Hb ≤120 g/L in females and ≤130 g/L in 
males. The Canadian Society of Nephrology recommends 
investigating Hb below 135 g/L in males and 120 g/L in 
females [23]. The rationale for Hb cut-offs in the included 
studies was not explained by the authors.

Nineteen percent of studies compared an anaemia in-
tervention to placebo or no intervention, or to another 
therapy (10% of studies), and 33% had no distinct com-
parator group. Many studies (33%) compared different 
Hb targets. The intervention to treat anaemia was ESAs 
for most studies (95%), while one study (5%) investigated 
iron supplementation and none examined the role of red 
blood cell (RBC) transfusion. Thirty-five percent of stud-
ies used Epoetin alfa, 30% Darbepoetin alfa, and 35% of 
studies did not clearly define the formulation of the ESA 
that was used. Dosing and duration of therapy varied 
widely across studies (Table 1). 

Use of PROMs
Table 1 shows the PROMs used by each study. Almost 

half of the studies (43%) utilized one PROM, 24% of stud-
ies used 2 different PROMs, another 24% used 3 different 
PROMs, and 10% reported 4 or more different PROMs. 
The most commonly used PROM tool was the general 
QOL tool, Short Form Health Survey (SF-36). Tools spe-
cific to renal disease, including the Kidney Disease Ques-
tionnaire (KDQ) and the Kidney Disease Quality of Life 

Questionnaire, were used in 33 and 24% of studies, re-
spectively. Linear scales (i.e., linear analogue scale assess-
ment, visual analogue scale) were used to assess QOL and 
functioning in 19% of studies. The Functional Assess-
ment of Cancer Therapy scales for anaemia and fatigue 
were utilized in 14% of studies, despite not all included 
patients having malignant diagnoses. The Functional As-
sessment of Chronic Illness Therapy fatigue scale was 
used in 10% of studies. Other PROMs for QOL and func-
tioning were employed infrequently (Table 1). The ratio-
nale for the selection of PROMs was not clearly described 
in the majority of studies. 

In all studies, PROMs were described in the methods 
section, but these descriptions varied in the level of detail, 
including descriptions of the PROM subscales, the mea-
surement scales for these tools, and whether the PROM 
was validated in the patient population under investiga-
tion. All studies consistently defined the time points at 
which the PROM was administered to patients (e.g., at 
baseline, at 1 month after intervention, at 6-month fol-
low-up). However, reporting of how PROM data was col-
lected was poor. More than half of the studies identified 
that the PROM was self-administered by the patient and 
1 study had their PROMs administered by healthcare 
professionals; however, 38% did not describe how their 
PROMs were administered. Additionally, blinding of 
study personnel to PROM and haematological outcomes 
were not consistently described in included studies. 

Quality of PCO Reporting
About a third (29%) of studies included PCOs as a pri-

mary outcome, 43% included PCOs as a secondary out-
come, and 29% did not report prioritization of study out-
comes. All studies administered and reported their PROMs 
prior to commencement of and following anaemia treat-
ment. Most studies (81%) had clear reporting of PCOs, 
which we defined as presenting numeric values of PROM 
scores (i.e., absolute values of scores or change in score), as 
well as some measure of statistical significance when com-
paring 2 or more study groups. Another 19% of studies 
presented scores from PROMs graphically, without any 
numerical values. Evaluation of whether studies reported 
the entirety of a PROM, including all verified subscales, or 
were selective in their PROM subscale employment and 
reporting found that 71% of studies reported the PROM 
tool in its entirety, leaving 29% of the studies that selec-
tively reported subscales from their chosen PROMs. In ad-
dition, the results of PCO assessments afforded limited dis-
cussion in the text, and non-significant results were large-
ly ignored in the discussion sections of these papers. 
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Association between Haematological Outcomes and 
PCOs 
We assessed whether there was an association between 

improvement in haematological outcomes and PCOs, as 
measured by PROMs, following an anaemia intervention. 
The haematological outcomes of all studies were related 
to patients achieving and maintaining a certain Hb level. 
All PROMs included in this analysis had questions re-
lated to the following 5 domains: (1) physical functioning 
and QOL, (2) mental and emotional QOL, (3) social QOL, 
(4) fatigue, vitality, and energy levels, and (5) global well-
being and QOL. Twenty of 21 included studies (95%) 
evaluated ESAs as the intervention for anaemia; the one 
study looking at iron therapy was not eligible for this 
analysis.

Table 2 shows the results of this analysis. While many 
patients appeared to have improvement in PCO measures 
following ESA treatment, we found no significant asso-
ciation between improvement in haematological out-
comes and improvement in any of the 5 QOL domains 
described above (p > 0.05 for each QOL analysis). Thus, 
it is hard to attribute improvement in quality of life to 
treatment of anaemia and raises questions about other 
therapeutic effects of ESAs and possible placebo effect of 
knowing one is receiving therapy for anaemia.

Risk of Bias
We performed a risk-of-bias assessment for all includ-

ed studies (n = 21). Final results of bias and quality assess-
ments are reported in Table 1. A breakdown of the bias 
assessment for each RCT is included in online supple-
mentary Appendix B. In summary, we found that 79% of 
RCTs demonstrated a moderate-to-high risk of bias due 
largely to open-label study designs, high number of par-
ticipant withdrawals, the subjective nature of PCOs, a 
paucity of available published protocols, and reduced sta-
tistical power for PCOs. Among the prospective studies, 
we found that most studies (57%) were of fair or poor 
quality, due in part to lack of blinding, poor reporting of 
PROM outcomes, loss of participants to follow-up, and 
lack of power estimates for PCOs, which were largely de-
fined as secondary outcomes. 

Discussion

We performed a systematic review of the use of PCOs 
in anaemic renal disease patients receiving anaemia treat-
ment. The majority of studies were RCTs, but most were 
open-label and therefore prone to information bias. We 
identified a number of poor study design characteristics, 
including a large number of open-label studies [24]. Bi-
ases may be especially prevalent in the assessment of 
PCOs given their inherent subjectivity [19]. Open-label 
RCTs evaluating inherently subjective patient outcomes 
have been shown to exaggerate both OR and effect sizes; 
hence, inadequate blinding of patient-centred research 
may interfere with the validity of conclusions [25]. More-
over, a recent systematic review of ESAs in renal disease 
suggested a publication bias that likely favours ESAs, but 
could not be measured due to a lack of accurate instru-
ments [26]. Another methodologic limitation of included 
studies was that the majority of studies either reported 
QOL as a secondary outcome or did not clearly define the 
prioritization of PCOs; hence, it is difficult to determine 
whether these RCTs were adequately powered to evaluate 
changes in PCOs and detect significant differences. 

ESAs were the most commonly studied anaemia ther-
apy, with only one study that evaluated iron as an inter-
vention for anaemia. Given the growing use of IV iron in 
managing anaemia in CKD patients, this lack of evidence 
regarding the impact of IV iron on PCOs is concerning 
[27]. This has been recognized and future trials of IV iron 
in CKD patients, including the PIVOTAL trial, have de-
fined QOL as a secondary efficacy outcome [28, 29]. We 
did not identify any studies that evaluated the use of RBC 

Table 2. Association between haematological outcome improve-
ment and improvement in PCOs following ESA treatment in 
nephrology patients

  Haematological outcome Studies, n p value

Improvement No change

Physical QOL
Improvement 10 2 18 >0.05
No change 6 0

Mental and emotional QOL
Improvement 9 1 16 >0.05
No change 5 1

Social QOL
Improvement 4 0 16 >0.05
No change 10 2

Fatigue/energy levels/vitality
Improvement 9 1 18 >0.05
No change 7 1

Global well-being and QOL
Improvement 5 0 13 >0.05
No change 7 1

PCO, patient-centred outcomes; ESA, erythropoietin-stimulating agent; 
QOL, quality of life.
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transfusion. This may be owing to the decreased use of 
this therapy for fear of HLA alloimmunization which can 
compromise a patient’s eligibility for renal transplant, as 
well as the availability of ESAs [30]. Yet, in older non-
dialysis-CKD patients, RBC transfusions occur in 11–
14/100 person-years [31], and in younger non-dialysis-
CKD patients, RBC transfusion remains a relevant, if less 
frequently used, treatment strategy [32]. Patients with re-
nal dysfunction are known to be at increased risk of trans-
fusion-associated circulatory overload and thus transfu-
sion may actually impair their feelings of well-being [33]. 
Due to these known clinical risks, PCOs related to trans-
fusion in management of anaemia in patients with renal 
dysfunction should be considered for future study.

Methodologic rigor was lacking in the assessment of 
PCOs in the studies included. Some inadequacies we en-
countered included failure to describe how PROMs were 
administered, no clear descriptions of blinding proce-
dures with respect to data collection for PCOs, and use of 
PROMs not validated for kidney disease patients or anae-
mic populations. We also observed suboptimal and in-
complete reporting of PCOs. Approximately 30% of stud-
ies did not employ an entire PROM with all associated 
subscales, but selectively chose subscales to administer 
and report. Worse yet, some indicated that an entire 
PROM would be used, but did not report outcomes for all 
domains. Since these PROMs have been validated in pa-
tient populations in their entirety, selective administra-
tion and reporting of certain subscales may inadequately 
capture the impact of an intervention on overall QOL. 
Furthering the difficulty in determining impact of anae-
mia treatment on PCOs is the fact that 19% of studies had 
unclear reporting of PCOs. In some of these, data was 
presented graphically only, without any numerical values, 
which made abstracting PCOs for empirical analysis chal-
lenging and would hinder future attempts at meaningful 
meta-analyses. In addition, few studies made any men-
tion of clinically important differences when reporting 
PCOs, but instead focused on statistical differences even 
though evaluation of minimally important clinical differ-
ences are known to better measure the impact of an inter-
vention on PCOs [34]. In agreement with our conclu-
sions, authors of a recent meta-analysis that investigated 
ESAs and QOL in renal populations noted that meta-
analysis could be considered an inappropriate method of 
analysis due to significant clinical and statistical hetero-
geneity amongst included studies [26]. 

A wide variety of PROMs were used in the included 
studies. As each PROM evaluates somewhat different as-
pects of QOL, and some tools are specific to certain patient 

populations, the result is heterogeneous outcomes that 
make comparisons of PCOs across studies challenging. 
Standardization of the types of PROMs used in renal dis-
ease patients and the development of a rigorous set of 
methodological guidelines for use of PCOs in research 
contexts may promote advancement of patient-centred 
research initiatives in nephrology. Better PCO research 
can lead to changes in practice that aim to improve patient 
QOL. Additionally, with more sound studies, clinical 
practice guidelines for the management of this universal 
complication of CKD can be developed, as it has previ-
ously been shown that clinical practice guidelines have a 
positive impact on medical practice [35]. Evidence-based 
guidelines that include studies of PCOs that are method-
ologically sound would result in the most robust recom-
mendations regarding when to initiate ESA therapy and 
how to monitor it. This would allow for more rational use 
of this expensive therapy, and at times risky therapy.

Consistent with previous findings, the majority of 
studies employed one PROM tool [19]. It is not known if 
the use of fewer PROMs is associated with incomplete as-
sessment of the multiple facets of patient well-being in the 
presence of renal disease, anaemia, and additional co-
morbidities. The 2 most commonly used PROM tools in 
our studies were the SF-36 and KDQ. The KDQ has been 
shown to reliably assess the patient-centred impact of 
kidney disease, but is not specific to anaemia [36, 37]. 
Similarly, the SF-36 has been validated in numerous pa-
tient populations but is neither anaemia-specific nor ne-
phrology-specific. As a result, these tools may not ade-
quately assess anaemia symptoms, which may be indis-
tinguishable from symptoms of renal impairment and 
other comorbidities known to occur in this patient popu-
lation. In addition, unsuitable tools such as the Function-
al Assessment of Cancer Therapy tool were employed to 
assess QOL in numerous studies, even though such tools 
are intended for use in other patient populations. Future 
studies in anaemic renal disease populations should con-
sider COSMIN assessment of possible tools to determine 
which is the most suitable for a given study [38]. Such 
evaluation may indicate the need for development of 
PROMs specific for the study of anaemia due to renal dis-
ease. 

We found no significant association between improve-
ments in Hb levels and any of the 5 dimensions of QOL. 
As a result of the aforementioned heterogeneity in report-
ing PROMs, our sample size for each analysis was small 
and consequently underpowered. Thus, this finding only 
suggests the need for additional evaluation. However, it 
does raise questions about the merit of current anaemia 
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strategies in CKD patients. Rather notoriously, a recent 
reanalysis of the Normal Hematocrit Cardiac Trial [39] 
demonstrated methodological errors and discrepant re-
porting of results, including an erroneous conclusion of 
improved QOL within the ESA-treated group [40]. Con-
sistent with this study, a recent systematic review of PCOs 
in renal populations found that treatment with ESAs was 
not associated with improvements in health-related QOL 
[26]. These authors also noted how significant heteroge-
neity amongst included studies, few good-quality studies, 
and possible publication bias may have limited their anal-
ysis and validity of their conclusions. Future large-scale 
analyses of the relationship between PCOs and anaemia 
management in renal patients that evaluate and report 
PCOs using rigorous study methods are required. Such 
studies should be powered to show clinically and statisti-
cally significant outcomes measured by PCO tools.

Limitations of this study include variation in ESA dos-
ing regimens, differences in follow-up length, and hetero-
geneity in patient populations, which all may have con-
tributed to sources of heterogeneity that were not ac-
counted for in the analysis. These limitations reflect the 
substandard quality of much of the research in this area, 
rather than poor conduct in the present study.

Progress in our understanding of QOL in renal pa-
tients with anaemia will allow clinicians to determine 
which patients will respond optimally to ESA therapy, 
while ensuring that ESAs are administered in a cost-effec-
tive manner on a population level. Perhaps most impor-
tantly, physicians will be able to more accurately advise 
patients of what they can expect, in terms of symptom 
management and QOL if they elect to begin or continue 
therapies to treat anaemia. 

Conclusion

The majority of studies reporting PCOs in anaemic re-
nal populations investigated ESAs for treatment of anae-
mia. Overall, evaluation of PCOs in these studies was hin-
dered by poor methodology and reporting. Future direc-
tions for research in this area include the revision of, and/
or the development of kidney-specific PROMs to include 
questions able to discriminate the effects of symptoms of 
anaemia on QOL. Improvement of our understanding of 
the patient-centred impact of anaemia management in 
nephrology patients may help to ensure that anaemia 
therapy is standardized in such a way as to enable varying 
management plans based on unique patient characteris-
tics which are also cost-effective on a population level.
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