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The Impact of Selecting a High Hemoglobin
Target Level on Health-Related Quality of Life
for Patients With Chronic Kidney Disease

A Systematic Review and Meta-analysis
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Background: Treatment of anemia in chronic kidney
disease (CKD) with erythropoietin-stimulating agents
(ESAs) is commonplace. The optimal hemoglobin treat-
ment target has not been established. A clearer under-
standing of the health-related quality of life (HQOL) im-
pact of hemoglobin target levels is needed. We
systematically reviewed the randomized controlled trial
(RCT) data on HQOL for patients treated with low to in-
termediate (9.0-12.0 g/dL) and high hemoglobin target
levels (�12.0 g/dL) and performed a meta-analysis of all
available 36-item short-form (SF-36) RCT data.

Methods: We conducted a search to identify all RCTs
of ESA therapy in patients with anemia associated with
CKD (1966–December 2006). Inclusion criteria were (1)
30 or more participants, (2) anemic adults with CKD,
(3) epoetin (alfa and beta) or darbepoetin used, (4) a con-
trol arm, and (5) reported HQOL using a validated mea-
sure. All available SF-36 data underwent meta-analysis
using the weighted mean difference.

Results: Of 231 full texts screened, 11 eligible studies
were identified. The SF-36 was used in 9 trials.
Reporting of these data was generally incomplete. Data
from each domain of the SF-36 were summarized. Sta-
tistically significant changes were noted in the physi-
cal function (weighted mean difference [WMD], 2.9;
95% confidence interval [CI], 1.3 to 4.5), general
health (WMD, 2.7; 95% CI, 1.3 to 4.2), social function
(WMD, 1.3; 95% CI, −0.8 to 3.4), and mental health
(WMD, 0.4; 95% CI, 0.1 to 0.8) domains. None of the
changes would be considered clinically significant.

Conclusions: Our study suggests that targeting hemo-
globin levels in excess of 12.0 g/dL leads to small and not
clinically meaningful improvements in HQOL. This, in
addition to significant safety concerns, suggests that tar-
geting treatment to hemoglobin levels that are in the range
of 9.0 to 12.0 g/dL is preferred.
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A NEMIA IS A COMMON COM-
plication of chronic kid-
ney disease (CKD) and is
associated with adverse
clinical outcomes and poor

health-related quality of life (HQOL).1-3

Treatment of anemia before the advent of
erythropoietin-stimulating agents (ESAs)
relied on routine blood transfusions. Al-
though the main advantage of treatment
of anemia in CKD with ESAs once fo-
cused on preventing the need for blood
transfusions, over time, it has shifted to
encompass other clinical considerations.
Specifically, although the labeling for ESAs
in most countries refers to their ability to
improve anemia and reduce the need for
transfusions,4 many studies have ad-
dressed the use of ESAs at varying doses
and their effect on survival, cardiovascu-
lar morbidity, or HQOL.5

The use of ESAs has become common-
place in most developed countries, and the
debate over their use now principally fo-
cuses on the optimal target hemoglobin
level.1,2,5 This debate has intensified over
the past 15 years, with the publication of
several large randomized controlled trials
(RCTs) testing the effect of using ESAs to

achieve various hemoglobin targets.3,6

Many of these trials compared low to in-
termediate (hereinafter, low/intermedi-
ate) hemoglobin target levels, typically in
the 95 to 11.5 g/dL range, with high he-
moglobin target levels, typically higher
than 13.0 g/dL. Perhaps unexpectedly,
many of these RCTs have raised impor-
tant safety concerns with high hemoglo-
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bin target levels, with findings of
higher rates of adverse events, in-
cluding mortality and vascular ac-
cess thrombosis.7-11 These con-
cerns have led the US Food and Drug
Administration, among other regu-
latory agencies, to change the label-
ing for ESAs to target hemoglobin
levels lower than 12.0 g/dL.12 (To
convert hemoglobin to grams per li-
ter, multiply by 10.0.)

Given high baseline mortality
rates and the difficulty in finding
therapies that improve survival in
patients with end-stage renal dis-
ease (ESRD),13 and the findings from
the Hemodialysis Study14 and Dialy-
sis Clinical Outcomes Revisited
Study,15 HQOL improvement has be-
come a focus of treatment of CKD.
Broadly, HQOL is defined as the way
a patient feels or functions, aspects
of which can improve after success-
ful treatment of a condition.16 Mini-
mally, measurement of HQOL in-
cludes assessment of functional
status, mental health or emotional
well-being, social engagement, and
symptom states.16 Although there are
many different scales that have been
used to measure HQOL, the 36-
item short-form instrument (SF-
36) is among the most commonly
applied instrument to measure
HQOL. It comprises 36 questions
that assess 8 domains of HQOL:
physical function, physical role,
pain, general health, vitality, social
function, emotional role, and men-
tal health.17

Despite the safety concerns that
have been associated with normal-
ization of hemoglobin,3,13 knowing
that patients with ESRD who are
treated with hemodialysis have very
poor baseline QOL has led some to
suggest that targeting hemoglobin
levels higher than 12.0 g/dL might
still be reasonable in some patients
with ESRD in an effort to improve
QOL.2,5 A clearer understanding of
the impact of higher-dose ESA on
HQOL will enable rational compari-
son of putative HQOL benefits with
potential safety issues. In this study,
we aimed to summarize the avail-
able data from RCTs on HQOL for
patients treated to different hemo-
globin target levels and determine
the magnitude of HQOL differ-
ences. Given that most studies that
have measured HQOL in this area

have used the SF-36, we also con-
ducted a meta-analysis of SF-36 data
for all RCTs comparing low/
intermediate and high hemoglobin
target levels.

METHODS

SEARCH STRATEGY

We conducted a comprehensive and ex-
haustive search to identify all RCTs of
ESA therapy in adults with anemia as-
sociated with CKD. No language restric-
tions were applied. MEDLINE (1966
through December 12, 2006), EMBASE
(1988 through December 12, 2006), all
evidence-based medicine reviews, and a
variety of other gray literature sources
(n=48) were searched using different
search terms for ESA combined with
CKD search terms (eTable 1, http://www
.archinternmed.com, provides search
strategy used for MEDLINE; strategy
adapted for other search engines).
Each citation or abstract was indepen-
dently screened by a subject specialist
and 1 other reviewer. Any trial
considered relevant by at least 1
reviewer was retrieved for further
review. The reference lists of included
trials and relevant reviews were also
scanned for pertinent trials. In addi-
tion, we contacted ESA manufacturers
in Canada and the authors of included
studies for information about further
studies.

STUDY SELECTION

The full text of each potentially rel-
evant article was independently as-
sessed by 2 reviewers for inclusion in the
review using predetermined eligibility
criteria. Studies were eligible for inclu-
sion if they met the following 5 crite-
ria: (1) it was a parallel RCT design with
at least 30 participants in each treat-
ment group, (2) the population was lim-
ited to anemic adults (age � 18 years)
with CKD (including hemodialysis-
dependent and nonhemodialysis depen-
dent), (3) epoetin (alfa and beta) or dar-
bepoetin used, (4) the control arm was
either a different agent or hemoglobin
target, or no active treatment (eg, pla-
cebo), and (5) the study reported HQOL
using a validated measure defined as one
in which its reliability, internal consis-
tency, and responsiveness had been pub-
lished in the peer-reviewed literature. Be-
cause small studies are unlikely to
publish long-term outcomes or HQOL,
studies with less than 30 participants
were excluded to improve the effi-
ciency of the literature search. Initial dis-

agreements on study selection were re-
solved through consensus.

DATA EXTRACTION

From all included studies, data were
extracted on trial characteristics
(country, design, sample size, dura-
tion of follow-up, objective, score
according to the criteria of Jadad et
al18 [hereinafter, Jadad score]), par-
ticipants (age, sex, diabetic status, car-
diovascular status, previous hemato-
poietic hormone use), illness severity
(hemoglobin levels, renal function,
dialytic modality), therapeutic regi-
mens (type, dose, schedule, route of
administration, target hemoglobin
level), control regimens and cointer-
ventions, and HQOL outcomes. Trial
quality was assessed using the Jadad
score.18

Given that the RCTs were con-
ducted over an 18-year period, several
different HQOL measures were used by
the different studies. Moreover, some
studies used disease-specific measures,
and some used generic HQOL mea-
sures. As such, we first report qualita-
tively the results of our systematic
review.

STATISTICAL ANALYSIS

We planned a priori to combine the
results of HQOL measures for trials
that compared the use of ESAs target-
ing either a low/intermediate hemo-
globin target level (ie, a hemoglobin
level of 9.0-12.0 g/dL) or high hemo-
globin target level (ie, a hemoglobin
level �12.0 g/dL). The a priori analy-
sis plan was to combine all available
HQOL data. The primary outcome
was the change from baseline HQOL.
Because most HQOL instruments
report continuous data thus, a priori,
the weighted mean difference (WMD)
was to be used for each instrument
separately. However, owing to the
lack of standardized reporting and the
fact that few studies used similar
HQOL scales aside from the SF-36,
only the SF-36 data were suitable for
meta-analysis.

For this analysis, each domain of
the SF-36 was summarized separately.
When combining SF-36 domains for
base case analyses, we included infor-
mation from all studies in which any
information for any SF-36 domain was
reported. Given that several studies
selectively reported information for
only 1 domain, we completed 2 sensi-
tivity analyses as follows: (1) we com-
bined data only for studies reporting all
domains of the SF-36, and (2) we
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included all studies in which any SF-36
data were reported; for domains that
were either not reported or reported as
“P� .05,” we assumed no change over
time. If there were multiple time points
reported per outcome, we included
only the last time point. Owing to the

differences expected between trials, we
decided a priori to combine results
using a random-effects model. Statisti-
cal heterogeneity was quantified using
the I2 statistic. The I2 statistic approxi-
mates the percentage of total variation
(within- and between-study) resulting

from between-study variation.19 Where
possible, changes in HQOL for each
outcome measure were also compared
with the minimal clinically important
difference (MCID). For the SF-36, we
conservatively considered 5 points to
be the MCID.20,21

RESULTS

INCLUDED STUDIES

Figure1 showstheflowchart for trial
selection.Fromatotalof2289citations,
231 potentially relevant articles were
retrieved for review.Of these,220did
notmeettheselectioncriteriaandwere
excluded. In particular, 23 excluded
articles did not report HQOL, and 3
wereexcludedbecausetheydidnotuse
avalidated instrument.7,9,10 Therewas
substantial initialagreement forstudy
inclusion (�=0.86). A total of 11 pri-
maryarticlesmetall5of the inclusion
criteria.3,6,8,11,13,22-27 Of these, 10 com-
pared a low/intermediate target level
with a high hemoglobin target level,
and1comparedplacebowitha target
level of 9.5 to 11.0 g/dL and a target
level of 11.5 to 13.0 g/dL.22 Although
these target levels overlap our defini-
tion of low/intermediate (9.0-12.0
g/dL)andhigh(�12.0g/dL),weclas-
sified the9.5 to11.0g/dL level as low/
intermediateandthe11.5to13.0g/dL
level as high.

2289 Citations identified from 
electronic search and 
broad screened

4 Citations identified from 
other sources

2062 Abstracts excluded:
2038 Not relevant

14 Not retrievable
10 No translator available

231 Potentially relevant 
studies retrieved

194 Studies excluded:
36 Not original human research
51 Not an RCT
12 Crossover
1 Children
3 No CKD

11 No relevant comparison
38 Sample size <30
25 Multiple publications
11 No relevant clinical outcome
6 No usable data reported

26 Eligible RCTs excluded:
23 No HQOL reported
3 No validated instrument used

11 Relevant studies

Figure 1. Flowchart of included studies. CKD indicates chronic kidney disease; HQOL, health-related
quality of life; RCT, randomized controlled trial.

Table 1. Included Study Characteristics

Study Population RI Follow-up
Jadad
Scorea

High Target Level Group Low to Intermediate Target Level Group

Target Hb
Level, g/dL No.

Mean
Age, y Male, %

Target Hb
Level, g/dL No.

Mean
Age, y Male, %

Canadian
Erythropoietin
Study Group22b

HD EPO vs EPO
vs placebo

6 mo 5 11.5-13.0 38 43 26 9.5-11.0 40 44 19

Besarab et al13c HD EPO vs EPO 29 mo 4 13.0-15.0 618 65 50 9.0-10.0 615 64 48
Foley et al23 HD EPO vs EPO 48 wk 4 13.0-14.0 70 62 47 9.5-10.5 72 60 44
Furuland et al8d PD/HD EPO vs EPO 48 wk 3 13.5-16.0 129 63 67 9.0-12.0 124 63 63
Roger et al27 Predialysis EPO vs EPO 24 mo 4 12.0-13.0 75 53 51 9.0-10.0 80 54 42
Levin et al24 Predialysis EPO vs EPO 24 mo 5 12.0-14.0 85 57 55 9.0-10.5 87 57 52
Parfrey et al25 HD EPO vs EPO 96 wk 5 13.5-14.5 293 52 60 9.5-11.5 294 49 60
Singh et al3e Predialysis EPO vs EPO 16 mo 4 13.5 715 66 44 11.3 717 66 46
Drüeke et al6 Predialysis EPO vs EPO 24 mo 4 13.0-15.0 301 59 57 10.5-11.5 302 59 51
Rossert et al11 f Predialysis EPO vs EPO 9 mo 4 13.0-15.0 195 59 58 11.0-12.0 194 58 61
Ritz et al26 Predialysis EPO vs EPO 15 mo 3 13.0-15.0 88 58 51 10.5-11.5 82 57 50

Abbreviations: EPO, erythropoietin; Hb, hemoglobin; HD, hemodialysis; PD, peritoneal dialysis; RI, randomized intervention.
SI conversion factor: To convert hemoglobin to grams per liter, multiply by 10.0.
aThe scoring system developed by Jadad et al.18

bThe Canadian Erythropoietin Study Group22 also included a placebo arm with 40 patients; mean age, 48 years; 25% were male.
cTerminated early (intended to follow for 3 years): continuation was felt to be unlikely to show benefit and the higher mortality in the high target level group was

not statistically significant compared with the mortality in the low to intermediate target level group.
dAlthough protocol included predialysis CKD patients, quality of life was only measured in patients undergoing hemodialysis.
eTerminated early (intended to follow for 3 years): there was only a 5% chance that continuation would show benefit; adverse events and quality of life data

were considered.
fTerminated early (intended to follow for 3 years); there were safety concerns surrounding the occurrence of pure red cell aplasia.

(REPRINTED) ARCH INTERN MED/ VOL 169 (NO. 12), JUNE 22, 2009 WWW.ARCHINTERNMED.COM
1106

©2009 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



TRIAL CHARACTERISTICS

Table 1 summarizes the character-
istics of included trials. The trials
ranged in size from 78 to 1432 pa-
tients. Five trials considered patients
with CKD undergoing hemodialysis,
whereas6consideredthosewithCKD
who were not. Health-related quality
of life was the specified primary end
pointin2studies.8,22Otherprimaryend
pointsconsideredweretimetofirstcar-
diovasculareventordeath,3,6,13 change
inleftventricularfunction,23-27andrate
ofglomerular filtrationratedecline.11

The mean Jadad score was 4, indicat-
inggenerallyhigh-quality studies.Of
note,3of the12trialswereterminated
early owing to futility (ie, the percep-
tion that use of the high hemoglobin
target level was unlikely to have led
to better outcomes if the trial were
completed). Patients were blinded to
the allocated hemoglobin target level
in only 2 of 11 studies.24,25

INSTRUMENTS

A total of 10 instruments were used
to report HQOL in the 11 included
trials. An overview of the measures
used and the minimal clinically im-
portant difference cited for each
measure is provided in eTable 2
(http: //www.archinternmed.com).
The most commonly used instru-
ment was the SF-36, administered in
9 of the 11 trials. Reporting of these
data was generally poor. There was
a wide variety of reporting formats,
with some trials reporting baseline
data and others reporting only
change from baseline. Only 5 trials
reported data on all domains and
scales measured.3,8,11,22,27

SUMMARY OF TRIAL
FINDINGS

The findings of each trial are sum-
marized in Table 2. Most trials

compared the mean change from
baseline in the measured HQOL in-
strument or domain between the
treatment groups. For studies com-
paring low/intermediate and high
target level groups, the differences
reported between groups were gen-
erally small, were noted on a minor-
ity of measured domains, and were
consistently below the cited mini-
mal clinically important differ-
ences (eTable 2). In particular, the
magnitude of the between-group dif-
ferences rarely exceeded the 5-point
threshold commonly considered
clinically important for the SF-36.20,21

META-ANALYSIS
OF SF-36 DOMAINS

Given that the SF-36 was the most
commonly used instrument, we un-
dertook a WMD meta-analysis of each
domain, comparing low/intermedi-
ate and high target level hemoglobin

Table 2. Health-Related Quality-of-Life (HQOL) Outcomes

Study
Time of

Assessment Reported
HQOL

Instrument

Results

NotesSubscale Low High

Canadian
Erythropoietin
Study Group22

Baseline
2 mo
6 mo

Overall mean change
in HQOL instruments
from baseline to 6 mo

(1) KDQ
(2) SIP
(3) Time trade-off

Physical
Fatigue
Relationships
Depression
Frustration
Global

1.6
0.9
0.6
0.4
0.0

−5.3
0.02

1.4 (PLA: 0.4)
1.1 (PLA: 0.1)
0.6 (PLA: 0.1)
0.7 (PLA: 0.1)
0.4 (PLA: 0.0)

−7.8 (PLA: −2.9)
0.06 (PLA: 0.0)

Statistically significant
differences between
placebo and low treatment
arms in physical, fatigue,
relationships, and
depression

Besarab et al13 Baseline and
every 6 mo

Overall change per
percentage point
increase in hematocrit

SF-36 Physical function domain increase of 0.6 Not reported by treatment
arm.
Other 7 domains of SF-36
not reported

Foley et al23 Baseline
24 wk
48 wk

Overall mean change
in KDQ from baseline
to 48 wk

(1) KDQ
(2) SF-36
(3) HUI (mark 2)

Physical
Fatique
Relationships
Depression
Frustration

1.17
−0.01

0.20
0.20
0.15

1.10
0.25

−0.07
0.05

−0.07

SF-36 and HUI scores were
reported as “unchanged
over time” (not reported
numerically or by treatment
arm)

Furuland et al8 Baseline
48 wk
1 y

Mean change from
baseline to 48 wk

KDQ Physical
Fatigue
Relationships
Depression
Frustration

0.25
−0.33

0.0
−0.40

0.0

0.66
0.16
0.0
0.0
0.0

Statistically significant
difference between
treatment groups for
physical symptoms and
depression subscale

Roger et al27 Baseline
24 mo

Mean change from
baseline to 24 mo

(1) Renal QOL profile
(2) SF-36

Global
Physical function
Physical role
Pain
General health
Vitality
Social function
Emotional role
Mental health

5
−7.3
15.8
−9.2
−4.1
−4.6

−10.9
−5.9
−1.0

7
−4.3

2.7
−8.2

0.9
−1.0
−5.6

5.9
−0.6

No statistically significant
differences between
treatment arms

Levin et al24 Baseline
Every 6 mo

Mean change from
baseline to 24 mo

SF-36 Physical function
Physical role
Pain
General health
Vitality
Social function
Emotional role
Mental health

−9.3
−4.1
−4.2
−4.9
−5.1
−2.5

−12.3
−0.5

−2.5
−3.9
−1.0

0.3
−2.7
−4.7
−3.7

1.8

No statistically significant
differences between
treatment arms

(continued)
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groups. To calculate a WMD, either
both baseline and final scores or an
overall mean change is required.
As such, only 4 of the 9 trials that
measured SF-36 reported useable
data (Table 3). However, only the
Correction of Hemoglobin and
Outcomes in Renal Insufficiency
(CHOIR) study group3 reported all 8
domains; theCardiovascularRiskRe-
duction in Early Anemia Treatment
With Epoetin Beta (CREATE) study
group6 published6domains,whereas
the Anemia Correction in Diabetes
(ACORD) study group26 and Parfrey
et al25 reported only 1 SF-36 domain.
All authors were contacted to obtain
additionaldata;2 respondedandpro-

videdunpublisheddata24,27 (Table3).
Thus,6studies, including3withcom-
pletedataonall SF-36domains,were
included in the meta-analysis.

Figure2 shows the forest plot of
all reported SF-36 domain data. The
WMDsrangedfrom−3.0(favoringthe
low intermediate target level arm) in
the emotional role domain to 3.2 (fa-
voringthehightarget levelarm)inthe
vitality domain. A change that would
beconsideredclinicallysignificantwas
not found in any of the domains
(Table4). Significant heterogeneity
was found in the physical role
(I2=68.6%; P=.02), social function
(I2=72.6%;P=.01),andmentalhealth
(I2=70.5%; P=.02) domains.

SENSITIVITY ANALYSES

When only studies reporting all do-
mains of the SF-36 were included,
smaller differences between arms
were noted, with the low/interme-
diate target level arm being favored
in more domains. When an assump-
tion of no difference in the unre-
ported domains is made, the mean
change in domain scores was simi-
lar to the base case.

COMMENT

Although we found small improve-
ments in HQOL in 4 of 8 SF-36 do-

Table 2. Health-Related Quality-of-Life Outcomes (Continued)

Study
Time of

Assessment Reported
HQOL

Instrument

Results

NotesSubscale Low High

Parfrey et al25 Baseline, 24,
36, 48, 60, 72,
84, and
96 wk

Mean change from
baseline to mean
follow-up value

(1) Functional
Assessment
of Chronic Illness
Therapy

(2) KDQOL
(3) SF-36

Global
Quality of social

interaction
Vitality

−3.21
0.03

−2.31

−1.0
0.8
1.21

Statistically significantly
higher SF-36 vitality scores
in the high treatment arm
at 24, 36, 48, 60, and 72
wk

No other domains reported.
No significant differences in

KDQOL and FACIT-F
Singh et al3 Baseline

36 mo
Mean change from

baseline to 36 mo
(1) KDQ

Linear Analogue
Self-assessment

(2) SF-36

Global
Energy
Activity
Overall QOL
Physical function
Physical role
Pain
General health
Vitality
Social function
Emotional role
Mental health

1.1
15.5
13.3
11.9

2.1
7.5
2.4
1.8
8.2
3.5
5.9
2.4

1.6
16.6
15.0
11.2

3.2
6.4
0.4
3.0

10.0
1.3
0.8
1.7

Statistically significant change
in SF-36 emotional role in
high treatment arm.

No statistically significant
change in any other
measure

Drüeke et al6 Baseline
1 y
2 y

Mean change from
baseline to 1 y

SF-36 Physical function
Physical role
Pain
General health
Vitality
Social function
Emotional role
Mental health

−2.1
−6.6
−1.2
−0.7
−3.0
−2.1

3.5
2.4
3.0
3.9
1.8
2.7

Statistically significant 6
domains of SF-36 reported
in high treatment arm

Difference maintained at 2 y
for general health and
vitality domains

2 SF-36 domains not reported

Rossert et al11 Baseline
9 mo
Study

termination

Percentage with score
of full health

Mean score at 9 mo

(1) Katz Index
of ADLs

(2) SF-36

95% of patients had a score of 6 (no
limitation in ADLs) at baseline and
9 mo

Statistically significantly
higher SF-36 vitality
domain for high treatment
armPhysical function

Physical role
Pain
General health
Vitality
Social function
Emotional role
Mental health

65
58
66
53
53
81
71
75

72
68
71
58
59
82
76
76

Ritz et al26 Baseline
15 mo

Mean change from
baseline to 15 mo

SF-36 Physical function
Physical role
Pain
General health
Vitality
Social function
Emotional role
Mental health

−0.3 5.3 Statistically significant change
in SF-36 general health
domain in the high
treatment arm

Other 7 domains not reported

Abbreviations: ADLs, activities of daily living FACIT-F, Functional Assessment of Chronic Illness Therapy–Fatigue subscale; HUI, Health Utilities Index;
KDQ, kidney disease questionnaire; KDQOL, Kidney Disease Quality of Life; PLA, placebo; QOL, quality of life; SF-36, 36-item short-form instrument; SIP, sickness
impact profile.
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mains, the changes were well below
the threshold for a minimal clinically
important difference of a 5-point
change(allwere�3.2pointsona100-
point scale).21 It is often argued that

targeting a high hemoglobin target
level would be most likely to have an
impact on vitality scores, the domain
that captures the sentiment of “hav-
ing more energy.” However, vitality

scoreswereonly3.2(95%confidence
interval[CI],1.87-4.44)pointshigher
inthehightargetlevelgroupcompared
with the low/intermediate target level
group. Higher scores were observed

Table 3. Mean SF-36 Domain Scores by Treatment Arm for Studies That Measured SF-36 Scores and Reported Any Data
for Any SF-36 Domain

Source

Low to Intermediate Target Level Arm

Physical
Function

Physical
Role Pain

General
Health Vitality

Social
Function

Emotional
Role

Mental
Health

Roger et al27 (n=80)
Baseline 72.4 39.2 80.7 49.0 52.8 82.2 25.4 72.1
Final 65.1 55.0 71.5 44.9 48.2 71.3 31.3 71.1
Change −7.3 15.8 −9.2 −4.1 −4.6 −10.9 −5.9 −1.0

Levin et al24 (n=82)
Baseline 66.6 57.5 65.6 52.5 50.2 78.3 83.1 70.8
Final 57.7 51.9 62.1 47.8 45.5 76.3 71.9 70.6
Change −9.3 −4.1 −4.2 −4.9 −5.1 −2.5 −12.2 −0.5

Parfrey et al25 (n=294)
Baseline NR NR NR NR 54.7 NR NR NR
Final NR NR NR NR 52.4 NR NR NR
Change NR NR NR NR −2.3 NR NR NR

Singh et al3 (n=717)
Baseline 42.4 32.5 58.0 42.6 36.6 63.7 57.4 70.2
Final 44.5 40.0 60.4 44.4 44.8 67.2 63.3 72.6
Change 2.1 7.5 2.4 1.8 8.2 3.5 5.9 2.4

Drüeke et al6 (n=302)
Baseline NR NR NR NR NR NR NR NR
Final NR NR NR NR NR NR NR NR
Change −2.1 −6.6 NR −1.2 −0.7 −3.0 NR −2.1

Ritz et al26 (n=82)
Baseline NR NR NR NR NR NR NR NR
Final NR NR NR NR NR NR NR NR
Change NR NR NR −0.33 NR NR NR NR

Source

High Target Level Arm

Physical
Function

Physical
Role Pain

General
Health Vitality

Social
Function

Emotional
Role

Mental
Health

Roger et al27 (n=750)
Baseline 63.3 46.6 71.1 44.1 47.2 72.3 31.1 73.5
Final 59.0 49.3 62.9 45.0 46.2 66.7 37.0 72.9
Change −4.3 2.7 −8.2 0.9 −1.0 −5.6 5.9 −0.6

Levin et al24 (n=80)
Baseline 70.3 55.4 69.3 54.5 54.6 80.7 80.0 69.1
Final 68.6 50.0 68.5 54.6 51.7 75.0 74.3 71.2
Change −2.5 −3.9 −1.0 0.3 −2.7 −4.7 −3.7 1.8

Parfrey et al25 (n=293)
Baseline NR NR NR NR 54.1 NR NR NR
Final NR NR NR NR 55.3 NR NR NR
Change NR NR NR NR 1.2 NR NR NR

Singh et al3 (n=715)
Baseline 41.9 31.9 57.8 41.3 35.2 63.7 57.2 69.6
Final 45.1 38.3 59.2 43.3 45.2 65.0 58.6 71.3
Change 3.2 6.4 0.4 3.0 10.0 1.3 0.8 1.7

Drüeke et al6 (n=301)
Baseline NR NR NR NR NR NR NR NR
Final NR NR NR NR NR NR NR NR
Change 3.5 2.4 NR 3.0 3.9 1.8 NR 2.7

Ritz et al26 (n=88)
Baseline NR NR NR NR NR NR NR NR
Final NR NR NR NR NR NR NR NR
Change NR NR NR 5.33 NR NR NR NR

Abbreviations: NR, nonreported data; SF-36, 36-item short-form instrument.
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inthehighhemoglobintargetlevelarm
in 3 domains (vitality, physical func-
tion, and general health) across all
studies.However,again, the improve-
mentswerevery small andwouldnot
be regarded as a clinically meaning-
ful improvement (2.9 for physical
function, 2.7 for general health, and
3.2 for vitality).

Although improvements in
HQOL are commonly cited as a rea-

son to target a higher hemoglobin
level, numerous limitations of the
existing literature should be noted.
Health-related quality of life was not
reported in 26 of 37 identified RCTs,
and among the 11 RCTs that did
measure HQOL, 9 used the SF-36,
although only 1 study3 reported full
data on the SF-36 (although 2 ad-
ditional authors provided full SF-36
data24,27). Given that patient blind-

ing is potentially difficult in this type
of study, and that 9 of 11 studies
were open label, it is possible that
partial blinding of patients to their
assigned group might have contrib-
uted to the small changes noted in
these measures.

Our findings highlight the im-
portance of distinguishing statisti-
cal significance from clinical signifi-
cance. The minimal clinically
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Figure 2. Forest plot of all reported 36-item short-form instrument domain data. CI indicates confidence interval; WMD, weighted mean difference.

(REPRINTED) ARCH INTERN MED/ VOL 169 (NO. 12), JUNE 22, 2009 WWW.ARCHINTERNMED.COM
1110

©2009 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



important difference is defined as the
smallest amount of benefit that pa-
tients can recognize and value.28

Thus, a clinically important change
is relevant and important to pa-
tients, whereas a statistical change
is simply a detectable change that
may or not be noticeable to pa-
tients. Given that most of these trials
were designed to measure differ-
ences in clinical outcomes, includ-
ing survival, these RCTs may have
been powered to detect statistically
significant changes in measure-
ments that are of no clinical rel-
evance to patients.

If multiple time points were mea-
sured, our analysis considered the
latest time point reported. For some
domains of the SF-36, particularly
vitality, a short-term improvement
may be observed at the other time
points, such as 6 or 12 months.
However, the clinical relevance of
short-term small improvements that
are not sustained over longer peri-
ods of follow-up is unknown.

The use of ESAs has consider-
ably altered the treatment of pa-
tients with anemia related to CKD.
Although the initial use of ESAs was
aimed at preventing the require-
ment for transfusion, much of the
subsequent research around them
has focused on determining whether
using them to achieve a high hemo-
globin target level is associated with
clinical benefit. Despite concern re-
garding the safety of ESAs when tar-
geted to a high hemoglobin level,
some guidelines continue to advo-
cate that hemoglobin target levels in
excess of 12.0 g/dL may still be rea-
sonable for selected patients; this

seems to be the result of expected im-
provements in HQOL.2,5 Our analy-
ses do not substantiate the basis for
these guidelines. Our results con-
tinue to be very relevant because re-
cent reports confirm that nearly 30%
of American patients who undergo
hemodialysis have a hemoglobin level
in excess of 12.0 g/dL.29

There were several strengths and
limitations of our study. We system-
atically reviewed the literature, in-
cluding contacting manufacturers, to
ensure that we identified all rel-
evant RCTs. Despite this, it should
be noted that many of the RCTs did
not measure HQOL, and among
those that did, selective reporting oc-
curred, resulting in an incomplete
data set with which to rigorously as-
sess HQOL. To account for this, we
conducted 2 sensitivity analyses, the
results of which suggest that our base
case analysis may overestimate the
actual treatment effect.

Our findings and the strength of
our conclusions are limited by the
available evidence. Given that HQOL
is one of the major theoretical ben-
efits of ESA, the selective reporting
of certain domains, the variation in
instruments used to measure HQOL,
and the lack of directly measured
data on utility are major weak-
nesses of the available literature.
However, we were able to include
some unpublished data supplied by
the authors of the original studies,
thereby minimizing some of the re-
porting bias that may be present.

Last, there are methodological
limitations with meta-analyses. How-
ever, we conducted the review ac-
cording to a prespecified protocol,

used a well-defined comprehensive
literature search strategy designed by
an expert librarian, performed qual-
ity assessment and data extraction
with duplicate reviewers, and used
rigorous statistical methodology that
would be expected to reduce the ex-
tent of any bias.

Erythropoietin-stimulating agents
are an important aspect of treat-
ment for patients with CKD, espe-
cially for those undergoing hemo-
dialysis or who are at risk of
requiring blood transfusion with-
out treatment. The cited goal of treat-
ment to a higher hemoglobin target
level is often to improve HQOL.
However, our systematic review re-
vealed a weak evidence base in sup-
port of that strategy, with poorly re-
ported data and only 2 RCTs that
examined HQOL as the primary
study end point. Our study sug-
gests that targeting a hemoglobin
level in excess of 12.0 g/dL leads to
small and not clinically meaningful
improvements in HQOL. This, in ad-
dition to considerable safety con-
cerns, would suggest that targeting
treatment to hemoglobin levels that
are in the range of 9.0 to 12.0 g/dL
is reasonable.
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Table 4. Results of Meta-analysis and Sensitivity Analyses

Domain

Scenario

Base Case:
Using All Available Data

Only Using Studies That Reported
All SF-36 Domains

Assuming No Change in Unreported
SF-36 Domains

Studies, No. WMD (95% CI) Studies, No. WMD (95% CI) Studies, No. WMD (95% CI)

Physical function 4 2.9 (1.3 to 4.5) 3 2.2 (0.4 to 4.0) 6 1.8 (0.5 to 3.1)
Physical role 4 0.3 (−3.2 to 3.8) 3 −2.1 (−6.0 to 1.9) 6 0.1 (−1.7 to 1.9)
Pain 3 0.7 (−0.2 to 1.6) 3 0.7 (−0.2 to 1.6) 6 0.5 (−0.7 to 1.4)
General health 5 2.7 (1.3 to 4.2) 3 2.0 (0.3 to 3.7) 6 1.9 (0.7 to 3.1)
Vitality 5 3.2 (1.9 to 4.4) 3 2.3 (0.5 to 4.2) 6 3.0 (1.8 to 4.3)
Social function 4 1.3 (−0.8 to 3.4) 3 −0.4 (−3.0 to 2.2) 6 0.6 (−0.9 to 2.1)
Emotional role 3 −3.0 (−7.4 to 1.4) 3 −3.0 (−7.4 to 1.4) 6 −0.4 (−2.0 to 1.2)
Mental health 4 0.4 (0.1 to 0.8) 3 0.4 (−0.0 to 0.8) 6 0.4 (0.1 to 0.8)

Abbreviations: CI, confidence interval; SF-36, 36-item short-form instrument; WMD, weighted mean difference.
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