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Note

This volume presents the main body of evidence found by a systematic literature review on
medical patient blood management. Volume 2 presents the related appendixes (Appendix A
to Appendix F). These two volumes cover all research questions developed for this topic.
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1 Introduction

This document presents the methods and results relating to the findings from a systematic
literature review on medical patient blood management. It is the first volume of a technical
report produced as part of the development process for the Patient blood management
guidelines: Module 3 — Medical — the third in a series of six modules that focus on evidence-
based patient blood management and will replace the 2001 National Health and Medical
Research Council/Australasian Society of Blood Transfusion (NHMRC/ASBT) Clinical practice
guidelines on the use of blood components" The six modules of the guidelines are being
developed in three phases, as shown in Table 1.1.

Table 1.1 Phases of development of guideline modules

Phase Modules

| Critical bleeding/massive transfusion
Perioperative

Il Medical
Critical care

Il Obstetrics
Paediatric/neonatal

This volume covers all the research questions. Volume 2 of the technical report presents the
related appendixes.

The document Patient blood management guidelines: Module 3—Medical gives information
on:

e governance arrangements for the guidelines
e committee memberships and affiliations

e the background research team.
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2 Methods

2.1 Research question development

An Expert Working Group (EWG) met for the first time in July 2008. At this meeting members
were provided with a comprehensive analysis of existing guidelines relevant to the clinical
areas of focus. An independent systematic review expert provided a detailed presentation on
framing clinical questions for systematic review. EWG members self-nominated to participate
in relevant areas of clinical focus for each module. This action formed the basis for the
establishment of a Consumer/Clinical Reference Group (CRG) for each module.

Following the July 2008 meeting, members of each CRG generated questions to be
considered for inclusion in their respective guidelines. Before the next meeting, CRG
members discussed first-draft questions, and acknowledged that question content would
influence consideration of expanding CRG memberships to ensure relevant clinical and
consumer representation. CRG members agreed that it would be appropriate to circulate
draft questions to relevant clinical colleges and societies for input and feedback at an early
stage and before inclusion in a statement of requirement for a systematic reviewer.

The EWG met in September 2008 to further develop and prioritise the proposed questions.
During the development of research questions, it became apparent that several questions
would be relevant for systematic review for all modules (Phases | to lll). These became
known as generic questions; six of these were ultimately developed.

Another two workshop meetings were held in November 2008. All EWG members attended
these meetings, where questions were further prioritised, combined and refined. In January
2009, a meeting of the CRG Chairs finalised questions that were subsequently provided to
systematic reviewers.

This process resulted in generic and specific foreground questions for systematic review and
questions for background research. The background questions were to be addressed through
general research undertaken by registrars supervised by CRG members. Background
questions were designed to provide general information for the guidelines and to assist in
providing generalised clinical practice tips. Background questions were intended to capture
information that was considered to fall outside the scope of the foreground questions
addressed by the systematic literature review. Foreground and background questions were
further refined through consultation among the systematic reviewer/technical writer, CRG,
National Blood Authority (NBA) and independent systematic review expert.

Research questions were developed for all but the critical care module. The requirement for
this module was not identified until after the initial systematic review for Phase | had
commenced.
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Questions 1-5 are generic questions, relevant to all six modules of these guidelines; Question
6 is specific to medical transfusion (i.e. to this module):

e Question 1 —In medical patients, is anaemia an independent risk factor for adverse
outcomes? (Aetiological question)

* Question 2 — In medical patients, what is the effect of RBC transfusion on patient
outcomes? (Interventional question)

* Question 3 —In medical patients, what is the effect of non-transfusion interventions to
increase Hb concentration on morbidity, mortality and need for RBC blood transfusion?
(Interventional question)

e Question 4 —In medical patients, what is the effect of FFP, cryoprecipitate, fibrinogen
concentrate, and/or platelet transfusion on patient outcomes? (Interventional question)

e Question 5 — In medical patients, what INR (PT/APTT) for FFP, fibrinogen level for
cryoprecipitate and platelet count for platelets concentrates should patients be
transfused to avoid risks of significant adverse events? (Interventional and prognostic
question)

e Question 6 — In specific regularly and chronically transfused patients, at what Hb
threshold should patients be transfused to avoid adverse outcomes?
(Interventional question).

A further question — What is the effect of rFVlla (prophylaxis or treatment) on morbidity,
mortality and transfusion rate? — was not covered in this review.

Intervention questions were intended to determine the effects of various strategies that can
be used in patient blood management on patient outcomes. The aetiology question was
designed to determine whether the risk factor anaemia causes adverse outcomes. The
prognostic question was concerned with clinical information that predicts outcomes.

Background research question

The background research questions developed for medical patient blood management were:

e In patients with malignancies (solid tumours) undergoing radiotherapy, do interventions
(transfusion or ESAs) aimed at raising the Hb concentration during radiotherapy affect
patient outcomes (e.g. response rate, tumour recurrence or tumour-free survival)?

e Background question 2 — When should a patient be retested after a transfusion to assess
the response, guide if further transfusions are required and avoid over-transfusion?

Details of research question criteria are presented in Appendix 1 of this volume.

Aboriginal and Torres Strait Islander Populations

Prevalence of anaemia in Aboriginal and Torres Strait Islander populations is known to be
higher than in the general Australian population.” The electronic search terms did not
specifically search for or limit retrieval of articles to studies that addressed socioeconomic,
Aboriginal or Torres Strait Islander subgroups. However, in accordance with NHMRC
guideline development requirements, the reviewers were required to isolate any papers
addressing these populations for specific consideration by the CRG. No papers were
identified that addressed these populations specifically.
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Literature searches

NHMRC standards and procedures require that clinical practice guidelines be based on
systematic identification and synthesis of the best available scientific evidence.? Three main
strategies were used to identify potentially relevant literature: electronic database searching,
manual searching, and literature recommended by expert members of the CRG.

Electronic databases

The systematic review/technical writing group carried out searches using the following
primary databases:

e EMBASE and Medline via the EMBASE.com interface

e Cochrane Library Database: a database of systematic reviews, other reviews, clinical
trials, methods studies, technology assessments, economic evaluations and Cochrane
Groups

¢ PreMedline: Medline in process, accessed via the PubMed interface.

Additional secondary databases searched, where indicated, included:
e CINAHL (Cumulative Index to Nursing and Allied Health Literature)
e AMI (Australasian Medical Index).

Dates of searching the primary and secondary databases are presented in Appendix A
(Volume 2).

Search strategies for primary and secondary databases were developed in consultation with
a specialist search strategist. All strategies were based on the population, intervention,
comparator, outcome (PICO), population, predictor, outcome (PPO) or population, risk,
outcome (PRO) criteria developed for the research questions (Appendix 1 in this volume).
Full details of all search strategies for these primary and secondary databases are presented
in Appendix A (Volume 2).

The search also included websites of health technology assessment (HTA) agencies, including
the UK National Institute for Health and Clinical Excellence (NICE) and the Canadian Agency
for Drugs and Technologies in Health (CADTH), and relevant guidelines websites.

Manual searching of reference lists

Members of the systematic review/technical writing group manually searched reference lists
included in relevant articles identified by the systematic literature search. This strategy
identified some additional articles that were not found in electronic database searches.
Additional articles found by manual searching are indicated in the literature search results
presented in Appendix C (Volume 2).

Expert sources

Articles recommended by CRG members were considered for inclusion wherever inclusion
and exclusion criteria were met.
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2.2.6

2.3

Background question research

Research for background questions was undertaken by registrars under the supervision of
CRG members. These questions were not researched by applying systematic review
processes. Registrars were advised to use sources ranging from medical textbooks, grey
literature, published scientific and review articles (identified through PubMed, EMBASE or
Cochrane databases), series yearbooks and other relevant medical literature. Because the
intention was to identify relevant information that could inform best practice, background
research was not limited to evidence or general information only applicable to Australia and
New Zealand.

Issues relevant to Aboriginal and Torres Strait Islander peoples and culturally
and linguistically diverse communities

The focus of the systematic review was on physiological parameters surrounding the decision
to transfuse. As such, there were no distinct physiological issues relevant to Aboriginal and
Torres Strait Islander peoples and culturally and linguistically diverse communities.

The greater prevalence of certain conditions (e.g. anaemia, chronic kidney disease) in some
Indigenous Australian communities has a socioeconomic, not physiological, basis. No
socioeconomic literature pertaining to Australia’s Indigenous population was identified in the
literature searches for any research question

Cost effectiveness

While no published cost-effectiveness analyses on the use of a multidisciplinary, multimodal
perioperative patient blood management program was identified in the literature searches, a
number of studies published information about costs or savings.

When no cost-effectiveness studies relevant to a research question were identified, this is
noted for that question in the technical report. Cost or savings analyses, when found, are
discussed for each question in the technical report

Inclusion and exclusion criteria

Inclusion criteria were determined from the PICO, PPO or PRO criteria that formed the basis
of the systematically reviewed research questions (Appendix 1 in this volume). Studies that
did not meet one or more of these criteria were excluded.

Additional reasons for excluding studies were:

* non-human studies

e non-English language studies

e non-systematic reviews, editorials, opinion pieces and letters

e research or systematic review protocols not defined.

Titles and abstracts of every record retrieved by searching the primary and secondary
databases were reviewed, and full articles were retrieved for further assessment where
considered to meet the inclusion criteria. Articles that could not be included or excluded on
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the basis of information in the title or abstract were retrieved as full text before a final
decision was made on inclusion or exclusion.

Articles reporting on the basis of the following study designs were considered for inclusion
when PICO, PPO or PRO criteria were met:

e systematic reviews of randomised controlled trials (RCTs) and/or cohort studies
¢ RCTs or pseudo randomised controlled trials

e cohort studies

e case—control studies

e case series, pre—post or post studies

socioeconomic studies, economic evaluations, cost-effectiveness analysis and so forth.

Studies that initially met inclusion criteria but were later excluded are documented, with
reasons for their exclusion, in Appendix B (Volume 2). Examples of reasons for exclusion in
this circumstance include different systematic reviews reporting the same primary studies,
and inadequate data reporting.

Classification and assessment of evidence

Studies identified for inclusion from the literature search were classified according to the
NHMRC levels of evidence hierarchy (Table 2.1). To ensure that modules were based on the
best available evidence, studies of higher levels of evidence (Levels | or Il) were included in
preference to those presenting lower levels of evidence (Levels Il or IV). This was to
minimise the potential for bias in the evidence base for each systematically reviewed
question. However, lower level studies were reviewed where evidence was not available in
higher level studies for any of the primary outcomes.

Studies identified from the systematic literature review were assessed according to NHMRC
dimensions of evidence (Table 2.2).% )." There are three main domains: strength of the
evidence, size of the effect, and relevance of the evidence. The first domain was derived
directly from the literature identified for a particular intervention, aetiology or prognostic
study. The other two domains were determined in consultation with the CRG as part of the
study assessment process during the review of the evidence considered for module
development. An aspect of the strength of the evidence domain is the level of evidence of
the study, which was determined as described above using the NHMRC levels of evidence
hierarchy outlined in Table 2.1.

Technical report on medical patient blood management — Volume 1 April 2012 6



Methods

Table 2.1 NHMRC evidence hierarchy: designations of levels of evidence according to
type of research question
Level | Interventiona Prognosis Aetiology®
le A systematic review of Level Il studies A systematic review of Level Il A systematic review of Level Il
studies studies
Il A randomised controlled trial A prospective cohort studyd A prospective cohort study
-1 A pseudo randomised controlled trial (i.e. | All or nonee All or nonee
alternate allocation or some other
method)
-2 A comparative study with concurrent Analysis of prognostic factors A retrospective cohort study
controls: amongst persons in a single arm
o non-randomised, experimental trialt | ©f & randomised controlled trial
e cohort study
e case-control study
o interrupted time series with a
control group
-3 A comparative study without concurrent | A retrospective cohort study A case—control study
controls:
o historical control study
o two or more single arm study9
o interrupted time series without a
parallel control group
v Case series with either post-test or pre- Case series, or cohort study of A cross-sectional study or case
test/post-test outcomes persons at different stages of series
disease

Source: NHMRC (2009)*

a Definitions of these study designs are provided on pages 7-8, How to use the evidence: assessment and application of scientific evidence (NHMRC
2000y

b |f it is possible and ethical to determine a causal relationship using experimental evidence, then the ‘intervention’ hierarchy of evidence should be used. If it
is only possible or ethical to determine a causal relationship using observational evidence (e.g. groups cannot be allocated to a potential harmful exposure,
such as nuclear radiation), then the ‘aetiology’ hierarchy of evidence should be utilised.

¢ A systematic review will only be assigned a level of evidence as high as the studies it contains, except where those studies contain Level Il evidence.
Systematic reviews of Level Il evidence provide more data than the individual studies, and any meta-analyses will increase the precision of the overall
results, reducing the likelihood that the results are affected by chance. Systematic reviews of lower level evidence present results of likely poor internal
validity and thus are rated on the likelihood that the results have been affected by bias, rather than whether the systematic review itself is of good quality.
Systematic review quality should be assessed separately. A systematic review should consist of at least two studies. In systematic reviews that include
different study designs, the overall level of evidence should relate to each individual outcome or result, as different studies (and study designs) might
contribute to each different outcome.

4 At study inception, the cohort is either non-diseased or all at the same stage of the disease. A randomised controlled trial with persons either non-diseased
or at the same stage of the disease in both arms of the trial would also meet the criterion for this level of evidence.

e All or none of the people with the risk factor(s) experience the outcome; and the data arises from an unselected or representative case series which
provides an unbiased representation of the prognostic effect. For example, no smallpox develops in the absence of the specific virus; and clear proof of the
causal link has come from the disappearance of smallpox after large-scale vaccination.

fThis also includes controlled before-and-after (pre-test/post-test) studies, as well as indirect comparisons (i.e. utilise A vs. B and B vs. C to determine A vs.
C).

9 Comparing single arm studies i.e. case series from two studies. This would also include unadjusted indirect comparisons (ie. utilise A vs. B and B vs. C to
determine A vs. C, without statistical adjustment for B).

Table 2.2 NHMRC dimensions of evidence

Dimension Definition

Strength of evidence

Each included study is assessed according to its place in the research hierarchy. This illustrates the
potential of each included study to adequately answer a particular research question and indicates the

Level
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Dimension Definition

degree to which design has minimised the impact of bias on the results

Quality

Included studies are critically appraised for methodological quality. Each study is assessed according to the
potential that bias, confounding and/or chance has influenced the results

Statistical Primary outcomes of included studies are assessed to establish whether the effect is real, rather than due
precision to chance. Using a level of significance such as a p-value and/or confidence interval, the precision of the

estimate of the effect is evaluated. This considers the degree of certainty regarding the existence of a true
effect

Size of effect | The clinical importance of the findings of each study is assessed. This concept refers to the measure of

effect or point estimate reported in the results of each study (e.g. mean difference, relative risk). For meta-
analysis pooled measures of effect are assessed. Size of effect refers to the distance of the point estimate
from its null value and also the values included in the corresponding 95% confidence interval. Size of effect
indicates the clinical impact a particular factor or intervention will have on a patient and is considered in the
context of patient relevant clinical differences

Relevance of | The translation of research evidence to clinical practice is addressed by this dimension. It is regarded as

evidence

potentially the most subjective of the evidence assessments. There are two questions concerning the
appropriateness of outcomes and relevance of study questions:

Are the outcomes measured in the study relevant to patients?

How closely do the elements of the study research question match with those of the clinical question being
considered?

Source: NHMRC (2009)*

24.1

2.4.2

2.5

Quality appraisal

The methodological quality of the included studies was assessed using the criteria presented
in Appendix 3 of this volume.> Quality assessment criteria varied according to whether
included studies were systematic reviews, RCTs, cohort studies or case—control studies. No
weighting of quality criteria was applied, but studies that met all criteria, or all but one, were
considered good quality with a low risk of bias. Quality assessments of included studies for all
systematically reviewed research questions are presented in Appendix E (Volume 2).

Data extraction

Data and information were extracted into evidence summary tables according to the
inclusion criteria (PICO, PRO or PPO). Evidence summary tables were based on NHMRC
requirements for externally developed guidelines.® Extracted data and information included
general study details (citation, study design, evidence level, country and setting),
characteristics of study participants, details of interventions and comparators, details of
internal (e.g. allocation and blinding) and external (applicability and generalisability) study
validity; and results for outcomes specified in the inclusion criteria. Where relevant studies
were identified, extracted data and information were used to construct study characteristics
and results tables of included evidence for each systematically reviewed research question.
Evidence summary tables for all included studies are presented in Appendix F (Volume 2).

Assessment of the body of evidence and formulation of
recommendations

The body of evidence for each module recommendation was graded in accordance with the
NHMRC framework for developing evidence-based recommendations.* Assessment of the
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body of evidence considers the dimensions of evidence of studies relevant to that
recommendation (Table 2.2). The NHMRC developed an evidence statement form to be used
with each clinical research question considered in guidelines development (Appendix 3 of
this volume). Before the evidence statement form was completed, included studies were
critically appraised and relevant data were summarised, as described. This information was
required to formulate each recommendation and determine the overall grade of the body of
evidence supporting each recommendation.

The key findings from included studies were summarised as evidence statements for each
systematically reviewed research question. Where required, separate evidence statements
were developed for different patient populations and outcomes. CRG input helped ensure
that the size of effects and relevance of evidence were considered when developing
evidence statements. Where no evidence or insufficient relevant evidence was identified,
this was explained in the evidence statement and an evidence statement form was not
included.

Completed evidence statement forms for each research question are presented in
Appendix D (Volume 2).

Use of the NHMRC evidence statement form

The NHMRC evidence statement form was applied in five steps.

Step 1 Rating each of the five components

To inform grading of recommendations, the body of evidence underpinning each evidence
statement was assessed. Five key components were rated (Table 2.3). The first two
components—evidence base and consistency—were derived directly from the literature
identified for each research question. During review of identified evidence, CRG guidance
was also required to assess the clinical impact, generalisability and applicability of included
studies.

For each evidence statement, the five components presented in Table 2.3 were rated
according to the matrix shown in Table 2.4. This grading system was designed to
accommodate variation in the body of evidence. For example, a large number of studies with
minimal bias may be included, but have limited applicability to the Australian healthcare
context. Alternatively, a body of evidence may consist of a small number of trials with a
moderate risk of bias, but have a very significant clinical impact and high applicability to the
Australian healthcare context. Body of evidence rating results were entered into the NHMRC
evidence statement form, together with any additional explanatory information relevant to
each component. The results section for each research question includes the body of
evidence matrix rating assessment for each evidence statement.
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Table 2.3  Components of the evidence statement

Component

Definition

Evidence base

Quantity

Reflects the number of studies included as the evidence base. Also takes into account the number of
patients in relation to frequency of the outcomes measured (i.e. study statistical power). Meta-analysis can
be used to combine results of studies to increase the power and statistical precision of effect estimates

Level

Reflects the best study type for the specific type of research question (intervention, prognosis). Level |
evidence would be the best evidence to answer each question

Quality

Reflects how well studies were designed and conducted in order to eliminate bias

Consistency

Assesses whether findings are consistent across included studies, including a range of study populations
and study designs. Meta-analysis of randomised studies should present statistical analysis of
heterogeneity that demonstrates little statistical difference between studies. Presentation of an I statistic
illustrates the extent of heterogeneity between studies. Clinical heterogeneity between studies should also
be explored

Clinical impact

Measures the potential benefit from application of the guidelines to a population. Several factors need to
be considered when estimating clinical impact, including relevance of the evidence to the clinical question;
statistical precision and size of the effect; relevance of the effect to patients compared with other
management options or none. Other relevant factors are the duration of therapy required to achieve the
effect, and the balance of risks and benefits (taking into account the size of the patient population)

Generalisability

Addresses how well the subjects and settings of included studies match those of the recommendation.
Population issues that could affect recommendations include sex, age, ethnicity, and baseline risk or level
of care (e.g. community or hospital setting). This is an important consideration when evidence comes from
randomised controlled trials, where setting and entry requirements are generally narrow and therefore may
not be representative of all patients to whom the recommendation may be applied in practice. In this
circumstance broader-based population studies may be useful for confirming evidence from randomised
controlled trials

Applicability

Addresses whether the evidence base is relevant to the Australian healthcare setting in general or to more
local settings for specific recommendations (e.g. rural areas or cities). Factors that will affect the
applicability of study findings include organisational factors (e.g. availability of trained staff, specialised
equipment and resources) and cultural factors (e.g. attitudes to health issues, including those that may
affect compliance with guidelines recommendations)

Source: NHMRC (2009)*
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Table 2.4  Body of evidence matrix
Component A B C D
Excellent Good Satisfactory Poor

Evidence base

Several Level [ or Il
studies with low risk of

One or two Level Il
studies with low risk of

Level IIl studies with
low risk of bias, or

Level IV studies, or
Level | to Ill studies

bias bias or a systematic Level | or Il studies with high risk of bias
review/multiple Level | with moderate risk of
Il studies with low risk | bias
of bias
Consistency All studies consistent | Most studies Some inconsistency Evidence is
consistent and reflecting genuine inconsistent
inconsistency can be | uncertainty around
explained clinical question
Clinical impact Very large Substantial Moderate Slight or restricted
Generalisability Population/s studied Population/s studied Population/s studied Population/s studied
in body of evidence in the body of in the body of in the body of
are the same as the evidence are similar to | evidence are different | evidence are different
target population for the target population | to the target to the target

the guidelines

for the guidelines

population but it is
clinically sensible to
apply this evidence to
the target population
for the guidelines

population, and hard
to judge whether it is
sensible to generalise
to the target
population for the
guidelines

Applicability

Directly applicable to
the Australian
healthcare context

Applicable to
Australian healthcare
context with a few
caveats

Probably applicable to
Australian healthcare
context with some
caveats

Not applicable to
Australian healthcare
context

Source: NHMRC (2009)*

A rating of N/A was attributed for consistency when only one study was included.

Step 2 Preparation of an evidence statement matrix

An evidence statement matrix was completed to summarise the synthesis of the evidence

relating to the evidence statement(s) for each research question. This summary presented

ratings for the five components of the body of evidence matrix assessed for each evidence

statement. Other relevant issues and dissenting opinions could be recorded if required.

In practice, Steps 1 and 2 to complete the NHMRC evidence statement forms were

conducted concurrently for each evidence statement.

Step 3 Formulation of arecommendation based on the body of evidence

Step 3 involved formulating the wording of the recommendation. This wording was intended

to reflect the strength of the body evidence; that is, where the evidence base was regarded

as poor or unreliable, words such as ‘must’ or ‘should’ were not used. The wording of

recommendations was developed in conjunction with the CRG during meetings to review the

evidence base for research questions.
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Step 4 Determination of the grade for the recommendation

The overall grade for each recommendation was determined from a summary of the rating
for each component of the body of evidence. Definitions of the NHMRC grades of
recommendations are presented in Table 2.5. In accordance with the NHMRC framework,
recommendations were not graded A or B unless the evidence base and consistency of
evidence were both rated A or B unless only one study was included and consistency was
rated ‘N/A’. In this situation the quality, size and strength of the evidence base was relied
upon to grade the recommendation. The grading of recommendations was determined in
conjunction with the CRG.

Developed recommendations were entered into the NHMRC evidence statement forms to
accompany the corresponding evidence statement matrix, along with the overall grade
determined in this step (Appendix D, Volume 2).

Table 2.5  Definitions of NHMRC grades for recommendations

Grade | Definition

A Body of evidence can be trusted to guide practice

B Body of evidence can be trusted to guide practice in most situations

C Body of evidence provides some support for recommendation(s) but care should be taken in its application
D Body of evidence is weak and recommendations must be applied with caution

Source: NHMRC (2009)*

Step 5 Implementation of guidelines recommendations

The NHMRC framework directs that guidelines implementation should be considered at the
same time that recommendations are formulated. The NHMRC evidence statement form
contains questions related to the implementation of each module (Appendix 3 in this
volume). These are:

e Will this recommendation result in changes in usual care?

e Arethere any resource implications associated with implementing this
recommendation?

e Will the implementation of this recommendation require changes in the way care is
currently organised?

e Is the guidelines development group aware of any barriers to the implementation of this
recommendation?

This section of the NHMRC evidence statement form was completed in consultation with the
CRG when each recommendation was formulated and graded. Implementation issues are
recorded in the NHMRC evidence statement forms presented in Appendix D (Volume 2).
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2.5.2 Practice points

Practice points were developed by the CRG through a facilitated group discussion
(Appendix 4 in this volume) in the following circumstances:

«  where the underpinning evidence would have led to a grade D evidence-based
recommendation

«  where the CRG developed evidence-based recommendations graded C and above, but
considered that additional information was required to guide clinical practice. Wherever
possible, this guidance was sourced from other evidence-based guidelines assessed to be
of high quality

e where insufficient evidence was identified to support the development of an evidence-
based recommendation.
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3 Findings of systematic review

This chapter provides the findings of the systematic review, based on the six research
guestions given in Chapter 2.

3.1 Question1

Question 1 (Aetiology)
In medical patients, is anaemia an independent risk factor for adverse outcomes?

3.1.1 Acute coronary syndrome

ES1.1 In patients with ACS, anaemia is independently WV W W W
associated with all-cause mortality.

(See evidence matrix EM1.A in Volume 2 of the
technical report)

W

ES1.2 | In patients with ACS, the effect of anaemia on W W W W
cardiovascular mortality is uncertain.

(See evidence matrix EM1.A in Volume 2 of the
technical report)

W

ES1.3 | In patients with NSTE-ACS, anaemia is W NA W WY
independently associated with Ml and recurrent
ischaemia.

(See evidence matrix EM1.B in Volume 2 of the
technical report)

W

ACS, acute coronary syndrome; ES, evidence statement; MI, myocardial infarction; NSTE, non-ST segment elevation
\VW=A; \V=B; V=C; X=D; NA, not applicable
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3.1.2 Heart failure

ES1.4 | In patients with heart failure, anaemia is WY W W W WY
independently associated with mortality.

(See evidence matrix EM1.C in Volume 2 of the
technical report)

ESL5 | In patients with heart failure, anaemia may be W NA X W W
independently associated with reduced functional or
performance status and quality of life.

(See evidence matrix EM1.D in Volume 2 of the
technical report)

ES, evidence statement
\VV=A; \W=B; V=C; X=D; NA, not applicable

3.1.3 Community-dwelling elderly

ES1.6 | Ina community-dwelling elderly population, anaemia WY W W W W
is independently associated with mortality.

(See evidence matrix EM1.E in Volume 2 of the
technical report)

ESL.7 | In a community-dwelling elderly population, anaemia | VN W X W W
may be independently associated with reduced
functional or performance status and quality of life.

(See evidence matrix EM1.F in Volume 2 of the
technical report)

ES, evidence statement
\V=A; \W=B; V=C; X=D; NA, not applicable
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3.1.4 Cancer

ES1.8 | In patients with cancer, anaemia is independently W l V W WY
associated with mortality.

(See evidence matrix EM1.G in Volume 2 of the
technical report)

ES1.9 | In patients with cancer, the effect of anaemia on l l X W W
functional or performance status and quality of life is
uncertain.

(See evidence matrix EM1.H in Volume 2 of the
technical report)

ES, evidence statement
\VV=A; \W=B; V=C; X=D; NA, not applicable

3.1.5 Renal

ES1.10 | In patients with CKD (including dialysis patients), W W W W WY
anaemia is independently associated with all-cause
or cardiovascular mortality.

(See evidence matrix EM1.1 in Volume 2 of the
technical report)

ES1.11 | In adults with CKD, anaemia is independently v NA W W W
associated with stroke.

(See evidence matrix EM1.J in Volume 2 of the
technical report)

ES1.12 | In patients with CKD (including dialysis patients), l W V W W
Hb concentration is associated with reduced quality
of life.

(See evidence matrix EM1.K in Volume 2 of the
technical report)

CKD, chronic kidney disease; ES, evidence statement; Hb, haemoglobin
VVV=A; \W=B; V=C; X=D; NA, not applicable
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3.1.6

Findings of systematic review

Summary of evidence

Five different populations were chosen for this question: (i) patients with acute coronary
syndrome (ACS), (ii) patients with heart failure, (iii) a community-dwelling elderly population,
(iv) patients with cancer and (v) patients with renal disease. Patients with ACS and the
elderly, community-dwelling population were chosen by the CRG as being populations of
particular interest. Patients with heart failure, cancer and renal disease were chosen after
systematic reviews of evidence assessing the association between anaemia and adverse
outcomes (including mortality) in these populations were identified during the literature
search for Level | evidence.

As this is an aetiology question, the levels of evidence are as follows: Level | — a systematic
review of two or more Level Il studies; Level Il — a prospective cohort study; Level Il — (1) all
or none, (Il) a retrospective cohort study and (lll) a case-control study; and Level IV — a cross-
sectional study or case series. For this analysis, data from randomised controlled trials which
have been analysed as cohort studies have been included as Level Il studies, as have
registries in which the data was collected prospectively. In some cases it was difficult to
determine whether a cohort study was prospective or retrospective. Where data has been
collected prospectively (ie, not collected from a review of medical records) the studies have
been classified as prospective cohort studies. In addition, cross-sectional studies have been
classified as Level Il for functional/performance status outcomes only, where the outcome
data has been collected prospectively.

As the question specifies it is assessing anaemia as an “independent” risk factor for adverse
outcomes, only studies which have adjusted for potential confounding variables using
multivariate analysis, have been included in this analysis; studies in which only univariate
analyses have been undertaken have been excluded. It should be noted that the studies
included for this question identified potential confounding variables in various ways. In some
cases, variables have been identified which have been shown to be associated with anaemia
or the specified outcome in previous studies, while in other cases a wide range of variables
have been examined using univariate analysis and those shown to be associated with
anaemia or the outcome have been included in the analysis. In some studies, all potential
confounding variables have been included in the multivariate analysis, while in other studies
different methods have been used (eg, backwards or forwards stepwise regression) to
include only those variables which are shown to be independent predictors in the analysis.

While the results of these adjusted analyses indicate whether or not anaemia is an
independent risk factor for adverse outcomes, they do not prove that anaemia causes these
adverse outcomes. In addition, for most analyses, only data on the relative effects of
anaemia is available; there is very little evidence on the absolute effect of anaemia on
adverse outcome risk. However, where this data is available, it will be noted.

ACUTE CORONARY SYNDROME

The term acute coronary syndrome refers to a range of acute myocardial ischaemic states. It
encompasses unstable angina, non-ST segment elevation myocardial infarction (NSTE-ACS;
ST segment elevation generally absent), and ST segment elevation infarction (STEMI;
persistent ST segment elevation usually present).”

Of the adverse outcomes specified for this question, two are covered for this population:
mortality and cardiovascular/composite outcomes.
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Methods

There were 12 studies identified from the systematic review and hand searching process (see
Appendix C, Volume 2).

The literature search identified no socioeconomic literature pertaining to Australia’s
Indigenous population relevant to this research question.

Level I evidence

The literature search identified no systematic reviews examining the aetiology of anaemia in
patients with acute coronary syndrome.

Level Il evidence

The literature search identified 12 Level Il studies examining aetiology of anaemia in patients
with acute coronary syndrome.

Level Il evidence

Due to the substantial amount of Level Il evidence identified, the literature was not searched
for Level Il evidence.

Level IV evidence

Due to the substantial amount of Level Il evidence identified, the literature was not searched
for Level IV evidence.

Results

Twelve Level Il studies were included for this question; ten studies provided evidence for
mortality and four studies provided evidence for composite and/or cardiovascular outcomes.
The characteristics of the included studies are summarised in Table 3.1. Ten of the included
studies specifically examined anaemia or Hb level as a potential predictor of adverse
outcomes,®*” while the remaining two studies aimed to identify a number of potential
predictors.'®*°

Due to the large amount of evidence available for the mortality outcome and the
requirement that analyses were adjusted for multiple potential confounders, studies were
limited to those including >500 subjects. This resulted in the exclusion of one study including
151 patients.?® Studies with smaller patient numbers were potentially available for inclusion
for the cardiovascular/composite outcomes.

Table 3.1  Question 1 (ACS): Characteristics and quality of Level Il evidence
Level Il evidence
Author Study type Population Outcomes
Study quality
Anker et al Cohort analysis of | AMI complicated by heart failure Mortality
(2009)8 a double-blind N = 5010
RCT (OPTIMAAL)
Fair
Archbold et al Prospective cohort | Diagnosis of ACS Mortality
(2006)° study N = 2310
Fair
Aronson et al Prospective cohort | Adults presenting to the coronary care unit with a Mortality
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Level Il evidence

Author Study type Population Outcomes

Study quality
(2007)0 study diagnosis of Ml who were alive at discharge from

Fair hospital

N =1390

Bassand et al Cohort analysis of | Adults presenting to hospital with symptoms of NSTE- Mortality
(2010)1 two RCTs (OASIS | ACS or STEMI Mortality/M|

5and6) N = 32,170

Fair
Burr et al Cohort analysis of | Men without diabetes recovering from Ml Mortality
(1992)1e a RCT (DART) N = 1755

Poor
Cavusoglu et al Prospective cohort | Men with ACS (ST-elevation AMI, non-ST segment Mortality/MI
(2006)12 study elevation AMI and unstable angina pectoris)

Fair N =191
Giraldez et al Two cohort Adults presenting within 6 hrs of onset of symptoms of | Mortality
(2009)13 analyses of two MI and ECG changes compatible with STEMI

RCTS (INTIME Il- | N = 14,373 and 18,400

TIMI17 and

EXTRACT-TIMI)

Good
Hasin et al Prospective cohort | Patients with a diagnosis of AMI who survived the Mortality/heart failure
(2009)4 study index hospitalisation and who received Hb

Fair measurement =28 days after hospital discharge

N = 1065

Keough-Ryan et | Cohort analysis of | Adults admitted to hospital with a discharge diagnosis | Mortality
al (2005)1s a prospective of acute coronary syndrome who survived to discharge
population-based | N =5549
registry
Poor
Mahaffey et al Cohort analysis of | High risk patients with ACS Mortality
(2008):8 aRCT N = 9978
(SYNERGY)
Good
Sabatine et al Cohort analysis of | Adults presenting to hospital with symptoms of NSTE- | Mortality
Fair N = 39,922 mortality/MI/recurrent
ischaemia
Heart failure
Myocardial infarction
Recurrent Ischaemia
Valeur et al Cohort analysis of | Patients with left ventricular systolic dysfunction 2-6 Mortality
(2009)r a RCT (TRACE) days following enzyme-verified AMI.
Fair N=1731

ACS, acute coronary syndrome; AMI, acute myocardial infarction; CHF, congestive heart failure; ECG, electrocardiograph; Hb,

haemoglobin; MI, myocardial infarction; NSTE-ACS, non-ST-segment elevation acute coronary syndrome; RCT, randomised controlled

trial; R, recurrent ischaemia; STEMI, ST-segment elevation myocardial infarction.
aTIMI I1IB, 4, 9A, 9B, 10A, 10B, 11A, 11B, 12, 14, 16 (OPUS), 17 (InTIME 11), 18 (TACTICS), 20 (INTEGRI), 23 (ENTIRE) and
24 (FASTER). InTIME Il was included in the study by Giraldez et al (2009).13

Technical report on medical patient blood management — Volume 1

April 2012

19




Findings of systematic review

Anaemia as an independent risk factor for mortality

Two studies assessed the association between anaemia as defined by the World Health
Organisation (WHO)? and mortality, as shown in Table 3.2.%"” The study by Anker et al
(2009)® showed that anaemia was an independent risk factor for all-cause mortality and
death due to progressive heart failure in patients diagnosed with acute myocardial infarction

(AMI)(P<0.001 and P=0.006, respectively), but was not an independent risk factor for sudden
cardiac death.

In the study by Valeur et al (2006)", anaemia was an independent risk factor for mortality in
acute coronary syndrome (ACS) patients with heart failure (P=0.048), but not in patients
without heart failure (P=0.07).

® Hb <12 g/dL for females and <13 g/dL for males.
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Table 3.2  Question 1 (ACS): Results for Level Il evidence — mortality (WHO or similar anaemia criteria)
Study No. of trials / Patient population Setting Risk factor Outcome Results
Level of evidence? ?naérupc:(;j |iae Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity?

ACUTE CORONARY SYNDROME

ALL-CAUSE MORTALITY

LONGER-TERM FOLLOW-UP (>1 YEAR)

Anker 2009 1 cohort analysis Adult patients with a Hospital Anaemia (WHO) vs Mortality (median 3 NR | NR ‘ HR 1.35 (1.16, 1.56) Anaemia is an
Level Il gfcaTd%lg'lﬁﬁgTL diagnosis of AMI Denmark, Finland, no anaemia years) Adjusted for variables known to be of prognostic value in heart failure: age, sex, lfndePert]dF T
Fair ( ) Germany, Ireland, randomised treatment group, baseline BMI, eGFR, baseline creatinine, baseline or mortality
N=5010 Norway, Sweden, UK uric acid, Killip class, heart rate, systolic blood pressure, total cholesterol, current P<0.0001
smoking, history of diabetes, in-hospital beta-blocker, statin, digitalis nitrate,
aspirin, warfarin and diuretic use.
Valeur 2006 1 cohort analysis Adults with left Hospital Anaemia (WHO) vs Mortality (up to12 NR | NR ‘ HR 1.06 (0.93, 1.21) Anaemia is not an
Level Il of a double-blind ventricular systolic Denmark no anaemia years) Ad ) - — PR independent predictor of
) jjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, .
Good RCT (TRACE) dysfunctlon 2-6 days smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model only), mortality
N=1731 f°"9‘_’V'“9 énzyme- treatment with fibrinolysis and ACElIs. P=0.38
verified AMI
1 cohort analysis Adults with left Hospital Anaemia (WHO) vs Mortality (up to12 NR | NR ‘ HR 1.16 (1.01, 1.34) Anaemia is an
of a double-blind ventricular systolic Denmark no anaemia years) - - — PR independent predictor of
: Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, .
RCT (TRACE) dysfur_1ct|on 2:6 days smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model only), mortality
N=1195 fO”F’YV'“g enzyme- treatment with fibrinolysis and ACEIs. P=0.048
verified AMI [with
heart failure
1 cohort analysis Adults with left Hospital Anaemia (WHO) vs Mortality (up to 12 NR NR HR 0.76 (0.57, 1.02) Anaemia is not an
of a double-blind ventricular systolic Denmark no anaemia years) y - — — independent risk factor
. Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, .
RCT (TRACE) dySfur,‘Ctlon 2-6 days smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model only), for mortality
N=536 fo"F’YV'“g enzyme- treatment with fibrinolysis and ACEIs. P=0.07
verified AMI without
heart failure
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Study
Level of evidence2

Quality

No. of trials /
sample size
included in
analysis

CARDIOVASCULAR MORTALITY

Patient population

Setting
Location

Risk factor

Outcome

Results

Risk factor No risk factor Risk estimate (95% CI) | Significance

niN (%) n/N (%) P-value
Heterogeneity?

LONGER-TERM FOLLOW-UP (>1 YEAR)

Anker 2009
Level Il
Fair

1 cohort analysis
of a double-blind
RCT (OPTIMAAL)

N=5010

Adult patients with a
diagnosis of AMI

Hospital

Denmark, Finland,
Germany, Ireland,
Norway, Sweden, UK

Anaemia (WHO) vs
no anaemia

Sudden cardiac death
(median 3 years)

NR NR HR 1.14 (0.89, 1.48)

Adjusted for variables known to be associated with heart failure: age, sex,
randomised treatment group, baseline BMI, eGFR, baseline creatinine, baseline
uric acid, Killip class, heart rate, systolic blood pressure, total cholesterol, current
smoking, history of diabetes, in-hospital beta-blocker, statin, digitalis nitrate,
aspirin, warfarin and diuretic use.

Anaemia is not an
independent risk factor
for sudden cardiac death

P=0.303

Death due to
progressive heart
failure (median 3
years)

NR NR HR 1.55 (1.13, 2.13)

Adjusted for variables known to be associated with heart failure: age, sex,
randomised treatment group, baseline BMI, eGFR, baseline creatinine, baseline
uric acid, Killip class, heart rate, systolic blood pressure, total cholesterol, current
smoking, history of diabetes, in-hospital beta-blocker, statin, digitalis nitrate,
aspirin, warfarin and diuretic use.

Anaemia is an
independent risk factor
for death due to
progressive heart failure

P=0.006

ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; AMI, acute myocardial infarction; BMI, body mass index; CABG, coronary artery bypass graft; CHF, congestive heart failure; Cl, confidence
interval; CV, cardiovascular; dL, decilitre; ECG, electrocardiograph; eGFR, estimated glomerular filtration rate; g, grams; Hb, haemoglobin; HR, hazard ratio; LVEF, left ventricular ejection fraction; MI, myocardial infarction;
NR, not reported; NSTE-ACS, non-ST-segment elevation acute coronary syndromes; OR, odds ratio; PCI, percutaneous coronary intervention; RCT, randomised controlled trial; RI, recurrent ischemia; SBP, systolic blood
pressure; SD, standard deviation; STEMI, ST-segment elevation myocardial infarction; TIA, transient ischemic attack; UK, United Kingdom; US, United States of America; WHO, World Health Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
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Six studies assessed the association between various Hb levels and mortality, as shown in
Table 3.3.21%83%Y Gjraldez et al (2009)** examined the association between different
baseline Hb levels and 30-day mortality in patients with ST-segment elevation myocardial
infarction in cohorts based on two large randomised controlled trials. Five different Hb
categories (<11 g/dL, 11-12 g/dL, 12-13 g/dL, 13-14 g/dL and 14-15 g/dL) were compared
with a single Hb category (15-16 g/dL) in both trial cohorts. The majority of analyses showed
lower Hb levels were a significant independent risk factor for 30-day mortality compared
with the reference category; exceptions to this were the 14-15 g/dL category for the InTIME
[I-TIMI 17 trial cohort and the 13-14 g/dL and 14-15 g/dL categories for the EXTRACT-TIMI 25
trial cohort.

The study by Aronson et al (2007)™ assessed the association between different baseline,
nadir and discharge Hb levels, changes in Hb levels from baseline to discharge, and longer-
term mortality (mean follow-up 2 years) in patients presenting to a coronary care unit with a
diagnosis of myocardial infarction who survived to discharge. None of the analyses
comparing baseline Hb showed a significant association with mortality. The authors note that
because patients who died during hospitalisation were excluded from the analysis, the power
to detect an association between baseline Hb level and mortality was probably reduced. Two
out of three comparisons between nadir Hb (<11.3 g/dL versus >14.0 g/dL and 11.4-12.8 g/dL
versus 214.8 g/dL) and mortality showed a significant association; the final comparison of
nadir Hb 12.9-13.9 g/dL with 214.0 g/dL was not significant. Similarly, comparisons of
discharge Hb <11.9 g/dL and 12.0-13.3 g/dL with >14.6 g/dL were shown to be significantly
associated with mortality while a comparison between a discharge Hb of 13.3-14.5 g/dL with
>14.6 g/dL was not. Finally, a decrease in Hb from baseline to discharge of 2.3 g/dL,
compared with a decrease of <0.5 g/dL, showed a significant association with mortality,
while smaller decreases of 1.4-2.2 g/dL and 0.6-1.3 g/dL did not.

The study by Keough-Ryan et al (2005)™ assessed the impact of chronic renal insufficiency,
cardiac interventions and anaemia on mortality in patients with a discharge diagnosis of
acute coronary syndrome. Hb levels were classified as mild anaemia (10.5-12.0 g/dL),
moderate anaemia (9.0-10.5 g/dL) and severe anaemia (<9.0 g/dL). Multivariate analysis
showed that only severe anaemia was independently associated with long-term mortality
(mean follow-up 5.6 years).

The study by Valeur et al (2006)" assessed the association between different levels of
anaemia (mild, moderate and severe) or the lowest decile of anaemia and long-term
mortality, with follow-up being approximately 10-12 years. The analysis was conducted in
patients with left ventricular systolic dysfunction 2-6 days following enzyme-verified AMI
who had taken part in an RCT. When all patients were considered in the analysis, only severe
anaemia (Hb <10 g/dL in women and <11 g/dL in men) and the lowest decile of anaemia (<11
g/dL in women and <12 g/dL in men) were shown to be independent risk factors compared
with no anaemia. When the analysis was restricted to patients with heart failure, similar
results were seen. Finally, when the analysis was restricted to patients without heart failure,
there was no significant association between any level of anaemia and long-term mortality.
Despite the long-term follow-up, the authors note that the prognostic significance of
anaemia was confined to the first year following myocardial infarction; they state this is an
important new finding.

Archbold et al (2006)° assessed the association between four different levels of Hb and in-
hospital cardiac death, and in three analyses, Hb levels of 12.5-13.6 g/dL, 13.7-14.7 g/dL and
>14.7 g/dL were compared with <12.5 g/dL, and showed no significant difference. There are

Technical report on medical patient blood management — Volume 1 April 2012 23



Findings of systematic review

three points to note regarding these results: (i) in this study, progressively higher Hb levels
are compared to a single low Hb level — this differs from the majority of other included
studies in which progressively lower Hb levels are compared to a “normal” or higher Hb level;
(ii) the mortality outcome was limited to in-hospital cardiac mortality; and (iii) the authors
note that a large proportion of included subjects had biomarker-negative unstable angina,
which resulted in a low in-hospital mortality (3%), highlighting that this study may be
insufficiently powered to show an association between Hb level and mortality.

Sabatine et al (2005)™ examined the association between different Hb levels and 30-day
cardiovascular mortality in a cohort of patients from 16 RCTs; patients with STEMI and non-
ST-segment elevation acute coronary syndromes (NSTE-ACS) were analysed separately. It
should be noted that there is likely to be some data duplication between this study and the
Giraldez et al (2009)" study as data from the InTIME Il study are included in both. In STEMI
patients, five Hb categories (<10 g/dL; 10-11 g/dL, 11-12 g/dL, 12-13 g/dL and 13-14 g/dL)
were compared with a Hb level of 14-15 g/dL. All Hb categories except 13-14 g/dL showed a
significantly increased 30-day cardiovascular mortality risk compared with 14-15 g/dL Hb.
When Hb levels of <14 g/dL and 14-15 g/dL were compared, there was a significant
independent association with 30-day cardiovascular mortality. In NSTE-ACS patients, only Hb
levels of <11 g/dL and 15-16 g/dL were compared for this outcome. This analysis suggested
Hb <11 g/dL was not an independent risk factor for 30-day cardiovascular mortality in this
patient group.

Technical report on medical patient blood management — Volume 1 April 2012 24



Table 3.3

Findings of systematic review

Question 1 (ACS): Results for Level Il evidence — mortality (other anaemia criteria, Hb levels or change in Hb levels)

Study

Level of
evidence2

Quality

No. of trials / sample size
included in analysis

Patient population

Setting
Location

Risk factor

Outcome

Results

Risk factor No risk factor Risk estimate (95% Significance

niN (%) niN (%) ch p-value
Heterogeneity?

ACUTE CORONARY SYNDROME

ALL-CAUSE MORTALITY

SHORT-TERM FOLLOW-UP (UP TO 1 YEAR)

Giraldez 2009
Level Il
Good

1 cohort analysis of a RCT Adults presenting Hospital Hb <11 g/dL vs Hb Mortality (30 days) NR | NR | OR 2.51 (1.68, 3.74) A Hb level <11 g/dL is
(InTime II-TIMI17) within 6 hrs of onset | |)g 15-16 g/dL y — - — - an independent risk
Adjusted for: age, Killip class, heart rate, anterior myocardial infarction, left
N=3667 of symptoms of Mi bundle branch block, SBP, time to thrombolysis, weight, prior angina, factor Tor 30-day
and ECG changes diabetes, hypertension, sex, race, smoking, prior Ml and PCI during mortality compared
compatible with hospitalisation. with a Hb level 15-16
STEMI gldL
P<0.001
1 cohort analysis of a RCT Adults presenting Hospital Hb 11-12 g/dL vs Mortality (30 days) NR NR OR 2.25 (1.62, 3.15) A Hb level 11-12 g/dL
(InTime [I-TIMIL7) \c’;/fltglrr]ne tlgﬁsg?r,:/lsla us Hb 15-16 g/dL Adjusted for: age, Killip class, heart rate, anterior myocardial infarction, left ;32 rl ?gregg_ndd: nt risk
N=3899 ymp bundle branch block, SBP, time to thrombolysis, weight, prior angina, X y
and ECG changes diabetes, hypertension, sex, race, smoking, prior Ml and PCI during mortality compared
compatible with hospitalisation. with a Hb level 15-16
STEMI gldL
P<0.001
1 cohort analysis of a RCT Adults presenting Hospital Hb 12-13 g/dL vs Mortality (30 days) NR NR OR 1.83 (1.40, 2.39) A Hb level 12-13 g/dL
(InTime [I-TIMIL7) V\?thm 6thrs of ?R/lslet us Hb 15-16 g/dL Adjusted for: age, Killip class, heart rate, anterior myocardial infarction, left :gs atn l?deggnddent risk
N=4739 of symptoms o bundle branch block, SBP, time to thrombolysis, weight, prior angina, EIRITIElr SUEEY
and ECG chaﬁges diabetes, hypertension, sex, race, smoking, prior Ml and PCI during m_ortallty compared
compatible with hospitalisation. with a Hb level 15-16
STEMI gldL
P<0.001
1 cohort analysis of a RCT Adults presenting Hospital Hb 13-14 g/dL vs Mortality (30 days) NR NR OR 1.39 (1.09, 1.76) A Hb level 13-14 g/dL
(InTime 1I-TIMIL7) within 6 hrs of onset | )5 Hb 15-16 g/dL - ) - - _ - is an independent risk
- of symptoms of MI Adjusted for: age, Killip clasg, heart rate, anterior myocardlgl |nfarpt|on, left factor for 30-day
N=6351 bundle branch block, SBP, time to thrombolysis, weight, prior angina, .
and ECG changes diabetes, hypertension, sex, race, smoking, prior Ml and PCI during m_ortahty compared
compatible with hospitalisation. with a Hb level 15-16
STEMI gldL
P=0.008
1 cohort analysis of a RCT Adults presenting Hospital Hb 14-15 g/dL vs Mortality (30 days) NR NR OR 1.11 (0.88, 1.40) A Hb level 14-15 g/dL
(InTime 1I-TIMI17) within 6 hrs of onset | )5 Hb 15-16 g/dL is not an independent

N=7549

of symptoms of MI
and ECG changes
compatible with
STEMI

Adjusted for: age, Killip class, heart rate, anterior myocardial infarction, left
bundle branch block, SBP, time to thrombolysis, weight, prior angina,
diabetes, hypertension, sex, race, smoking, prior Ml and PCI during
hospitalisation.

risk factor for 30-day
mortality compared
with a Hb level 15-16
g/dL

P=0.40
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Study No. of trials / sample size Patient population Setting Risk factor Outcome Results
included in analysis ; - - - - P
Le}:jel of . ncladecin analysi Location Risk factor No risk factor Risk estimate (95% | Significance
evi Ftnce NN (%) niN (%) cl) P-value
Quality Heterogeneity?
Giraldez 2009 1 cohort analysis of a RCT Adults presenting Hospital Hb <11 g/dL vs Hb Mortality (30 days) NR NR OR 1.82 (1.30, 2.57) A Hb level <11 g/dL is
Level Il (EXTRACT-TIMI 25) anhm 6 thrs of ?r,:ASIet us 1516 g/dL Adjusted for: age, Killip class, heart rate, anterior myocardial infarction, left ?n tlnd(f-)pe?[lg Zm =
Good N=4449 01 Symptoms o bundle branch block, SBP, time to thrombolysis, weight, prior angina, (ol ,Or ok
and EC_G cha_nges diabetes, hypertension, sex, race, smoking, prior Ml and PCI during m_ortahty compared
compatible with hospitalisation. with a Hb level 15-16
STEMI g/dL
P<0.01
1 cohort analysis of a RCT Adults presenting Hospital Hb 11-12 g/dL vs Mortality (30 days) NR NR OR 1.39 (1.03, 1.88) A Hb level 11-12 g/dL
(EXTRACT-TIMI 25) \gflt?lrr]ne g;:g?rlcﬂslet us Hb 15-16 g/dL Adjusted for: age, Killip class, heart rate, anterior myocardial infarction, left Ifz;g rl ?gfggzjd; nt risk
N=4848 ymp bundle branch block, SBP, time to thrombolysis, weight, prior angina, X y
and ECG chaﬁges diabetes, hypertension, sex, race, smoking, prior Ml and PCI during m_ortallty compared
compatible with hospitalisation. with a Hb level 15-16
STEMI g/dL
P=0.03
1 cohort analysis of a RCT Adults presenting Hospital Hb 12-13 g/dL vs Mortality (30 days) NR NR OR 1.33 (1.04, 1.70) A Hb level 12-13 g/dL
(EXTRACT-TIMI 25) Wflthm 6 thrs of ?rll/ISIEt us Hb 15-16 g/dL Adjusted for: age, Killip class, heart rate, anterior myocardial infarction, left IfS atn I?de[s)gr:jdent risk
N=5966 of symptoms o bundle branch block, SBP, time to thrombolysis, weight, prior angina, EIRITIElr SUEEY
and ECG changes diabetes, hypertension, sex, race, smoking, prior Ml and PCI during mortality compared
compatible with hospitalisation. with a Hb level 15-16
STEMI g/dL
P=0.02
1 cohort analysis of a RCT Adults presenting Hospital Hb 13-14 g/dL vs Mortality (30 days) NR NR OR 1.22 (0.98, 1.53) A Hb level 13-14 g/dL
(EXTRACT-TIMI 25) within 6 hrs of onset | )5 Hb 15-16 g/dL - ) — - — - is not an independent
- of symptoms of MI Adjusted for: age, Killip class, heart rate, anterior myocardlgl |nfarpt|on, left risk factor for 30-day
N=7676 bundle branch block, SBP, time to thrombolysis, weight, prior angina, X
and ECG chaﬁges diabetes, hypertension, sex, race, smoking, prior Ml and PCI during m_ortallty compared
compatible with hospitalisation. with a Hb level 15-16
STEMI gldL
P=0.08
1 cohort analysis of a RCT Adults presenting Hospital Hb 14-15 g/dL vs Mortality (30 days) NR NR OR 1.05(0.84,1.31) A Hb level 14-15 g/dL
(EXTRACT-TIMI 25) within 6 hrs of onset | )5 Hb 15-16 g/dL is not an independent

N=8911

of symptoms of MI
and ECG changes
compatible with
STEMI

Adjusted for: age, Killip class, heart rate, anterior myocardial infarction, left
bundle branch block, SBP, time to thrombolysis, weight, prior angina,
diabetes, hypertension, sex, race, smoking, prior Ml and PCI during
hospitalisation.

risk factor for 30-day
mortality compared
with a Hb level 15-16
g/dL

P=0.69

LONGER-TERM FOLLOW-UP (>1 YEAR)

Aronson 2007

1 prospective cohort study

Adults presenting to

Coronary care unit

Baseline Hb <13.1

Mortality (median 24

76/361 (21.1) 24/328 (7.3) HR 1.6 (0.9, 2.6)

Baseline Hb <13.1
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Study No. of trials / sample size Patient population Setting Risk factor Outcome Results
included in analysis ; - - - - P
Level of y Location Risk factor No risk factor Risk estimate (95% | Significance
d a g
evidence
; niN (%) niN (%) ch P-value
Quality Heterogeneity?
Level Il N=689 the coronary care Israel g/dL vs baseline Hb | months) Adjusted for variables thought to have clinical importance or with P<0.1 in g/dL is notan
Fair unit with a diagnosis 215.5 g/dL the univariate model : age, gender, eGFR, previous infarction, hypertension, independent risk factor
of Ml who were alive diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on for post-discharge
at discharge from admission, coronary revascularisation, LVEF, length of hospital stay. mortality compared
hospital with Hb =15.5 g/dL
P=0.07
1 prospective cohort study Adults presentingto | Coronary care unit Baseline Hb 13.2- Mortality (median 24 | 31/345 (9.0) 24/328 (7.3) HR 1.2(0.8,2.1) Baseline Hb 13.2-14.3
N=673 the coronary care Israel 14.3 g/dL vs months) Ad - — - - g/dL is not an
PR f " - jjusted for variables thought to have clinical importance or with P<0.1 in h ’
unit with a dlagno_SIS baseline Hb 215.5 the univariate model : age, gender, eGFR, previous infarction, hypertension, Independ(_ent risk factor
of M who were alive gfdL diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on for po;t-dlscharge
at discharge from admission, coronary revascularisation, LVEF, length of hospital stay. mortality compared
hospital with Hb =15.5 g/dL
P=0.07
1 prospective cohort study Adults presentingto | Coronary care unit Baseline Hb 14.4- Mortality (median 24 | 26/356 (7.3) 24/328 (7.3) HR1.2(0.7,2.1) Baseline Hb 14.4-15.4
N=684 the coronary care Israel 15.4 g/dL vs months) Ad - - - - g/dL is not an
L f " - jjusted for variables thought to have clinical importance or with P<0.1 in h ’
unit with a dlagno_SIS baseline Hb 215.5 the univariate model : age, gender, eGFR, previous infarction, hypertension, Independ(_ent risk factor
of Ml who were alive gldL diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on for post-discharge
at discharge from admission, coronary revascularisation, LVEF, length of hospital stay. mortality compared
hospital with Hb 215.5 g/dL
P=0.07
Aronson 2007 1 prospective cohort study Adults presentingto | Coronary care unit Decrease in Hb Mortality (median 24 | 58/341 (17.0) 27/337 (8.0) HR 1.7 (1.1,2.8) A decrease in Hb
Level Il N=678 the coronary care Israel during months) Ad - — - - during hospitalisation
L f " hORTag jjusted for variables thought to have clinical importance or with P<0.1in :
Fair unit with a diagnosis hospitalisation 22.3 the univariate model : age, gender, eGFR, previous infarction, hypertension, of22.3 g/dL ISan

of Ml who were alive
at discharge from
hospital

g/dL vs decrease in
Hb during
hospitalisation <0.5
g/dL

diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on
admission, coronary revascularisation, LVEF, length of hospital stay.

independent risk factor
for increased post-
discharge mortality
compared with a
decrease of <0.5 g/dL

P=0.03

1 prospective cohort study
N=687

Adults presenting to
the coronary care
unit with a diagnosis
of Ml who were alive
at discharge from
hospital

Coronary care unit
Israel

Decrease in Hb
during
hospitalisation 1.4-
2.2 gldL vs
decrease in Hb
during
hospitalisation <0.5
g/dL

Mortality (median 24

months)

30/350 (11.1) 27/337 (8.0) HR 1.3 (0.8, 2.2)

Adjusted for variables thought to have clinical importance or with P<0.1in
the univariate model : age, gender, eGFR, previous infarction, hypertension,
diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on
admission, coronary revascularisation, LVEF, length of hospital stay.

A decrease in Hb
during hospitalisation
of 1.4-2.2 g/dL is not
an independent risk
factor for post-
discharge mortality
compared with a
decrease of <0.5 g/dL

P=0.25
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Study No. of trials / sample size Patient population Setting Risk factor Outcome Results
included in analysis i - : . : —
Le}:jel of . 4 Location Risk factor No risk factor Risk estimate (95% | Significance
evidence
: niN (%) niN (%) ch P-value
Quality )
Heterogeneity®
1 prospective cohort study Adults presentingto | Coronary care unit Decrease in Hb Mortality (median 24 | 33/362 (9.1) 27/337 (8.0) HR1.3(0.7,2.1) A decrease in Hb
N=699 the coronary care Israel during months) A - — - - during hospitalisation
o f " DT ljusted for variables thought to have clinical importance or with P<0.1in .
unit with a dlagno_5|s hospitalisation 0.6- the univariate model : age, gender, eGFR, previous infarction, hypertension, of Q'6'1'3 g/dL 's.n—Ot
of Ml who were alive 13 gidLvs diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on an independent risk
at discharge from decrease in Hb admission, coronary revascularisation, LVEF, length of hospital stay. factor for post-
hospital during discharge mortality
hospitalisation <0.5 compared with a
g/dL decrease of <0.5 g/dL
P=0.25
Aronson 2007 1 prospective cohort study Adults presentingto | Coronary care unit Nadir Hb £11.3 Mortality (median 24 | 88/350 (25.1) 12/341 (3.5) HR3.3(1.7,6.3) Nadir Hb <11.3 g/dL is
Level Il N=691 the coronary care Israel g/dL vs nadir Hb months) Ad - — - - an independent risk
L f ’ jjusted for variables thought to have clinical importance or with P<0.1in f
Fair unit with a dlagno_SIS 214.0 g/dL the univariate model : age, gender, eGFR, previous infarction, hypertension, factor for increased
of Ml who were alive diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on post-discharge
at discharge from admission, coronary revascularisation, LVEF, length of hospital stay. mortality compared
hospital with nadir Hb 214.0
g/dL
P<0.001
1 prospective cohort study Adults presenting to | Coronary care unit Nadir Hb 11.4-12.8 | Mortality (median 24 | 40/357 (11.2) 12/341 (3.5) HR21(1.1,4.1) Nadir Hb 11.4-12.8
N=698 the coronary care Israel g/dL vs nadir Hb months) A - —— - - g/dL is an independent
o f " ljusted for variables thought to have clinical importance or with P<0.1in f
unit with a dlagno§|s 214.0 gfdL the univariate model : age, gender, eGFR, previous infarction, hypertension, _"Sk factor for
of M who were alive diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on increased post-
at discharge from admission, coronary revascularisation, LVEF, length of hospital stay. discharge mortality
hospital compared with nadir
Hb >14.0 g/dL
P=0.03
1 prospective cohort study Adults presentingto | Coronary care unit Nadir Hb 12.9-13.9 | Mortality (median 24 | 17/342 (5.0) 12/341 (3.5) HR 1.1(0.5,2.3) Nadir Hb 12.9-13.9
N=683 the coronary care Israel g/dL vs nadir Hb months) i - — - - g/dL is notan
PR f " jjusted for variables thought to have clinical importance or with P<0.1 in h ’
unit with a dlagno;ls 214.0 gldL the univariate model : age, gender, eGFR, previous infarction, hypertension, Indgpendent risk factor
of M who were alive diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on fo increased post-
at discharge from admission, coronary revascularisation, LVEF, length of hospital stay. discharge mortality
hospital compared with nadir
Hb 214.0 g/dL
P=0.83
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Study No. of trials / sample size Patient population Setting Risk factor Outcome Results
included in analysis ; - - - - P
Le}:jel of . 4 Location Risk factor No risk factor Risk estimate (95% | Significance
evidence
: niN (%) niN (%) ch P-value
Quality )
Heterogeneity?
Aronson 2007 1 prospective cohort study Adults presentingto | Coronary care unit Discharge Hb Mortality (median 24 | 82/344 (23.8) 15/341 (4.4) HR 2.6 (1.5,4.7) Discharge Hb <11.9
Level Il N=685 the coronary care Israel <11.9 g/dL vs months) A - — - - g/dL is an independent
o f ' . ljusted for variables thought to have clinical importance or with P<0.1in :
Fair unit with a dlagno_3|s discharge Hb 214.6 the univariate model : age, gender, eGFR, previous infarction, hypertension, .”Sk factor for
of Ml who were alive g/dL diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on increased post-
at discharge from admission, coronary revascularisation, LVEF, length of hospital stay. discharge mortality
hospital compared with
discharge Hb 214.6
g/dL
P=0.001
1 prospective cohort study Adults presentingto | Coronary care unit Discharge Hb 12.0- | Mortality (median 24 | 39/350 (11.1) 15/341 (4.4) HR2.0(1.1,3.7) Discharge Hb 12.0-
N=691 the coronary care Israel 13.3 g/dL vs months) Ad - — - - 13.3 g/dL may be an
L f " ) jjusted for variables thought to have clinical importance or with P<0.1in . f
unit with a dlagno_SIS discharge Hb 214.6 the univariate model : age, gender, eGFR, previous infarction, hypertension, Indgpendent risk factor
of M who were alive gldL diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on forincreased post-
at discharge from admission, coronary revascularisation, LVEF, length of hospital stay. discharge mortality
hospital compared with
discharge Hb 214.6
g/dL
P=0.03
1 prospective cohort study Adults presenting to | Coronary care unit Discharge Hb 13.3- | Mortality (median 24 | 21/355 (5.9) 15/341 (4.4) HR 1.4 (0.7,2.7) Discharge Hb 13.3-
N=696 th‘e.tco.;ﬁnagl. care Israel 34.5hg/dL \ﬁb 5146 months) Adjusted for variables thought to have clinical importance or with P<0.1 in L ‘L'S gld('; 'S tn—gtkafn "
unit with a diagnosis IScharge Rb =14. the univariate model : age, gender, eGFR, previous infarction, hypertension, Inaepenaent risk factor
of M who were alive gfdL diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on fo increased post-
at discharge from admission, coronary revascularisation, LVEF, length of hospital stay. discharge mortality
hospital compared with
discharge Hb 214.6
gldL
P=0.32
Keough-Ryan 1 cohort analysis of a Adults admitted to Hospital Mild anaemia (Hb Mortality (mean 5.6 NR NR HR 0.968 (0.924, Mild anaemia is not an
2005 progpective population-based h_ospital with a Canada 10.5-12.0 g/dL) 'S years) 1.015) independ(_ent risk factor
Level Il registry (ojlfsgsatlgi ;fr?goss ziza Bae/gng (Hb Adjusted for: age, sex, diabetes, hypertension, smoking, previous CABG, for mortality
Poor N=NRe wn d:lome who y Vg cardiac catheterization, CABG, thrombolysis, medications on discharge. P=NR
sﬂrvived to Note: a large number of potential confounders not considered (including BMI,
disch history of M, peripheral vascular disease, cerebrovascular accident, TIA,
Ischarge CHF, family history of ischaemic heart disease) due to missing data.
1 cohort analysis of a Adults admitted to Hospital Moderate anaemia Mortality (mean 5.6 NR NR HR 1.050 (0.965, Moderate anaemia
prospective population-based hospital with a Canada (Hb 9.0-10.5 g/dL) years) 1.114) is not an independent
registry discharge diagnosis vs no anaemia (Hb Adjusted for: age, sex, diabetes, hypertension, smoking, previous CABG, risk factor for mortality
N=NR¢ of acute coronary >12.0 g/dL) P=NR

syndrome who
survived to
discharge

cardiac catheterization, CABG, thrombolysis, medications on discharge.

Note: a large number of potential confounders not considered (including BMI,
history of M, peripheral vascular disease, cerebrovascular accident, TIA,
CHF, family history of ischaemic heart disease) due to missing data.
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Study No. of trials / sample size Patient population Setting Risk factor Outcome Results
included in analysis i - : . : —
Le}:jel of . 4 Location Risk factor No risk factor Risk estimate (95% | Significance
evidence
: niN (%) niN (%) ch P-value
Quality .
Heterogeneity?
1 cohort analysis of a Adults admitted to Hospital Severe anaemia Mortality (mean 5.6 NR NR HR 1.376 (1.179, Severe anaemia is an
progpective population-hased g_osﬂtal wiah a Canada (Hb <9:0 glfltti)lelsznoo years) 1.606) ifndependl(_ent risk factor
registry 0|fs€:'1:C atlgiorlc?r?goss a;]dall_e)mla ( ' Adjusted for: age, sex, diabetes, hypertension, smoking, previous CABG, or mortality
N=NRe wn d:lome who y 9 cardiac catheterization, CABG, thrombolysis, medications on discharge. P=NR
sﬂrvived to Note: a large number of potential confounders not considered (including BMI,
disch history of M, peripheral vascular disease, cerebrovascular accident, TIA,
Ischarge CHF, family history of ischaemic heart disease) due to missing data.
Valeur 2006 1 cohort analysis of a double- Adults with left Hospital Mild anaemia (11.0- | Mortality (up to 12 NR | NR | HR 0.96 (0.82, 1.13) Mild anaemia is not an
blind RCT (TRACE ventricular systolic <12.0¢g/dLin ears - - — I independent predictor
Level Il - ( ) dysfunction %-6 days Denmark womer?; 12.0<13.0 years) Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, of mgrtality P
Good N=1558 ) ; smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model
following enzyme- g/dL in men) vs no only), treatment with fibrinolysis and ACEIs. P=0.65
verified AMI anaemia
1 cohort analysis of a double- Adults with left Hospital Moderate anaemia | Mortality (up to 12 NR | NR | HR 1.08 (0.86, 1.36) Moderate anaemia
blind RCT (TRACE) \éenlfnculfar sgséotl;c Denmark (10'0-<-11f09/3:|[_2"2) years) Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, IS nFo.t ?n lnfd Epetn Cll.fm
N=1408 ysfunction -6 days women, 1L.U-<Lz. smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model predictor of mortality
following enzyme- g/dL in men) vs no only), treatment with fibrinolysis and ACEIs. P=0.50
verified AMI anaemia
1 cohort analysis of a double- Adults with left Hospital Severe anaemia Mortality (up to12 NR | NR | HR 1.59 (1.20, 2.11) Severe anaemia is an
blind RCT (TRACE) \éegﬂrfglgnsfg;; S Denmark \(/\Tolr?{eongidi_llr(]) L years) Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, :;‘drﬁgigﬂem BrElEE
N=1353 ySIur Y X <1109 smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model ty
following enzyme- in men) vs no only), treatment with fibrinolysis and ACEIs. P=0.001
verified AMI anaemia
1 cohort analysis of a double- Adults with left Hospital Lowest decile Mortality (up to12 NR | NR | HR 1.24 (1.04, 1.48) Lowest decile anaemia
blind RCT (TRACE) ventricular systolic Denmark anaemia (<11.0 years) - - — PR is an independent
: ) . Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, " .
N=NR dysfur_u:tlon 2:6 days g/dL in women; smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model predictor of mortality
following enzyme- <120g/dLin only), treatment with fibrinolysis and ACEIs. P=0.017
verified AMI men)jvs no anaemia
Valeur 2006 1 cohort analysis of a double- Adults with left Hospital Mild anaemia (11.0- | Mortality (up tol2 NR | NR | HR 1.05 (0.88, 1.25) Mild anaemia is not an
Level Il blind RCT (TRACE) \(/jenftrlgulfirnsgséo(ljlc Denmark <120 g/(]j.; Ig <13.0 years) Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, Infdep(-}tntli_ent predictor
Good N=1069 ysiu . ction -6 days womgn, N smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model of mortality
following enzyme- g/dL in men) vs no only), treatment with fibrinolysis and ACEIs. P=0.60
verified AMI/with anaemia
heart failure
1 cohort analysis of a double- Adults with left Hospital Moderate anaemia | Mortality (up to12 NR NR HR 1.20 (0.93, 1.56) Moderate anaemia
blind RCT (TRACE) ventricular systolic Denmark (10.0-<11.0g/dLin | years) y - — — is not an independent
. K Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, — .
N=960 dysfunchon 26 days women, 11.0-<12.0 smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model predictor of mortality
following enzyme- g/dL in men) vs no only), treatment with fibrinolysis and ACEIs. P=0.17
verified AMI/with anaemia
heart failure
1 cohort analysis of a double- Adults with left Hospital Severe anaemia Mortality (up to12 NR NR HR 1.65 (1.21, 2.25) Severe anaemia is an
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Le}:jel of . y Location Risk factor No risk factor Risk estimate (95% | Significance
evidence
: niN (%) niN (%) ch P-value
Quality .
Heterogeneity?
blind RCT (TRACE) ventricular systolic Denmark (<10.0 g/dL in years) Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, | independent predictor
N=928 dysfunction 2-6 days women; <11.0 g/dL smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model of anaemia
following enzyme- in men) vs no only), treatment with fibrinolysis and ACEls. P=0.002
verified AMI_fwith anaemia '
heart failure
1 cohort analysis of a double- Adults with left Hospital Lowest decile Mortality (up to12 NR NR HR 1.32 (1.08, 1.61) Lowest decile anaemia
blind RCT (TRACE) ventricular systolic Denmark anaemia (<11.0 years) - - — PR is an independent
) ) . Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, - .
N=NR dysfur_1ct|on 2-6 days g/dLin Wome”' smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model predictor of mortality
following enzyme- <120g/dLin only), treatment with fibrinolysis and ACEIs. P=0.007
verified AMI/with men)vs no anaemia
heart failure
Valeur 2006 1 cohort analysis of a double- Adults with left Hospital Mild anaemia (11.0- | Mortality (up to12 NR NR Incorrecte Mild anaemia is not an
Level Il blind RCT (TRACE) venftrlculgr systolic Denmark <12.0 g./dL n years) Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, dependem risk factor
Good N=489 dysfunction 2-6 days women; 12.0-<13.0 smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model for mortality
following enzyme- g/dL in men) vs no only), treatment with fibrinolysis and ACEIs. P=05
verified AMI/without anaemia
heart failure
1 cohort analysis of a double- Adults with left Hospital Moderate anaemia Mortality (up to12 NR NR HR 0.80 (0.49, 1.29) Moderate anaemia is
blind RCT (TRACE) ventricular systolic Denmark (10.0-<11.0g/dLin | years) - - — AP not an independent
: . Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, : .
N=448 dysfur_u:tlon 26 days women, 11.0-<12.0 smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model risk factor for mortality
following enzyme- g/dL in men) vs no only), treatment with fibrinolysis and ACEIs. P=0.36
verified AMI/without anaemia
heart failure
1 cohort analysis of a double- Adults with left Hospital Severe anaemia Mortality (up to12 NR NR HR 1.18 (0.58, 2.41) Severe anaemia is not
blind RCT (TRACE) ventricular systolic Denmark (<10.0 g/dL in years) y - — — an independent risk
. N Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, .
N=425 dySfur,‘Ctlon 2-6 days Women' <11.0g/dL smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model factor for mortality
following enzyme- in men) vs no only), treatment with fibrinolysis and ACEIs. P=0.64
verified AMI_/without anaemia
heart failure
cohort analysis of a double- ults with le ospita owest decile ortality (up to. . .66, 1. owest decile anaemia
1 cohort anal f a doubl Adults with left Hospital L t decil Mortality (up to12 NR NR HR 0.99 (0.66, 1.49) L t decil
blind RCT (TRACE) ventricular systolic Denmark anaemia (<11.0 years) - - — PR is not an independent
) ) . Adjusted for: age, gender, history of hypertension, diabetes, atrial fibrillation, - !
N=NR dysfunctlon 2-6 days gldL in women, smoking, BMI, Wall Motion Index, creatinine, heart failure (all patients model risk factor for mortality
following enzyme- <120gdLin only), treatment with fibrinolysis and ACEIs. P=0.96
verified AMI/without men)jvs no anaemia
heart failure
SHORT-TERM FOLLOW-UP (UP TO 1 YEAR)
Archbold 2006 | 1 prospective cohort study ‘ Adults with a ‘ Coronary care unit | Hb 12.5-13.6 g/dL | Cardiac mortality (in ‘ NR | NR | OR 156 (0.76, 3.22) | Hb <12.5 g/dL is not
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Study No. of trials / sample size Patient population Setting Risk factor Outcome Results
included in analysis i - : . : —
Le}:jel of . 4 Location Risk factor No risk factor Risk estimate (95% | Significance
evidence
: niN (%) niN (%) ch P-value
Quality .
Heterogeneity®
Level Il N=1140 diagnosis of ACS UK vs Hb <12.5 g/dL hospital) Adjusted for variable with P<0.1 in univariate analysis; age, sex, race, an independent risk
Fair diabetes, hypertension, smoking, previous angina, previous ACS, renal factor for in-hospital
function, background aspirin, ACEI, diuretic, statin therapy, heart rate, SBP, cardiac death
reperfusion therapy and ACS presentation. compared with Hb
12.5-13.6 g/dL
P=NR
1 prospective cohort study Adults with a Coronary care unit Hb 13.7-14.7 gldL Cardiac mortality (in | NR NR OR 1.00 (0.42, 2.36) Hb <12.5 g/dL is not
N=1152 diagnosis of ACS UK Vs Hb <12.5 gldl hospital) Adjusted for variable with P<0.1 in univariate analysis: age, sex, race, zinctlg?fe(?reiz(.j: : ; r:le;l
diabetes, hypertension, smoking, previous angina, previous ACS, renal A p
function, background aspirin, ACE, diuretic, statin therapy, heart rate, SBP, cardiac death
reperfusion therapy and ACS presentation. compared with Hb
13.7-14.7 gldL
P=NR
1 prospective cohort study Adults with a Coronary care unit Hb >14.7 g/dL vs Cardiac mortality (in | NR NR OR 1.73(0.76, 3.97) Hb <12.5 g/dL is not
N=1134 diagnosis of ACS UK Hb <12.5 g/dL hospital) Adjusted for variable with P<0.1 in univariate analysis: age, sex, race, zinctlg?fe(?reiz(.j: : ; r:le;l
diabetes, hypertension, smoking, previous angina, previous ACS, renal : p
function, background aspirin, ACEI, diuretic, statin therapy, heart rate, SBP, cardiac death
reperfusion therapy and ACS presentation. compared with Hb
>14.7 gldL
P=NR
Sabatine 2005 1 cohort analysis of 16 RCTsd Adults with STEMI Hospital Hb 13-14 g/dL vs Cardiovascular NR NR OR 1.17 (0.93, 1.47) A Hb level of 13-14
Level Il N=12,003 Various Hb 14-15 g/dL mortality (30 days) Candidate variables for which there was data in 80% of subjects and that _g/gL S nFot atnl K fact
Fair either demonstrated association with baseline Hb levels (at a significance Independent risk factor
threshold of P0.25) or were of known clinical importance were included in the for 39'day
final model: age, gender, race, hypertension, diabetes, smoking history, cardiovascular
creatinine clearance, prior MI, prior congestive heart failure, prior mortality compared
percutaneous coronary intervention, prior CABG, cerebrovascular disease, with a Hb level of 14-
peripheral arterial disease, prior aspirin, B-blocker, ACEI, angiotensin 15 g/dL
receptor blocker, or hypolipidemic use, index hospitalisation aspirin, index
revascularisation (NSTE-ACS) + anterior location of index MI (STEMI only P=0.175
addition)
1 cohort analysis of 16 RCTsd Adults with STEMI Hospital Hb 12-13 g/dL vs Cardiovascular NR NR OR 1.40 (1.09, 1.80) A Hb level of 12-13
N=9428 Various Hb 14-15 g/dL mortality (30 days) g/dL is an independent

Candidate variables for which there was data in 80% of subjects and that
either demonstrated association with baseline Hb levels (at a significance
threshold of P0.25) or were of known clinical importance were included in the
final model: age, gender, race, hypertension, diabetes, smoking history,
creatinine clearance, prior MI, prior congestive heart failure, prior
percutaneous coronary intervention, prior CABG, cerebrovascular disease,
peripheral arterial disease, prior aspirin, B-blocker, ACEI, angiotensin
receptor blocker, or hypolipidemic use, index hospitalisation aspirin, index
revascularisation (NSTE-ACS) + anterior location of index MI (STEMI only
addition)

risk factor for 30-day
cardiovascular
mortality compared
with a Hb level of 14-
15 g/dL

P=0.009
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Study No. of trials / sample size Patient population Setting Risk factor Outcome Results
Le}:jel of . included in analysis Location Risk factor No risk factor Risk estimate (95% | Significance
evidence NN (%) niN (%) cl) P-value
Quality .
Heterogeneity®
1 cohort analysis of 16 RCTsd Adults with STEMI Hospital Hb 11-12 g/dL vs Cardiovascular NR NR OR 1.63 (1.19, 2.24) A Hb level of 11-12
N=7888 Various Hb 14-15 g/dL mortality (30 days) Candidate variables for which there was data in 80% of subjects and that g_/dL 00 [TEE Bl
either demonstrated association with baseline Hb levels (at a significance risk f.acmr for 30-day
threshold of P0.25) or were of known clinical importance were included in the | Cardiovascular
final model: age, gender, race, hypertension, diabetes, smoking history, mortality compared
creatinine clearance, prior M, prior congestive heart failure, prior with a Hb level of 14-
percutaneous coronary intervention, prior CABG, cerebrovascular disease, 15 g/dL
peripheral arterial disease, prior aspirin, -blocker, ACEI, angiotensin _
receptor blocker, or hypolipidemic use, index hospitalisation aspirin, index P=0.003
revascularisation (NSTE-ACS) + anterior location of index MI (STEMI only
addition)
1 cohort analysis of 16 RCTsd Adults with STEMI Hospital Hb 10-11 g/dL vs Cardiovascular NR NR OR 1.98 (1.24,3.15) A Hb level of 10-11
N=7214 Various Hb 14-15 g/dL mortality (30 days) Candidate variables for which there was data in 80% of subjects and that g_/dL 00 [TEE Bl
either demonstrated association with baseline Hb levels (at a significance risk f.acmr for 30-day
threshold of P0.25) or were of known clinical importance were included in the | cardiovascular
final model: age, gender, race, hypertension, diabetes, smoking history, mortality compared
creatinine clearance, prior M, prior congestive heart failure, prior with a Hb level of 14-
percutaneous coronary intervention, prior CABG, cerebrovascular disease, 15 g/dL
peripheral arterial disease, prior aspirin, B-blocker, ACEI, angiotensin _
receptor blocker, or hypolipidemic use, index hospitalisation aspirin, index P=0.004
revascularisation (NSTE-ACS) + anterior location of index MI (STEMI only
addition)
1 cohort analysis of 16 RCTsd Adults with STEMI Hospital Hb <10 g/dL vs Hb Cardiovascular NR NR OR 2.50 (1.42, 4.39) A Hb level of <10 g/dL
N=7117 Various 1415 g/dL mortality (30 days) Candidate variables for which there was data in 80% of subjects and that Ifs an Irfldeggr:jdent [2¢
either demonstrated association with baseline Hb levels (at a significance actqr Br &bty
threshold of P0.25) or were of known clinical importance were included in the | cardiovascular
final model: age, gender, race, hypertension, diabetes, smoking history, mortality compared
creatinine clearance, prior M, prior congestive heart failure, prior with a Hb level of 14-
percutaneous coronary intervention, prior CABG, cerebrovascular disease, 15 g/dL
peripheral arterial disease, prior aspirin, 3-blocker, ACEI, angiotensin _
receptor blocker, or hypolipidemic use, index hospitalisation aspirin, index P=0.001
revascularisation (NSTE-ACS) + anterior location of index MI (STEMI only
addition)
1 cohort analysis of 16 RCTsd Adults with STEMI Hospital Hb <14 g/dL vs Hb Cardiovascular NR NR OR1.35(1.11, 1.64) A Hb level <14 g/dL is
N=15,946 Various 14-15g/dL mortality (30 days) Candidate variables for which there was data in 80% of subjects and that A 2222 3
either demonstrated association with baseline Hb levels (at a significance factqr for 30-day
threshold of P0.25) or were of known clinical importance were included in the | cardiovascular
final model: age, gender, race, hypertension, diabetes, smoking history, mortality compared
creatinine clearance, prior MI, prior congestive heart failure, prior with a Hb level of 14-
percutaneous coronary intervention, prior CABG, cerebrovascular disease, 15 g/dL
peripheral arterial disease, prior aspirin, -blocker, ACEI, angiotensin _
receptor blocker, or hypolipidemic use, index hospitalisation aspirin, index P=0.003
revascularisation (NSTE-ACS) + anterior location of index MI (STEMI only
addition)
Sabatine 2005 1 cohort analysis of 16 RCTsd Adults with NSTE- Hospital Hb <11 g/dL vs Hb Cardiovascular NR NR OR 1.35(0.74, 2.45) A Hb level of <11 g/dL
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Study No. of trials / sample size Patient population Setting Risk factor Outcome Results
Le}:jel of . included in analysis Location Risk factor No risk factor Risk estimate (95% | Significance
evidence NN (%) AN (%) cl) P-value
Quality .
Heterogeneity®
Level Il N=2915 ACS Various 15-16 g/dL mortality (30 days) Candidate variables for which there was data in 80% of subjects and that is not an independent
Fair either demonstrated association with baseline Hb levels (at a significance risk factor for 30-day
threshold of P0.25) or were of known clinical importance were included in the CV mortality compared
final model: age, gender, race, hypertension, diabetes, smoking history, with a Hb level of 15-
creatinine clearance, prior MI, prior congestive heart failure, prior 16 gldL
percutaneous coronary intervention, prior CABG, cerebrovascular disease,
peripheral arterial disease, prior aspirin, -blocker, ACEI, angiotensin P=NR
receptor blocker, or hypolipidemic use, index hospitalisation aspirin, index
revascularisation (NSTE-ACS) + anterior location of index MI (STEMI only
addition)

ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; AMI, acute myocardial infarction; BMI, body mass index; CABG, coronary artery bypass graft; CHF, congestive heart failure; Cl, confidence
interval; CV, cardiovascular; dL, decilitre; ECG, electrocardiograph; eGFR, estimated glomerular filtration rate; g, grams; Hb, haemoglobin; HR, hazard ratio; LVEF, left ventricular ejection fraction; MI, myocardial infarction;
NR, not reported; NSTE-ACS, non-ST-segment elevation acute coronary syndromes; OR, odds ratio; PCl, percutaneous coronary intervention; RCT, randomised controlled trial; RI, recurrent ischemia; SBP, systolic blood
pressure; SD, standard deviation; STEMI, ST-segment elevation myocardial infarction; TIA, transient ischemic attack; UK, United Kingdom; US, United States of America; WHO, World Health Organisation.
Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.
b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢ Total included population N=5549.
dTIMINIB, 4, 9A, 9B, 10A, 10B, 11A, 11B, 12, 14, 16 (OPUS), 17 (InTIME 1), 18 (TACTICS), 20 (INTEGRI), 23 (ENTIRE) and 24 (FASTER). Analysis of data from this trial was also carried out by Giraldez 2009.

e Shown in Table 4 of publication as 0.70 (0.99, 1.00). P value = 0.5.
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Seven studies assessed the association between Hb as a continuous variable and mortality,
as shown in Table 3.4.301113181819 Bageand et al (2010)* examined the association between
increased Hb and mortality in >28,000 patients with NSTE-ACS or STEMI. The results of their
analysis showed that a 1 g/dL increase in Hb resulted in a 6% reduced risk of 30-day
mortality.

Giraldez et al (2009)" showed that a decrease in Hb significantly increased the risk of
mortality in two large trial cohorts including patients with STEMI. In the analyses of the
INTIME-TIMI17 (>14,000 patients) and EXTRACT-TIMI 25 (>18,000 patients) trials, a 1 g/dL
decrease in Hb was associated with a significantly increased risk of 30-day mortality (P<0.001
for both).

The study by Mahaffey et al (2008)*® examined the association between increased Hb and
mortality in >9000 patients who took part in the SYNERGY trial. A 1 g/dL increase in Hb
(truncated at 15 g/dL) was not associated with 30-day or 1-year mortality when all patients
were included in the analysis. However, when the analysis was limited to patients surviving
through 30 days, 1 g/dL increase in Hb (truncated at 15 g/dL) resulted in a 19.5% reduction in
risk of 1-year mortality.

The study by Burr et al (1992)" assessed the association between change in Hb and 18-
month mortality in 1755 non-diabetic men recovering from myocardial infarction. The results
of the analysis showed that a 1 standard deviation (SD) change in Hb resulted in a significant
decrease in mortality (P<0.001).

The study by Aronson et al (2007)" assessed baseline, nadir and discharge Hb levels as
continuous variables to determine their association with mortality. A 1 g/dL decrease in nadir
Hb and discharge Hb results in a 36% and 27% increased risk of mortality, respectively. A 1
g/dL decrease in baseline Hb was not significantly associated with an increased risk of
mortality (P=0.06); however, as discussed previously, the exclusion of subjects who died
during hospitalisation may have reduced the power of this analysis. A 1 SD reduction in Hb
during hospitalisation was also significantly associated with an increased risk of mortality
(21%).

Anker at al (2009)® showed that an increase in Hb of 1 SD resulted in a significantly decreased
risk of all-cause mortality (12% reduction) and death due to progressive heart failure (20%
reduction). There was no significantly decreased risk of sudden cardiac death associated with
a 1 SD increase in Hb. Further analysis in patients still alive after 12 months showed that a
12-month change in Hb of 1 SD was associated with a 27% decreased risk of all-cause
mortality. When broken down into 12-month increases and decreases in Hb, a 12-month 1
SD increase in Hb was associated with a 33% reduction in the risk of all-cause mortality, while
a 12-month 1 SD decrease Hb was associated with a 27% increase in the risk of all-cause
mortality.

Sabatine et al (2005)" assessed the association between a 1 g/dL decrease in Hb below 14
g/dL in patients with STEMI. The results of the analysis showed that a decrease in Hb was
significantly associated with an increase in 30-day cardiovascular mortality (P<0.001).
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Table 3.4  Question 1 (ACS): Results for Level Il evidence — mortality (Hb as a continuous variable)
Study No. of trials / Patient population Setting Risk factor Outcome Results
sample size ; - - - - A
Level of incl Pd di Location Risk factor No risk factor Risk estimate (95% Significance
evidence? Incluced in cl
ouali analysis niN (%) niN (%) ) p-value
uality .
Heterogeneityb
ACUTE CORONARY SYNDROME
SHORT-TERM FOLLOW-UP (UP TO 1 YEAR)
Bassand 2010 1 cohort analysis | Adults presenting to Hospital Hb increase ( g/dL) Mortality (30 days) NA | NA ‘ OR 0.94 (0.90, 0.98) A1 g/dL increase in Hb results in
; ; _ 7 . .
Level Il OCf)XVSOI; gTS 46 hO:’]pI:a:'nWIthf NSTE Various® Adjusted for: Baseline demographics, prior medical history, cardiovascular risk e
Fair ( and 6) Symptoms o 3 factors, randomised treatment allocation, co-interventions. P=NR
Giraldez 2009 1 cohort analysis | Adults presenting Hospital Hb decrease in Mortality (30 days) NA | NA ‘ OR1.22 (1.15,1.29) A1 g/dL decrease in Hb in
Level Il of a RCT (InTime | within 6 hrs of onset us patients with i ) — - A patients with baseline Hb <15
’ jjusted for: age, Killip class, heart rate, anterior myocardial infarction, left . .
Good II-TIMIL7 of symptoms of MI baseline Hb <15 bundle branch block, SBP, time to thrombolysis, weight, prior angina, diabetes, g/dL resuftsin a 22% increased
N=14,373 and ECG changes g/dL (1 g/dL) hypertension, sex, race, smoking, prior MI and PCI during hospitalisation. risk of 30-day mortality by
compatible with P<0.001
STEMI
1 cohort analysis | Adults presenting Hospital Hb decrease in Mortality (30 days) NA NA OR 1.10 (1.04, 1.16) A 1 g/dL decrease in Hb in
ofa within 6 frs of onset us patients with Adjusted for: age, Killip class, heart rate, anterior myocardial infarction, left PEEETIS L SESEIE S0 <L
RCT (EXTRACT- of symptoms of MI baseline Hb <15 bundle branch bléck, SBP, tirﬁe to throrr;bolysis, weight, prior angina, diabetes, g_/dL results in a 10% increased
TIMI 25 and ECG changes g/dL (1 g/dL) hypertension, sex, race, smoking, prior Ml and PCI during hospitalisation. risk of 30-day mortality
N=18,400 compatlble with P<0.001
STEMI
Mahaffey 2008 1 cohort analysis | High risk patients Hospital Hb increase Mortality (30 days) NA NA NR A1 g/dL increase in Hb (up to 15
Level Il O;?l\TECFIGY with ACS Australia, Belgium, t&un;:;lfed at15 gldl Potential variables measured included: age, sex, weight, height, race, time from g/dL) 1S nd—m. a;so%gtsd with e,:nl.t
Good ( ) Canada, New (L grdL) symptoms to randomisation, region of the world, smoking status, creatinine increased riskin 39-oay mortality
N=9978 Zealand, US clearance, Killip class, systolic and diastolic blood pressures, ST-segment P=NR
elevation and depression, T-wave inversion, diabetes, hypertension,
concomitant medications, prior coronary artery disease, recent angina, prior
congestive heart failure, prior PCI, prior CABG, criteria for enrolment, heart
rate, rales, Hb, haematocrit and platelet count.
Mahaffey 2008 1 cohort analysis | High risk patients Hospital Hb increase Mortality (1 year) NA NA NR A1 g/dL increase in Hb (up to 15
Level Il 0;$I\TECR-’I-GY with ACS Australia, Belgium, t&un/c(;ilfed atis g/ Potential variables measured included: age, sex, weight, height, race, time from %grl_e)z;z er:j_oﬁisalf?r?cllfitzgrmr”rrgr?;it
Good ( ) Canada, New (1 gfdL) symptoms to randomisation, region of the world, smoking status, creatinine ¥ y
N=9978 Zealand, US clearance, Killip class, systolic and diastolic blood pressures, ST-segment P=NR
elevation and depression, T-wave inversion, diabetes, hypertension,
concomitant medications, prior coronary artery disease, recent angina, prior
congestive heart failure, prior PCI, prior CABG, criteria for enrolment, heart
rate, rales, Hb, haematocrit and platelet count.
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Study No. of trials / Patient population Setting Risk factor Outcome Results
sample size ; - - - - P
Le}:jel of . inclupded in Location Risk factor No risk factor Risk estimate (95% Significance
evidence
Quali analysis niN (%) niN (%) ch P-value
y Heterogeneity?
1 cohort analysis | High risk patients Hospital Hb increase Mortality (1 year) NA NA HR 0.805 (0.748, A1 g/dL increase in Hb (up to 15
ofaRCT with ACS who Australia, Belgium truncated at 15 g/dL 0.868) g/dL) is related to a 19%
(SYNERGY) WM Canada, New (1 g/dL) Potential variables measured included: age, sex, weight, height, race, time from decreased risk of 1-year mortality
N=9664 gdays Zealand, US symptoms to randomisation, region of the world, smoking status, creatinine P=NR
clearance, Killip class, systolic and diastolic blood pressures, ST-segment
elevation and depression, T-wave inversion, diabetes, hypertension,
concomitant medications, prior coronary artery disease, recent angina, prior
congestive heart failure, prior PCI, prior CABG, criteria for enrolment, heart
rate, rales, Hb, haematocrit and platelet count.
LONGER-TERM FOLLOW-UP (>1 YEAR)
Burr 1992 1 cohort analysis | Men without diabetes | Community Hb change (1 SD) Mortality (18 months) | NA | NA ‘ SOR 0.72 A1 SD change in Hb is an
Level Il of a RCT (DART) | recovering from MI UK - ) ; - independent risk factor for
N=1755 Adjusted for: age, smoking, energy, diet group. decreased mortality
Poor
P<0.001
Aronson 2007 1 prospective Adults presenting to Coronary care unit Decrease in Mortality (median 24 | NA | NA ‘ HR 1.10 (0.99, 1.21) A1 g/dL decrease in Hb at
Level Il cohort study thgtco.;ﬂnagl. care . Israel szsl_e fine:Hb of 1 months) Adjusted for variables thought to have clinical importance or with P<0.1 in the b.aif?hnte %Y.be an m?jepentdem
Fair N=1390 unit with a diagnosis g univariate model : age, gender, eGFR, previous infarction, hypertension, ISRt s
of M who were alive diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on discharge mortality
at discharge from admission, coronary revascularisation, LVEF, length of hospital stay. P=0.06
hospital
Decrease in Hb Mortality (median 24 | NA | NA ‘ HR 1.21 (1.0, 1.45) A 1 SD decrease in Hb during
during months) - - — - - hospitalisation may be an
hORTag Adjusted for variables thought to have clinical importance or with P<0.1 in the . ’
hospitalisation of 1 univariate model : age, gender, eGFR, previous infarction, hypertension, !ndependent nSk.faCtor for
SD diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on mcreaged post-discharge
admission, coronary revascularisation, LVEF, length of hospital stay. mortality
P=0.03
Decrease in nadir Mortality (median 24 | NA | NA ‘ HR 1.36 (1.19, 1.55) A1 g/dL decrease in nadir Hb is
Hb of 1 g/dL months) Adjusted for variables thought to have clinical importance or with P<0.1 in the ;’:]r:;rlgg:ggnc:)esrtltdriz}léhf:r(: tgr o
univariate model : age, gender, eGFR, previous infarction, hypertension, ; post 9
diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on mortality
admission, coronary revascularisation, LVEF, length of hospital stay. P<0.001
Decrease in Mortality (median 24 | NA | NA ‘ HR 1.27 (1.16, 1.40) A1 g/dL decrease in discharge
dl/Zti:_harge Hb of 1 months) Adjusted for variables thought to have clinical importance or with P<0.1 in the :‘b .IS an |nd§penc:(3cht nhs k factor
9 univariate model : age, gender, eGFR, previous infarction, hypertension, ol Ca=EHDOSHCEE T0E
diabetes, smoking, ST-elevation, Killip class, heart rate, blood pressure on mortality
admission, coronary revascularisation, LVEF, length of hospital stay. P<0.001
Anker 2009 1 cohort analysis | Adult patients with a Hospital Increase in Hb of 1 Mortality (median 3 NA | NA ‘ HR 0.88 (0.83, 0.93) A one SD increase in Hb results
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Study

Level of
evidence2

Quality

Level Il
Fair

No. of trials / Patient population Setting Risk factor Outcome Results
sample size ; - - - - P
inclupded in Location Risk factor No risk factor Risk estimate (95% Significance
analysis niN (%) niN (%) ch P-value
Heterogeneity?

of a double-blind diagnOSiS of AMI Denmark, Finland, SD years) Adjusted for variables known to be of prognostic value in heart failure: age, sex, in a 12% reduced risk of mOrta“ty
RCT Germany, Ireland, randomised treatment group, baseline BMI, eGFR, baseline creatinine, P<0.001
(OPTIMAAL) Norway, Sweden, baseline uric acid, Killip class, heart rate, systolic blood pressure, total '

_ UK cholesterol, current smoking, history of diabetes, in-hospital beta-blocker,
N=5010 statin, digitalis nitrate, aspirin, warfarin and diuretic use.
1 cohort analysis | Adult patients with a Hospital 12-month change in | Mortality (median 3 NA NA HR 0.73 (0.63, 0.85) A 12-month change of Hb of 1
ngaTdouble blind i:a?r;(l).ss gtf 12 Denmark, Finland, Hb of 1 SD years) Adjusted for variables known to be of prognostic value in heart failure: age, sex, SfDrggﬁ[:llt.s 10 & 2 REA R 3

aveatls Germany, Ireland, randomised treatment group, baseline BMI, eGFR, baseline creatinine, Iy

(OPTIMAAL) months Norway, Sweden, baseline uric acid, Killip class, heart rate, systolic blood pressure, total P<0.001
N=3921 UK cholesterol, current smoking, history of diabetes, in-hospital beta-blocker,

statin, digitalis nitrate, aspirin, warfarin and diuretic use.

12-month increase
in Hb of 1 SD

Mortality (median 3
years)

NA NA HR 0.67 (0.51, 0.81)

A 12-month increase of Hb of 1

Adjusted for variables known to be of prognostic value in heart failure: age, sex,
randomised treatment group, baseline BMI, eGFR, baseline creatinine,
baseline uric acid, Killip class, heart rate, systolic blood pressure, total
cholesterol, current smoking, history of diabetes, in-hospital beta-blocker,
statin, digitalis nitrate, aspirin, warfarin and diuretic use.

SD results in a 33% reduced risk
of mortality

P<0.01

12-month decrease
inHb of 1 SD

Mortality (median 3
years)

NA NA HR 1.27 (1.00, 1.60)

A 12-month decrease of Hb of 1

Adjusted for variables known to be of prognostic value in heart failure: age, sex,
randomised treatment group, baseline BMI, eGFR, baseline creatinine,
baseline uric acid, Killip class, heart rate, systolic blood pressure, total
cholesterol, current smoking, history of diabetes, in-hospital beta-blocker,
statin, digitalis nitrate, aspirin, warfarin and diuretic use.

SD may result in a 27%
increased risk of mortality

P=0.05

CARDIOVASCULAR MORTALITY

SHORT-TERM FOLLOW-UP (UP TO 1 YEAR)

Sabatine 2005 1 cohort analysis | Adults with STEMI Hospital Hb decrease below Cardiovascular NA | NA ‘ OR 1.21 (1.12,1.30) A1 g/dL decrease in Hb below
. i i i i 0,
Level Il ﬁ{Bl 64R;: ; sg(él' IMI Various l‘i'ﬂ,?/gl' ml.SUbll_lethle mortality (30 days) Candidate variables for which there was data in 80% of subjects and that either s gldL I(Sj rglztefd 3t8 g 2
Fair A e with baseline : demonstrated association with baseline Hb levels (at a significance threshold of mcrgase @l S _ay
10A, 10B, 11A, 15g/dL (1 g/dL) P0.25) or were of known clinical importance were included in the final model: cardiovascular mortality
11B, 12, 14, 16 age, gender, race, hypertension, diabetes, smoking history, creatinine P<0.001
(OPUS), 17 clearance, prior MI, prior congestive heart failure, prior percutaneous coronary
(InTIME 1)4, 18 intervention, prior CABG, cerebrovascular disease, peripheral arterial disease,
(TACTICS), 20 prior aspirin, B-blocker, ACEI, angiotensin receptor blocker, or hypolipidemic
(INTEGRI), 23 use, index hospitalisation aspirin, index revascularisation (NSTE-ACS) +
(ENTIRE) én d 24 anterior location of index MI (STEMI only addition)
(FASTER).
N=NR
LONGER-TERM FOLLOW-UP (>1 YEAR)
Anker 2009 1 cohort analysis | Adult patients with a Hospital Increase in Hb of 1 Sudden cardiac NA NA HR 0.86 (0.80, 1.03) A one SD increase in Hb
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Study

Level of
evidence2

Quality

Level Il
Fair

No. of trials /
sample size
included in
analysis

of a double-blind
RCT
(OPTIMAAL)

N=5010

Patient population

diagnosis of AMI

Setting
Location

Denmark, Finland,
Germany, Ireland,
Norway, Sweden,
UK

Risk factor

SD

Outcome

death (median 3
years)

Results

Risk factor No risk factor Risk estimate (95% Significance

niN (%) niN (%) ch P-value
Heterogeneity?

Adjusted for variables known to be of prognostic value in heart failure: age, sex,
randomised treatment group, baseline BMI, eGFR, baseline creatinine,
baseline uric acid, Killip class, heart rate, systolic blood pressure, total
cholesterol, current smoking, history of diabetes, in-hospital beta-blocker,
statin, digitalis nitrate, aspirin, warfarin and diuretic use.

does not result in a significantly
reduced risk of sudden cardiac
death

P=0.141

Death due to
progressive heart
failure (median 3
years)

NA NA HR 0.80 (0.69, 0.94)

Adjusted for variables known to be of prognostic value in heart failure: age, sex,
randomised treatment group, baseline BMI, eGFR, baseline creatinine,
baseline uric acid, Killip class, heart rate, systolic blood pressure, total
cholesterol, current smoking, history of diabetes, in-hospital beta-blocker,
statin, digitalis nitrate, aspirin, warfarin and diuretic use.

A one SD increase in Hb results
in a 20% reduced risk of death
due to progressive heart failure

P=0.006

ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; AMI, acute myocardial infarction; BMI, body mass index; CABG, coronary artery bypass graft; CHF, congestive heart failure; Cl, confidence
interval; CV, cardiovascular; dL, decilitre; ECG, electrocardiograph; eGFR, estimated glomerular filtration rate; g, grams; Hb, haemoglobin; HR, hazard ratio; LVEF, left ventricular ejection fraction; MI, myocardial infarction;
NR, not reported; NSTE-ACS, non-ST-segment elevation acute coronary syndromes; OR, odds ratio; PCI, percutaneous coronary intervention; RCT, randomised controlled trial; RI, recurrent ischemia; SBP, systolic blood
pressure; SD, standard deviation; SOR, standardised odds ratio; STEMI, ST-segment elevation myocardial infarction; TIA, transient ischemic attack; UK, United Kingdom; US, United States of America; WHO, World Health

Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
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Two studies assessed the association between anaemia as defined by the World Health
Organisation (WHO) and mortality in a composite outcome including cardiovascular
outcomes, as shown in Table 3.5 Cavusoglu et al (2006)"* examined the association
between anaemia and the composite outcome mortality/myocardial infarction (Ml) in 191
men with acute coronary syndrome, and showed that anaemia was an independent risk
factor for mortality/MI (P=0.04). One potential issue identified during the evaluation of this
study is the lack of adjustment for race in the analyses, given that the largest proportion of
the population were Black or Hispanic. A number of other studies have suggested differences
in the association between anaemia and mortality by race.

The study by Hasin et al (2009)** assessed the association between anaemia and
mortality/heart failure in patients with acute Ml who survived hospitalisation. When all
patients were included in the analysis, those with new-onset anaemia or persistent anaemia
had a significantly greater risk of mortality/heart failure (mean follow-up 27 months), while
those with resolved anaemia had no greater risk. Similar results were seen when the analysis
was restricted to those without malignancy. In patients with no anaemia at baseline, both
new-onset anaemia and persistent anaemia were independent risk factors for mortality.
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Table 3.5  Question 1 (ACS): Results for Level Il evidence — mortality in a composite outcome including cardiovascular outcomes (WHO or similar anaemia
criteria)
Study No. of trigls / Patient population Setting Risk factor Outcome Results
Level of evidence? fﬁgﬂi; ﬁe Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity?

ALL-CAUSE MORTALITY

LONGER-TERM FOLLOW-UP (>1 YEAR)

Cavusoglu 2006 1 prospective Men with ACS (ST- Hospital Anaemia (WHO) vs Mortality/MI (2 years) | NR ‘ NR ‘ HR 1.86 (1.02, 3.40) Anaemia is an
cohort stud elevation AMI, non-ST no anaemia - - - . independent risk factor
Level Il y levati us Adjusted for variables with p<0.05: age, number of diseased coronary f dp h
i N=191 segment elevation arteries, left ventricular function, Hb, serum creatinine or death/\i
Fair AMI and unstable ' + 10, : P=0.0429
angina pectoris)
Hasin 2009 1 prospective Patients with a Hospital Resolved anaemia Mortality/heart failure | 19/162 (11.7) ‘ 70/640 (10.9) ‘ HR 0.8 (0.5, 1.3) Resolved anaemia is not
Level Il cohort study gharsn(;ﬂsﬂ? ef ﬁ]’gé)\:v ho | israel ;Vr\]l: e?n)i avs no (mean 27 montfs) Adjusted for: age, gender, history of hypertension and diabetes, smoking habit, ;nctlg?fe(?rerggfginszr
Fair N=802 TRl U previous infarction, presence of anterior infarction, ST elevation infarction, s ty
hospitalisation and revascularisation during hospital course, eGFR, Killip class at admission, LVEF, heart failure
who received Hb medical therapy prescribed at discharge including antiplatelet agents, B blockers, P=0.40
measurement =28 ACEIs, AlIRAs and statins.
days after hospital
discharge
1 prospective Patients with a Hospital New-onset anaemia Mortality/heart failure | 15/55 (27.3) 70/640 (10.9) HR 1.9 (1.1,3.3) New-onset anaemia is an
cohort study gljarglr:/(;iilstr? ef ﬁ]’gé)\:v ho- | lsrael ;Vr\]l: e?n)i avs no (mean 27 months) Adjusted for: age, gender, history of hypertension and diabetes, smoking habit, :‘ngr?gr?gltie ntor:srll( J:r(;tor
N=695 IR previous infarction, presence of anterior infarction, ST elevation infarction, . by
hOSp'tal'slat'on and revascularisation during hospital course, eGFR, Killip class at admission, LVEF, failure
who received Hb medical therapy prescribed at discharge including antiplatelet agents, B blockers, P=0.03
measurement =28 ACEIs, AlIRAs and statins.
days after hospital
discharge
1 prospective Patients with a Hospital Persistent anaemia Mortality/heart failure | 70/208 (33.7) 70/640 (10.9) HR 1.8(1.2,25) Persistent anaemia is an
cohort study ghar?,s,zzlir? ef ﬁ]’\élé)‘:v ho | israel gvr\]/: e(r)n)i avs no (mean 27 months) Adjusted for: age, gender, history of hypertension and diabetes, smoking habit, :gg?%)grr,:gﬁ m(::srl]( J:;tor
N=848 e s previous infarction, presence of anterior infarction, ST elevation infarction, . ty
hospltallslatlon and revascularisation during hospital course, eGFR, Killip class at admission, LVEF, failure
who received Hb medical therapy prescribed at discharge including antiplatelet agents, B blockers, P=0.003
measurement =28 ACEIs, AlIRAs and statins.
days after hospital
discharge
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - P
Level of evidence? inclt?ded in Location Risk factor No risk factor Risk estimate (95% Cl) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity?
Hasin 2009 1 prospective Patients without Hospital Resolved anaemia Mortality/heart failure | 17/150 (11.3) 61/603 (10.1) HR 0.8 (0.5, 1.4) Resolved anaemia is not
Level Il cohort study malignancy with a Israel (WHO) vs no (mean 27 months) A ) - - - - - an independent risk
’ " . ljusted for: age, gender, history of hypertension and diabetes, smoking habit, .
Fair N=753 d'ag.”os's of .AMI who anaemia previous infarction, presence of anterior infarction, ST elevation infarction, factor fo_r mortality or
survived the index revascularisation during hospital course, eGFR, Killip class at admission, LVEF, heart failure
hospitalisation and medical therapy prescribed at discharge including antiplatelet agents,  blockers, P=0.47
who received Hb ACEIs, AlIRAs and statins.
measurement 228
days after hospital
discharge
1 prospective Patients without Hospital New-onset anaemia Mortality/heart failure | 13/50 (26.0) 61/603 (10.1) HR 1.9 (1.1, 3.6) New-onset anaemia is an
cohort study ?:I|gn22_nscoyfvxt’3|a " Israel g\gl:ecr;)_avs no (mean 27 months) Adjusted for: age, gender, history of hypertension and diabetes, smoking habt, ;gcri(rar[]);rtlglgnt Or:SII: Jzﬁtor
N=653 1agnosis of AMI wi ' previous infarction, presence of anterior infarction, ST elevation infarction, . I

SUfV'Yed th? index revascularisation during hospital course, eGFR, Killip class at admission, LVEF, failure

hospitalisation and medical therapy prescribed at discharge including antiplatelet agents, B blockers, P<0.001

who received Hb ACEIs, AlIRAs and statins.

measurement 228

days after hospital

discharge
1 prospective Patients without Hospital Persistent anaemia Mortality/heart failure | 61/178 (34.3) 61/603 (10.1) HR 1.7 (1.2, 2.6) Persistent anaemia is an
cohort study —g—Ma“ nanc with & Israel (WHO). vsno (mean 27 months) Adjusted for: age, gender, history of hypertension and diabetes, smoking habit mdependgnt risk factor
N=781 diagnosis of AMI who anaemia previous infarction, presence of anterior infarction, ST elevation infarction, for mortality or heart

survived the index revascularisation during hospital course, eGFR, Killip class at admission, LVEF, failure

hospitalisation and medical therapy prescribed at discharge including antiplatelet agents, B blockers, P=0.008

who received Hb ACEIs, AlIRAs and statins.

measurement 228

days after hospital

discharge
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - P
Level of evidence? incltf)ded in Location Risk factor No risk factor Risk estimate (95% Cl) | Significance
Quality analysis nN (%) niN (%) P-value
Heterogeneity?
Hasin 2009 1 prospective Patients with no Hospital Resolved anaemia Mortality/heart failure | 11/127 (8.7) 67/616 (10.9) HR 0.7 (0.4,1.4) Resolved anaemia is not
Level Il cohort study anaemia at Israel (WHO) vs no (mean 27 months) A ) - - - - - an independent risk
- : . ljusted for: age, gender, history of hypertension and diabetes, smoking habit, .
Fair N=743 M\N'th a anaemia previous infarction, presence of anterior infarction, ST elevation infarction, factor fo_r mortality or
diagnosis of AMI who revascularisation during hospital course, eGFR, Killip class at admission, LVEF, heart failure
survived the index medical therapy prescribed at discharge including antiplatelet agents, B blockers, P=0.31
hospitalisation and ACEIs, AlIRAs and statins.
who received Hb
measurement 228
days after hospital
discharge
1 prospective Patients with no Hospital New-onset anaemia Mortality/heart failure | 11/43 (25.6) 67/616 (10.9) HR 1.7 (1.0, 3.3) New-onset anaemia may
cohort study %m'aaah Israel (WHO). vsno (mean 27 months) Adjusted for: age, gender, history of hypertension and diabetes, smoking habit, ?e t&l n }ndepe?df S
N=659 Daseline with a anaemia previous infarction, presence of anterior infarction, ST elevation infarction, BB 7 R Ihyor
dlaghOSIS of AMI who revascularisation during hospital course, eGFR, Killip class at admission, LVEF, heart failure
survived the index medical therapy prescribed at discharge including antiplatelet agents, B blockers, P=0.05
hospitalisation and ACEIs, AlIRAs and statins.
who received Hb
measurement 228
days after hospital
discharge
1 prospective Patients with no Hospital Persistent anaemia Mortality/heart failure | 30/104 (28.8) 67/616 (10.9) HR 1.8 (1.1,2.8) Persistent anaemia is an
cohort study anaemia at Israel (WHO) vs no (mean 27 months) - - - - - ; independent risk factor
PTE— - Adjusted for: age, gender, history of hypertension and diabetes, smoking habit, -
N=720 baseline with a anaemia previous infarction, presence of anterior infarction, ST elevation infarction, for mortality or heart

diagnosis of AMI who
survived the index
hospitalisation and
who received Hb
measurement 228
days after hospital
discharge

revascularisation during hospital course, eGFR, Killip class at admission, LVEF,
medical therapy prescribed at discharge including antiplatelet agents, B blockers,
ACEls, AlIRAs and statins.

failure
P=0.01

ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; AlIRA, angiotensin Il receptor antagonists; AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CAD, coronary artery
disease; CHF, congestive heart failure; Cl, confidence interval; CV, cardiovascular; dL, decilitre; eGFR, estimated glomerular filtration rate; g, grams; Hb, haemoglobin; HR, hazard ratio; LVEF, left ventricular ejection
fraction; MI, myocardial infarction; NR, not reported; NSTE-ACS, non-ST-segment elevation acute coronary syndromes; OR, odds ratio; RCT, randomised controlled trial; RI, recurrent ischemia; SD, standard deviation;
STEMI, ST-segment elevation myocardial infarction; US, United States of America; WHO, World Health Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level I studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
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Two studies assessed the association between various Hb levels and mortality in a
composite outcome including cardiovascular outcomes, as shown in Table 3.6."°
Cavusoglu et al (2006)"* assessed the association between low Hb (defined as Hb <10.5 g/dL)
and mortality/MI in 191 men with ACS. The results of the analysis showed no significant
association between a low Hb and mortality/MlI (P=0.07).

The study by Sabatine et al (2005)™ examined the association between different Hb levels
and cardiovascular mortality/MI/recurrent ischaemia in patients with NSTE-ACS. A significant
association between Hb and 30-day cardiovascular mortality/Ml/recurrent ischaemia was
seen for Hb levels of 9-10 g/dL, 8-9 g/dL and <8 g/dL compared with 15-16 g/dL; the results
were not significant for other categories up to 14-15 g/dL. The result was also significant
when the categories were collapsed into a Hb <11 g/dL versus 15-16 g/dL (P<0.001).
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Table 3.6  Question 1 (ACS): Results for Level Il evidence — mortality in a composite outcome including cardiovascular outcomes (other anaemia criteria, Hb
levels or change in Hb levels)
Study No. of tria_lls / Patient population Setting Risk factor Outcome Results
Level of evidence? ;snacnpupdlgds |izne Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity?

ALL-CAUSE MORTALITY

LONGER-TERM FOLLOW-UP (>1 YEAR)

Cavusoglu 2006
Level Il
Fair

1 prospective
cohort study

N=NR

Men with ACS (ST-
elevation AMI, non-ST
segment elevation
AMI and unstable
angina pectoris)

Hospital
us

Hb <10.5 g/dL vs Hb
>12.5 g/dL

Mortality/MI ( 2 years)

NR ‘ NR | HR 2.37 (0.94, 5.99)

Adjusted for variables with p<0.05: age, number of diseased coronary arteries, left
ventricular function, Hb, serum creatinine.

Hb <10.5 g/dL is not an
independent risk factor
for death/MI compared
with Hb >12.5 g/dL

P=0.0681

CARDIOVASCULAR MORTALITY

SHORT-TERM FOLLOW-UP (UP TO 1 YEAR)

Sabatine 2005 1 cohort analysis Adults with NSTE- Hospital Hb 14-15g/dLvsHb | Cardiovascular NR ‘ NR OR 1.11(0.93,1.33) A Hb level of 14-15 g/dL
C . -
Level Il of 16 RCTs ACS Various 15-16 g/dL morl;tallty{M Igg iju"em Candidate variables for which there was data in 80% of subjects and that either s E—c;t atn Ir}deggngentcv
Fair N=5520 ischaemia (30 days) demonstrated association with baseline Hb levels (at a significance threshold of risk Tactor for 59-Gay
P0.25) or were of known clinical importance were included in the final model: age, | Mortality, Mi or R
gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior compared with a Hb
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior level of 15-16 g/dL
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, - P=0.251
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index '
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)
1 cohort analysis Adults with NSTE- Hospital Hb 13-14 g/dLvs Hb | Cardiovascular NR NR OR 1.04 (0.86, 1.24) A Hb level of 13-14 g/dL
C . -
of 16 RCTs ACS Various 15-16 g/dL mor:tallty_/MI/recdurrent Candidate variables for which there was data in 80% of subjects and that either 1S E—(;t an Infdepenctiient
N=5650 ischaemia (30 days) demonstrated association with baseline Hb levels (at a significance threshold of ns a‘,’t‘” or 30-day CV
P0.25) or were of known clinical importance were included in the final model: age, mortality, Mllor RI
gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior compared with a Hb
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior level of 15-16 g/dL
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, - P=0.709
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index ’
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)
1 cohort analysis Adults with NSTE- Hospital Hb 12-13 g/dLvs Hb | Cardiovascular NR NR OR 1.07 (0.88, 1.30) A Hb level of 12-13 g/dL
C . -
of 16 RCTs ACS Various 15-16 g/dL mor:tahty./Mllre%u"em Candidate variables for which there was data in 80% of subjects and that either 1S E—c;t an lr}dEpengem
N=4461 ischaemia (30 days) demonstrated association with baseline Hb levels (at a significance threshold of ns a‘,’t‘” or 30-day CV
P0.25) or were of known clinical importance were included in the final model: age, | Mortality, Mi or RI
gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior compared with a Hb
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior level of 15-16 g/dL
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, 8- P=0514
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index ’
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - P
Level of evidence inclupded in Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
1 cohort analysis Adults with NSTE- Hospital Hb 11-12 g/dLvs Hb | Cardiovascular NR NR OR 1.04 (0.81, 1.34) A Hb level of 11-12 g/dL
. i i f . .
of 16 RCTs ACS Various 15-16 g/dL mor:tallty_/Mlgg %urrent Candidate variables for which there was data in 80% of subjects and that either 1S E—(;t atn Ir}deggngentcv
N=3106 ischaemia (30 days) demonstrated association with baseline Hb levels (at a significance threshold of risk Tactor for 50-Gay
P0.25) or were of known clinical importance were included in the final model: age, mortality, Mllor RI
gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior compared with a Hb
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior level of 15-16 g/dL
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, - P=0.755
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index e
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)
1 cohort analysis Adults with NSTE- Hospital Hb 10-11 g/dLvs Hb | Cardiovascular NR NR OR 1.29(0.92,1.82) A Hb level of 10-11 g/dL
. i ! f . .
of 16 RCTs ACS Various 15-16 gidL morl;tallty{M lgg %urrent Candidate variables for which there was data in 80% of subjects and that either 1S E—Oft atn Ir}deggngentcv
N=2473 ischaemia (30 days) demonstrated association with baseline Hb levels (at a significance threshold of risk Tactor for 59-Gay
P0.25) or were of known clinical importance were included in the final model: age, | Mortality, Mi or Rl
gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior compared with a Hb
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior level of 15-16 g/dL
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, - P=0.145
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index e
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)
1 cohort analysis Adults with NSTE- Hospital Hb 9-10 g/dL vs Hb Cardiovascular NR NR OR 2.69 (2.01, 3.60) A Hb level of 9-10 g/dL
. i i f . . :
0f 16 RCTs ACS Various 15-16 g/dL E;:fe"gilgﬂ Igg %L;rrznt Candidate variables for which there was data in 80% of subjects and that either If: ;2: ?gre é)gr:jdae nér\l/sk
N=2472 ( ys) demonstrated association with baseline Hb levels (at a significance threshold of . kY
P0.25) or were of known clinical importance were included in the final model: age, | Mortality, Ml or Rl
gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior compared with a Hb
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior level of 15-16 g/dL
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, - P<0.001
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index '
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)
1 cohort analysis Adults with NSTE- Hospital Hb 8-9 g/dL vs Hb Cardiovascular NR NR OR 2.45 (1.80, 3.33) A Hb level of 8-9 g/dL is
. i i f X ;
of 16 RCTs ACS Various 15-16 g/dL lmor:tallty_/M Igg (aurrent Candidate variables for which there was data in 80% of subjects and that either ?n tlnd?pe?[\g Zm nél\(/
N=2436 ischaemia (30 days) demonstrated association with baseline Hb levels (at a significance threshold of BRIl Uy
P0.25) or were of known clinical importance were included in the final model: age, mortality, Mllor RI
gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior compared with a Hb
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior level of 15-16 g/dL
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, 3- P<0.001
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index :
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)
1 cohort analysis Adults with NSTE- Hospital Hb <8 g/dL vs Hb 15- | Cardiovascular NR NR OR 3.49 (2.35, 5.20) A Hb level of <8 g/dL is
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Study
Level of evidence2

Quality

No. of trials / Patient population Setting Risk factor Outcome Results
sample size i . : . : —
inclupded in Location Risk factor No risk factor Risk estimate (95% CI) | Significance
analysis niN (%) n/N (%) P-value
Heterogeneity?
of 16 RCTs¢ ACS Various 16 g/dL mortality/Ml/recurrent | Candidate variables for which there was data in 80% of subjects and that either an independent risk
N=2267 ischaemia (30 days) demonstrated association with baseline Hb levels (at a significance threshold of factor for 30-day CV
P0.25) or were of known clinical importance were included in the final model: age, mortality, Ml or RI
gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior compared with a Hb
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior level of 15-16 g/dL
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, -
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index P<0.001
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)
1 cohort analysis Adults with NSTE- Hospital Hb <11 g/dL vs Hb Cardiovascular NR NR OR 2.26 (1.83,2.79) A Hb level of <11 g/dL is
C . - i i i
of 16 RCTs ACS Various 15-16 g/dL P;gf:félzilgﬂ(lgg (;L:’fil)ﬁ ! Candidate variables for which there was data in 80% of subjects and that either %nctlgg?(ﬁeggzr: n(szl\(/
N=2915 Y demonstrated association with baseline Hb levels (at a significance threshold of X y
P0.25) or were of known clinical importance were included in the final model: age, | Mortality, Ml or Rl

gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, -
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)

compared with a Hb
level of 15-16 g/dL

P<0.001

ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; AlIRA, angiotensin Il receptor antagonists; AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CAD, coronary artery
disease; CHF, congestive heart failure; Cl, confidence interval; CV, cardiovascular; dL, decilitre; eGFR, estimated glomerular filtration rate; g, grams; Hb, haemoglobin; HR, hazard ratio; LVEF, left ventricular ejection
fraction; MI, myocardial infarction; NR, not reported; NSTE-ACS, non-ST-segment elevation acute coronary syndromes; OR, odds ratio; RCT, randomised controlled trial; RI, recurrent ischemia; SD, standard deviation;
STEMI, ST-segment elevation myocardial infarction; US, United States of America; WHO, World Health Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢TIMIIIB, 4, 9A, 9B, 10A, 10B, 11A, 11B, 12, 14, 16 (OPUS), 17 (InTIME I1)¢, 18 (TACTICS), 20 (INTEGRI), 23 (ENTIRE) and 24 (FASTER). Analysis of data from this InTIME |l trial was also carried out by
Giraldez 2009.
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Four studies assessed the association between Hb as a continuous variable and mortality in
a composite outcome including cardiovascular outcomes, as shown in Table 3.7."%'%***° The
study by Bassand et al (2010)"" assessed the association between increased Hb and
mortality/MI in >28,000 patients with symptoms of STEMI OR NSTE-ACS. A 1 g/dL increase in
Hb was associated with a significantly decreased risk of 30-day mortality/MI (OR 0.96; 95% CI
0.93, 0.99).

Cavusoglu et al (2006)"* assessed the association between Hb and 2-year mortality/MI in
men with ACS. A 1 g/dL increase in Hb was associated with a 26% decreased risk of
mortality/MI.

The study by Hasin et al (2009)** examined the relationship between a change in Hb from
baseline to follow-up and mortality/heart failure. A 1 SD decrease in Hb was associated with
a 48% increased risk of mortality/heart failure.

Sabatine et al (2005)™ assessed the association between Hb and the composite outcome 30-
day cardiovascular mortality/MI/recurrent ischaemia in patients with NSTE-ACS. A 1 g/dL
decrease below 11 g/dL in patients with a baseline Hb of 15-16 g/dL was associated with a
45% increased risk of the composite outcome.
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Table 3.7  Question 1 (ACS): Results for Level Il evidence — mortality in a composite outcome including cardiovascular outcomes (Hb as a continuous variable)
Study No. of tria_lls / Patient population Setting Risk factor Outcome Results
Level of evidence? ;snacnpupdlgds |izne Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) n/N (%) P-value
Heterogeneity?

ALL-CAUSE MORTALITY

SHORT-TERM FOLLOW-!

UP (UP TO 1 YEAR)

Bassand 2010 1 cohort analysis Adults presenting to Hospital Hb increase ( g/dL) Mortality/MI (30 days) | NA NA OR 0.96 (0.93, 0.99) A1 g/dL increase in Hb
Level Il of two RCTs hospital with Variouse di - - — — - - results in a 4%
justed for: Baseline demographics, prior medical history, cardiovascular risk ;
Fair (OASIS 5 and 6) symptoms of NSTE- factors, randomised treatment allocation, co-interventions. decregsed =
— ACS or STEMI mortality/MI
N=28,907
P=NR
LONGER-TERM FOLLOW-UP (>1 YEAR)
Cavusoglu 2006 1 prospective Men with ACS (ST- Hospital Hbincrease (1 g/dL) | Mortality/MI (2 years) | NA ‘ NA | HR 0.74 (0.55, 0.99) A1 g/dL increase in Hb
) i . 0

Level Il cohort study Eleevritelz?]? :lgll Iépg: ST | us Adjusted for variables with p<0.05: age, number of diseased coronary arteries, left rd?escL:gzg(]a 3 rZSGk/(:)f
Fair N=191 AMgI and uns\{ablle ventricular function, Hb, serum creatinine. death/MI '

angina pectoris) P=0.0411
Hasin 2009 1 prospective Patients with a Hospital Hb decrease from Mortality/heart failure NA ‘ NA | HR 1.48 (1.25, 1.75) A1 SD decrease in Hb
Level Il cohort study dlag_nosdli r?f Al\éll who Isragl dlscT;rgDe to follow- (mean 27 months) Adjusted for: age, gender, history of hypertension and diabetes, smoking habit, ?eiltween dlschl?rg_e and
Fair N=1065 surwye . ?m ex up ( ) previous infarction, presence of anterior infarction, ST elevation infarction, o OOV\_I-up s S.m 2

hospitalisation and revascularisation during hospital course, eGFR, Kilip class at admission, LVEF, 48% increased risk of

who received Ho medical therapy prescribed at discharge including antiplatelet agents, B blockers, mortality or heart failure

measurement =28 ACEIs, AlIRAs and statins. P<0.001

days after hospital

discharge
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CARDIOVASCULAR MORTALITY

SHORT-TERM FOLLOW-UP (UP TO 1 YEAR)

Sabatine 2005 1 cohort analysis Adults with NSTE- Hospital Hb decrease below Cardiovascular NA ‘ NA OR 1.45 (1.33,1.58) A1 g/dL decrease in Hb

Level Il 0f 16 RCTs! ACS Various l;ﬂ?/gL ml.SUbll_le; tfs mor:tahty./M Igg iju"em Candidate variables for which there was data in 80% of subjects and that either ? emivsjg/l g/dL IS rzla.tes

Fair N=NR with baseline : ischaemia (30 days) demonstrated association with baseline Hb levels (at a significance threshold of D RO (BRI
16 g/dL (1 g/dL) P0.25) or were of known clinical importance were included in the final model: age, | Of 30-day CV mortality,

gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior MiorRI
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior P<0.001
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, - ’
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)
ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; AlIRA, angiotensin Il receptor antagonists; AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CAD, coronary artery
disease; CHF, congestive heart failure; Cl, confidence interval; CV, cardiovascular; dL, decilitre; eGFR, estimated glomerular filtration rate; g, grams; Hb, haemoglobin; HR, hazard ratio; LVEF, left ventricular ejection
fraction; MI, myocardial infarction; NR, not reported; NSTE-ACS, non-ST-segment elevation acute coronary syndromes; OR, odds ratio; RCT, randomised controlled trial; RI, recurrent ischemia; SD, standard deviation;
STEMI, ST-segment elevation myocardial infarction; US, United States of America; WHO, World Health Organisation.
Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.
b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢ Argentina, Australia, Austria, Belgium, Brazil, Canada, Chile, China, Croatia, Czech Republic, Denmark, Estonia, France, Germany, Greece, Hong Kong, Hungary, India, Italy, Latvia, Lithuania, Mexico, the Netherlands,
Poland, Portugal, Russia, Singapore, Slovakia, South Africa, South Korea, Spain, Sweden, Switzerland, Taiwan, Ukraine, UK, US.

dTIMI 1B, 4, 9A, 9B, 10A, 10B, 11A, 11B, 12, 14, 16 (OPUS), 17 (InTIME 11)¢, 18 (TACTICS), 20 (INTEGRI), 23 (ENTIRE) and 24 (FASTER). Analysis of data from this trial was also carried out by Giraldez 2009.
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Anaemia as an independent risk factor for cardiovascular outcomes

One study assessed the association between various Hb levels and cardiovascular outcomes,
as shown in Table 3.8.% The study by Sabatine et al (2005)™ examined the association
between different Hb levels and a selection of cardiovascular outcomes. A Hb level of <14
g/dL was shown to be an independent predictor of 30-day heart failure in patients with
STEMI, when compared with a Hb level of 14-15 g/dL. In patients with NSTE-ACS, a Hb level
<11 g/dL was a significant predictor of Ml and recurrent ischaemia compared with a Hb level
of 15-16 g/dL in patients with NTSE-ACS.

Anaemia as an independent risk factor for functional/performance status

No studies were identified which presented data on functional/performance status using
validated instruments.

Summary

The majority of results presented for acute coronary syndromes suggest that anaemia/low
Hb is an independent risk factor for both mortality and cardiovascular outcomes. Where no
significant association between anaemia/low Hb was found, this was often when the Hb
levels were not sufficiently low (eg, Hb levels corresponding to mild or negligible anaemia),
where the outcome was limited to cardiovascular mortality, or where the population
examined was small (eg, the Cavusoglu (2006)™ study which included only 191 patients). Of
particular interest are the analyses carried out by Valeur et al (2006)" in which the effect of
anaemia or low Hb as an independent risk factor for mortality appears to occur only in the
subgroup of patients with heart failure, and not those with acute coronary syndrome without
heart failure.
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Table 3.8 Question 1 (ACS): Results for Level Il evidence - cardiovascular outcomes (other anaemia criteria, Hb levels or change in Hb levels)
Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size i - - - - P
Level of evidence? inclupded in Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity?
SHORT-TERM FOLLOW-UP (UP TO 1 YEAR)
Sabatine 2005 1 cohort analysis Adults with STEMI Hospital Hb <14 g/dL vs Hb Heart failure (30 days) | NR NR OR 1.20 (1.05, 1.38) A Hb level <14 g/dL is
C . - i i
Level Il of 16 RCTs Various 1415 g/dL Candidate variables for which there was data in 80% of subjects and that either ;nmlg??(?regg (ar;t nﬁle(art
Fair N=15,946 demonstrated association with baseline Hb levels (at a significance threshold of . HEY
P0.25) or were of known clinical importance were included in the final model: age, | failure compared with a
gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior Hb level of 14-15 g/dL
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior P=0.009
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, - '
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)
1 cohort analysis Adults with NSTE- Hospital Hb <11 g/dL vs Hb Myocardial infarction NR NR OR 1.63 (1.07, 2.48) A Hb level of <11 g/dL is
of 16 RCTs* ACS Various 15-16 g/dL (30 days) Candidate variables for which there was data in 80% of subjects and that either ?n tlnd?pegg %m 5k
N=2915 demonstrated association with baseline Hb levels (at a significance threshold of BRINGTSOEY
P0.25) or were of known clinical importance were included in the final model: age, | Myocardial infarction
gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior compared with a Hb
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior level of 15-16 g/dL
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, 8- P=NR
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index -
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)
1 cohort analysis Adults with NSTE- Hospital Hb <11 g/dL vs Hb Recurrent ischaemia NR NR OR 2.60 (2.08, 3.26) A Hb level of <11 g/dL is
of 16 RCTs* ACS Various 15-16 g/dL (30 days) Candidate variables for which there was data in 80% of subjects and that either ?n tlnd?pe;g Zm 5k
N=2915 demonstrated association with baseline Hb levels (at a significance threshold of BRI L8l SUEEY )
P0.25) or were of known clinical importance were included in the final model: age, | recurrent compared with

gender, race, hypertension, diabetes, smoking history, creatinine clearance, prior
MI, prior congestive heart failure, prior percutaneous coronary intervention, prior
CABG, cerebrovascular disease, peripheral arterial disease, prior aspirin, -
blocker, ACEI, angiotensin receptor blocker, or hypolipidemic use, index
hospitalisation aspirin, index revascularisation (NSTE-ACS) + anterior location of
index MI (STEMI only addition)

a Hb level of 15-16 g/dL
P=NR

ACEI, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; AlIRA, angiotensin Il receptor antagonists; AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CAD, coronary artery
disease; CHF, congestive heart failure; Cl, confidence interval; CV, cardiovascular; dL, decilitre; eGFR, estimated glomerular filtration rate; g, grams; Hb, haemoglobin; HR, hazard ratio; LVEF, left ventricular ejection
fraction; MI, myocardial infarction; NR, not reported; NSTE-ACS, non-ST-segment elevation acute coronary syndromes; OR, odds ratio; RCT, randomised controlled trial; RI, recurrent ischemia; SD, standard deviation;
STEMI, ST-segment elevation myocardial infarction; US, United States of America; WHO, World Health Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢TIMIIIB, 4, 9A, 9B, 10A, 10B, 11A, 11B, 12, 14, 16 (OPUS), 17 (InTIME I1)¢, 18 (TACTICS), 20 (INTEGRI), 23 (ENTIRE) and 24 (FASTER). Analysis of data from this InTIME |l trial was also carried out by
Giraldez 2009.
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HEART FAILURE

Heart failure occurs when abnormal cardiac function causes failure of the heart to pump
blood at a rate sufficient for metabolic requirements under normal filling pressure. It is
characterised clinically by breathlessness, effort intolerance, fluid retention, and poor
survival. Heart failure can be caused by systolic or diastolic dysfunction, and is associated
with neurohormonal changes.?

Of the adverse outcomes specified for this question, two are covered for this population:
mortality and functional status (disability).

Methods

There were 18 studies identified from the systematic review and hand searching process (see
Appendix C, Volume 2).

The literature search identified no socioeconomic literature pertaining to Australia’s
Indigenous population relevant to this research question.

Level I evidence

The literature search identified three systematic reviews examining the aetiology of anaemia
in patients with heart failure.

Level Il evidence

The literature search identified 15 Level Il studies examining aetiology of anaemia in patients
with heart failure.

Level Il evidence

Due to the substantial amount of Level Il evidence identified, the literature was not searched
for Level lll evidence.

Level IV evidence

Due to the substantial amount of Level Il evidence identified, the literature was not searched
for Level IV evidence.

Results

Level I evidence

Three Level | studies were included for this question: all three studies provided evidence for
mortality and specifically examined anaemia in heart failure patients, as summarised in Table
3.9. 22 Two of the three studies included data from study types other than prospective
cohort studies.””* Only the study by He et al (2009)** was limited to Level Il studies;
however, in this study the pooled analysis was not adjusted for potential confounding
variables.

As such, none of these Level | studies will be used as the basis for the review of this question;
however, their results will be briefly described and they will be used to help identify Level Il
studies.

® http://clinicalevidence.bmj.com/ceweb/conditions/cvd/0204/0204 _background.jsp
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Question 1 (heart failure): Characteristics and quality of Level | evidence

Level Il evidence

Author

Study type
Study quality

Population

Outcomes

Groenveld et al
(2008)

Systematic review
and meta-analysis
of literature.
Includes data from
34 studies
including 8
prospective cohort
studies, 9
secondary
analyses of RCTs,
and 17
retrospective
cohort studies.
Good

Diagnosed with chronic heart failure (diastolic or
systolic) and =18 years (definitions of heart failure
varied between studies.

N=up to 152,770

Mortality

He et al (2009)2

Systematic review
and meta-analysis
of literature.
Includes data from
21 prospective
observational
studies.

Good

Heart failure (LVEF ranged from <23% to 250% across
the included studies, although most were <40).

N=12,475

Mortality

Lindenfield et al
(2005)

Systematic review
of literature.
Includes data from
29 studies (3
Medicare
populations), 6
hospital cohorts,
10 outpatient
cohorts and 7
clinical research
studies)

Fair

Diagnosis of heart failure.
N=NR

Mortality

LVEF, left ventricular ejection fraction; NR, not reported; RCT, randomised controlled trial.

All three identified reviews found that anaemia was associated with adverse outcomes.
Groenveld et al (2008)** examined the association between anaemia and mortality using
data from 34 studies assessing heart failure patients. They concluded that “[anaemia] is
associated with an increased risk of mortality in both systolic and diastolic heart failure”. The
study by He et al (2009)* used data from 97,699 patients included in 20 studies to assess the
relationship between anaemia and the prognosis of chronic heart failure. The authors
concluded that “[anaemia] is associated with an increased risk of mortality...” Finally,
Lindefield et al (2005)*® reviewed data from 29 studies and found that anaemia was
“consistently associated with poorer survival in all patient populations [in patients with heart
failure] , but there are substantial differences in the patient populations and definition of
[anaemia]”.
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Fifteen Level Il studies were included for this question; 14 studies provided evidence for
mortality and one study provided evidence for functional status/quality of life.>*** The
characteristics of the included studies are summarised in Table 3.10. Twelve of the included
studies specifically examined anaemia or Hb level as a potential predictor of adverse

outcomes
potential predictors.

8,24-28,31-35,37,

while the remaining three studies aimed to identify a number of
29,30,36

Due to the large amount of evidence available for the mortality outcome, and the
requirement that analyses were adjusted for multiple potential confounders, studies were
limited to those including >500 subjects. This resulted in the exclusion of 12 studies including
26 to 442 patients.***° Studies with smaller patient numbers were potentially available for
inclusion for the functional status/quality of life outcomes, although none were identified.

Table 3.10 Question 1 (heart failure): Characteristics and quality of Level Il evidence

Level Il evidence

Author Study type Population Outcomes
Study quality
Adams et al Cohort analysis of | Rando mLy selected outpatients with heart failure Functional/performance
(2009)4 a prospective recruited from selected heart failure specialty practices | status
registry and community-based cardiology practices with an
(STAMINA-HFP) interest in heart failure.
Good N=826
Anand et al Cohort analysis of | Chronic heart failure (=18 years, heart failure for at Mortality
(2005)% a double-blind least 3 months prior to screening, NYHA Class II-1V,
RCT (Val HeFT) clinically stable, fixed dose regimen of ACEI, diuretic,
Fair digoxin or B-blocker for at least 2 weeks, documented
LVEF <40% and LV dilatation with an
echocardiographically measured short axis internal
dimension at end diastole greater than 2.9 cm per
square metre of body surface area).
N=5002
Anker et al Cohort analysis of | Diagnosis of acute myocardial infarction and signs or Mortality
(2009)8 a double-blind symptoms of heart failure during the acute phase
RCT (OPTIMAAL) | suggested by one or more of the following: treatment
Fair with diuretic or intravenous vasodilator therapy for
heart failure; pulmonary rales; third heart sound;
persistent sinus tachycardia (=100 bpm); radiographic
evidence of pulmonary congestion. Also, AMI and a
LVEF <35% or a left-ventricular end-diastolic
dimension or greater than 65 mm (optional) and/or a
new Q-wave anterior wall AMI, or any reinfarction with
previous pathological Q-waves in the anterior wall.
N =5010
Baggish et al Prospective Community-based patients diagnosed with acute heart | Mortality
(2007)%8 hospital registry failure.

Fair

N=690
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Level Il evidence

Author Study type Population Outcomes
Study quality
Ceresa et al Prospective cohort | Patients with CHF caused by ischaemia, idiopathic Mortality
(2005)27 study dilated cardiomyopathy or other disease (eg,
Poor hypertension, valvular disease) entering a heart
transplant programme.
N=980
Felker et al Cohort analysis of | Patients with systolic dysfunction and exacerbations of | Mortality
(2003)28 a double-blind heart failure: 218 years and demonstrated LVEF
RCT (OPTIME- <40%.
CHF) N=906
Good
Garty et al Prospective Hospitalised heart failure patients with stages B-D2 Mortality
(2007)2 observational according to ACC/AHA definitions.
survey N=4102
Good
Hamaguchi et al Prospective cohort | Patients hospitalised due to worsening heart failure as | Mortality
(2009)3t study the primary cause of admission.
Fair N=1960
Ingle et al Prospective cohort | Older patients with chronic heart failure. Patients Mortality
(2007)3%0 study referred to local community clinic with signs of
Fair breathlessness. Heart failure was defined as current
symptoms of heart failure, or a history of symptoms
controlled by medication, due to cardiac dysfunction
and in the absence of any more likely cause.
N=1592
Kalra et al Prospective cohort | Patients with newly diagnosed heart failure. Mortality
(2003)32 study N=552
Fair
Komajda et al Cohort analysis of | Chronic heart failure: NYHA class II-IV, optimal Mortality
(2006)38 a RCT (COMET) background therapy with diuretics and ACEls, LVEF
Good <35% and a previous admission for a cardiovascular
reason.
N=2996
Maggioni et al Cohort analysis of | Patients with heart failure: 218 years; history and Mortality
(2005)34 aRCT (Val- clinical findings of heart failure for at least 3 months
HeFT)b and before screening; NYHA class II-1V; clinically stable; on
prospective a stable dose drug regimen that might include ACEI,

registry (IN-CHF)
Good

diuretic, digoxin or B-blockers for at least 2 weeks;
documented LVEF <40% and echocardiographically
measured left ventricular internal diameter in
diastole/body surface area>2.9 cm/m2 (ValHeFT) and
diagnosis of heart failure according to the criteria
described by the European Society of Cardiology (IN-
CHF)

N=5010 and 2411
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Level Il evidence

Author Study type Population Outcomes
Study quality

Maraldi et al Prospective cohort | Non-disabled, hospitalised with heart failure and aged | Mortality

(2006)% study 265 years: heart diagnosis carried out by means of the | Functional status

Good/fairc

Clinical History Form, resulting in a summary score
with a score of >4 corresponding to a diagnosis of
heart failure.

N=567

Poole-Wilson et Cohort analysis of | Adults with mild, moderate or severe chronic heart Mortality
al (2003)36 a RCT (ATLAS) failure (NYHA class II-1V).

Good N=3164
Young et al Prospective Patients hospitalised for an episode of a new or Mortality
(2008)3 registry worsening heart failure as the primary cause of

Fair admission, or if significant HF symptoms developed for

another primary diagnosis and HF was given as the
primary discharge diagnosis.
N=48,612

ACC, Amercian College of Carfiology; ACS, acute coronary syndrome; AHA, American Heart Assocaition; AMI, acute myocardial
infarction; bpm, beats per minute; CHF, congestive heart failure; CVD, Hb, haemoglobin; MI, myocardial infarction; NSTE-ACS, non-ST-
segment elevation acute coronary syndrome; NYHA, New York heart association; RI, recurrent ischaemia; STEMI, ST-segment elevation

myocardial infarction.

a A; patients at high risk of developing heart failure, but without structural heart disease of heart failure symptoms; B: patients with
structural heart disease but without heart failure symptoms; C: patients with structural heart disease with prior or current symptoms of heart
failure; D: refractor heart failure patients who require specialised interventions.
b Dataset also analysed by Anand et al (2005).2>

¢ Quality rated as good for the mortality outcome and fair for the disability outcome.

Anaemia as an independent risk factor for mortality

Eight studies assessed the association between anaemia as defined by the World Health
Organisation (WHO) and mortality, as shown in Table 3.11.%%°%72%333 The study by Garty et
al (2007)* assessed the association between anaemia and in-hospital and 1-year mortality in
4102 patients with heart failure stages B-D based on ACC/AHA Guidelines. The results of the
analysis showed that anaemia was an independent risk factor for 1-year mortality but not in-
hospital mortality.

The study by Baggish et al (2007)* assessed the association between anaemia and 60-day
mortality in 690 patients diagnosed with acute heart failure. The results of the analysis
showed that anaemia was an independent risk factor for 60-day mortality (P=0.032).

The study by Maggioni et al (2006)** examined the association between anaemia and
mortality in cohorts taken from one RCT (Val-HeFT; N=5010) and one prospective registry
(IN-CHF; N=2411). It should be noted that data from the Val-HeFT was also analysed by
Anand et al (2005), as described above. The results of the analyses showed that anaemia
was an independent risk factor for 2-year mortality in the Val-HeFT cohort and 1-year
mortality in the IN-CHF cohort.

Maraldi et al (2006)*® assessed the association between anaemia and 12-month mortality in
a prospective cohort including 567 patients. When the cohort as a whole was examined,
there was no significant association between anaemia and mortality. When the cohort was
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divided into gender-based subgroups, the results showed that anaemia was an independent
risk factor for mortality in women (N=266), but not in men (N=301).

The study by Anand et al (2005)* included 5002 patients with chronic heart failure, and
showed that anaemia is an independent risk factor for 2-year mortality (P=0.02).

Anker et al (2009)® assessed the association between anaemia and three types of mortality:
all-cause mortality, sudden cardiac mortality and progressive heart failure mortality. In 5010
subjects with a diagnosis of acute myocardial infarction with signs or symptoms of heart
failure during the acute phase, anaemia was shown to be independently associated with all-
cause and heart failure mortality (P<0.0001 and 0.006, respectively) and not associated with
sudden cardiac death during a median 3 years of follow-up.

Komajda et al (2006)* performed a cohort analysis of the association between anaemia and
mortality in 2996 patients with chronic heart failure who took part in the COMET RCT. Over a
median of 58 months of follow-up, anaemia was shown to be an independent risk factor for
mortality (P<0.001).

Ceresa et al (2005)*” examined the association between anaemia and cardiac mortality which
included urgent heart transplantation, as it was considered that without the transplant the
patient would have died. In 980 patients with chronic heart failure entering a heart
transplant programme, anaemia was not shown to be an independent predictor of cardiac
mortality.

Only the studies by Baggish et al (2007)*® and Maraldi et al (2006)** studies provided data on
the baseline risk of mortality associated with heart failure. Baggish et al (2007) showed that
the unadjusted risk of mortality in patients without heart failure was 8.8%, while in patients
with heart failure it was 16.4%. In the study by Maraldi (2006), the risk of mortality in
patients without anaemia was 11.5%, and increased to 18.2% in patients with anaemia.
However, the results were somewhat different when analysed by gender. The risk of
mortality in females without anaemia was 9.1%, and this increased to 20.5% in females with
anaemia. In men, the effect of anaemia seemed to be much less pronounced, with the risk
increasing from 13.8% in men with anaemia compared with 16.3% in men with anaemia.
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Table 3.11 Question 1 (heart failure): Results for Level Il evidence — mortality (WHO or similar anaemia criteria)

Study No. of trials / Patient population Setting Risk factor Outcome Results
le si ;
Le}f' of fni%%:dszie Location Risk factor No risk factor Risk estimate (95% Cl) Significance
a
g\ﬂaﬁtnce analysis niN (%) niN (%) P-value
y Heterogeneity?
ALL-CAUSE MORTALITY
SHORT-TERM FOLLOW-UP (UP TO 1 YEAR)
Garty 2007 1 prospective Adult patients with Hospital/lsrael Anaemia (Hb <12 Mortality (in- NR NR NR Anaemia is not an
b tional heart failure st /dL hospital independent risk fact
Level Il gufveer;//a fona B?Se ailure stages gnae)n\w/isano ospita) Adjusted for: gender, age, hypertension, diabetes melitus, dyslipidaemia, obesity, Ifgrier?_ ehgsgﬂalnriorztiacli(t);
Good - current smoking, coronary artery disease, acute coronary syndrome, valvular heart
N=4102 disease, cardiomyopathy (non-ischaemic), atrial fibrillation, renal failure (creatinine P=0.05
21.5 mg/dL), chronic obstructive pulmonary disorder, stroke/transient ischaemic attack,
various treatments.
Mortality (12 NR NR OR 150 (1.29, 1.75) Anaemia is an
months - - - - — - - independent risk factor
) Adjusted for: gender, age, hypertension, diabetes mellitus, dyslipidaemia, obesity, nae p o -
; ) for in-hospital mortality
current smoking, coronary artery disease, acute coronary syndrome, valvular heart
disease, cardiomyopathy (non-ischaemic), atrial fibrillation, renal failure (creatinine P<0.05
21.5 mg/dL), chronic obstructive pulmonary disorder, stroke/transient ischaemic attack,
various treatments.
Baggish 2007 1 cohort analysis | Adult patients Hospital/US, the Anaemia (WHO) vs | Mortality (60 50/305 (16.4) 34/385 (8.8) OR 1.72 (1.05, 2.80) Anaemia is an
Level Il of data froma diagnosed Netherlands, Spain, | no anaemia days) - - : P independent risk factor
registry with acute heart New Zealand Adjusted for: age, hypertension, coronary artery disease, loop diuretic use, paroxysmal for 60-day mortality
Fair i failure nocturnal dyspnoea, fever, ECG left bundle branch block, creatinine, creatinine
comprising alure clearance, troponin, NT-pro-BNP; NYHA class, signs of haemodilution P=0.032
subjects from 3 ) ) ; , .
clinical trials and
a prospective
registry (ICON)
N=690
Maggioni 2005 1 prospective Adults patients with Not stated/Italy (IN- | Anaemia (WHO)vs | Mortality (12 NR | NR | HR 1.54 (1.20, 1.97) Anaemia is an
registry (IN- heart failure CHF no anaemia months - independent risk factor
Level I gstry ( |u ) ! ) Adjusted for: age, sex, SBP, heart rate, NYHA class, presence of coronary heart mdepenaentrl
CHF) . ; s ‘ - - for mortality
Good disease aetiology, ejection fraction, third heart sound, BMI, creatinine, use of ACEls
N=2411 and B-blockers. P<0.05
Maraldi 2006 1 prospective Adults aged =65 Hospital/ltaly Anaemia (WHO) vs | Mortality (12 46/253 (18.2) | 36/314 (11.5) | OR 1.15(0.69, 1.91) Anaemia is not an
cohort stud ears hospitalised no anaemia months - — - independent predictor
Level I uey a/ith heartpflailllre ! ) Adjusted for: age, gender, cognitive status, Short Physical Performance Battery score, Iof mgrtality cgmpéred
Good N=567 SBP, DBP, heart rate, BMI, serum albumin, cholesterol, serum sodium, creatinine with o anaemia
clearance, NYHA class, Cumulative lliness Rating Scale score, use of ACEls. P20,05
1 prospective Females aged 265 Hospital/ltaly Anaemia (WHO) vs | Mortality (12 23/112 (20.5) | 14/154 (9.1) | OR 2.33(1.02, 5.30) Anaemia is an
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Study No. of trials / Patient population Setting Risk factor Outcome Results
sample size ; - - - - —
Le,‘é‘*' of i inclu%ed :?1 Location Risk factor No risk factor Risk estimate (95% CI) Significance
e Tce analysis niN (%) niN (%) P-value
Quality Heterogeneity®
cohort study years hospitalised no anaemia months) Adjusted for: age, gender, cognitive status, Short Physical Performance Battery score, | independent predictor
N=266 with heart failure SBP, DBP, heart rate, BMI, serum albumin, cholesterol, serum sodium, creatinine of mortality compared
(subgroup) clearance, NYHA class, Cumulative lliness Rating Scale score, use of ACEIs. \leth rlm anaemia in
emales
P<0.05
1 prospective Males aged =65 Hospital/ltaly Anaemia (WHO) vs | Mortality (12 23/141 (16.3) 22/160 (13.8) OR 0.65 (0.32, 1.35) Anaemia is not an
cohort study years hospitalised no anaemia months) - " - independent predictor
: - Adjusted for: age, gender, cognitive status, Short Physical Performance Battery score, ’
N=301 with heart failure ) . - of mortality compared
SBP, DBP, heart rate, BMI, serum albumin, cholesterol, serum sodium, creatinine with no anaemia in
(subgroup) clearance, NYHA class, Cumulative lliness Rating Scale score, use of ACEIs. males
P=0.05
LONGER-TERM FOLLOW-UP (>1 YEAR)
Anand 2005 1 cohort analysis | Adult patients Not stated Anaemia (WHO)? Mortality (24 NR NR HR 1.21 Anaemia is an
of a double-blind ith chronic heart ; ; S N0 anaemia months - - - - - - - independent risk factor
Level Il RCT (VuaI-H eFlT) }’;I”ure—l Various countries® | ! ) Adjusted for variables shown to be independently associated with anaemia at baseline: Ifor Zr-)year morltality
Fair BNP category, NYHA category, uric acid, absolute neutrophil count, LVIDd/BSA, PRA,
N=5002 baseline use of B-blockers, origin (ischaemic vs non-ischaemic), age, creatinine, NE, P=0.02
category, absolute, lymphocyte count, LVEF, aldosterone, treatment (valsartan vs
placebo).
Maggioni 2005 1 cohort analysis | Adults patients with Not stated/Variouse | Anaemia (WHO)vs | Mortality (2 NR | NR | HR 1.26 (1.04, 1.52)¢ Anaemia is an
fa double-blind | heart fail |-HeFT, i independent risk fact
Level Il g (?T &ual-e in eart failure (Val-HeFT) no anaemia years) Adjusted for: age, sex, SBP, heart rate, NYHA class, presence of coronary heart Ifgrfr?oerrt]al(iet; PTI<S0 Oasc or
Good HeFT)s disease aetiology, ejection fraction, third heart sound, BMI, creatinine, use of ACEIs ‘
and B-blockers.
N=5010
Anker 2009 1 cohort analysis | Adult patientswitha | Not stated Anaemia (WHO) vs | Mortality NR | NR | HR 1.35 (1.16, 1.56) Anaemia is an
of a double-blind | diagnosis of AMI and ; no anaemia median 3 years - - - - independent risk factor
Level Il RCT ubieDl sil r%]s orls rotoms | Lenmark, Finland, ! (median 3 years) Adjusted for: age, sex, randomised treatment group, baseline BMI, eGFR, baseline Ifor n?ortality I
Fair (OPTIMAAL) ofgheart fa%lurr:e Germany, Ireland, creatinine, baseline uric acid, Killip class, heart rate, systolic blood pressure, total
- Norway, Sweden, cholesterol, current smoking, history of diabetes, in-hospital beta-blocker, statin, P<0.0001
N=5010 during the acute UK L > . N
phase digitalis nitrate, aspirin, warfarin and diuretic use.
Komajda 2006 1 cohort analysis | Adults with chronic Not stated/Various' | Anaemia (WHO)vs | Mortality NR NR RR 1.47(1.27,1.71) Anaemia is an
fa double-blind | heart fail i dian 58 independent risk fact
Level Il (I;CaT (OCUO&ETT cartfaure no anaemia E\rqr:)entlhzr; Adjusted for: randomised treatment, age, SBP, NYHA class, creatinine, sodium, BMI, ;gr(;pl)l_ecr;uesr; rr1|1sort:|ict; '
Good diabetes, duration of HF, ischaemic aetiology, LVEF, lipid-lowering agent, gender,
N=2996 anticoagulants, aspirin. P<0.001
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LONGER-TERM FOLLOW-UP (>1 YEAR)
Anker 2009 1 cohort analysis | Adult patientswitha | Not stated Anaemia (WHO) vs | Sudden cardiac NR | NR | HR 1.14 (0.89, 1.48) Anaemia is not an
of a double-blind | diagnosis of AMI and ; no anaemia mortali independent risk factor
Level Il ubieDl 1agnos| Denmark, Finland, ! Mortalty Adjusted for: age, sex, randomised treatment group, baseline BMI, eGFR, baseline mndep o
) RCT signs or symptoms Germany. Ireland (median 3 years) - . R . for sudden cardiac
Fair ; Y, ' creatinine, baseline uric acid, Killip class, heart rate, systolic blood pressure, total
(OPTIMAAL) of heart failure Norway, Sweden . . ’ ) ; ) death
- during the acute ' ' chqles_tergl, currentls.mokmg, r_nstory of dlapetes, in-hospital beta-blocker, statin, -
N=5010 phase UK digitalis nitrate, aspirin, warfarin and diuretic use. P=0.303
Progressive NR NR HR 1.55 (1.13, 2.13) Anaemia is an
heart fail independent risk fact
# r|ure Adjusted for: age, sex, randomised treatment group, baseline BMI, eGFR, baseline :‘Zrzzzrt]h Zzentz actor
i creatinine, baseline uric acid, Killip class, heart rate, systolic blood pressure, total progressive heart
(median 3 years) | cholesterol, current smoking, history of diabetes, in-hospital beta-blocker, statin, failure
digitalis nitrate, aspirin, warfarin and diuretic use.
P=0.006
Ceresa 2005 1 prospective Adults patients with Hospital/ltaly Anaemia (Hb <12 Cardiac NR NR NR Anaemia is not an
Level Il cohort study chronic heart g/dL) vs no mortality or - ) - . — ) independent risk factor
N=980 failure entering a anaemia urgent heart A(ri:usted for: RAP, sodium, LVEF, mitral regurgitation, NYHA class and possibly for cardiac
Poor heart transplant transplant (3 others. mortality/urgent heart
programme years) transplant

6-MWT, six minute walk test; ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AMI, acute myocardial infarction; ARB, angiotensin receptor blocker; BMI, body mass index; BNP, Brain-type natriuretic
peptide; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; CVAITIA, cerebrovascular accident/transient ischemic attack; DBP, diastolic blood pressure; dL, decilitre; ECG, electrocardiograph; eGFR,
estimated glomerular filtration rate; g, grams; Hb, haemoglobin; HF, heart failure; HR, hazard ratio; IHD, in hospital death; LVEF, left ventricular ejection fraction; LVIDd/BSA, left ventricular internal diastolic diameter/body
surface area; LVSD, left ventricular systolic dysfunction; NE, norepinephrine; NR, not reported; NT-pro-BNP, N-terminal-pro-Brain-type natriuretic peptide; NYHA, New York Heart Association; OR, odds ratio; PRA, plasma
renin activity; RAP, right atrial pressure; RCT, randomised controlled trial; RR, risk ratio; SBP, systolic blood pressure; SD, standard deviation; SOB, signs of breathlessness; UK, United Kingdom; US, United States of
America; WHO, World Health Organisation.
Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢ Australia, Belgium, Czech Republic, Denmark, Finland, France, Germany, Hungary, Italy, the Netherlands, Norway, Spain, Sweden, UK, US.
dHb <13 g/dL in men and <12 g/dL in women.
e According to ACC/AHA definitions. A: patients at high risk of developing heart failure, but without structural heart disease of heart failure symptoms; B: patients with structural heart disease but without heart failure
symptoms; C: patients with structural heart disease with prior or current symptoms of heart failure; D: refractor heart failure patients who require specialised interventions.
f Australia, Denmark, Finland, France, Germany, Hungary, Italy, the Netherlands, Norway, Portugal, Sweden, Switzerland, UK.
9 An analysis of the Val-HeFT study data was also conducted in the Anand 2005 study, and resulted in similar HRs (1.26 vs 1.21).
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Three studies assessed the association between various Hb levels and mortality, as shown in
Table 3.12.22"*® Anand et al (2005)* assessed the association between different 12-month
changes in Hb level and 12-month mortality. A substantial reduction in Hb level from
baseline over 12 months (mean -1.64 g/dL; range -6.3 to -0.9 g/dL) was an independent
predictor of 12-month mortality compared with no change (mean 0.14 g/dL; range -0.1 to 0.4
g/dL). However, a small reduction in Hb level from baseline over 12 months (mean -0.48
g/dL; range -0.8 to -0.2 g/dL) was not associated with 12-month mortality compared with no
change.

The study by Hamaguchi et al (2009)* assessed the association between various Hb levels
and mortality in patients hospitalised due to worsening heart failure during a mean 2.4 year
follow-up. The results of the analysis showed that lower Hb levels at discharge (<10.2 g/dL
and 10.1-11.9 g/dL) were significantly associated with all-cause and cardiac mortality when
compared with a Hb level of >213.7 g/dL. There was no association between Hb levels of 12.0-
13.6 g/dL compared with >13.7 g/dL and all-cause or cardiac mortality.

Komajda et al (2006)* examined various levels and changes in Hb and their association with
mortality over a median follow-up period of 58 months. Hb levels were divided into six
groups and the three lowest groups (1, 2 and 3) and the two highest groups (5 and 6) were
compared with Group 4. For the purposes of the results presented here, Group 1 (<11.5 g/dL
male or <10.5 g/dL female) has been designated as severe/moderate anaemia, Group 2
(11.5-13.0 g/dL male or 10.5-12.0 g/dL female) has been designated as mild anaemia and
Group 3 (13.0-14.0 g/dL male or 12.0-13.0 g/dL female) has been designated no anaemia.
The reference group, Group 4, encompasses Hb from 14.0-15.0 g/dL for males or 13.0-14.0
g/dL for females. The results of the analysis show that severe/moderate anaemia and mild
anaemia are independent risk factors for mortality compared with the Hb level in Group 4.

Komajda et al (2006)* also assessed the association between change in Hb and mortality. A
reduction in Hb during the study of >3 g/dL and 2-3 g/dL were significantly associated with
increased mortality compared with an increase in Hb of >0-1 g/dL. There was no significant
association between reductions of 1-2 g/dL or 0-1 g/dL and increases of >0-1 g/dL.
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Table 3.12 Question 1 (heart failure): Results for Level Il evidence — mortality (other anaemia criteria, Hb levels or change in Hb levels)

Study

Level of
evidence2

Quality

ALL-CAUSE MORTALITY

No. of trials /
sample size
included in
analysis

Patient population

Setting
Location

Risk factor

Outcome

Results

Risk factor No risk factor Risk estimate (95% CI) Significance

niN (%) n/N (%) P-value
Heterogeneity?

SHORT-TERM FOLLOW-UP (UP TO 1 YEAR)

Anand 2005 1 cohort analysis | Adult patients Not stated 12-month change in Mortality (12 NR NR HR 1.6 (1.16, 2.2) A substantial reduction
f a double-blind ith chronic heart : TN Hb (- 1.64 g/dL th - - - - - - in Hb from baseli
Level Il g 8 couvie-hin i CTONIC hear Various countries ( g months) Adjusted for variables shown to be independently associated with anaemia at in 1D 1o DASeline over
) RCT (Val-HeFT) failure change (range -6.3 ) B ) 12 months is
Fair 0-0.9) vs 0.14 g/dL baseline: BNP category, NYHA category, uric acid, absolute neutrophil count, ey aesasiiad
N=1499 9)¥s 0.4 0 LVIDA/BSA, PRA, baseline use of B-blockers, origin (ischaemic vs non- 'gnificantly assoce
change (range -0.1 h el e ' with an increased risk of
0 0.4) ischaemic), age, creatinine, NE, category, absolute, lymphocyte count, LVEF, subsequent mortality
‘ aldosterone, treatment (valsartan vs placebo).
P=0.004
1 cohort analysis | Adult patients Not stated 12-month change in Mortality (12 NR NR HR 1.10 (0.79, 1.55) A small reduction in Hb
of a double-blind ith chronic heart ; ; Hb (-0.48 g/dL months, - - - - - - from baseline is not
p : I i SToNie Various countries® (0489 . ) Adjusted for variables shown to be independently associated with anaemia at : ne 15 0%
RCT (Val-HeFT) failure change (range -0.8 ’ L ) independently
t0-0.2 baseline: BNP category, NYHA category, uric acid, absolute neutrophil count, ; :
N=1532 0-0.2)vs 0.14 g/dL . R ! associated with an
change (range 0.1 LVIDd/BSA, PRA, baseline use of B-blockers, origin (ischaemic vs non- increased risk of
0 0.4) ' ischaemic), age, creatinine, NE, category, absolute, lymphocyte count, LVEF, mortality
' aldosterone, treatment (valsartan vs placebo).
P=0.57
LONGER-TERM FOLLOW-UP (>1 YEAR)
Hamaguchi 2009 1 prospective Adult Hospital/Japan Discharge Hb <10.1 | Mortality (mean NR NR HR 1.963 (1.300, 2.963) Moderate-severe
cohort stud atients hospitalised /dL vs Hb 213.7 2.4 years - - - - - anaemia (Hb <10.1
Level I uey 5 tents fospiialsed gLV years) Adjusted for: demographic (age, sex, BMI), causes of heart failure (ischaemic, nia (H
) N=777 ue to worsening g/dL ) ) . i A g/dL) is an independent
Fair heart failure hypertensive, valvular heart disease, dilated cardiomyopathy), medical history risk factor for mortality
- (hyperuricaemia, stroke, smoking, chronic arterial fibrillation or flutter), serum compared with no
creatinine, NYHA functional class at discharge, BNP at discharge, LVEF at anaemia (Hb =137
discharge and medication use (ACEI, ARB, B-blocker, digitalis, Ca channel gldL) T
blocker, nitrates, antiarrhythmic, warfarin).
P<0.05
1 prospective Adult Hospital/Japan Discharge Hb 10.1- | Mortality (mean NR NR HR 1.606 (1.067, 2.417) Mild-moderate anaemia
hort stud tients hospitalised 11.9 g/dL vs Hb 24 Hb 10.1-11.9 g/dL) i
conort siudy patients hospraised gia- ¥ years) Adjusted for: demographic (age, sex, BMI), causes of heart failure (ischaemic, ( . g/_ )is
N=823 due to worsening 213.7 gldL . J . i o an independent risk
heart failure hyperteqswe, yalvular heart dlgease, d||§ted cafd|0myopqthy), medical history et i EllMeRUEE
I (hyperuricaemia, stroke, smoking, chronic arterial fibrillation or flutter), serum mortality compared with
creatinine, NYHA functional class at discharge, BNP at discharge, LVEF at no anaemia (Hb 213.7
discharge and medication use (ACEI, ARB, B-blocker, digitalis, Ca channel gldL) T
blocker, nitrates, antiarrhythmic, warfarin).
P<0.05
1 prospective Adult Hospital/Japan Discharge Hb 12.0- Mortality (mean NR NR HR 1.315 (0.858, 2.016) Very mild anaemia (Hb
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Stud No. of trials / Patient population Setting Risk factor Outcome Results
y
sample size ; - - - - I
Le}:jel of inclupded . Location Risk factor No risk factor Risk estimate (95% CI) Significance
e‘::aﬁtr‘ce analysis niN (%) niN (%) P-value
Quality Heterogeneity?
cohort study patients hospitalised 136 g/dL vs Hb 2.4 years) Adjusted for: demographic (age, sex, BMI), causes of heart failure (ischaemic, | 12.0-13.6 g/dL) is not an
N=826 due to worsening 213.7 gidL hypertensive, valvular heart disease, dilated cardiomyopathy), medical history | independent risk factor
heart failure (hyperuricaemia, stroke, smoking, chronic arterial fibrillation or flutter), serum f0_f mortality compared
creatinine, NYHA functional class at discharge, BNP at discharge, LVEF at with no anaemia (Hb
discharge and medication use (ACEI, ARB, B-blocker, digitalis, Ca channel 213.7 gldL)
blocker, nitrates, antiarrhythmic, warfarin). P=0.05
Komajda 2006 1 cohort analysis | Adults with chronic Not stated/Various' Severe/moderate Mortality (median | NR NR RR 1.558 (1.145, 2.121) Severe/moderate
Level Il of a double-blind heart failure anaemia (Hb <11.5 58 months) - - . — . anaemia is an
oo RET(COMED e B S e s .| B
00! N=929 gldL female) vs er atiantnte. asaiih 9y, 1P 98981 for mortality compared
normal Hb (Hb 14.0- gender, guiants, aspirin. with normal Hb
15.0 g/dL male or P=0.0048
13.0-14.0 g/dL
female)
1 cohort analysis | Adults with chronic Not stated/Variousf Mild anaemia (Hb Mortality (median | NR NR RR 1.405 (1.16, 1.703) Moderate anaemia is an
of a double-blind heart failure 11.5-13.0 g/dL male | 58 months) diusted for randomised | — " independent risk factor
RCT (COMED st aomses esen sSSP Wi s el a6 | s morlycompaes
N=1206 female)vs normal Hb gen aer anticdagulants aspiri’n ' ' ' | with normal Hb
(Hb 14.0-15.0 g/dL ' ' ' P<0.001
male or 13.0-14.0
g/dL female)
1 cohort analysis | Adults with chronic Not stated/Various' No anaemia (Hb Mortality (median | NR NR RR 0.942 (0.783, 1.134) No anaemia is not an
of a double-blind heart failure 13.0-14.0 g/dL male | 58 months) - . — . independent risk factor
) Adjusted for: randomised treatment, age, SBP, NYHA class, creatinine, sodium, -
RCT (COMET) or 12.0-13.0 gfdL BMI, diabetes, duration of HF, ischaemic aetiology, LVEF, lipid-lowering agent, for mortality compared
N=1463 female)vs normal Hb gen aer anticdagulants aspiri’n ' ' ' | with normal Hb
male or 13.0-14.0
g/dL female)
Komajda 2006 1 cohort analysis Adults with chronic Not stated/Various AHb<=-3g/dLvs A Mortality (median | NR NR RR 3.37 (2.464, 4.611) A large reduction in Hb
f a double-blind heart fail Hb >0-1 g/dL 58 month time i
Level Il g a tounedin cartiaiure g months) Adjusted for: randomised treatment, age, SBP, NYHA class, creatinine, sodium, OVEr ime 1S an
RCT (COMET) ; ) ) ) ) o . independent risk factor
Good NENR BMI, diabetes, duration of HF, ischaemic aetiology, LVEF, lipid-lowering agent, for mortality compared
= gender, anticoagulants, aspirin. it i el [
P<0.001
1 cohort analysis Adults with chronic Not stated/Various A Hb>-3to-2 g/dL Mortality (median | NR NR RR 1.466 (1.092, 1.969) A moderate reduction in
of a double-blind heart failure vs A Hb >0-1 g/dL 58 months) - - . — - Hb over time is an
RCT (COMET) Adjusted for: randomised treatment, age, SBP, NYHA class, creatinine, sodium, independent risk factor
NENR BMI, diabetes, duration of HF, ischaemic aetiology, LVEF, lipid-lowering agent, for mortality compared
= gender, anticoagulants, aspirin. Wit i rEsleia im
P=0.0109
1 cohort analysis Adults with chronic Not stated/Various A Hb>-2to-1g/dL Mortality (median | NR NR RR 1.178 (0.944, 1.471) A small reduction in Hb
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Study No. of trials / Patient population Setting Risk factor Outcome Results
sample size ; - - - - P
Le}:jel of . inclupded Iii Location Risk factor No risk factor Risk estimate (95% CI) Significance
evi Ftnce analysis niN (%) niN (%) P-value
Quality Heterogeneity?
ofa double-blind | heart failure vs AHb>0-1 g/dL 58 months) Adjusted for: randomised treatment, age, SBP, NYHA class, creatinine, sodium, | Over time is not an
RCT (COMET) BMI, diabetes, duration of HF, ischaemic aetiology, LVEF, lipid-lowering agent, | independent risk factor
N=NR gender, anticoagulants, aspirin. for mortality compared
with no reduction in Hb
P=0.1474
1 cohort analysis | Adults with chronic Not stated/Various' AHb>-1t00 g/dL Mortality (median | NR NR RR 1.005 (0.831, 1.215) A very small reduction in
of a double-blind heart failure vs A Hb >0-1 g/dL 58 months) - . — - Hb over time is not an
Adjusted for: randomised treatment, age, SBP, NYHA class, creatinine, sodium, | - :
RCT (COMET) BMI. diab duration of HE. ischaemi iol LVEE. fivid- . independent risk factor
N=NR d iabetes, urlauon of HF, ischaemic aetiology, . lipid-lowering agent, | ¢ Ali-cause anaemia
gender, anticoagulants, aspirin. compared with no
reduction in Hb
P=0.9595
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CARDIOVASCULAR MORTALITY

Hamaguchi 2009
Level Il
Fair

1 prospective Adult Hospital/Japan Discharge Hb <10.1 | Cardiac mortality | NR | NR | HR 2.155 (1.308, 3.548) Moderate-severe
hort stud tients hospitalised /dL vs Hb 213.7 24 ia (Hb <10.1
conort study gﬁelig ;o?sserllii s g /L vs (mean 2.4 years) Adjusted for: demographic (age, sex, BMI), causes of heart failure (ischaemic, S?dal_e)ni:a;g independent
— q . ) . . e
N=777 : hypertensive, valvular heart disease, dilated cardiomyopathy), medical history : :
heart failure : ) . . e 2 risk factor for cardiac
(hyperuricaemia, stroke, smoking, chronic arterial fibrillation or flutter), serum death compared with no
creatinine, NYHA functional class at discharge, BNP at discharge, LVEF at anaemia (Hb =13.7
discharge and medication use (ACEI, ARB, B-blocker, digitalis, Ca channel gldL) T
blocker, nitrates, antiarrhythmic, warfarin).
P<0.05
1 prospective Adult Hospital/Japan Discharge Hb 10.1- | Cardiac mortality NR NR HR 1.706 (1.039, 2.800) Mild-moderate anaemia
hort stud tients hospitalised 11.9 g/dL vs Hb 24 Hb 10.1-11.9 g/dL) i
conort siudy gieletg 307(?%& >13 79 g/dl\_/s (mean 24 years) Adjusted for: demographic (age, sex, BMI), causes of heart failure (ischaemic, gn independen%/risli s
- q >13. . ) . i e
N=823 heart failure hypertensive, valvular heart disease, dilated cardiomyopathy), medical history | gacqor for cardiac death
I (hyperuricaemia, stroke, smoking, chronic arterial fibrillation or flutter), serum compared with no
creatinine, NYHA functional class at discharge, BNP at discharge, LVEF at anaemia (Hb =13.7
discharge and medication use (ACEI, ARB, B-blocker, digitalis, Ca channel g/dL) T
blocker, nitrates, antiarrhythmic, warfarin).
P<0.05
1 prospective Adult Hospital/Japan Discharge Hb 12.0- Cardiac mortality | NR NR HR 1.39 (0.832, 2.324) Very mild anaemia (Hb
hort stud tients hospitalised 13.6 g/dL vs Hb 24 - - - - - 12.0-13.6 g/dL) is not
conort study gﬁéetg ;ﬁ;ﬁﬁ >13 79 g/dl\_/s (mean 2.4 years) Adjusted for: demographic (age, sex, BMI), causes of heart failure (ischaemic, independegr]n rigllsfz%o?n
- q 213. . ) . . e
N=826 heart failure hypertensive, valvular heart disease, dilated cardiomyopathy), medical history | ¢ o oot

(hyperuricaemia, stroke, smoking, chronic arterial fibrillation or flutter), serum
creatinine, NYHA functional class at discharge, BNP at discharge, LVEF at
discharge and medication use (ACEI, ARB, B-blocker, digitalis, Ca channel
blocker, nitrates, antiarrhythmic, warfarin).

compared with no
anaemia (Hb =13.7
g/dL)

P=0.05

6-MWT, six minute walk test; ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AMI, acute myocardial infarction; ARB, angiotensin receptor blocker; BMI, body mass index; BNP, Brain-type natriuretic
peptide; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; CVAITIA, cerebrovascular accident/transient ischemic attack; DBP, diastolic blood pressure; dL, decilitre; ECG, electrocardiograph; eGFR,
estimated glomerular filtration rate; g, grams; Hb, haemoglobin; HF, heart failure; HR, hazard ratio; IHD, in hospital death; LVEF, left ventricular ejection fraction; LVIDd/BSA, left ventricular internal diastolic diameter/body
surface area; LVSD, left ventricular systolic dysfunction; NE, norepinephrine; NR, not reported; NT-pro-BNP, N-terminal-pro-Brain-type natriuretic peptide; NYHA, New York Heart Association; OR, odds ratio; PRA, plasma
renin activity; RAP, right atrial pressure; RCT, randomised controlled trial; RR, risk ratio; SBP, systolic blood pressure; SD, standard deviation; SOB, signs of breathlessness; UK, United Kingdom; US, United States of
America; WHO, World Health Organisation.
Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢ Australia, Belgium, Czech Republic, Denmark, Finland, France, Germany, Hungary, Italy, the Netherlands, Norway, Spain, Sweden, UK, US.
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Eight studies assessed the association between Hb as a continuous variable and mortality,
as shown in Table 3.13.3%283032343637 ca|ar et al (2003)*® assessed the association between
Hb level and 60-day mortality in 906 patients with systolic dysfunction and exacerbation of
heart failure who took part in the OPTIME-CHF RCT. The results of this study showed thata 1
g/dL increase in Hb was not associated with 60-day mortality.

Anand et al (2005)* assessed the association between Hb as a continuous variable and 12-
month mortality in two populations: (i) those with anaemia at baseline (N=668) and (ii) those
without anaemia at baseline (N=2424). The results of the analysis showed that a 1 g/dL
increase in Hb was associated with a substantial reduction in 12-month mortality risk in both
patient populations (22% and 21% reduction, respectively).

Maggioni et al (2005)** examined the association between Hb and mortality in cohorts from
one RCT (Val-HeFT) and one prospective registry (IN-CHF). As noted previously, data from the
Val-HeFT trial was also used for the analysis by Anand et al (2005). Using data from the Val-
HeFT trial, Maggioni et al (2005) showed that a 1 g/dL increase in Hb resulted in a
significantly decreased risk of mortality at 2 years and 1 year (7.8% and 11% reductions in the
risk of mortality, respectively). Similarly, analysis of data from the IN-CHF study also showed
a reduction in mortality associated with an increase of 1 g/dL in Hb (9.7% reduction).

The study by Anker et al (2009)® examined the association between Hb levels or change in Hb
levels and mortality. A 1 SD increase in Hb was significantly associated with a 12% reduction
in the risk of all-cause mortality and a 20% reduction in the risk of progressive heart failure
mortality during a mean of 3 years of follow-up. There was no association between a 1 SD
increase in Hb and sudden cardiac mortality. A 12-month change (increase or decrease) in Hb
was significantly associated with mortality; a 12-month change was associated with a 27%
reduction in mortality risk (P<0.01) while a 12-month increase was associated with a 33%
reduction in mortality risk (P<0.01). A 12-month decrease in Hb level may be associated with
a 27% increase in the risk of mortality (P=0.05).

The study by Ingle et al (2007)* aimed to examine the relationship between Hb and
mortality in 1592 elderly patients with chronic heart failure. During a mean of 36.6 months of
follow-up, a 1 g/dL increase in Hb was significantly associated with a 17.1% reduction in
mortality.

Kalra et al (2003)* used a prospective cohort study design to assess the association between
Hb and survival in 531 adults with newly diagnosed heart failure. The results of the analysis
showed there was no significant association between a 1 g/dL increase in Hb and survival.

The study by Poole-Wilson et al (2003)*® examined the association between Hb and a number
of different types of mortality: (all-cause mortality, cardiovascular mortality, chronic heart
failure mortality, sudden death and out-of-hospital death) in 3164 patients with mild-severe
heart failure taking part in the ATLAS RCT. Over a mean follow-up period of 46 months, a 1
g/dL increase in Hb was significantly associated with a reduction in chronic heart failure
mortality only.

Young et al (2008)*” assessed the association between a decrease in Hb and mortality in
>48,000 patients hospitalised for new or worsening heart failure. The results of the study
showed that a 1 g/dL decrease in Hb was associated with an increased risk of in-hospital
mortality, but not 60-90-day mortality.
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Table 3.13 Question 1 (heart failure): Results for Level Il evidence — mortality (Hb as a continuous variable)

Study
Level of evidence?

Quality

ALL-CAUSE MORTALITY

No. of trials /
sample size
included in
analysis

Patient population

Setting
Location

Risk factor

Outcome

Results

Risk factor No risk factor Risk estimate (95% Cl) | Significance

niN (%) niN (%) P-value
Heterogeneity®

SHORT-TERM FOLLOW-

UP (UP TO 12 MONTHS)

Felker 2003 1 cohort analysis Adult patients with Hospital/lUS 1 g/dL increase in Hb | Mortality (60 days NA NA NR A 1 g/dL increase in Hb
Y p p g y Y g
f a double-blind tolic dysfuncti is not ind dentl
Level Il ?{CaT ((())uPTelMllzrj Zﬁi Z!(cac}elfbirt]igrgogf Adjusted for: 41 candidate variables that reflected demographics, cardiac Esrs]_gcilgteedp\?vri]the; c)kllange
Good CHF) heart failure history, co-morbid conditions, bedside assessment, and laboratory in the risk of 60-day
studies; to adjust for varying degrees of volume overload, variables mortality
N=906 assessed included presence of increased jugular venous pressure,
peripheral oedema or a third heart sound. P20.05
Anand 2005 1 cohort analysis Adult patients Not stated Increase in Hb of 1 Mortality (12 NA NA HR 0.78 (0.65, 0.93) A 1 g/dL increase in Hb
of a double-blind ith chronic heart : ; /dL months - - - . ) in patients with anaemia
Level Il RCT (VuaI-HeFIT) \anlllilure withl Snaemiaat | ATOus countriest ¢ ) Adjusted for variables shown to be independently associated with :at Easlelinev\\:\llho surviV(led
Fair baseline who survived anaemia at baseline: BNP category, NYHA category, uric acid, absolute 12 months is
N=668 12 months neutrophil count, LVIDd/BSA, PRA, baseline use of B-blockers, origin independently associated
- (ischaemic vs non-ischaemic), age, creatinine, NE, category, absolute, with 2 22% reduction in
lymphocyte count, LVEF, aldosterone, treatment (valsartan vs placebo). :
the risk of 12-month
mortality
P=NR
1 cohort analysis Adult patients Not stated Increase in Hb of 1 Mortality (12 NA NA HR 0.79 (0.71, 0.89) A 1 g/dL increase in Hb
f a double-blind ith chronic heart - - /dL th - - - . - in patients without
?{CaT ((\)/ual-eHeF"';') \ngiIurCe \:‘mgutea Various countries g months) Adjusted for variables shown to be independently associated with g]ngzrlr?ig Ztvgas(:alljine who
anaemia at baseline anaemia at baseline: BNP category, NYHA category, uric acid, absolute SrivEe 12 Ml 5
N=2424 whosuvived 12 neutrophil count, LVIDA/BSA, PRA, baseline use of B-blockers, origin e e
months (ischaemic vs non-ischaemic), age, creatinine, NE, category, absolute, with a 21% reduction in
- lymphocyte count, LVEF, aldosterone, treatment (valsartan vs placebo). the risk of 12-month
mortality
P=NR
aggioni cohort analysis ults patients witl ot stated/Various® g/dL increase in ortality . .83,0. increase in
Maggioni 2005 1 coh lysi Adults pati ith N d/Vari lgldLi inHb | Mortality (12 NA NA HR 0.89 (0.83, 0.95) Alg/dLi in Hb
f a double-blind heart fail Val-HeFT th is ind dentl
Level Il %(?T ((\)/ual-eHeF"';')d eartiaiure (Val-HeFT) months) Adjusted for: age, sex, SBP, heart rate, NYHA class, presence of :s?oggteer:j Svri]thyan 11%
Good coronary heart disease aetiology, ejection fraction, third heart sound, ; -
_ heart di ol jection fraction, third h d decrease in the risk of
N=5010 BMI, creatinine, use of ACEls and B-blockers. mortality
P<0.05
1 prospective Adults patients with Not stated/Italy (IN- 1g/dL increase in Hb | Mortality (12 NA NA HR 0.903 (0.839, 0.973) | A1 g/dL increase in Hb
registry (IN-CHF) heart failure CHF) months) is independently

N=2411

Adjusted for: age, sex, SBP, heart rate, NYHA class, presence of
coronary heart disease aetiology, ejection fraction, third heart sound,
BMI, creatinine, use of ACEIs and -blockers.

associated with an 9.7%
decrease in the risk of
mortality

P<0.05
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded lifw Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
LONGER-TERM FOLLOW-UP (>12 MONTHS)
Maggioni 2005 1 Cohort analysis Adults patients with Not stated/Various® 1g/dLincreaseinHb | Mortality (2 years) | NA NA HR 0.922 (0.881, 0.966) | A1 g/dL increase in Hb
Level Il of a double-blind heart failure (Val-HeFT) - - is independently
. RCT (Val-HeFT) Adjusted for: age, sex, SBP, heart rate, NYHA f:lass, presence of associated with a 7.8%
ood coronary heart disease aetiology, ejection fraction, third heart sound, ieieEee (e fekah
N=5010 BMI, creatinine, use of ACEls and B-blockers. mortality
P<0.05
Anker 2009 1 cohort analysis Adult patients with a Not stated Increase in Hb of 1 Mortality (median NA NA HR 0.88 (0.83, 0.93) A 1 SD increase in Hb is
of a double-blind diagnosis of AMI and : SD 3 years - - - independently associated
Level II RCT( ouPTlM /L ) Sil ?, : ;| Denmark, Finland, years) Adjusted for: age, sex, randomised treatment group, baseline BMI, o hp 9 yd o
) gns or symptoms o Germany, Ireland ) S - AR with a 12% reduction in
Fair heart failure during the ' ' eGFR, baseline creatinine, baseline uric acid, Killip class, heart rate, the risk of mortality
N=5010 acute phase Norway, Sweden, UK systolic blood pressure, total cholesterol, current smoking, history of
diabetes, in-hospital beta-blocker, statin, digitalis nitrate, aspirin, warfarin P<0.001
and diuretic use.
1 cohort analysis Adult patients with a Not stated 12-month change in Mortality (median NA NA HR 0.73 (0.63, 0.85) A 12-month change of
of a double-blind diagnosis of AMI and ; Hb of 1 SD 3 years - - - Hbof1SDis
RCT( ngIM ;\ ) Si'ggs Or'symptoms o | Denmark, Finland, years) Adjusted for: age, sex, randomised treatment group, baseline BMI, independen'ﬂy associated
heart fai - Germany, Ireland, eGFR, baseline creatinine, baseline uric acid, Killip class, heart rate, : 3 Ao
N=3921 eart failure during the | Noway. Sweden UK ; ; . with a 27% reduction in
acute phase who Y, ' systolic blood pressure, total cholesterol, current smoking, history of the risk of mortality
survived 12 month diabetes, in-hospital beta-blocker, statin, digitalis nitrate, aspirin, warfarin
S <0.
e and diuretic use. P<0.001
12-month increase in | Mortality (median NA NA HR 0.67 (0.51, 0.81) A 12-month increase of
Hb of 1 SD 3 Hbof 1SDi
0 years) Adjusted for: age, sex, randomised treatment group, baseline BMI, indeopendenltTy craraRiEd
eGFR, baseline creatinine, baseline uric acid, Killip class, heart rate, with 2 33% reduction in
systolic blood pressure, total cholesterol, current smoking, history of mortality
diabetes, in-hospital beta-blocker, statin, digitalis nitrate, aspirin, warfarin
and diuretic use. P<0.01
12-month decrease in | Mortality (median NA NA HR 1.27 (1.00, 1.60) A 12-month decrease in
Hb of 1 SD 3 years - - - Hb of 1 SD may be
years) Adjusted for: age, sex, randomised treatment group, baseline BMI, independenwgssociated
eGFR, baseline creatinine, baseline uric acid, Killip class, heart rate, Wi 2\ 2T e
systolic blood pressure, total cholesterol, current smoking, history of the risk of mortality
diabetes, in-hospital beta-blocker, statin, digitalis nitrate, aspirin, warfarin
and diuretic use. P=0.05
Ingle 2007 1 prospective ‘Older’ patients with Community/UK 1gldL increase in Hb | Mortality (mean NA NA HR 0.829 (0.808, 0.850) | A1 g/dL increase in Hb
cohort stud chronic heart failure 36.6 months - - is independent]
Level Il ucy ! |u ) Adjusted for: gender, age, BMI, NYHA class, LVSD, 6-MWT, sodium, laslsocigted Withya 50
Fair N=1592 (all aged >65 years) potassium, urea, creatinine, LVEF, SBP, heart rate, QRS duration, log :

NT-pro-BNP, AF, angina, diabetes, ACEls, B-blockers, loop diuretics,
ankle swelling, SOB, fatigue.

reduction in the risk of
mortality

P<0.05
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded lifw Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
Kalra 2003 1 prospective Adults with newly Community/UK 1gldL increase inHb | Survival (median NA NA HR 0.98 (0.92, 1.04) A 1 g/dL increase in Hb
Level Il cohort study diagnosed heart failure 3 years) - - — - - - is not independently
_ N=531 Ad]usted for: age, DBP, creatinine, NYHA class, left-ventricular systolic associated with a change
Fair function. in survival.
P=0.54
Poole-Wilson 2003 1 cohort analysis Adults with mild- Hospital and 1g/dL increase inHb | Mortality (mean46 | NA NA HR 0.983 A 1 g/dL increase in Hb
fa RCT (ATLAS hronic heart ity/variouse th is not independentl
Level Il ora ( ) fS:inrLe ehronic hear communityvanous months) Adjusted for: lisinopril dose, age, sex, IHD, LVEF, NYHA class, SBP, :s:_gcilgte?jp\?vri]the: y
Good N=3164 DBP, heart rate, drugs at randomisation including antidiabetic, aspirin, 8- P
L9 L : decrease in risk of
blockers, long-acting nitrates, short-acting nitrates, previous ACEI, mortality
antiarrythmics, calcium channel blockers, anticoagulants/warfarin. P 20,05
Sudden death NA NA HR 1.036 A 1 g/dL increase in Hb
46 month is not independentl
(mean 46 months) Adjusted for: lisinopril dose, age, sex, IHD, LVEF, NYHA class, SBP, :srs],_gcilgte?jp\?vri]the: y
DBP, heart rate, drugs at randomisation including antidiabetic, aspirin, B- decrease in risk of
blockers, long-acting nitrates, short-acting nitrates, previous ACEI,
) ) h ) h sudden death
antiarrythmics, calcium channel blockers, anticoagulants/warfarin. P 20,05
Out-of-hospital NA NA HR 0.983 A1 g/dL increase in Hb
death (mean 46 is not independentl
death( Adjusted for: lisinopril dose, age, sex, IHD, LVEF, NYHA class, SBP, 'S Dot Indeper y
months) A ’ i i associated with a
DBP, heart rate, drugs at randomisation including antidiabetic, aspirin, - decrease in risk of out-of-
blockers, long-acting nitrates, short-acting nitrates, previous ACEI, .
) ) b . . hospital death
antiarrythmics, calcium channel blockers, anticoagulants/warfarin. P 20,05
Young 2008 1 Prospective Adults hospitalised for | Hospital/US 1 g/dL decrease in Mortality (in NA NA OR 1.077 (1.031,1.126) | A1 g/dL decrease in Hb
Level Il registry cohort new or worsening Hb (up to 13 g/dL) hospital - - - — is independently
) study (OPTIMIZE- | heart failure, or if heart }Agiljusted for'. age, race, hcfaart r&atc;, S.BP’ D.B P, soAd/|um, %reaﬂr;mg, he‘?” associated with a 7.7%
5 e aas
- discharge diagnosis ) ' y ! ! hospital mortali
N=48,612 : Ao prior heart failure, LVSD, ACE, B-blocker. g il
P=0.001
1 Prospective Adults hospitalised for | Hospital/US 1 g/dL decrease in Mortality (60-90 NA NA OR 1.021 (0.945,1.104) | A1 g/dL decrease in Hb
registry cohort new or worsening Hb (up to 13 g/dL) days) - - — — - - is not independently
study heart failure, or if heart AdtIUSt?d for.dSBP, C;e?t'mnf’i agr]]e, reactn&g alan\y dlsegse, WE'IghL' lower associated with a change
N=571 failure was the gx r(;mlty oSeBgrr}g, s S.In at discharge, sodium, depression, B-blocker, in the risk of 60-90 day
discharge diagnosis Ischarge SbF, liver disease. mortality
P=0.5939
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ALL-CAUSE MORTALITY

Anker 2009
Level Il
Fair

1 cohort analysis
of a double-blind
RCT (OPTIMAAL)

N=5010

Adult patients with a
diagnosis of AMI and
signs or symptoms of
heart failure during the
acute phase

Not stated

Denmark, Finland,
Germany, Ireland,
Norway, Sweden, UK

Increase in Hb of 1
SD

Sudden cardiac
mortality (median
3 years)

NA | NA ‘ HR 0.86 (0.80, 1.03)

Adjusted for: age, sex, randomised treatment group, baseline BMI,
eGFR, baseline creatinine, baseline uric acid, Killip class, heart rate,
systolic blood pressure, total cholesterol, current smoking, history of
diabetes, in-hospital beta-blocker, statin, digitalis nitrate, aspirin, warfarin
and diuretic use.

A 1 SD increase in Hb

is not independently
associated with a
reduction in the risk of
sudden cardiac mortality

P=0.141

Progressive heart
failure mortality

(median 3 years)

NA NA HR 0.80 (0.69, 0.94)

Adjusted for: age, sex, randomised treatment group, baseline BMI,
eGFR, baseline creatinine, baseline uric acid, Killip class, heart rate,
systolic blood pressure, total cholesterol, current smoking, history of
diabetes, in-hospital beta-blocker, statin, digitalis nitrate, aspirin, warfarin
and diuretic use.

A 1 SD increase in Hb is
independently associated
with a 20% reduction in
the risk of progressive
heart failure mortality

P=0.006

Poole-Wilson 2003
Level Il
Good

1 cohort analysis
of a RCT (ATLAS)

N=3164

Adults with mild-
severe chronic heart
failure

Hospital and
community/variouse

1 g/dL increase in Hb

Cardiovascular
mortality (mean 46
months)

NA NA HR 0.999

Adjusted for: lisinopril dose, age, sex, IHD, LVEF, NYHA class, SBP,
DBP, heart rate, drugs at randomisation including antidiabetic, aspirin, -
blockers, long-acting nitrates, short-acting nitrates, previous ACEI,
antiarrythmics, calcium channel blockers, anticoagulants/warfarin.

A 1 g/dL increase in Hb
is not independently
associated with a
decrease in risk of
cardiovascular mortality

P 20.05

HF mortality

(mean 46 months)

NA NA HR 0.927

Adjusted for: lisinopril dose, age, sex, IHD, LVEF, NYHA class, SBP,
DBP, heart rate, drugs at randomisation including antidiabetic, aspirin, -
blockers, long-acting nitrates, short-acting nitrates, previous ACEI,
antiarrythmics, calcium channel blockers, anticoagulants/warfarin.

A1 g/dL increase in Hb
is independently
associated with a 7.3%
decrease in risk of CHF
mortality

P <0.05

6-MWT, six minute walk test; ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AMI, acute myocardial infarction; ARB, angiotensin receptor blocker; BMI, body mass index; BNP, Brain-type natriuretic
peptide; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; CVAITIA, cerebrovascular accident/transient ischemic attack; DBP, diastolic blood pressure; dL, decilitre; ECG, electrocardiograph; eGFR,
estimated glomerular filtration rate; g, grams; Hb, haemoglobin; HF, heart failure; HR, hazard ratio; IHD, in hospital death; LVEF, left ventricular ejection fraction; LVIDd/BSA, left ventricular internal diastolic diameter/body
surface area; LVSD, left ventricular systolic dysfunction; NE, norepinephrine; NR, not reported; NT-pro-BNP, N-terminal-pro-Brain-type natriuretic peptide; NYHA, New York Heart Association; OR, odds ratio; PRA, plasma
renin activity; RAP, right atrial pressure; RCT, randomised controlled trial; RR, risk ratio; SBP, systolic blood pressure; SD, standard deviation; SOB, signs of breathlessness; UK, United Kingdom; US, United States of
America; WHO, World Health Organisation.
Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢ Australia, Belgium, Czech Republic, Denmark, Finland, France, Germany, Hungary, Italy, the Netherlands, Norway, Spain, Sweden, UK, US.

d An analysis of the Val-HeFT study data was also conducted in the Anand 2005 study, and resulted in similar HRs (1.26 vs 1.21).

e Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Finland, France, Hungary, Ireland, the Netherlands, Norway, Portugal, Slovak Republic, Spain, Switzerland, United Kingdom, United States.
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Anaemia as an independent risk factor for stroke/MI
No studies were identified which presented data on stroke/MI.

Anaemia as an independent risk factor for functional/performance status

One study assessed the association between various Hb levels and functional/performance
status, as shown in Table 3.14. Adams et al (2009)** assessed the association between
baseline Hb and baseline quality of life, and 12-month change in Hb and 12-month change in
quality of life, using two validated, disease-specific quality of life instruments: the Kansas City
Cardiomyopathy Questionnaire (KCCQ) and the Minnesota Living with Heart Failure
Questionnaire ( MLHFQ). Based on a categorical analysis of Hb levels (with categories
predominantly from 11 to 14 g/dL), baseline Hb level was shown to be significantly
associated with improvements in three domains of the KCCQ (functional, P=0.0010;
symptoms, P<0.001; and clinical, P=0.006) and one domain of the MLHFQ (physical,
P=0.029).
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Table 3.14 Question 1 (heart failure): Results for Level Il evidence - functional/performance status (other anaemia criteria, Hb levels or change in Hb levels)

Study
Level of evidence?

Quality

No. of trials /
sample size
included in
analysis

Patient population

Setting
Location

Risk factor

Outcome

Results

Risk factor No risk factor Risk estimate (95% Cl) | Significance

nIN (%) nIN (%) P-value
Heterogeneity®

HEART FAILURE

CATEGORICAL ANALYSES

Other anaemia criteria/Hb levels/change

Adams 2009 1 cohort analysis Adult patients with Outpatient Categories of Hb KCCQ-Functional NR | NR ‘ MD 1.1 (0.4,1.8) Higher baseline Hb
Level Il of a prospective heart failure with us predominantly from di - - - - concentration is
. . justed for gender, race, age, eGFR, history of diabetes, duration of heart failure, P A
Good registry baseline Hb and QoL 11tol4g/dl LVEF, hypertension, ischaemic heart disease, SBP, DBP, current smoking, ACEI, S|gn|f|9antly gssomated
(STAMINA-HFP) ARB, ACE| or ARB, B-blocker, digoxin, any diuretic, loop diuretic and NYHA class. with higher (improved)
N=826 KCCQ-functional scores
P=0.001
Adult patients with Outpatient Categories of Hb KCCQ-Symptoms NR NR MD 1.5 (0.7, 2.3) Higher baseline Hb
heart failure with us predominantly from - - - - - concentration is
. — Adjusted for gender, race, age, eGFR, history of diabetes, duration of heart failure, B A
baseline Hb and QoL 11tol4g/dl LVEF, hypertension, ischaemic heart disease, SBP, DBP, current smoking, ACEI, 5|gn|f|9antly gssomated
ARB, ACE| or ARB, B-blocker, digoxin, any diuretic, loop diuretic and NYHA class. with higher (improved)
KCCQ-symptoms scores
P<0.001
Adult patients with Outpatient Categories of Hb KCCQ-Clinical NR NR MD 0.9 (0.3, 1.6) Higher baseline Hb
heart failure with us predominantly from - - - - ; concentration is
A s Adjusted for gender, race, age, eGFR, history of diabetes, duration of heart failure, A .
baseline Hb and QoL 11tol4g/dl LVEF, hypertension, ischaemic heart disease, SBP, DBP, current smoking, ACEI, 5|gn|f|9antly gssomated
ARB, ACE| or ARB, B-blocker, digoxin, any diuretic, loop diuretic and NYHA class. with higher (improved)
KCCQ-clinical scores
P=0.006
1 cohort analysis Adult patients with Outpatient Categories of Hb MLHFQ-Physical NR NR MD -0.4 (-0.8, -0.04) Higher baseline Hb
of a prospective heart failure with us predominantly from - - - - ; concentration is
- A oy Adjusted for gender, race, age, eGFR, history of diabetes, duration of heart failure, A .
registry baseline Hb and QoL 11tol4g/dl LVEF, hypertension, ischaemic heart disease, SBP, DBP, current smoking, ACEI, S|gn|f|cantly associated
(STAMINA-HFP) ARB, ACE| or ARB, B-blocker, digoxin, any diuretic, loop diuretic and NYHA class. with lower
N=up to 826 (improved) MLHFQ-
physical scores
P=0.029
Adult patients with Outpatient Categories of Hb MLHFQ- NR NR MD -0.2 (-0.4, 0.06) Higher baseline Hb
heart failure with us predominantly from Emotional - - - - - concentration is not
. — Adjusted for gender, race, age, eGFR, history of diabetes, duration of heart failure, A —
baseline Hb and QoL 11tol4g/dl LVEF, hypertension, ischaemic heart disease, SBP, DBP, current smoking, ACEI, 5|gn|f|cantly assougted
ARB, ACE| or ARB, B-blocker, digoxin, any diuretic, loop diuretic and NYHA class. with MLHFQ-emotional
scores
P=0.14
Adult patients with Outpatient Categories of Hb MLHFQ-Summary | NR NR MD -0.7 (-1.5,0.1) Higher baseline Hb
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded in Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
heart failure with us predominantly from Adjusted for gender, race, age, eGFR, history of diabetes, duration of heart failure, concentration is not
baseline Hb and QoL 11to 14 g/dL LVEF, hypertension, ischaemic heart disease, SBP, DBP, current smoking, ACEI, significantly associated
ARB, ACEI or ARB, B-blocker, digoxin, any diuretic, loop diuretic and NYHA class. with MLHFQ-summary
scores
P=0.092

Cl, confidence interval; Hb, haemoglobin; KCCQ, Kansas City Cardiomyopathy Questionnaire; MD, mean difference; MLHFQ, Minnesota Living with Heart Failure Questionnaire; NR, not reported; QoL, quality of life; US,
United States of America
Notes: Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.

b Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between 25-50%); substantial heterogeneity 12 >50%.
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One study assessed the association between change in Hb as a continuous variable and
functional/performance status, as shown in Table 3.15. Adams et al (2005)** assessed the
association between change in Hb as a continuous variable and change in quality of life, as
measured by the KCCQ and MLHFQ. Based on a continuous analysis of Hb, a change in Hb
was shown to be significantly associated with improvements in three domains of the KCCQ
(functional, P<0.0010; symptoms, P<0.001; and clinical, P<0.006) and two domains of

the MLHFQ (physical, P=0.004; and summary, P=0.002).

Summary

The majority of results presented for heart failure suggest that anaemia/low Hb is an
independent risk factor for mortality. Where no significant association between anaemia/low
Hb was found, this was often when the Hb levels were not sufficiently low (eg, Hb levels
corresponding to mild or negligible anaemia) or where the outcome was limited to
cardiovascular mortality or sudden death. There were also a number of results showing no
significant association between anaemia/low Hb and mortality relating to the follow-up
period (60-90 days, in-hospital or specifically out-of-hospital) and one showing a difference
by gender (no association in men). The results of the study which examined
functional/performance status suggest that low Hb level is an independent risk factor for
reduced quality of life.
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Table 3.15 Question 1 (heart failure): Results for Level Il evidence - functional/performance status (Hb as a continuous variable)

Study
Level of evidencea

Quality

No. of trials /
sample size
included in
analysis

Patient population

Setting
Location

Risk factor

Outcome

Results

Risk factor No risk factor Risk estimate (95% CI) Significance

n/N (%) n/N (%) P-value
Heterogeneityd

HEART FAILURE

CONTINUOUS ANALYSES

Adams 2009 1 cohort analysis Adult patients with Outpatient 1 g/dL change in Hb KCCQ-Functional NA NA MD 1.3(0.7,1.8) A1 g/dL change in Hb
Level Il ofa_ F:rospectlve Eeartllfalluredmwf I us through 12 months Adjusted for gender, race, age, eGFR, history of diabetes, duration of heart failure, o_ver_rlz nllonths 5 ted
Good registry Daseline and all iollow- LVEF, hypertension, ischaemic heart disease, SBP, DBP, current smoking, ACEI, S|gn|_|can Yy EEUEES
(STAMINA-HFP) up Hb and QoL ARB, ACE| or ARB, B-blocker, digoxin, any diuretic, loop diuretic and NYHA class. with improved QoL
N=536 P<0.001
Adult patients with Outpatient 1 g/dL change in Hb KCCQ-Symptoms NA | NA ‘ MD 1.5(0.8,2.1) A 1 g/dL change in Hb
E::(';tli;ae”f: d%}lhfoll ow- us through 12 months Adjusted for gender, race, age, eGFR, history of diabetes, duration of heart failure, g,v e;]rifiilCZ anmtlon;[izss (I)Sci i
= LVEF, hypertension, ischaemic heart disease, SBP, DBP, current smoking, ACEI, gnit Y
up Hb and QoL ARB, ACE| or ARB, p-blocker, digoxin, any diuretic, loop diuretic and NYHA class. | With improved QoL
P<0.001
Adult patients with Outpatient 1 g/dL change in Hb KCCQ-Clinical NA | NA ‘ MD 1.2 (0.7,1.7) A1 g/dL change in Hb
B:&iﬂgﬁd%ﬁf ollow- us through 12 months Adjusted for gender, race, age, eGFR, history of diabetes, duration of heart failure, glvenrllelf anmtlonQI;:)Sci iizd
TN LVEF, hypertension, ischaemic heart disease, SBP, DBP, current smoking, ACEI, g . Y
up Hb and QoL ARB, ACE| or ARB, p-blocker, digoxin, any diuretic, loop diuretic and NYHA class. | With improved QoL
P<0.001
1 cohort analysis Adult patients with Outpatient 1 g/dL change in Hb MLHFQ-Physical NA | NA ‘ MD -0.5(-0.8, -0.1) A1 g/dL change in Hb
of a prospective heart failure with us through 12 months - - - - ; over 12 months is
- A P Adjusted for gender, race, age, eGFR, history of diabetes, duration of heart failure, L .
registry baseline and all follow- LVEF, hypertension, ischaemic heart disease, SBP, DBP, current smoking, ACEI, S|gn|_f|cantly associated
(STAMINA-HFP) up Hb and QoL ARB, ACE| or ARB, B-blocker, digoxin, any diuretic, loop diuretic and NYHA class. with improved QoL
N=up to 536 P=0.004
Adult patients with Outpatient 1 g/dL change in Hb MLHFQ- NA | NA ‘ MD-0.1(-0.3,0.1) A 1 g/dL change in Hb
E::(';.tli;ae”g: d%}lhfoll ow- us through 12 months Emotional Adjusted for gender, race, age, eGFR, history of diabetes, duration of heart failure, (S)IV (;rif?'cz anmﬂon;zz (I)scg_?; d
= LVEF, hypertension, ischaemic heart disease, SBP, DBP, current smoking, ACEI, 9 Y as
up Hb and QoL ARB, ACE| or ARB, p-blocker, digoxin, any diuretic, loop diuretic and NYHA class, | With @ change in QoL
P=0.389
Adult patients with Outpatient 1 g/dL change in Hb MLHFQ-Summary | NA | NA ‘ MD -1.1(-1.7,-0.4) A 1 g/dL change in Hb
heart failure with us through 12 months over 12 months is

baseline and all follow-
up Hb and QoL

Adjusted for gender, race, age, eGFR, history of diabetes, duration of heart failure,
LVEF, hypertension, ischaemic heart disease, SBP, DBP, current smoking, ACEI,
ARB, ACEI or ARB, B-blocker, digoxin, any diuretic, loop diuretic and NYHA class.

significantly associated
with improved QoL

P=0.002
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ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; Cl, confidence interval; DBP, diastolic blood pressure; dL, decilitre; ECG, electrocardiograph; eGFR, estimated glomerular filtration rate; g,
grams; Hb, haemoglohin; HF, heart failure; KCCQ, Kansas City Cardiomyopathy Questionnaire; LVEF, left ventricular ejection fraction; MD, mean difference; MLHFQ, Minnesota Living with heart Failure Questionnaire; NR,
not reported; NYHA, New York Heart Association; SBP, systolic blood pressure; SD, standard deviation; SOB, signs of breathlessness; US, United States of America.

Notes: Statistically significant results shown in shading.

a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.

b Level | studies only. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between 25-50%; substantial
heterogeneity 12 >50%.
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THE COMMUNITY-DWELLING ELDERLY

For this question, an elderly population was defined as those aged 265 years who were
community-dwelling and without significant morbidity.

Of the adverse outcomes specified for this question, two are covered for this population:
mortality and functional status (disability).

Methods

There were 12 studies identified from the systematic review and hand searching process (see
Appendix C, Volume 2).

The literature search identified no socioeconomic literature pertaining to Australia’s
Indigenous population relevant to this research question.

Level I evidence

The literature search identified no systematic reviews examining the aetiology of anaemia in
an elderly, community-dwelling population.

Level Il evidence

The literature search identified 12 Level Il studies examining aetiology of anaemia in an
elderly, community-dwelling population.

Level Ill evidence

Due to the substantial amount of Level Il evidence identified, the literature was not searched
for Level lll evidence.

Level IV evidence

Due to the substantial amount of Level Il evidence identified, the literature was not searched
for Level IV evidence.

Results

Twelve Level Il studies were included for this question; ten studies provided evidence for
mortality and two studies provided evidence for functional/performance status.>>®! The
characteristics of the included studies are summarised in Table 3.16. All of the included
studies specifically examined anaemia or Hb level as a potential predictor of adverse
outcomes.

Due to the large amount of evidence available for the mortality outcome, and the
requirement that analyses were adjusted for multiple potential confounders, studies were
limited to those including >500 subjects. This resulted in the exclusion of one study including
205 patients.®” Studies with smaller patient numbers were potentially available for inclusion
for the functional status/quality of life. Two studies were included.
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Table 3.16 Question 1 (elderly): Characteristics and quality of Level Il evidence

Level Il evidence

Author Study type Population Outcomes
Study quality
Chaves et al Prospective cohort | Women aged =65 years, Medicare-eligible, a MMSE Mortality
(200450 study =18 and self-reported difficulty performing activities in
Fair two or more physical function domains.
N=686
Denny et al Prospective cohort | Community-dwelling adults aged =65 years at Mortality
(2006)>1 study enrolment; at the time of baseline Hb measurement (at
Fair visit 6) participants were aged =71 years.
N=1744
Dong et al Prospective cohort | Rando mLy selected residents aged =65 years Mortality
(2008)52 study residing in three adjacent neighbourhoods in Chicago.
Fair N=1806
Endres et al Prospective cohort | Community-dwelling, primary-care patients aged =65 Mortality
(2009)33 study years, able to co-operate and provide written informed
Good consent and a life expectancy >6 months as judged by
the treating family physician.
N=6880
Izaks et al Prospective cohort | Inhabitants of Leiden, the Netherlands, aged 85 years | Mortality
(1999)%4 study and older at the start of the study.
Fair N=755
Lucca et al Cross-sectional Residents of Biella, Italy, aged 65-84 without Functional/performance
(2009)%5 cohort study neurological or psychiatric disease, severe sensory status
Good deficits, renal insufficiency, severe organ insufficiency,
terminal illness, hospitalisation, institutionalisation and
illiteracy.
N=717
Patel et al Prospective cohort | Medicare beneficiaries living in designated areas of Mortality
(2007)%6 study Pittsburgh and Memphis aged 71-82 without
Fair substantial disability.
N=2601
Patel et al Prospective cohort | Civilian, non-institutionalised population aged 265 Mortality
(2009)5 study years who identified their race as non-Hispanic white,
Good non-Hispanic black or Mexican American.
N=4089
Pennix et al Prospective cohort | Community-dwelling adults aged 265 years in East Mortality
(2006)58 study Boston, Massachusetts; New haven, Connecticut; and
Fair lowa and Washington counties in rural lowa.
N=3607
Riva et al Prospective cohort | Residents of Biella, Italy aged 65-84 years. Mortality
(2009)* study N=7536 (all); 4501 (participants)
Good
Thein et al Cross-sectional Outpatients aged =65 years, no previous diagnosis of | Functional/performance
(2009)80 cohort study cancer (excl BCC of skin), underlying blood disorder, status
Fair end stage renal failure or transplant, or recipient of

blood transfusion or erythropoietin within 3 months.
N=328
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Level Il evidence

Author Study type Population Outcomes
Study quality
Zakai et al Prospective cohort | Community-dwelling (non-institutionalised) men and Mortality
(2005)81 study women aged =65 years, identified via Medicare
Fair eligibility lists.
N=5797

MMSE, Mini-Mental State Examination

Anaemia as an independent risk factor for mortality

Due to the large amount of subgroup analysis that was carried out for this outcome, separate
tables will be presented as follows: (i) the overall results; (ii) results by gender; (iii) results by
race; (iv) results by anaemia subtype; and (v) results for other subgroups.

Four studies assessed the association between anaemia as defined by the World Health
Organisation (WHO) and mortality in the overall population, as shown in Table 3.17.°%>*°%5
Penninx et al (2006)°® examined the relationship between anaemia and mortality in 3607
community-dwelling adults aged 265 years, and found that during a mean follow-up of 4.1
years, anaemia was an independent predictor of increased mortality whether or not subjects
had baseline disease. The results remained consistent when the analysis was restricted to 0-2
years follow-up or from 2+ years follow-up.

The study by Izaks et al (1999)** assessed the association between anaemia and mortality in
755 community dwelling adults aged =85 years. After adjusting for various potential
confounders including age, age and sex, age and sex and disease, age and sex and functional
status, and age and sex excluding subjects with clinical disease, anaemia was shown to be an
independent predictor of increased mortality during a 0-5 year follow-up period, with the
mortality rate ranging from 1.74 to 2.21. When these analyses were repeated for the 5-10
year follow-up period, there was no significant association between anaemia and mortality.

Denny et al (2006)°" examined the association between anaemia and mortality in 1701
community-dwelling adults aged 265 years. After 8 years follow-up, the results showed that
anaemia is an independent risk factor for increased mortality.

Zakai et al (2005)%"* examined 5797 community-dwelling (non-institutionalised) adults aged
>65 years in order to assess the association between anaemia and three types of mortality:
all-cause mortality, cardiovascular mortality and non-cardiovascular mortality. Anaemia was
shown to be an independent predictor of all-cause mortality and non-cardiovascular
mortality but not cardiovascular mortality.
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Table 3.17 Question 1 (elderly): Results for Level Il evidence — mortality (WHO or similar anaemia criteria)

Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - -
Level of evidence? incILE)ded in Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
LONGER-TERM FOLLOW-UP (>1 YEAR)
Penninx 2006 1 prospective Community-dwelling Community Anaemia (WHO) vs Mortality (0-2 years) NR ‘ NR | RR 1.63 (1.23, 2.17) Anaemia is an
Level Il cohort study adults aged 265 years us no anaemia Adjusted for variables shown to be (borderline) associated with anaemia: age, :‘g(rj?r?:rrt]gl? nterSrli(nfa((:)tozr
Fair N=3607 sex, race, education, smoking status, BMI, coronary heart disease, chronic heart ty g
failure, diabetes, cancer, infectious disease, kidney disease and hospitalisation in years follow-up
past year. P=0.001
Mortality (2+ years) NR \ NR | RR 151 (1.19, 1.92) Anaemia is an
Adjusted for variables shown to be (borderline) associated with anaemia: age, :‘ndEpeerI? ntd"Sl.( fa(;ti)r
sex, race, education, smoking status, BMI, coronary heart disease, chronic heart or mortality during
failure, diabetes, cancer, infectious disease, kidney disease and hospitalisation in | Years follow-up
past year. P=0.001
Mortality (mean 4.1 NR ‘ NR | RR 163 (1.37, 1.95) Anaemia is an
years) Adjusted for variables shown to be (borderline) associated with anaemia: age, lfndEpeerI? LU CRER)
sex, race, education, smoking status, BMI, coronary heart disease, chronic heart or mortality
failure, diabetes, cancer, infectious disease, kidney disease and hospitalisation in P<0.001
past year.
1 prospective Community-dwelling Community Anaemia (WHO) vs Mortality (mean 4.1 NR ‘ NR | RR 2.12 (1.48, 3.04) Anaemia is an
> . . .
cohort study adults a%? d ?GbS i us no anaemia years) Adjusted for variables shown to be (borderline) associated with anaemia: age, lfndEpeerI? nt. L
N=1538 ygars Wwithout baseline sex, race, education, smoking status, BMI, coronary heart disease, chronic heart oy mo a Ity ]
disease failure, diabetes, cancer, infectious disease, kidney disease and hospitalisationin | Subjects without
past year. baseline disease
P<0.001
1 prospective Community-dwelling Community Anaemia (WHO) vs Mortality (mean 4.1 NR NR RR 1.43 (1.16, 1.76) Anaemia is an
> . . .
cohort study adults a%(;} (lj) _65|. us no anaemia years) Adjusted for variables shown to be (borderline) associated with anaemia: age, Ifndepe:tldlg nt_ ST
N=2069 ygars with baseline sex, race, education, smoking status, BMI, coronary heart disease, chronic heart oy r.no a |ty I .
disease failure, diabetes, cancer, infectious disease, kidney disease and hospitalisation in s‘_JbleCts with baseline
past year. disease
P=0.001
lzaks 1999 1 prospective Inhabitants of Leiden, | Community Anaemia (WHO) vs Mortality (0-5 years) NR ‘ NR | MR 1.84 (1.50, 2.25) Anaemia is an
Level Il cohort study the Netherlands, The Netherlands no anaemia - i independent risk factor
) N=755 aged 85 years and Adjusted for: age and sex for 0-5 year mortality
Fair older at the start of P-NR
the study
NR ‘ NR | MR 184 (1.49,227) | Anaemiais an
- - - independent risk factor
Adjusted for: age and sex and disease. for 0-5 year mortality
P=NR
NR ‘ NR | MR 174 (L41,2.15) | Anaemiaisan
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence inclt?ded in Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
Adjusted for: age, sex and functional status. independent risk factor
for 0-5 year mortality
P=NR
NR ‘ NR | MR 2.21(L37,357) | Anaemiaisan
- ) - o independent risk factor
Adjusted for: age and sex and excludes patients with clinical disease. for 0-5 year mortality
P=NR
Mortality (5-10 years) | NR \ NR | MR 0.99 (0.56,1.76) | Anaemiais notan
Adjusted for: age and sex independent risk faqtor
: for 5-10 year mortality
P=NR
NR ‘ NR | MR0.91(0.50,164) | Anaemiais notan
' ) - independent risk factor
Adjusted for: age and sex and disease. for 5-10 year mortality
P=NR
NR ‘ NR | MR 1.07 (0.74,2.33) | Anaemiais notan
- - - independent risk factor
Adjusted for: age, sex and functional status. for 5-10 year mortality
P=NR
NR ‘ NR | MR 0.64 (0.15,2.68) | Anaemiais notan
- ) - o independent risk factor
Adjusted for: age and sex and excludes patients with clinical disease. for 5-10 year mortality
P=NR
Denny 2006 1 prospective Community-dwelling Community Anaemia (WHO) vs Mortality (8 years) NR ‘ NR | RR1.4(1.2,1.6) Anaemia is an
cohort stud adults aged 265 no anaemia independent risk factor
Level Il y N g us Adjusted for: age, education, BMI, GFR, hospitalisation, pence
) N=1701 years S O = for mortality
Fair institutionalisation and health condition. R
Zakai 2005 1 prospective Community-dwelling Community/US Anaemia (WHO) vs Mortality (mean 11.2 NR ‘ NR | HR 1.38 (1.19, 1.59) Anaemia (WHO) is an
Level Il cohort study (non-institutionalised) no anaemia years) A basel " lar di ve h independent risk factor
' N=5797 men and women aged ge, sex, race, baseline cardiovascular disease, congestive heart for all-cause mortality
Fair 265 years failure, diabetes mellitus, prebaseline cancer, ankle-arm index, self-
reported health status, history of cigarette smoking and FVC. P=NR
Cardiovascular mortality | NR \ NR | HR 1.20 (0.96, 1.51) Anaemia (WHO) is not
(mean 11.2 years) - - - - an independent risk
Age, sex, race, baseline cardiovascular disease, congestive heart factor for cardiovascular
failure, diabetes mellitus, prebaseline cancer, ankle-arm index, self- mortality
reported health status, history of cigarette smoking and FVC. PNR
Non- NR ‘ NR | HR 1.53 (1.28, 1.84) Anaemia (WHO) is an
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Study
Level of evidence2

Quality

No. of trials /
sample size
included in
analysis

Patient population

Setting
Location

Risk factor

Outcome

cardiovascular mortality

(mean 11.2 years)

Results
Risk factor No risk factor Risk estimate (95% CI) | Significance
n/N (%) niN (%) P-value
Heterogeneity®
Age, sex, race, baseline cardiovascular disease, congestive heart independent risk factor
failure, diabetes mellitus, prebaseline cancer, ankle-arm index, self- for non-cardiovascular
reported health status, history of cigarette smoking and FVC. mortality
P=NR

BMI, body mass index; Cl, confidence interval; dL, decilitre; FVC, forced vital capacity; g, grams; GFR, glomerular filtration rate; Hb, haemoglobin; HR, hazard ratio; NR, not reported; RR, risk ratio; US,

America; WHO, World Health Organisation.
Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

United States of

b Only applicable to Level I studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢ At the time of baseline Hb measurement all subjects were aged =71 years.
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Three studies assessed the association between anaemia as defined by the World Health
Organisation (WHO) and mortality by gender, as shown in Table 3.18.°%**** |zaks et al
(1999)* assessed the association between anaemia and mortality in men and women aged
>85 years followed up for 0-5 years, and showed that anaemia is an independent risk factor
for increased mortality in both men and women (P<0.001 for both).

The study by Endres et al (2009)** analysed the relationship between anaemia and mortality
in 6876 adults aged 265 years with a life expectancy of greater than 6 months and in 6625
adults aged 265 years with a life expectancy of greater than 6 months without potential
occult early-stage cancer at baseline. The results of these analyses showed that anaemia was
an independent risk factor for increased mortality in these two populations in men (P<0.001
and 0.002), but not in women.

Denny et al (2006)°* examined the association between anaemia and mortality in
community-dwelling adults aged 265 years. Analysis by gender revealed that anaemiais a
significant predictor of mortality in women (RR 1.4; 95% Cl 1.2, 1.8) and may be a significant
predictor in men (RR 1.3; 95% CI 1.0, 1.7).

Only one study provided information of the risk of mortality associated with and without
anaemia. Endres et al (2009) showed that the risk of mortality approximately doubled in
elderly community-dwelling subjects. However, the absolute increase in risk was greater in
men (14.4% in men without anaemia and 35.8% in men with anaemia) compared with
women (8.8% in women without anaemia and 15.0% in women with anaemia).
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Table 3.18 Question 1 (elderly): Results for Level Il evidence — mortality (WHO or similar anaemia criteria — gender subgroup analyses)

Study
Level of evidence?

Quality

ANALYSES BY GENDER

No. of trials /
sample size
included in
analysis

Patient population

Setting
Location

Risk factor

Outcome

Results

Risk factor No risk factor Risk estimate (95% Cl) | Significance

niN (%) niN (%) P-value
Heterogeneity®

LONGER-TERM FOLLOW-UP (>1 YEAR)

lzaks 1999 1 prospective Inhabitants of Leiden, Community Anaemia (WHO) vs Mortality (0-5 NR NR MR 1.60 (1.24, 2.06) Anaemia is an
Level Il cohort study the The Netherlands no anaemia years) - ) independent risk factor
_ N=544 Netherlands, women Adjusted for: age for 0-5 year mortality in
Fair aged 85 years and women
;)tlgs; at the start of the P <0.001
1 prospective Inhabitants of Leiden, Community Anaemia (WHO) vs Mortality (0-5 NR | NR ‘ MR 2.29 (1.60, 3.26) Anaemia is an
cohort study the l(;letherlands, men The Netherlands no anaemia years) Adjusted for- age independent risk fa}ctc_)r
N=211 aged 85 years and for 0-5 year mortality in
older at the start of the men
study P=<0.001
Endres 2009 1 prospective Community- Primary-care Anaemia (WHO) vs Mortality 36/240 (15.0) | 326/3695 (8.8) ‘ HR 1.13 (0.79, 1.61) Anaemia is not an
cohort stud dwelling women, no anaemia maximum 5.3 - - - . - independent risk factor
Level Il y : g_ Germany ( Adjusted for medically meaningful variables and those with p<0.2 after pendent
N=3975 primary-care patients years) e . for mortality in women
Good aged =65 years with backward selection: Age, BMI, diabetes, TC/HDL, MI, stroke, PAD, -
ife expectancy >6 smoking, HCY, hs-CRP, eGFR, high-school graduation. P=051
months
1 prospective Community- Primary-care Anaemia (WHO) vs Mortality 83/232 (35.8) | 379/2637 (14.4) ‘ HR 1.89 (1.47, 2.44) Anaemia is an
cohort stud dwelling men, primary- no anaemia maximum 5.3 - - - - - independent risk factor
ucy cz:Vre Ipa%iﬂ a%tled ¥ | Germany ! §/earxs!) u Adjusted for medically meaningful variables and those with p<0.2 after :‘or rr?ortality inl men
N=2901 265 years with life backward selection: Age, BMI, diabetes, TC/HDL, M, stroke, PAD,
;xpectancy >6 months smoking, HCY, hs-CRP, eGFR, high-school graduation. P=<0.001
1 prospective Community- Primary-care Anaemia (WHO) vs Mortality NR | NR ‘ HR 1.20 (0.81, 1.79) Anaemia is not an
hort stud dwelli , i i 53 - - - . - independent risk fact
conort study e |ng_ women, Germany no anaemia (maximum Adjusted for medically meaningful variables and those with p<0.2 after " eper_1 entrisk facot
N=3865 primary-care patients years) - . for non-cancer mortality
aged 65 years with backward selection: Age, BMI, diabetes, TC/HDL, MI, stroke, PAD, in women
life expectancy >6 smoking, HCY, hs-CRP, eGFR, high-school graduation. P= 0360
months without '
potential occult early-
stage cancer at
baseline
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded lifw Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
1 prospective Community- Primary-care Anaemia (WHO) vs Mortality NR NR HR 1.66 (1.21, 2.27) Anaemia is an
cohort stud dwelling men, primary- no anaemia maximum 5.3 - - - . - independent risk factor
B y care pagti% ap Y= | Germany §/ears) Adjusted for medically meaningful variables and those with p<0.2 after for ngn-cancer mortality
N=2760 o backward selection: Age, BMI, diabetes, TC/HDL, MI, stroke, PAD, in men
ged 265 years with life smoking, HCY, hs-CRP, eGFR, high-school graduation.
expectancy >6 P=10.002
months without
potential occult early-
stage cancer at
baseline
Denny 2006 1 prospective Community- Community Anaemia (WHO) vs Mortality (8 years) | NR | NR ‘ RR1.4(1.2,1.8) Anaemia is an
Level Il cohort study dwelling women aged us no anaemia Adi - - P independent risk factor
_ >65 " justed for: age, education, BMI, GFR, hospitalisation, f el
Fair N=1134 years institutionalisation and health condition. or mortality in women
P=NR
1 prospective Community- Community Anaemia (WHO) vs Mortality (8 years) | NR | NR ‘ RR 1.3(1.0,1.7) Anaemia may be an
cohort stud dwelling men aged no anaemia - - o independent risk factor
hort study de )'Iegrs_ 9 us ! Adjusted for: age, education, BMI, GFR, hospitalisation, o nfonamy i
N=567 institutionalisation and health condition.

P=NR

BMI, body mass index; Cl, confidence interval; dL, decilitre; eGFR, estimated glomerular filtration rate; FEV 1, forced expiratory volume in 1 second; g, grams; GFR, glomerular filtration rate; Hb, haemoglobin; HCY,
homocysteine; HR, hazard ratio; hs-CRP, high-sensitivity C-reactive protein; MI, myocardial infarction; MMSE, mini-mental state examination; NR, not reported; PAD, peripheral artery disease; RR, risk ratio; TC/HDL, total
cholesterol/high-density lipoprotein cholesterol ratio; TSH, thyroid stimulating hormone; US, United States of America; WHO, World Health Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.

a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.

¢ At the time of baseline Hb measurement all subjects were aged =71 years.
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Three studies assessed the association between anaemia as defined by the World Health
Organisation (WHO) and mortality by race, as shown in Table 3.19.°>*%°

The study by Dong et al (2008)°* assessed the association between anaemia and mortality in
1806 adults aged =65 years during a mean follow-up period of 3.9 years. The results of this
analysis showed that anaemia is an independent risk factor for increased mortality in both
African-American and Caucasian populations.

Patel et al (2007)° examined the relationship between anaemia, mortality and race in 2601
adults aged 71-82 without substantial disability. There was no significant association
between anaemia and mortality during up to 6 years follow-up in African-Americans,
regardless of whether the analysis included the full cohort (N=1018) or only those without
major disease (N=395). However, in a Caucasian population anaemia was an independent
risk factor for increased mortality in both the full cohort (N=1583) and the cohort without
major disease (N=537). It should be noted that these analyses were adjusted for age and sex
only.

Denny et al (2006)°" examined the association between anaemia and mortality in
community-dwelling adults aged =65 years. Analysis by race revealed that anaemia is a
significant predictor of mortality in an African-American population (RR 1.4; 95% Cl 1.2, 1.8)
and may be a significant predictor in a Caucasian population (RR 1.3; 95% Cl 1.0, 1.6).

Patel et al (2007) provide data on the risk of mortality in an elderly population with and
without anaemia. In an elderly African-American population, the risk of mortality in subjects
with and without anaemia was 27.2% versus 21.9%. In the same population, excluding those
with major diseases, the risk of mortality with and without anaemia was 12.7% versus 15.4%.
In a Caucasian population there appeared to be a much greater effect of anaemia on
mortality risk. In all elderly patients, the risk of mortality in subjects without anaemia was
15.0%, while the risk in subjects with anaemia was 32.9%. In a Caucasian population without
major disease, a similar increase in risk was associated with anaemia, with the risk in subjects
with and without anaemia being 25.0% and 12.0%, respectively.
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Table 3.19 Question 1 (elderly): Results for Level Il evidence — mortality (WHO or similar anaemia criteria — race subgroup analyses)

Study
Level of evidence?

Quality

ANALYSES BY RACE

No. of trials /
sample size
included in
analysis

LONGER-TERM FOLLOW-UP (>1 YEAR)

Patient population

Setting
Location

Risk factor

Outcome

Results

Risk factor No risk factor Risk estimate (95% Cl) | Significance

niN (%) niN (%) P-value
Heterogeneity®

Dong 2008 1 prospective Community Community Anaemia (WHO) vs Mortality (mean NR NR HR 1.90 (1.43, 2.53) Anaemia is an
cohort stud dwelling African- no anaemia 3.9 years - - o independent risk factor
Le\./el I N=897 y Americhaged us years) Adjusted for: age, sex, edgcatlon, race, globz_il cognition, income, _ i inpcreased mortality in
Fair >65 vears vears coronary artery disease, d|abetesl, hypprterysmn, stroke, cancer, _hlp i A e AT e
fracture, Katz ADL, Center for Epidemiological Study of Depression population
scale, smoking status, self-reported health status, BMI, GFR, serum
cholesterol, mean cell volume. P=NR
1 prospective Community Community Anaemia (WHO) vs Mortality (mean NR NR HR 1.85 (1.32, 2.59) Anaemia is an
cohort study dwelling Caucasian us no anaemia 3.9 years) Adiusted for ducat lobal on. | independent risk factor
N=909 adults aged 65 years Justed or: age, sex, educalion, race, global cognition, Income, . for increased mortality in
coronary artery disease, diabetes, hypertension, stroke, cancer, hip a Caucasian population
fracture, Katz ADL, Center for Epidemiological Study of Depression
scale, smoking status, self-reported health status, BMI, GFR, serum P=NR
cholesterol, mean cell volume.
Patel 2007 1 prospective African- Community Anaemia (WHO) vs Mortality (up to 6 63/232 (27.2) 172/786 (21.9) HR 1.28 (0.95, 1.70) Anaemia is not an
cohort study American Medicare no anaemia years) - independent risk factor
Leyel ! N=1018 beneficiaries living in us Adjusted for age and sex only for mortality in African-
Fair designated areas of Americans
Pittsburgh and P=NR
Memphis aged 71-82
without substantial
disability
1 prospective Caucasian Medicare Community Anaemia (WHO) vs Mortality (up to 6 55/167 (32.9) 212/1416 (15.0) HR 2.19 (1.62, 2.95) Anaemia is an
cohort study beneficiaries living in us no anaemia years) Adiusted | q | independent risk factor
N=1583 designated areas of Justed for age and sex only for mortality in
Pittsburgh and Caucasians
Memphis aged 71-82 P=NR
without substantial
disability
1 prospective African- Community Anaemia (WHO) vs Mortality (up to 6 9/71 (12.7) 50/324 (15.4) HR 0.87 (0.43, 1.77) Anaemia is not an
cohort study American Medicare us no anaemia years) Adiusted | q i independent risk factor
N=395 beneficiaries living in Justed for age and sex only for mortality in African-
designated areas of Americans without major
Pittsburgh and diseases
Memphis aged 71-82 P=NR
without substantial
disability and without
major diseases
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded in Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
1 prospective Caucasian Medicare Community Anaemia (WHO) vs Mortality (up to 6 9/36 (25.0) 60/501 (12.0) HR 2.07 (1.01, 4.22) Anaemia is an
cohort study beneficiaries living in us no anaemia years) Adiusted | q | independent risk factor
N=537 designated areas of justed for age and sex only for mortality in
Pittsburgh and Caucasians without
Memphis aged 71-82 major diseases
without substantial P=NR
disability and without
major diseases
Denny 2006 1 prospective Community- Community Anaemia (WHO) vs Mortality (8 years) | NR | NR ‘ RR 1.3 (1.0, 1.6) Anaemia may be an
cohort stud dwelling Caucasian no anaemia independent risk factor
Level Il y dul g e us Adjusted for: age, education, BMI, GFR, hospitalisation, pendent
i N=765 adults aged 265 institutionalisation and health condition for mortality in a
Fair yearse institutionalisat ttion. Caucasian population
P=NR
1 prospective Community- Community Anaemia (WHO) vs Mortality (8 years) | NR | NR ‘ RR1.4(1.2,1.8) Anaemia is an
cohort study dwelling African- us no anaemia - ) - ... independent risk factor
N=936 American adults aged Adjusted for: age, education, BMI, GFR, hospitalisation, for mortality in an

265 years®

institutionalisation and health condition.

African-American
population

P=NR

ADL, activities of daily living; BMI, body mass index; Cl, confidence interval; dL, decilitre; eGFR, estimated glomerular filtration rate; g, grams; GFR, glomerular filtration rate; Hb, haemoglobin; HR, hazard ratio; NR, not
reported; RR, risk ratio; US, United States of America; WHO, World Health Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.

a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level I studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.

¢ At the time of baseline Hb measurement all subjects were aged =71 years.
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Two studies assessed the association between anaemia as defined by the World Health
Organisation (WHO) and mortality by anaemia subtype, as shown in Table 3.20.>**” |zaks et
al (1999)>* examined the association between different types of anaemia and mortality
during two time periods: 0-5 years and 5-10 years. During the 0-5 year follow-up period,
microcytic anaemia and normocytic anaemia were significantly associated with increased
mortality, while macrocytic anaemia was not. During the 5-10 year follow-up period, only
normocytic anaemia had sufficient data to perform an analysis and this showed no
association with mortality.

Patel et al (2009)° assessed the relationship between different anaemia types in 4089
community dwelling adults aged 265 years. Anaemia with nutrient deficiency and anaemia
with chronic inflammation were both independent risk factors for increased mortality, while
anaemia with reduced kidney function (estimated glomerular filtration rate (eGFR)

<60 mL/min/1.73 mz), anaemia with low kidney function and chronic inflammation, and
unexplained anaemia were not.
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Table 3.20 Question 1 (elderly): Results for Level Il evidence — mortality (WHO or similar anaemia criteria — anaemia type subgroup analyses)

Study No. of trials / Patient population Setting Risk factor Outcome Results
Level of evidence? Is:gl]fc::; Iii]e Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
ANALYSES BY ANAEMIA TYPE
LONGER-TERM FOLLOW-UP (>1 YEAR)
lzaks 1999 1 prospective Inhabitants of Leiden, Community Microcytic anaemia Mortality (0-5 NR | NR ‘ MR 1.84 (1.01, 3.35) Microcytic anaemia is an
Level Il cohort study the Netherlands, The Netherlands (WHO) vs no years) - ) independent risk factor
_ N=617 aged 85 years and anaemia Adjusted for: age and sex for 0-5 year mortality
Fair older at the start of the P-NR
study
1 prospective Inhabitants of Leiden, Community Normocytic anaemia Mortality (0-5 NR | NR ‘ MR 1.86 (1.51, 2.31) Normocytic anaemia is
cohort study the Netherlands, The Netherlands (WHO) vs no years) - ) an independent risk
N=732 aged 85 years and anaemia Adjusted for: age and sex factor for 0-5 year
older at the start of the mortality
study P=NR
1 prospective Inhabitants of Leiden, Community Macrocytic anaemia Mortality (0-5 NR | NR ‘ MR 1.52 (0.78, 2.96) Macrocytic anaemia
cohort study the Netherlands, The Netherlands (WHO) vs no years) - ) is not an independent
N=614 aged 85 years and anaemia Adjusted for: age and sex risk factor for 0-5 year
older at the start of the mortality
study P=NR
1 prospective Inhabitants of Leiden, Community Microcytic anaemia Mortality (5-10 NR | NR ‘ -
cohort study the Netherlands, The Netherlands (WHO) vs no years)
N=617 aged 85 years and anaemia
older at the start of the
study
1 prospective Inhabitants of Leiden, Community Normocytic anaemia Mortality (5-10 NR | NR ‘ MR 0.90 (0.52, 1.79) Normocytic anaemia
cohort study the Netherlands, The Netherlands (WHO) vs no years) - ) is not an independent
N=732 aged 85 years and anaemia Adjusted for: age and sex risk factor for 5-10 year
older at the start of the mortality
study P=NR
1 prospective Inhabitants of Leiden, Community Macrocytic anaemia Mortality (5-10 NR | NR ‘ -
cohort study the Netherlands, The Netherlands (WHO) vs no years)
N=617 aged 85 years and anaemia
older at the start of the
study
Patel 2009 1 prospective Civilian, non- Community Anaemia (WHO) Mortality (12 NR | NR ‘ HR 1.73 (1.15, 2.60) WHO-defined anaemia +
Level Il cohort study institutionalised us with nutrient years) Adiusted for ducat - o BMI " nutrient deficiency is an
N=1790 population aged 265 deficiency vs no Justed for: age, sex, e ucation, poverty to income rato, 5MI, Smoking independent risk factor
Good anaemia status, C reactive protein level, cancer, congestive heart failure, heart for increased mortality
attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and
mobility limitations. P=NR
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded lifw Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
1 prospective Civilian, non- Community Anaemia (WHO) Mortality (12 NR NR HR 1.14 (0.68, 1.93) WHO-defined anaemia +
cohort stud institutionalised with eGFR ears - - - ) - eGFR
_ d population aged =65 us <60 mL/min/1.73 m2 years) Adjusted for: age, sex, education, poverty to income ratio, BMI, smoking <60 mL/min/1.73m?2
N=1743 years o anaema status, C reactive protein level, cancer, congestive heart failure, heart is not an independent
attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and tisk factor for increased
mobility limitations. mortality
P=NR
1 prospective Civilian, non- Community Anaemia (WHO) Mortality (12 NR NR HR 2.48 (1.22,5.05) WHO-defined anaemia +
cohort stud institutionalised ith chronic ears, - - - - - chronic inflammation is
g udy lpopIuLIlaltion gged 565 us mfl amm atilon Vs 1o years) Adjusted for: age, sex, education, poverty to income ratio, BMI, smoking | indle;;endent ri;k !
N=1734 vears Taemia status, C reactive protein level, cancer, congestive heart failure, heart factor for increased
attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and mortality
mobility limitations. -
1 prospective Civilian, non- Community Anaemia (WHO) with | Mortality (12 NR NR HR 1.64 (0.86, 3.14) WHO-defined anaemia
cohort stud institutionalised eGFR ears, - - - - - ith eGFR
_ v IpopluLIlaltion ;ged >65 us <60 mL/min/1.73m? years) Adjusted for: age, sex, education, poverty to income ratio, BMI, smoking \ivel‘,o mL/min/1.73 m2 and
N=1731 vears dchronic status, C reactive protein level, cancer, congestive heart failure, heart chronic inflammation
inflammation vs no attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and is not an independent
anaemia mability limitations. risk factor for increased
mortality
P=NR
1 prospective Civilian, non- Community Anaemia (WHO) but Mortality (12 NR NR HR 1.61 (0.97, 2.67) WHO-defined anaemia of
cohort stud institutionalised nexplained vs no ears an unexplained cause
ucy lpopIuLllaltion zliged >65 us mv years) Adjusted for: age, sex, education, poverty to income ratio, BMI, smoking is nL(l)t a):lpin(ljepend:nt
N=1748 years status, C reactive protein level, cancer, congestive heart failure, heart risk factor for increased
attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and mortality
mobility limitations. PNR

BMI, body mass index; Cl, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; m, metre; min, minute; mL, millilitre; MR, mortality risk; NR, not reported; RR, risk ratio; US, United States of
America; WHO, World Health Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.

a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.

b Only applicable to Level I studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
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One study assessed the association between anaemia as defined by the World Health
Organisation (WHO) and mortality by other subgroups (in this case by race and gender
combined), as shown in Table 3.21. Patel et al (2007)°® showed that anaemia is an
independent risk factor for increased mortality in Caucasian women and Caucasian men (HR
2.68; 95% Cl 1.52, 4.69 and HR 1.62; 95% Cl 1.08, 2.44, respectively), while anaemia was not
associated with mortality in African-American women and men. These results are consistent
with their separate analyses by race, as described previously.

The unadjusted risk of mortality in each population was reported in this study. In African-
American women without anaemia, the risk of mortality was 17.9% while in Caucasian
women it was 12.3%. However, anaemia had a greater effect on mortality in Caucasian
women, increasing to 32.7%, compared with only 22.6% in African-American women. Similar
results were seen in men, with risk increasing from 28.6% in African-American men without
anaemia to 33.3% in African-American men with anaemia, and from 17.8% in Caucasian men
without anaemia to 33.6% in Caucasian men with anaemia. The lack of effect of anaemia in
the African-American population likely reflects the fact that the definition of anaemia is this
population is different to the definition in the Caucasian population.
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Table 3.21 Question 1 (elderly): Results for Level Il evidence — mortality (WHO or similar anaemia criteria — other subgroup analyses)

Study No. of trials / Patient population Setting Risk factor Outcome Results

; sample size ;
Level of evidence? inclt?ded in Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value

Heterogeneity®

ANALYSES BY SEX AND RACE

LONGER-TERM FOLLOW-UP (>1 YEAR)

Patel 2007 1 prospective African-American Community Anaemia (WHO) vs Mortality (up to 6 28/124 (22.6) 83/463 (17.9) HR 1.17 (0.72, 1.89) Anaemia is not an
Level Il cohort study female Medicare us no anaemia years) - ) : . - independent risk factor
_ N=587 beneficiaries living in AdIUSteI? for. alge, SEX, 'Tl\)’el of education, study s_ltebBM(IB,Fs';noklng for mortality in African-
Fair designated areas of status, hospitalisation, albumin, creatinine, cystatin C, eGFR, cancer, American women
) cerebrovascular disease, congestive heart failure, coronary heart
Pittsburgh and . . o ; . P=NR
h } disease, diabetes, gastrointestinal bleed/ulcer, hypertension, peripheral
Memphis aged 71-82 al di I di
without substantial arterial disease, pulmonary disease.
disability;
1 prospective Caucasian female Community Anaemia (WHO) vs Mortality (up to 6 17/52 (32.7) 85/693 (12.3) HR 2.68 (1.52, 4.69) Anaemia is an
cohort study Medicare beneficiaries | ;g no anaemia years) - - . - - independent risk factor
N=745 living in designated Adjusted for. age, sex, level of education, study site, BMI, smoking for mortality in Caucasian
areas of Pittsburgh status, hospitalisation, albumin, creatinine, cystatin C, eGFR, cancer, IR

cerebrovascular disease, congestive heart failure, coronary heart

d Memphi d 71- . > g . . =
ana Wempnis age disease, diabetes, gastrointestinal bleed/ulcer, hypertension, peripheral P=NR

82 without substantial o .
disability: arterial disease, pulmonary disease.
1 prospective African-American Community Anaemia (WHO) vs Mortality (up to 6 35/105 (33.3) 89/311 (28.6) HR 0.88 (0.56, 1.38) Anaemia is not an
cohort study male Medicare us no anaemia years) diusted for- level of educati v si " independent risk factor
N=416 benefivares ving n S, hospiaisaion. abuin, rsatnine, cysan C, eGP, cancer, | (Ml n Afican
designated areas of , 110Sp A L A ' ' ! American men
Pittsburah and cerebrovascular disease, congestive heart failure, coronary heart
ITtS| Ul'g an . X . . . . P=NR
Memphis aged 71-82 disease, diabetes, gastrointestinal bleed/ulcer, hypertension, peripheral
without substantial arterial disease, pulmonary disease.
disability;
1 prospective Caucasian male Community Anaemia (WHO) vs Mortality (up to 6 38/113 (33.6) 127713 (17.8) HR 1.62 (1.08, 2.44) Anaemia is an
cohort study Medicare beneficiaries | ;g no anaemia years) Adiusted for level of educati dv site. BMI " independent risk factor
N-826 ing i desigated catus, hospitateson, i, creainine, cystatin €, eGFR,cancer, | oLty in Caucasie
areas of Pittsburgh , N0Sp ! ! ' O ' ' ! men

cerebrovascular disease, congestive heart failure, coronary heart
disease, diabetes, gastrointestinal bleed/ulcer, hypertension, peripheral P=NR
arterial disease, pulmonary disease.

and Memphis aged 71-
82 without substantial
disability
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BMI, body mass index; Cl, confidence interval; dL, decilitre; eGFR, estimated glomerular filtration rate; g, grams; Hb, haemoglobin; HR, hazard ratio; NR, not reported; RR, risk ratio; US, United States of America; WHO,
World Health Organisation.
Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.
b Only applicable to Level I studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢ Hb <12.4 g/dL and 13.4 g/dL in non-Hispanic white women and men, respectively; <11.3 g/dL and <12.3 g/dL in non-Hispanic black women and men, respectively; <12.2 g/dL and <13.2 g/dL in Mexican
American women and men, respectively.
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Three studies assessed the association between various Hb levels and mortality, as shown in
Table 3.22.°*°%°! Riva et al (2009)*° examined the relationship between mild anaemia
(defined as a Hb level of 10-11.9 g/dL for women and 10-12.9 g/dL for men) and mortality
during various follow-up periods (0-2 years, 2-3.5 years and 0-3.5 years). In addition, each
analysis was adjusted for two sets of potential confounders: (i) age, sex, education, smoking
history, BMI, diabetes, hypertension, myocardial infarction, heart failure, respiratory failure,
renal failure, neurological diseases, cancer and hospitalisation; and (ii) age, sex, education,
smoking history, BMI, co-morbid disease severity and hospitalisation. The results of the all
analyses showed that mild anaemia is an independent risk factor for increased mortality,
with HRs ranging from 1.84 to 2.01.

Pennix et al (2006)*® assessed the association between different levels of Hb and mortality
during a mean of 4.1 years of follow-up; all Hb levels were assessed relative to a Hb level 1.1-
2 g/dL above the WHO anaemia cut-off of 12 g/dL for women and 13 g/dL for men. Hb levels
of >1 g/dL below the WHO cut-off, 0-0.9 g/dL below the WHO cut-off and 0.1 to 1.0 g/dL
above the WHO cut-off were all independent risk factors for increased mortality, with the
magnitude of risk reducing as the Hb levels approach the reference Hb level (RR 1.91, RR 1.66
and RR 1.32, respectively).

The study by Zakai et al (2005)°* analysed the association between Hb levels by quintiles and
three mortality outcomes: all-cause mortality, cardiovascular mortality and non-
cardiovascular mortality. When subjects with Hb levels in quintile 1 (€12.6 g/dL for females
and <13.7 g/dL for males) were compared with subjects with subjects with Hb levels in
quintile 4 (13.9 to 14.4 g/dL for females and 15.1 to 15.6 g/dL for males), low Hb was an
independent risk factor for non-cardiovascular mortality but not all-cause mortality or
cardiovascular mortality. There was no significant association between Hb level and all-cause
mortality when quintile 2 (12.7 to 13.2 g/dL for females and 13.8 to 14.4 g/dL for males) and
quintile 3 (13.3 to 13.8 g/dL for females and 14.5 to 15.0 g/dL for males) was compared with
quintile 4.
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Table 3.22 Question 1 (elderly): Results for Level Il evidence — mortality (other anaemia criteria, Hb levels or change in Hb levels)

Study No. of trials / Patient population Setting Risk factor Outcome Results
i a I i i . . . . L
Leve.l of evidence f:é?fdee; Iii]e Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
LONGER-TERM FOLLOW-UP (>1 YEAR)
Riva 2009 1 prospective Residents of Biella, Community Mild anaemia Mortality (0-2 years) NR ‘ NR | HR 1.84 (1.14, 2.87) Mild anaemia is an
Level Il cohort study Italy aged 65-84 years Italy (women: Hb 10.0- Adjusted for: age, sex, education, smoking history, BMI, diabetes |ndepend§nt risk factor
N=4470 11.9 g/dL; men: Hb AR ! . P - for mortality
Good 10.0-12.9 g/dL) vs no hypertension, myocardial infarction, heart failure, respiratory failure, ~
anéemié renal failure, neurological diseases, cancer and hospitalisation. P=NR
NR ‘ NR | HR 2.01 (.25, 3.09) Mild anaemia is an
independent risk fact
Adjusted for: age, sex, education, smoking history, BMI, co-morbid :‘gr?r?(?rrt]aliet; fisiactor
disease severity and hospitalisation.
P=NR
Mortality (2-3.5 vears) | NR ‘ NR | HR 1.88 (1.20, 2.85) Mild anaemia is an
- - - . independent risk factor
Adjusted for: age, sex, education, smoking history, BMI, diabetes, i n?ortality
hypertension, myocardial infarction, heart failure, respiratory failure,
renal failure, neurological diseases, cancer and hospitalisation. P=NR
NR ‘ NR | HR 1.96 (L.26, 2.95) Mild anaemia is an
independent risk fact
Adjusted for: age, sex, education, smoking history, BMI, co-morbid lfrc])rﬁfsgalig fisiactor
disease severity and hospitalisation.
P=NR
Mortality (0-3.5 years) NR NR HR 1.86 (1.34, 2.53) Mild anaemia is an
- - - . independent risk factor
Adjusted for: age, sex, education, smoking history, BMI, diabetes, i n?ortality
hypertension, myocardial infarction, heart failure, respiratory failure,
renal failure, neurological diseases, cancer and hospitalisation. P=NR
NR \ NR | HR 1.98 (1.4, 2.67) Mild anaemia is an
- - — - independent risk factor
Adjusted for: age, sex, education, smoking history, BMI, co-morbid lfor n?ortality !
disease severity and hospitalisation.
P=NR
Penninx 2006 1 prospective Community-dwelling Community Hb =1 g/dL below Mortality (mean 4.1 NR ‘ NR | RR 1.91 (1.44,2.53) Hb =1 g/dL below the
cohort study adults aged 265 years the WHO cut-off vs years) - - : : - WHO cut-off is an
Leyel I NZNR us Hb 1.1-2 g/dL above Ad]uste'dlfor variables shov(\;n to pe (bordirllne) assocg?\;ﬁd with independent risk factor
Fair the WHO cut-off anaemia: age, sex, race, education, smoking status, BMI, coronary for mortality compared
heart disease, chronic heart failure, diabetes, cancer, infectious with Hb 1.1-2 g/dL
disease, kidney disease and hospitalisation in past year. above the WHO cut-off
P=NR
Hb 0-0.9 g/dL below Mortality (mean 4.1 NR NR RR 1.66 (1.30, 2.12) Hb 0-0.9 g/dL below the
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded li? Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
the WHO cut-offvs | years) Adjusted for variables shown to be (borderline) associated with WHO cut-off is an
Hb 1.1-2 g/dL above anaemia: age, sex, race, education, smoking status, BMI, coronary independent risk factor
the WHO cut-off heart disease, chronic heart failure, diabetes, cancer, infectious for mortality compared
disease, kidney disease and hospitalisation in past year. with Hb 1.1-2 g/dL
above the WHO cut-off
P=NR
Hb 0.1-1.0 g/dL Mortality (mean 4.1 NR NR RR 1.32(1.08, 1.60) Hb 0.1-1.0 g/dL above
bove the WHO cut- the WHO cut-off i
2ﬁ(zlvseHbe1 1.2 g/cduL years) Adjusted for variables shown to be (borderline) associated with inSependecr:Jt r?sk flgcigr
above the WHO cut- anaemia: age, sex, race, education, smoking status, BMI, coronary for mortality compared
off heart disease, chronic heart failure, diabetes, cancer, infectious with Hb 1.1-2 g/dL
disease, kidney disease and hospitalisation in past year. Al thé WHO cut-off
P=NR
Zakai 2005 1 prospective Community-dwelling Community/US Quintile 1 (female: Mortality (mean 11.2 NR NR HR 1.33 (1.15, 1.54) Anaemia (Quintile 1) is
Level Il cohort study (non-institutionalised) Hb <12.6 g/dL; male: | years) baseli di lar di veh an independent risk
) N=2300 men and women aged Hb <13.7 g/dL) vs Age, SEX, 1ace, baseline cardiovascular disease, congest'lve eart factor for mortality
Fair >65 years Quintile 4 (female: failure, diabetes mellitus, prebaseline cancer, ankle-arm index, self- compared with no
B Hb 13910 14.4 g/dL- reported health status, history of cigarette smoking and FVC. anaemia (Quintie 4)
male: Hb 15.1 to P=NR
15.6 g/dL)
1 prospective Community-dwelling Community/US Quintile 2 (female: Mortality (mean 11.2 NR NR HR 1.15 (0.99, 1.33) Anaemia (Quintile 2)
cohort study (non-institutionalised) Hb 12.7t0 13.2 g/dL; | years) A basel " lar di ve h is not an independent
N=2226 men and women aged male: Hb 13.8 to ge, Sex, race, baselne cardiovascular aisease, congest'we eart risk factor for mortality
265 years 14.4 g/dL) vs Quintile failure, diabetes mellitus, prebaseline cancer, ankle-arm index, self- compared with no
B 4 (.female: Hb 13.9 to reported health status, history of cigarette smoking and FVC. anaemia (Quintile 4)
14.4 g/dL; male: Hb P=NR
15.1 to 15.6 g/dL)
1 prospective Community-dwelling Community/US Quintile 3 (female: Mortality (mean 11.2 NR NR HR 1.03 (0.89, 1.20) Anaemia (Quintile 3)
cohort study (non-institutionalised) Hb 13.3t0 13.8 g/dL; | years) basel " lar di ve h is not an independent
N=2226 men and women aged male: Hb 14.5 to Age, sex, race, baseline cardiovascular disease, congestive heart risk factor for mortality
265 years 15.0 g/dL) vs Quintile failure, diabetes mellitus, prebaseline cancer, ankle-arm index, self- compared with no
- 4 (lfemale: Hb 13.9 to reported health status, history of cigarette smoking and FVC. anaemia (Quintile 4)
14.4 g/dL; male: Hb P=NR
15.1t0 15.6 g/dL)
1 prospective Community-dwelling Community/US Quintile 1 (female: Cardiovascular mortality | NR NR HR 1.17 (0.94, 1.46) Anaemia (Quintile 1)
Technical report on medical patient blood management — Volume 1 April 2012 98




Findings of systematic review

Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? incltf)ded 'ii] Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
cohort study (non-institutionalised) Hb <12.6 g/dL; male: | (mean 11.2 years) Age, sex, race, baseline cardiovascular disease, congestive heart is not an independent
N=2300 men and women aged Hb <13.7 g/dL) vs failure, diabetes mellitus, prebaseline cancer, ankle-arm index, self- risk factor for .
265 years Quintile 4 (female: reported health status, history of cigarette smoking and FVC. cardiovascular mortality
Hb 13.9 to 14.4 g/dL; compared with no
male: Hb 15.1 to anaemia (Quintile 4)
Non- NR NR HR 1.48 (1.23, 1.79) Anaemia (Quintile 1) is
cardiovascular mortality basel di lar di veh an independent risk
(mean 11.2 years) Age, sex, race, baseline cardiovascular disease, congestive heart o el Gl el
failure, diabetes mellitus, prebaseline cancer, ankle-arm index, self- B "
ed health status. histor of cicarett i dFVC cardiovascular mortality
reported health status, history of cigarette smoking an . compared with no
anaemia (Quintile 4)
P=NR

BMI, body mass index; Cl, confidence interval; dL, decilitre; FVC, forced vital capacity; g, grams; GFR, glomerular filtration rate; Hb, haemoglobin; HR, hazard ratio; NR, not reported; RR, risk ratio; US, United States of
America; WHO, World Health Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.

a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.

Technical report on medical patient blood management — Volume 1 April 2012 99




Findings of systematic review

Two studies assessed the association between various Hb levels and mortality by gender, as
shown in Table 3.23.°>! Chaves et al (2004)*° examined the association between different
Hb levels and mortality during a median of 5 years follow-up in women aged >with some
physical disability. Eleven different Hb categories (8 g/dL, 8.5 g/dL, 9 g/dL, 9.5 g/dL, 10 g/dL,
11 g/dL, 12.5 g/dL, 13 g/dL, 13.5 g/dL, 14 g/dL and 14.5 g/dL) were compared with a
reference category of 12 g/dL, which was considered to be low-normal. When compared
with the reference category, all six Hb categories below 12 g/dL were shown to be
independent predictors of increased mortality. All five categories above 12 g/dL were shown
to be independent predictors of decreased mortality compared with the reference category
of 12 g/dL. It is important to note here that while studies were only included in the analysis if
they assessed >500 subjects, in this case the subject numbers in each of the Hb subgroup
categories are likely to be quite small, as there were a total of 12 Hb categories and only a
total of 686 subjects included in the study.

The study by Denny et al (2006)°" assessed the association between different Hb categories
and mortality in community-dwelling adults aged 265 years. Hb categories assessed for
women included 0-10 g/dL, 10-11 g/dL and 11-12 g/dL compared with a reference category
of 12-13 g/dL, and for men included 0-10 g/dL, 10-11 g/dL, 11-12 g/dL and 12-13 g/dL
compared with a reference category of 13-14 g/dL. With regards to women, the two lowest
Hb categories (<10 g/dL and 10-11 g/dL) were significantly associated with increased
mortality, while the Hb category 11-12 g/dL may be associated with increased mortality. In
men, none of the Hb categories were significantly associated with increased mortality. A
total of 567 men were included in the analysis for this study and the numbers within each of
the five included Hb categories would be significantly less than this. The RRs for each of these
analyses ranged from 1.2 to 1.7, and the lower 95% Cls ranged from 0.5 to 0.9. Therefore, it
is possible that this analysis was underpowered to detect an association between Hb level
and mortality in men.
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Table 3.23 Question 1 (elderly): Results for Level Il evidence — mortality (other anaemia criteria, Hb levels or change in Hb levels — gender subgroup analyses)

Study
Level of evidence?

Quality

ANALYSES BY GENDER

No. of trials /
sample size
included in
analysis

Patient population

Setting
Location

Risk factor

Outcome

Results

Risk factor No risk factor Risk estimate (95% Cl) | Significance

niN (%) niN (%) P-value
Heterogeneity®

LONGER-TERM FOLLOW-UP (>1 YEAR)

Chaves 2004
Level Il
Fair

1 prospective
cohort study

N=NR¢

Women aged 265
years, a MMSE 218
and self-reported
difficulty performing
activities in two or
more physical function
domains

Community
us

Hb 8 g/dL vs Hb 12
g/dL (low-normal)

Mortality (median
5 years)

NR NR HR 2.3 (1.3,4.0)

Adjusted for: age, race, education, smoking status, drinking habits,
coronary artery disease, congestive heart failure, peripheral artery
disease, chronic or restrictive pulmonary disease, hip fracture, diabetes
mellitus, lower-extremity osteoarthritis, rheumatoid arthritis, cancer,
comorbidity index, MMSE, short Geriatric Depression Scale score, Short
Physical battery score, creatinine clearance, FEV1, ankle-arm index,
TSH, total serum cholesterol, serum albumin, serum interleukin-6 and
BMI.

A Hb of 8 g/dL is an
independent risk factor
for increased mortality
compared with a low-
normal Hb

P=NR

Hb 8.5 g/dL vs Hb 12
g/dL (low-normal)

Mortality (median
5 years)

NR NR HR 2.0 (1.2, 3.4)

Adjusted for: age, race, education, smoking status, drinking habits,
coronary artery disease, congestive heart failure, peripheral artery
disease, chronic or restrictive pulmonary disease, hip fracture, diabetes
mellitus, lower-extremity osteoarthritis, rheumatoid arthritis, cancer,
comorbidity index, MMSE, short Geriatric Depression Scale score, Short
Physical battery score, creatinine clearance, FEV1, ankle-arm index,
TSH, total serum cholesterol, serum albumin, serum interleukin-6 and
BMI.

AHbof 8.5 gldL is an
independent risk factor
for increased mortality
compared with a low-
normal Hb

P=NR

Hb 9.0 g/dL vs Hb 12
g/dL (low-normal)

Mortality (median
5 years)

NR NR HR 1.8 (1.2, 2.8)

Adjusted for: age, race, education, smoking status, drinking habits,
coronary artery disease, congestive heart failure, peripheral artery
disease, chronic or restrictive pulmonary disease, hip fracture, diabetes
mellitus, lower-extremity osteoarthritis, rheumatoid arthritis, cancer,
comorbidity index, MMSE, short Geriatric Depression Scale score, Short
Physical battery score, creatinine clearance, FEV1, ankle-arm index,
TSH, total serum cholesterol, serum albumin, serum interleukin-6 and
BMI.

AHbof 9 g/dL is an
independent risk factor
for increased mortality
compared with a low-
normal Hb

P=NR

Hb 9.5 g/dL vs Hb 12
g/dL (low-normal)

Mortality (median
5 years)

NR NR HR 1.7 (1.2, 2.4)

Adjusted for: age, race, education, smoking status, drinking habits,
coronary artery disease, congestive heart failure, peripheral artery
disease, chronic or restrictive pulmonary disease, hip fracture, diabetes
mellitus, lower-extremity osteoarthritis, rheumatoid arthritis, cancer,
comorbidity index, MMSE, short Geriatric Depression Scale score, Short
Physical battery score, creatinine clearance, FEV1, ankle-arm index,
TSH, total serum cholesterol, serum albumin, serum interleukin-6 and
BMI.

AHbof 9.5 g/dL is an
independent risk factor
for increased mortality
compared with a low-
normal Hb

P=NR
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Study
Level of evidence2

Quality

No. of trials /
sample size
included in
analysis

Patient population

Setting
Location

Risk factor Outcome Results
Risk factor No risk factor Risk estimate (95% CI) | Significance
niN (%) niN (%) P-value
Heterogeneity®
Hb 10 g/dL vs Hb 12 Mortality (median NR NR HR 15 (1.1, 2.0) AHbof10 g/dL is an
g/dL (low-normal) 5 years) independent risk factor

Adjusted for: age, race, education, smoking status, drinking habits,
coronary artery disease, congestive heart failure, peripheral artery
disease, chronic or restrictive pulmonary disease, hip fracture, diabetes
mellitus, lower-extremity osteoarthritis, rheumatoid arthritis, cancer,
comorbidity index, MMSE, short Geriatric Depression Scale score, Short
Physical battery score, creatinine clearance, FEV1, ankle-arm index,
TSH, total serum cholesterol, serum albumin, serum interleukin-6 and
BMI.

for increased mortality
compared with a low-
normal Hb

P=NR

Hb 11 g/dL vs Hb 12
g/dL (low-normal)

Mortality (median
5 years)

NR NR HR 1.2 (1.1, 1.4)

Adjusted for: age, race, education, smoking status, drinking habits,
coronary artery disease, congestive heart failure, peripheral artery
disease, chronic or restrictive pulmonary disease, hip fracture, diabetes
mellitus, lower-extremity osteoarthritis, rheumatoid arthritis, cancer,
comorbidity index, MMSE, short Geriatric Depression Scale score, Short
Physical battery score, creatinine clearance, FEV1, ankle-arm index,
TSH, total serum cholesterol, serum albumin, serum interleukin-6 and
BMI.

AHbof1l g/dL is an
independent risk factor
for increased mortality
compared with a low-
normal Hb

P=NR

Hb 12.5 g/dL vs Hb Mortality (median NR NR HR 0.90 (0.84, 0.97) AHbof12.5g/dL is an
12 g/dL (low-normal) | 5 years) Adjusted for: age, race, education, smoking status, drinking habits, lfgcrizgi?g::éc;ﬂ(ofsgﬁ;
coronary artery disease, congestive heart failure, peripheral artery corrmh 2l
disease, chronic or restrictive pulmonary disease, hip fracture, diabetes —
mellitus, lower-extremity osteoarthritis, rheumatoid arthritis, cancer,
comorbidity index, MMSE, short Geriatric Depression Scale score, Short | P=NR
Physical battery score, creatinine clearance, FEV1, ankle-arm index,
TSH, total serum cholesterol, serum albumin, serum interleukin-6 and
BMI.
Hb 13.0 g/dL vs Hb Mortality (median NR NR HR 0.82 (0.71, 0.94) AHbof13 g/dL is an
12 g/dL (low-normal) 5 years) independent risk factor

Adjusted for: age, race, education, smoking status, drinking habits,
coronary artery disease, congestive heart failure, peripheral artery
disease, chronic or restrictive pulmonary disease, hip fracture, diabetes
mellitus, lower-extremity osteoarthritis, rheumatoid arthritis, cancer,
comorbidity index, MMSE, short Geriatric Depression Scale score, Short
Physical battery score, creatinine clearance, FEV1, ankle-arm index,
TSH, total serum cholesterol, serum albumin, serum interleukin-6 and
BMI.

for decreased mortality
compared with a low-
normal Hb

P=NR
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded lifw Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
Hb 13.5 g/dL vs Hb Mortality (median NR NR HR 0.76 (0.63, 0.92) AHbof13.5 g/dL is an
12 g/dL (low-normal 5years - - - - ) independent risk factor
g/t ( ) years) Adjusted for: age, race, education, smoking status, drinking habits, P ;
j . ; ’ for decreased mortality
coronary artery disease, congestive heart failure, peripheral artery - )
; f - : ” . compared with a low
disease, chronic or restrictive pulmonary disease, hip fracture, diabetes s
mellitus, lower-extremity osteoarthritis, rheumatoid arthritis, cancer,
comorbidity index, MMSE, short Geriatric Depression Scale score, Short P=NR
Physical battery score, creatinine clearance, FEV1, ankle-arm index,
TSH, total serum cholesterol, serum albumin, serum interleukin-6 and
BMI.
Hb 14.0 g/dL vs Hb Mortality (median NR NR HR 0.74 (0.59, 0.92) AHbof14 g/dL is an
12 g/dL (low-normal 5 years - - - — - independent risk factor
g/dL (low ) years) Adjusted for: age, race, education, smoking status, drinking habits, ndep ' ;
j . ; . for decreased mortality
coronary artery disease, congestive heart failure, peripheral artery n
; f = ) i . compared with a low-
disease, chronic or restrictive pulmonary disease, hip fracture, diabetes T
mellitus, lower-extremity osteoarthritis, rheumatoid arthritis, cancer,
comorbidity index, MMSE, short Geriatric Depression Scale score, Short P=NR
Physical battery score, creatinine clearance, FEV1, ankle-arm index,
TSH, total serum cholesterol, serum albumin, serum interleukin-6 and
BMI.
Hb 14.5 g/dL vs Hb Mortality (median NR NR HR 0.75 (0.57, 0.98) AHbof14.5g/dL is an
12 g/dL (low-normal 5 years - - - — - independent risk factor
g/t (low ) years) Adjusted for: age, race, education, smoking status, drinking habits, ndep ' ;
j . ; ’ for decreased mortality
coronary artery disease, congestive heart failure, peripheral artery n
) f - ) . . compared with a low-
disease, chronic or restrictive pulmonary disease, hip fracture, diabetes —
mellitus, lower-extremity osteoarthritis, rheumatoid arthritis, cancer,
comorbidity index, MMSE, short Geriatric Depression Scale score, Short | P=NR
Physical battery score, creatinine clearance, FEV1, ankle-arm index,
TSH, total serum cholesterol, serum albumin, serum interleukin-6 and
BMI.
Denny 2006 1 prospective Community- Community Hb 0-10 g/dL vs Hb Mortality (8 years) | NR | NR ‘ RR 1.9 (1.2,3.0) Hb 0-10 g/dL is an
Level Il cohort study dwelling women aged us 12-13 g/dL - - - o independent risk factor
_ NNR¢ 65 years® _Ad]ystgd fo_r. age, education, BMI, GFR, hospitalisation, for mortality in women
Fair institutionalisation and health condition.

P=NR

Hb 10-11 g/dL vs Hb Mortality (8 years) | NR | NR ‘ RR 2.2 (1.5,3.1) Hb 10-11 g/dL_ isan
1213 g/d- Adjusted for: age, education, BMI, GFR, hospitalisation, :‘gfﬁsggnet;tigsvl\gxgr
institutionalisation and health condition. compared with Hb 12-13
g/dL
P=NR
Hb 11-12 g/dL vs Hb Mortality (8 years) | NR NR RR 1.2 (1.0,1.8) Hb 11-12 g/dL may be an
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Study No. of trials / Patient population Setting Risk factor Outcome Results
Level of evidence? fﬁgﬂg; |i|zqe Location Risk factor No risk factor Risk estimate (95% Cl) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
12-13 gfdL Adjusted for: age, education, BMI, GFR, hospitalisation, independent risk factor
institutionalisation and health condition. for mortality in women
compared with Hb 12-13
g/dL
P=NR
1 prospective Community- Community Hb 0-10 g/dL vs Hb Mortality (8 years) | NR NR RR 1.3(0.5,3.3) Hb 0-10 g/dL is not an
cNo_h’\(‘)Fr: dstudy ivsvg"y'ggrs”lﬂ aged Us 13-14gidl Adjusted for: age, education, BMI, GFR, hospitalisation, migﬁgd;n:ngkfﬁcmr
= institutionalisation and health condition. compared with Hb 13-14
g/dL
P=NR
Hb 10-11 g/dL vs Hb Mortality (8 years) | NR NR RR 1.7 (0.9, 3.3) Hb 10-11 g/dL is not an
13-14 gL Adjusted for: age, education, BMI, GFR, hospitalisation, }ggen?gggﬁgti:snﬁ;ctor
institutionalisation and health condition. compared with Hb 13-14
g/dL
P=NR
Hb 11-12 g/dL vs Hb Mortality (8 years) | NR NR RR 1.3(0.7,2.4) Hb 11-12 g/dL is not an
1314 gL Adjusted for: age, education, BMI, GFR, hospitalisation, }ggen?gggﬁgti:snﬁ;ctor
institutionalisation and health condition. compared with Hb 13-14
g/dL
P=NR
Hb 12-13 g/dL vs Hb Mortality (8 years) | NR NR RR1.2(0.9,1.7) Hb 12-13 g/dL is not an
13-14 gL Adjusted for: age, education, BMI, GFR, hospitalisation, }ggen?gggﬁgti:snﬁ;ctor
institutionalisation and health condition. compared with Hb 13-14
g/dL
P=NR
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BMI, body mass index; Cl, confidence interval; dL, decilitre; eGFR, estimated glomerular filtration rate; FEV 1, forced expiratory volume in 1 second; g, grams; GFR, glomerular filtration rate; Hb, haemoglobin; HCY,
homocysteine; HR, hazard ratio; hs-CRP, high-sensitivity C-reactive protein; MI, myocardial infarction; MMSE, mini-mental state examination; NR, not reported; PAD, peripheral artery disease; RR, risk ratio; TC/HDL, total
cholesterol/high-density lipoprotein cholesterol ratio; TSH, thyroid stimulating hormone; US, United States of America; WHO, World Health Organisation.
Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.
b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢ Total study includes 686 women.
d Total study includes 1134 women and 567 men.
e At the time of baseline Hb measurement all subjects were aged =71 years.

fDifferent RRs shown in the table (2.2) and text (2.1) of this publication. The table RR has been used here.
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Two studies assessed the association between various Hb levels and mortality by race, as
shown in Table 3.24.>>*” Dong et al (2008)** assessed the association between different Hb
levels below the WHO anaemia cut-off (12 g/dL for women and 13 g/dL for men) and
mortality during a mean follow-up of 3.9 years. In an African-American population, a Hb level
>1 g/dL below the WHO cut-off was an independent predictor of increased mortality
compared with a Hb level 1-1.2 g/dL above the WHO cut-off, while a Hb level 0-0.9 g/dL
below the WHO cut-off was not an independent predictor if mortality. In a Caucasian
population both Hb levels below the WHO cut-off were independent predictors for increased
mortality.

The study by Patel et al (2009)*’ also examined the relationship between different Hb levels
relative to the WHO cut-off and mortality, in this case during 12 years of follow-up. Four Hb
categories relative to the WHO cut-off (>1.0 g/dL below, 0.51-1 g/dL below, 0.01-0.5 g/dL
below and 0-0.99 g/dL below) were compared with a reference category of 1.0-1.9 g/dL
above the WHO cut-off in three populations: Caucasians, African-Americans and Hispanics. In
a Caucasian population, all four categories below the WHO cut-off were associated with a
significant increased risk of mortality compared with the reference category. In the African-
American and Hispanic populations, only a Hb level of >1 g/dL below the WHO cut-off was
significantly associated with an increased risk of mortality compared with the reference Hb
level. However, the subject numbers included in the analyses for these populations were
small, ranging from 237 to 427 for the African-American population and 18 to 347 for the
Hispanic population. Patel et al (2009) conclude that “the Hb threshold below which
mortality rises significantly is a full g/dL lower in [African-Americans] than in [Caucasians] and
[Hispanics]” and suggest that a revised definition of anaemia is needed that takes race into
account.
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Table 3.24 Question 1 (elderly): Results for Level Il evidence — mortality (other anaemia criteria, Hb levels or change in Hb levels — race subgroup analyses)

Study
Level of evidence?

Quality

ANALYSES BY RACE

No. of trials /
sample size
included in
analysis

Patient population

Setting
Location

Risk factor

Outcome

Results

Risk factor No risk factor Risk estimate (95% Cl) | Significance

niN (%) niN (%) P-value
Heterogeneity®

LONGER-TERM FOLLOW-UP (>1 YEAR)

Dong 2008 1 prospective Community Community Hb >1 g/dL below the | Mortality (mean NR NR HR 1.95 (1.24, 3.06) Hb >1 g/dL below the
cohort study dwelling African- WHO cut-off vs Hb 3.9 years - - o WHO cut-off is an
Level Il us Adiusted for: d lobal
. N=NR American adults aged 1.1-2 g/dL above the |usted for: aggl, Sex, € dgcstmn, rlfce, globa cognmfn, |ncome,h_ independent risk factor
Fair >65 years WHO cut-off coronary artery disease, diabetes, hypertension, stroke, cancer, hip for increased mortality
fracture, Katz ADL, Center for Epidemiological Study of Depression compared with Hb 1.1-2
scale, smoking status, self-reported health status, BMI, GFR, serum g/dL above the WHd e
cholesterol, mean cell volume. 8 ) i A e
American population
P=NR
Community Community Hb >1 g/dL below the | Mortality (mean NR NR HR 2.17 (1.28, 3.65) Hb >1 g/dL below the
dwelling Caucasian us WHO cut-off vs Hb 3.9 years) diusted for ducat lobal o WHO cut-off is an
adults aged =65 years 1.1-2 g/dL above the Adjusted for: age, sex, e gcatlon, race, globa cognition, income, . independent risk factor
WHO cut-off coronary artery disease, diabetes, hypertension, stroke, cancer, hip for increased mortality
fracture, Katz ADL, Center for Epidemiological Study of Depression compared with Hb 1.1-2
scale, smoking status, self-reported health status, BMI, GFR, serum g/dL above the WHd Al
cholesterol, mean cell volume. a5 i @ Cauekn
population
P=NR
Community Community Hb 0-0.9 g/dL below Mortality (mean NR NR HR 1.35 (0.88, 2.05) Hb 0-0.9 g/dL below the
dwelling African- us the WHO cut-off vs 3.9 years) Adiusted for ducat lobal . WHO cut-off is not an
American adults aged Hb 1.1-2 g/dL above justed for: age, sex, education, race, global cognition, income, independent risk factor
265 years the WHO cut-off coronary artery disease, diabetes, hypertension, stroke, cancer, hip for increased mortality
- fracture, Katz ADL, Center for Epidemiological Study of Depression compared with Hb 1.1-2
scale, smoking status, self-reported health status, BMI, GFR, serum g/dL above the WHd cut-
cholesterol, mean cell volume. offin an African-
American population
P=NR
Community Community Hb 0-0.9 g/dL below Mortality (mean NR NR HR 2.14 (1.39, 3.30) Hb 0-0.9 g/dL below the
dwelling Caucasian us the WHO cut-off vs 3.9 years) Adiusted for: ducat lobal o WHO cut-off is an
adults aged =65 years Hb 1.1-2 g/dL above Justed for: age, sex, education, face, global cognition, income, independent risk factor
the WHO cutoff coronary artery disease, diabetes, hypertension, stroke, cancer, hip for increased mortality
fracture, Katz ADL, Center for Epidemiological Study of Depression compared with Hb 1.1-2
scale, smoking status, self-reported health status, BMI, GFR, serum g/dL above the WHd e
cholesterol, mean cell volume. 5 @ Calasikn
population
P=NR
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence inclt?ded lifw Location Risk factor No risk factor Risk estimate (95% Cl) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
Patel 2009 1 prospective Civilian, non- Community Hb >1.0 g/dL below Mortality (12 NR NR HR 2.11 (1.51, 2.94) A Hb level >1 g/dL below
Level Il cohort study institutionalised us the WHO cut-off vs years) - - - . ) - the WHO cut-off is an
_ population aged =65 1.0-1.99 g/dL ahove Adjusted for: age, sex, education, poverty to income ratio, BMI, smoking | i, jenendent risk factor
Good N=1018 years who identified the WHO cut-off status, C reactive protein level, cancer, congestive heart failure, heart for mortality in a
their race attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and Caucasian population
as Caucasian mobility limitations. compared with a Hb level
1.0-1.99 g/dL above the
WHO cut-off
P=NR
1 prospective Civilian, non- Community Hb 0.51-1 g/dL below | Mortality (12 NR NR HR 2.04 (1.47, 2.84) A Hb level 0.51-1 g/dL
cohort study institutionalised us the WHO cut-off vs years) - - - . : - below the WHO cut-off is
N=994 population aged 65 1.0-1.99 g/dL above Adjusted for: age, sex, gducatlon, poverty to income ratio, BMI, smoking an independent risk
years who identified the WHO cutoff status, C reactive pr‘oteln level, cancer, conggstlve h(_eart failure, heart factor for mortality in a
their race attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and Caucasian population
as Caucasian mability limitations. compared with a Hb level
1.0-1.99 g/dL above the
WHO cut-off
P=NR
1 prospective Civilian, non- Community Hb 0.01-0.5 g/dL Mortality (12 NR NR HR 1.43(1.07,1.92) A Hb level 0.01-0.5 g/dL
cohort stud institutionalised below the WHO cut- ears, - - - - - below the WHO cut-off is
N=1040 ucy lrmpluLllaltion ‘,liged >65 us off v:/l.o-l.99 g/dLll_ years) Adjusted for: age, sex, education, poverty to income ratio, BMI, smoking - ir:’(\;ependent ri:k !
B years who identified above the WHO cut- status, C reactive pr_oteln level, cancer, conge stive hgart failure, heart factor for mortality in a
their race off attagk, pylmonary disease, eGFR, rheumatoid arthritis, stroke and Caucasian population
as Caucasian mability limitations. compared with a Hb level
1.0-1.99 g/dL above the
WHO cut-off
P=NR
1 prospective Civilian, non- Community Hb 0-0.99 g/dL below | Mortality (12 NR NR HR 1.24 (1.03, 1.51) A Hb level 0.00-0.99 g/dL
cohort stud institutionalised the WHO cut-off vs ears - - . ) - below the WHO cut-off is
N=1481 y population aged 65 us 1.0-1.99 g/dL above years) Adjusted for: age, sex, gducauon, poverty to income ratio, BMI, smoking an independent risk
years who identified the WHO cutoff status, C reactive protein level, cancer, congestive h(_aart failure, heart factor for mortality in
their race attagk, pglmonary disease, eGFR, rheumatoid arthritis, stroke and Caucasian population
as Caucasian mobility limitations. compared with a Hb level
1.0-1.99 g/dL above the
WHO cut-off
P=NR
1 prospective Civilian, non- Community Hb >1 g/dL below the | Mortality (12 NR NR HR 2.07 (1.26, 3.39) A Hb level >1 g/dL below
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded lifw Location Risk factor No risk factor Risk estimate (95% Cl) | Significance
analysis n ) n ) -value
Quality y: IN (% IN (% P-val
Heterogeneity®
cohort Study institutionalised us WHO cut-off vs 1.0- yeal’s) Adjusted for: age, sex, education, poverty to income ratio, BMI, Smoking the WHO cut-off is an
N=274 population aged 265 1.99 g/dL above the status, C reactive protein level, cancer, congestive heart failure, heart independent risk factor
years who identified WHO cut-off attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and for mortality in an
their race as African- mobility limitations. African-American
American population compared
with a Hb level 1.0-1.99
g/dL above the WHO cut-
off
P=NR
1 prospective Civilian, non- Community Hb 0.51-1 g/dL below | Mortality (12 NR NR HR 1.33 (0.82, 2.18) A Hb level 0.51-1 g/dL
cohort study institutionalised us the WHO cut-off vs years) - - - . ) - below the WHO cut-off
N=237 population aged =65 1.0-1.99 g/dL above Ad]usteg for. age, sex, gdllJcatllon, poverty to mcpmi ratlof, ?MI' shmoklng is not an independent
years who identified the WHO cut-off :i?;gi u:;alocr:g/e F()jriggrs]ee\égF?nrﬁﬁri]c;r:gizsz\r/t?]rit?:r;ti)llferin deart risk factor for mortality in
their race as African- o pl o y ; ' ' an African-American
American mobility imitations. population compared
with a Hb level 1.0-1.99
g/dL above the WHO cut-
off
P=NR
1 prospective Civilian, non- Community Hb 0.01-0.5 g/dL Mortality (12 NR NR HR 0.73 (0.45, 1.19) A Hb level 0.01-0.5 g/dL
cohort study institutionalised us below the WHO cut- years) - - . ) - below the WHO cut-off
N85 population aged 65 offvs 1.0-1.99 g/dL Adjusted for: age, sex, gducauon, poverty to income ratio, BMI, smoking is not an independent
years who identified above the WHO cut- :tt?z;gi Cu:;alocr:g/e F()jriggrs]elegﬁ?nrﬁﬁ;c;r:giedsz\r/tiSt?:r;:gtjerznzeart risk factor for mortality in
their race as African- off b'I" pl nonary ' ' ' an African-American
American mobllity limitations. population compared
with a Hb level 1.0-1.99
g/dL above the WHO cut-
off
P=NR
1 prospective Civilian, non- Community Hb 0-0.99 g/dL below | Mortality (12 NR NR HR 0.80 (0.57, 1.12) A Hb level 0.00-0.99 g/dL
cohort study institutionalised us the WHO cut-off vs years) Adiusted for- age. sex. education poverty to income ratio. BMI. smokin below the WHO cut-off
N=427 population aged 265 1.0-1.99 g/dlL. above sta]tts c reécti%ey prc;(téin IivelI cér?cgr g)ngéstive hearlt failure heartI ‘ 's ot an independent
years who identiied the WHO cutoff attack’ ulmonary disease eGYFR rhel’Jmatoid arthritis, stroke a’nd fisk factor for mortalityin
their race as African- b'I" pl nonary ' ' ' an African-American
American mobllity limitations. population compared
with a Hb level 1.0-1.99
g/dL above the WHO cut-
off
P=NR
1 prospective Civilian, non- Community Hb >1 g/dL below the | Mortality (12 NR NR HR 4.56 (2.23,9.31) A Hb level >1 g/dL below
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded lifw Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
cohort Study inStitutiqnalised us WHO cut-off vs 1.0- yeal’s) Adjusted for: age, sex, education, poverty to income ratio, BMI, Smoking the WHO Cut'gﬁ isan
N=28 population aged 265 1.99 g/dL above the status, C reactive protein level, cancer, congestive heart failure, heart independent risk factor
years who identified WHO cut-off attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and for mortality in a Hispanic
their race as Hispanic mobility limitations. population compared
with a Hb level 1.0-1.99
g/dL above the WHO cut-
off
P=NR
1 prospective Civilian, non- Community Hb 0.51-1 g/dL below | Mortality (12 NR NR HR 1.47 (0.59, 3.65) A Hb level 0.51-1 g/dL
cohort study institutionalised us the WHO cut-off vs years) - - - . ) - below the WHO cut-off
_ population aged 265 1.0-1.99 g/dL above Adjusted for: age, sex, education, poverty to income ratio, BMI, smoking | jq ot an independent
N=18 years who identiied ihe WHO cut-off status, C reactive protein level, cancer, congestive heart failure, heart risk factor for mortality in
their race as Hispanic attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and a Hispanic population
mobility limitations. compared with a Hb level
1.0-1.99 g/dL above the
WHO cut-off
P=NR
1 prospective Civilian, non- Community Hb 0.01-0.5 g/dL Mortality (12 NR NR HR 1.38 (0.73, 2.62) A Hb level 0.01-0.5 g/dL
cohort study institutionalised us below the WHO cut- years) - ; - . . - below the WHO cut-off
N=246 population aged 65 off vs 1.0-1.99 g/dL Adjusted for: age, sex, gducatlon, poverty to income ratio, BMI, smoking is not an independent
years who identified above the WHO cut- status, C reactive protein level, cancer, congestive heart failure, heart risk factor for mortality in
their race as Hispanic off attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and a Hispanic population
mability limitations. compared with a Hb level
1.0-1.99 g/dL above the
WHO cut-off
P=NR
1 prospective Civilian, non- Community Hb 0-0.99 g/dL below | Mortality (12 NR NR HR 1.54 (0.91, 2.60) A Hb level 0.00-0.99 g/dL
cohort study institutionalised us the WHO cut-off vs years) - - - . ) - below the WHO cut-off
N=347 population aged 65 1.0-1.99 g/dL above Adjusted for: age, sex, gducauon, poverty to income ratio, BMI, smoking is not an independent
years who identified the WHO cut-off status, C reactive protein level, cancer, congestive heart failure, heart risk factor for mortality in
their race as Hisnanic attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and a Hispanic population
mobility limitations. compared with a Hb level
1.0-1.99 g/dL above the
WHO cut-off
P=NR
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ADL, activities of daily living; BMI, body mass index; Cl, confidence interval; dL, decilitre; eGFR, estimated glomerular filtration rate; g, grams; GFR, glomerular filtration rate; Hb, haemoglobin; HR, hazard ratio; NR, not
reported; RR, risk ratio; US, United States of America; WHO, World Health Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.

a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.

b Only applicable to Level I studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.

¢ At the time of baseline Hb measurement all subjects were aged =71 years.
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One study assessed the association between various Hb levels and mortality by anaemia
subtype, as shown in Table 3.25. Riva et al (2009)*° examined the relationship between the
anaemia of chronic disease and mortality over 3.5 years of follow-up. The results of this
study suggest that anaemia of chronic disease (with or without B-thalassemia minor) is an
independent risk factor for increased mortality. It should be noted that while this study was
rated as good quality overall, for this outcome the quality is likely to be lower, as it is unclear
how many subjects were included in the analyses and it is possible that there were only 13
subjects included in the analysis excluding subjects with B-thalassemia.
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Table 3.25 Question 1 (elderly): Results for Level Il evidence — mortality (other anaemia criteria, Hb levels or change in Hb levels — anaemia type subgroup

analyses)
Study No. of trials / Patient population Setting Risk factor Outcome Results
Level of evidence? ?:glﬂids ﬁe Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®

ANALYSES BY ANAEMIA TYPE

LONGER-TERM FOLLOW-UP (>1 YEAR)

Riva 2009 1 prospective Residents of Biella, Community Mild anaemia of Mortality (0-3.5 NR | NR ‘ HR 5.44 (3.53, 8.06) Mild anaemia of chronic
Level Il cohort study ltaly aged 65-84 years | i chronic disease vsno | years) - . disease is an
i NNRe Y anaemia Fully adjusted (no further details reported) independent risk factor
Good for mortality
P=NR
Mild anaemia of Mortality (0-3.5 NR | NR \ HR 2.18 (156, 2.99) Mild anaemia of chronic
chronic disease years) - - disease (excluding f-
(excluding B- Fully adjusted (no further details reported) thalassemia minor) is an
thalassemia minor) vs independent risk factor
no anaemia for mortality
P=NR

Cl, confidence interval; Hb, haemoglobin; HR, hazard ratio; NR, not reported;
Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.
b Only applicable to Level I studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢ The subject number included in these analyses is unclear so study could be considered to be fair or poor quality for this subgroup analysis. According to the baseline characteristics table, 943 subjects had
anaemia of chronic disease (including iron deficiency) and 930 had B-thalassemia minor. If this is the case, it would mean there are only 13 subjects included in the second analysis.
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Two studies assessed the association between various Hb levels and mortality by other
subgroups, as shown in Table 3.26.°*” Patel et al (2007)* analysed the relationship between
different Hb levels and mortality during up to 6 years of follow-up by gender and race
subgroups. The results of the analysis showed that low Hb (defined as <11 g/dL and 11 to
11.9 g/dL) was an independent risk factor for increased mortality compared with Hb 12 to
12.9 g/dL in Caucasian women but not African-American women. Similarly Hb levels of <11
g/dL and 11-11.9 g/dL were independent risk factor for increased mortality in Caucasian
men, compared with a Hb level of 13 to 13.9 g/dL, while there was no significant association
for these levels in African-American men. There was no significant association between a Hb
level of 12 to 12.9 g/dL and mortality in either African-American men or Caucasian men.

As described previously, Patel et al (2009)°” concluded that a revised definition of anaemia
taking into account race should be developed. In light of this, Patel (et al 2009) repeated
their analyses of anaemia by subtype using race-specific anaemia criteria. These criteria were
as follows: Hb <12.4 g/dL and <13.4 g/dL in Caucasian women and men, respectively; <11.3
g/dL and 12.3 g/dL in African-American women and men, respectively; and <12.2 g/dL and
13.2 g/dL in Hispanic women and men, respectively. There was a significant association
between ethnicity-specific /chronic inflammation anaemia and increased 12-year mortality,
as well as ethnicity-specific /unexplained anaemia and increased 12-year mortality. There
was no association between ethnicity-specific anaemia/other types of anaemia (nutrient
deficiency, reduced kidney function and reduced kidney function + chronic inflammation)
and 12-year mortality.
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Table 3.26 Question 1 (elderly): Results for Level Il evidence — mortality (other anaemia criteria, Hb levels or change in Hb levels — other subgroup analyses)

Study
Level of evidence?

Quality

ANALYSES BY GENDER,

No. of trials /
sample size
included in
analysis

RACE AND ANAEMIATYP

Patient population

Setting
Location

Risk factor

Outcome

Results

Risk factor No risk factor Risk estimate (95% Cl) | Significance

nIN (%) nIN (%) P-value
Heterogeneity®

LONGER-TERM FOLLOW-UP (>1 YEAR)

Patel 2007
Level Il
Fair

1 prospective African-American Community Hb <11.0 g/dL vs Hb Mortality (up to 6 4/29 (13.8) 29/205 (14.1) HR 0.77 (0.26, 2.25) Hb <11.0 g/dL is not an
hort stud female Medi 12.0-12.9 g/dL independent risk fact
conort study %iaﬁefﬁ\;ﬁ]g in us g years) Adjusted for: age, sex, level of education, study site, BMI, smoking lfgr?grr:aﬁ; cr(i)smpz;?e%r
N=234 designated areas of status, hospitalisation, albumin, creatinine, cystatin C, eGFR, cancer, with Hb 12.0-12.9 gfdL.in
Pittsburgh and cerebrovascular disease, congestive heart failure, coronary heart Aftican- Am'erica.n women
Memphis aged 71-82 disease, diabetes, gastrointestinal bleed/ulcer, hypertension, peripheral PNR
without substantial arterial disease, pulmonary disease. =
disability;
1 prospective African-American Community Hb 11.0-11.9 g/dLvs | Mortality (up to 6 24/95 (25.3) 29/205 (14.1) HR 1.66 (0.92, 3.00) Hb 11.0-11.9 g/dL is not
hort stud female Medi Hb 12.0-12.9 g/dL independent risk
conort study beerzzf?ciaﬁelsclzii\;ieng n | YS g years) Adjusted for: age, sex, level of education, study site, BMI, smoking ?;d'g, ?Oﬁerﬂoer{;“{'ys
N=300 designated areas of status, hospitalisation, albumin, creatinine, cystatin C, eGFR, cancer, compared with Hb 12.0-
Pittsburgh and cerebrovascular disease, congestive heart failure, coronary heart 12.9 g/dL in African- '
Memphis aged 71-82 disease, diabetes, gastrointestinal bleed/ulcer, hypertension, peripheral Arnerican women
without substantial arterial disease, pulmonary disease. PNR
disability;
1 prospective Caucasian female Community Hb <11.0 g/dL vs Hb Mortality (up to 6 9/16 (56.3) 17/169 (10.1) HR 3.70 (1.55, 8.85) Hb <11.0 g/dL is an
hort stud Medicare beneficiari 12.0-12.9 g/dL independent risk fact
conort study ”Viengicizri]rzesegre;tc;ries us g years) Adjusted for: age, sex, level of education, study site, BMI, smoking 'fgr%]frr:a”et; Cr(i)smp:(r:e(;jr
N=185 areas of Pittsburgh status, hospitalisation, albumin, creatinine, cystatin C, eGFR, cancer, with Hb 12.0-12.9 g/dL in
and Memphis aged 71- cerebrovascular disease, congestive heart failure, coronary heart Caucasian'wom.en
82 without substantial disease, diabetes, gastrointestinal bleed/ulcer, hypertension, peripheral
disability: arterial disease, pulmonary disease. P=NR
1 prospective Caucasian female Community Hb 11.0-11.9 g/dLvs | Mortality (up to 6 8/37 (21.6) 17/169 (10.1) HR 2.90 (1.22, 6.90) Hb 11.0-11.9 g/dL is an
cohort study Mediclare beneficiaries us Hb 12.0-12.9 g/dL years) Adiusted for- age. sex. level of education. study site. BMI smokin independent risk factor
- living in designated ) - 80€, SEX, . tion, study site, BV, 9 for mortality compared
N=206 areas of Pittsburgh status, hospitalisation, albumin, creatinine, cystatin C, eGFR, cancer, with Hb 12.0-12.9 g/dL in
and Memphis aged 71- cerebrovascular disease, congestive heart failure, coronary heart Caucasian.wom‘en
82 without substantial disease, diabetes, gastrointestinal bleed/ulcer, hypertension, peripheral -
disabiliy: arterial disease, pulmonary disease. '
1 prospective African-American male | Community Hb <11.0 g/dL vs Hb Mortality (up to 6 11/20 (55.0) 48/142 (33.8) HR 1.74 (0.85, 3.57) Hb <11.0 g/dL is not an
cohort study Medic.are beneﬂuanes us 13.0-13.9 g/dL years) Adjusted for: age, sex, level of education, study site, BMI, smoking mdependent risk factor
N=162 living in designated | OF% 9B ' P for mortality compared

areas of Pittsburgh
and Memphis aged 71-
82 without substantial
disability;

status, hospitalisation, albumin, creatinine, cystatin C, eGFR, cancer,
cerebrovascular disease, congestive heart failure, coronary heart
disease, diabetes, gastrointestinal bleed/ulcer, hypertension, peripheral
arterial disease, pulmonary disease.

with Hb 13.0-13.9 g/dL in
African-American men

P=NR
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded lifw Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
1 prospective African-American male | Community Hb 11.0-11.9 g/dLvs | Mortality (up to 6 7124 (29.2) 48/142 (33.8) HR 0.43 (0.17, 1.08) Hb 11.0-11.9 g/dL is not
cohort study Medicare beneficiaries | ;g Hb 13.0-13.9 g/dL years) - - - ) - an independent risk
_ living in designated Adjusted for._ age, sex, level qf educapqn, study site, BMI, smoking factor for mortality
N=206 areas of Pitisburgh status, hospitalisation, albumin, creatinine, cystatin C, eGFR, cancer, compared with Hb 13.0-
and Memphis aged 71- cerebrovascular disease, congestive heart failure, coronary heart 13.9 g/dL in African-
82 without substantial disease, diabetes, gastrointestinal bleed/ulcer, hypertension, peripheral American men
disabilty; arterial disease, pulmonary disease. PNR
1 prospective African-American male | Community Hb 21.0-12.9 g/dLvs | Mortality (up to 6 17/64 (26.6) 48/142 (33.8) HR 0.67 (0.37, 1.21) Hb 12.0-12.9 g/dL is not
cohort study Medicare beneficiaries | ;g Hb 13.0-13.9 g/dL years) - - - . - an independent risk
~ living in designated Adjusted for._ age, sex, level qf educapqn, study site, BMI, smoking factor for mortality
N=162 areas of Pitsburgh status, hospitalisation, albumin, creatinine, cystatin C, eGFR, cancer, compared with Hb 13.0-
and Memphis aged 71- cerebrovascular disease, congestive heart failure, coronary heart 13.9 g/dL in African- ‘
82 without substantial disease, diabetes, gastrointestinal bleed/ulcer, hypertension, peripheral Arﬁerican men
disability: arterial disease, pulmonary disease. PNR
1 prospective Caucasian male Community Hb <11.0 g/dL vs Hb Mortality (up to 6 4/8 (50.0) 35/174 (20.1) HR 3.19 (1.04, 9.84) Hb <11.0 g/dL is an
cohort study Medicare beneficiaries | ;g 13.0-13.9 g/dL years) - - . - independent risk factor
living in designated Adjusted for: age, sex, level of education, study site, BMI, smoking for mortality compared
N=162 areas of Pitsburgh status, hospitalisation, albumin, creatinine, cystatin C, eGFR, cancer, yith Hb 13.0-13.9 gL in
and Memphis aged 71- cerebrovascular disease, congestive heart failure, coronary heart Caucasian.men‘
82 without substantial disease, diabetes, gastrointestinal bleed/ulcer, hypertension, peripheral
disabilty; arterial disease, pulmonary disease. P=NR
1 prospective Caucasian male Community Hb 11.0-11.9 g/dL vs Mortality (up to 6 12/23 (52.2) 35/174 (20.1) HR 2.23 (1.04, 4.76) Hb 11.0-11.9 g/dL is an
cohort study Medicare beneficiaries | ;g Hb 13.0-13.9 g/dL years) - - ) - independent risk factor
living in designated Adjusted for: age, sex, level of education, study site, BMI, smoking for mortality compared
N=197 areas of Pitisburgh status, hospitalisation, albumin, creatinine, cystatin C, eGFR, cancer, with Hb 13.0-13.9 g/dL. in
and Memphis aged 71- cerebrovascular disease, congestive heart failure, coronary heart R E
82 without substantial disease, Qiabetes, gastrointeg;tinal bleed/ulcer, hypertension, peripheral -
disability: arterial disease, pulmonary disease.
1 prospective Caucasian male Community Hb 21.0-12.9 g/dL vs | Mortality (up to 6 22/83 (26.5) 35/174 (20.1) HR 1.20 (0.69, 2.08) Hb 12.0-12.9 g/dL is not
hort stud Medicare beneficiari Hb 13.0-13.9 g/dL independent risk
conort study Iivieng;Ciirzes?SsaltC:jnes us g years) Adjusted for: age, sex, level of education, study site, BMI, smoking ?anctlgr ?(fre,goir;”g,s
N=197 areas of Pittsburgh status, hospitalisation, albumin, creatinine, cystatin C, eGFR, cancer, compared with Hb 13.0-
and Memphis aged 71- cerebrovascular disease, congestive heart failure, coronary heart 13.9 g/dL in white meﬁ
82 without substantial disee}se, Qiabetes, gastrointe;tinal bleed/ulcer, hypertension, peripheral P=.NR
disability: arterial disease, pulmonary disease.
Patel 2009 1 prospective Civilian, non- Community Anaemia (ethnicity- Mortality (12 NR NR HR 1.53 (0.99, 2.04) Ethnicity-specific
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Study
Level of evidence2

Quality

Level Il
Good

No. of trials / Patient population Setting Risk factor Outcome Results
sample size Location - - - - ) —
included in Risk factor No risk factor Risk estimate (95% CI) | Significance
analysis niN (%) niN (%) P-value
Heterogeneity®
cohort Study inStitutiqnalised us Spet;ific)“ W|th yeal’s) Adjusted for: age, sex, education’ poverty to income ratioy BMI, Smoking ana'elmia W|th nutrient
N=1764 population aged 265 nutrient deficiency vs status, C reactive protein level, cancer, congestive heart failure, heart deficiency is not
years no anaemia attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and associated with an
mobility limitations. increased risk of
mortality
P=NR
1 prospective Civilian, non- Community Anaemia (ethnicity- Mortality (12 NR NR HR 1.43 (0.94, 2.16) Ethnicity-specific
cohort study institutionalised us specific)c with eGFR | years) - - - . : - anaemia with eGFR
_ population aged 65 <60 mL/min/1.73 m2 Adjusted for: age, sex, education, poverty to income ratio, BMI, smoking <60 mL/min/1.73 m2
N=1716 ; status, C reactive protein level, cancer, congestive heart failure, heart : :
years Vs o anaemia ttack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and 'S nots ot an
;oabcilit’ pl?mitatiorruys ' ; ' independent risk factor
Y ' for increased mortality
P=NR
1 prospective Civilian, non- Community Anaemia (ethnicity- Mortality (12 NR NR HR 2.40 (1.28, 4.51) Ethnicity-specific
cohort study institutionalised us specific)e with years) - - . . - anaemia with chronic
N=1696 population aged 265 chronic inflammation Adjusted for age, sex, gducaﬂon, poverty to Income rattio, BMI' smoking inflammation is an
years VS N0 anaemia status, C reactive pr‘oteln level, cancer, conggstlve h(_eart failure, heart independent risk factor
attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and for increased mortality
mobility limitations.
P=NR
1 prospective Civilian, non- Community Anaemia (ethnicity- Mortality (12 NR NR HR 1.66 (0.96, 2.88) Ethnicity-specific
cohort study institutionalised us specific)c with eGFR | years) - - . . - anaemia with eGFR
_ population aged 65 <60 mL/min/1.73m? Adjusted for: age, sex, education, poverty to income ratio, BMI, smoking <60 mL/min/1.73 m2 and
N=1700 . status, C reactive protein level, cancer, congestive heart failure, heart I, -
years and chronic K ol i GFR th id arthit ke and chronic inflammation
inflammation vs no atte;)clll, plg monary disease, eGFR, theumatoid arthritis, stroke an is not an independent
anaemia mobility hmitations. risk factor for increased
mortality
P=NR
1 prospective Civilian, non- Community Anaemia (ethnicity- Mortality (12 NR NR HR 1.73 (1.08, 2.79) Ethnicity-specific
cohort study institutionalised us specific)e but years) - - . . - anaemia of an
N=1722 population aged =65 unexplained vs no Adjusted for: age, sex, education, poverty to income ratio, BMI, smoking | nexplained cause is an
years anaemia status, C reactive protein level, cancer, congestive heart failure, heart independent risk factor

attack, pulmonary disease, eGFR, rheumatoid arthritis, stroke and
mobility limitations.

for increased mortality
P=NR

Technical report on medical patient blood management — Volume 1

April 2012

117




Findings of systematic review

BMI, body mass index; Cl, confidence interval; dL, decilitre; eGFR, estimated glomerular filtration rate; g, grams; Hb, haemoglobin; HR, hazard ratio; NR, not reported; RR, risk ratio; US, United States of America; WHO,
World Health Organisation.
Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.
a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.
b Only applicable to Level I studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢ Hb <12.4 g/dL and 13.4 g/dL in Caucasian women and men, respectively; <11.3 g/dL and <12.3 g/dL in African-American women and men, respectively; <12.2 g/dL and <13.2 g/dL in Hispanic women and men,
respectively.
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Anaemia as an independent risk factor for stroke/MI
No studies were identified which presented data on stroke/MI.

Anaemia as an independent risk factor for functional/performance status

Two studies assessed the association between anaemia or various Hb levels and
functional/performance status using validated quality of life instruments.>>*® Lucca et al
(2008)>® used the Short-Form health survey (SF-12), the Functional Assessment of Cancer
Therapy—Anaemia questionnaire (FACT) and the Instrumental Activities of Daily Living scale
(IADL) to assess the relationship between mild anaemia and quality of life/functional ability.
Mild anaemia was defined in two ways: (i) using WHO criteria (Hb 10-11.9 g/dL for women
and 10-12.9 g/dL for men; see Table 3.27); and (ii) using modified criteria (Hb 10-12.1 g/dL
for women and 10.13.1 g/dL for men; see Table 3.28). Mild anaemia, as measured by the
WHO criteria, was found to be potentially associated with an SF-12 Physical score of <40, and
significantly associated with disease-specific measures of quality of life including the FACT-An
Anaemia and Fatigue scales. When mild anaemia was defined as being 0.2 g/dL higher than
the WHO criteria, mild anaemia was significantly associated with the SF-12 Physical score
(both mean scores and scores <40), and the FACT-An Anaemia and Fatigue scores.

The study by Thein et al (2009)%® assessed the association between different Hb levels and
quality of life and physical function using the Short Form-36 Health Survey (SF-36), FACIT-
Anaemia (FACIT-An) and the IADL. As shown in Table 3.28, when a Hb level of <12 g/dL was
compared with a Hb level of 215 g/dL, lower Hb was significantly associated with a reduced
SF-36 Physical component score and the following SF-36 subscale scores: physical
functioning, role physical, body pain, general health, vitality, social functioning and mental
health. Using these Hb level comparisons, low Hb was also significantly associated with lower
FACIT Anaemia and Fatigue scores. When a range of Hb categories were compared with
various quality of life and functional scales, declining Hb levels were associated with reduced
SF-36 physical and mental component scores, reduced SF-36 subscale scores (including
physical functioning, role physical, body pain, general health, vitality, social functioning and
role emotional), reduced FACIT Anaemia and Fatigue scores, and worsening functional ability
(increasing IADL scores).

Summary

The majority of results presented for the elderly population suggest that anaemia/low Hb is
an independent risk factor for mortality. Where no significant association between
anaemia/low Hb was found, this was often when the Hb levels were not sufficiently low (eg,
Hb levels corresponding to mild or negligible anaemia) or where the outcome was limited to
cardiovascular mortality. There were also a number of results showing no significant
association between anaemia/low Hb and mortality relating to gender (no association in men
or women in different studies) or different subtypes of anaemia (ie, no association in
macrocytic anaemia or anaemia associated with reduced kidney function).

There were mixed results for mortality according to race. There were fewer significant
associations in an African-American population than a Caucasian population using the WHO
definition of anaemia. When different Hb cut-offs were assessed, a lower cut-off showed a
significant association in an African-American and Hispanic population than in a Caucasian
population. Based on these results, the authors of this study suggest that a revised definition
of anaemia is needed that takes race into account.
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This difference by race was also seen in the assessment of mobility disability, where
significant associations were seen only for the Caucasian population and not the African-
American population; however, it should be noted that this analysis looked only at the WHO
definition of anaemia and not other potential Hb cut-offs.

The two studies that assessed functional/performance status showed that low Hb was
associated with worse disease-specific quality of life (i.e. anaemia and fatigue subscales of
the FACT-An scale). One study also suggested worse QoL using a number of the SF-36
subscales and worse function based on the IADL; however, this study used a reference Hb
value of >15 g/dL that is considered to be at the high end of normal.

Technical report on medical patient blood management — Volume 1 April 2012 120



Findings of systematic review

Table 3.27 Question 1 (elderly): Results for Level Il evidence - functional/performance status (WHO anaemia criteria)

Study No. of trials / Patient population Setting Risk factor Outcome Results
i a I i 1 . . . . L
Level of evidence f:é?fdzj Iii]e Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis Mean = SD Mean = SD P-value
or or Heterogeneity®
nIN (%) nIN (%)
Lucca 2008 1 cross-sectional Residents of Biella, Community Mild anaemia (WHO)c | SF-12 Physical 453+10.0 473+8.7 NR Mild anaemia is not an
cohort study Italy, aged 65-84 VS N0 anaemia N - - - — - independent risk factor
Good o without neurological or Italy (0-100 scale) Adjusted for: oncologic status, age, sex, education, Geriatric Depression | ' c el o

psychiatric disease,
severe sensory
deficits, renal
insufficiency, severe
organ insufficiency,
terminal illness,
hospitalisation,
institutionalisation and
illiteracy

Scale, hypertension, diabetes, heart failure, myocardial infarction,
respiratory failure, neurologic disorders.

Physical score compared
with no anaemia

P=0.1650

SF-12 Physical 29.9% 19.5% NR Mild anaemia may be an
score <40 - - - — - independent risk factor
Adjusted for: oncologic status, age, sex, education, Geriatric Depression 19_Phyci
e h on. diab heart fail dial infarct for SF-12-Physical score
Scale hypertension, diabetes, heart failure, myocardial infarction, <40 compared with no
respiratory failure, neurologic disorders. FTRERR
P=0.0665
SF-12 Mental 525+8.6 518+9.1 NR Mild anaemia is not an

(0-100 scale)

Adjusted for: oncologic status, age, sex, education, hypertension,
diabetes, heart failure, myocardial infarction, respiratory failure,
neurologic disorders.

independent risk factor
for a lower mean SF-12-
Mental score compared
with no anaemia

P=0.0991
SF-12 Mental 9.2% 11.3% NR Mild anaemia is not an
score <40 - - - - independent risk factor
Adjusted for: oncologic status, age, sex, education, hypertension, 1.
diab heart fail dial infarci . tall for SF-12-Mental score
iabetes, heart failure, myocardial infarction, respiratory failure, <40 compared with no
neurologic disorders. anaemia
P=0.1323
FACT-An 136.7+215 141.0+183 NR Mild anaemia is not an

(0-188 scale)

Adjusted for: oncologic status, age, sex, education, hypertension,
diabetes, heart failure, myocardial infarction, respiratory failure,
neurologic disorders.

independent risk factor
for a lower mean FACT-
An score compared with
no anaemia

P=0.1770

FACT-General
(0-108 scale)

738+129 758+12.2 NR

Adjusted for: oncologic status, age, sex, education, hypertension,
diabetes, heart failure, myocardial infarction, respiratory failure,
neurologic disorders.

Mild anaemia is not an
independent risk factor
for a lower mean FACT-
General score compared
with no anaemia

P=0.4003

FACT-An Anaemia

62.7+10.2 65.1+78 NR

Mild anaemia is an
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Study
Level of evidence2

Quality

No. of trials /
sample size
included in
analysis

Patient population

Setting
Location

Risk factor

Outcome Results
Risk factor No risk factor Risk estimate (95% CI) | Significance
Mean + SD Mean + SD P-value
or or Heterogeneity®
niN (%) niN (%)

(0-80 scale) Adjusted for: oncologic status, age, sex, education, hypertension, independent risk factor
diabetes, heart failure, myocardial infarction, respiratory failure, for a lower mean FACT-
neurologic disorders. An Anaemia score

compared with no
anaemia
P=0.0456
FACT-An Fatigue 41577 434+58 NR Mild anaemia is an
- - - - independent risk factor
(0-52 scale) Adjusted for: oncologic status, age, sex, education, hypertension, indep '
diab heart fail dial infarcii : fall for a lower mean FACT-
ial etles,' sgrt su ure, myocardial infarction, respiratory failure, An Fatigue score
neurologic disorders. compared with no
anaemia
P=0.0109
IADL 20.1% 11.2% NR Mild anaemia is not an
(disability >5%)) independent risk factor

Adjusted for: oncologic status, age, sex, education, Geriatric Depression
Scale hypertension, diabetes, heart failure, myocardial infarction,
respiratory failure, neurologic disorders.

for disability >5%
measured by the IADL

P=0.1966

An, anaemia; Cl, confidence interval; FACT, Functional Assessment of cancer Therapy; IADL, Instrumental Activities of Daily Living; NR, not reported; SF-12, Short-Form-12; WHO, World Health Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.

a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.

¢ Defined as a Hb of 10-11.9 g/dL for women and 10-12.9 g/dL for men
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Table 3.28 Question 1 (elderly): Results for Level Il evidence - functional/performance status (other anaemia criteria, Hb levels or change in Hb levels)

Study No. of trials / Patient population Setting Risk factor Outcome Results
. le si .
Level of evidence? f:é?fdzj Iii]e Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis Mean = SD Mean = SD P-value
or or Heterogeneity®
n/N (%) n/N (%)
Lucca 2008 1 cross-sectional Residents of Biella, Community Mild anaemia SF-12 Physical 449+10.1 476+85 NR Mild anaemia is an
cohort stud Italy, aged 65-84 modified)c vs no - - - — - independent risk factor
Good N udy witr{ou?neurological or Italy Einae:r:ia) v (0-100) Adjusted for: oncologic status, age, sex, education, Geriatric Depression :‘or aplower melan SF-12-
= sychiatric disease, Scalg rlype;te;lnsmn, d|ab|ete's,(;1_ear(tj failure, myocardial infarction, Physical score compared
severe sensory respiratory failure, neurologic disorders. Y e w—
deﬁCitS, renal P=0.0295
insufficiency, severe
organ insufficiency, SF-12 Physical 3L.7% 18.6% NR Mild anaemia is an
g Yy
terminal illness, score <40 Adiusted for loaic stat ducation. Geriatric D - independent risk factor
institutionalisation and ) typ fail ion, di odi ' disord fure, my 1alt ion, <40 compared with no
literacy respiratory failure, neurologic disorders. ERE(E
P=0.0128
SF-12 Mental 522+9.7 51.9+9.0 NR Mild anaemia is not an
- - - ) independent risk factor
(0-100) Adjusted for: oncologic status, age, sex, education, hypertension, lfor aplower melan SF-12-
gg&ztlﬁs,ichsgr(t) rfg:ellrge, myocardial infarction, respiratory failure, Mental score compared
9 : with no anaemia
P=0.1847
SF-12 Mental 10.0% 11.3% NR Mild anaemia is not an
score <40 - - - - independent risk factor
Adjusted for: oncologic status, age, sex, education, hypertension, for SE-12-Mental score
diabetes, heart failure, myocardial infarction, respiratory failure, <40 compared with no
neurologic disorders. anaemia
P=0.1323
Fact-An 136.3+216 141.2+216 NR Mild anaemia is not an
- . - ) independent risk factor
(0-188) Adjusted for: oncologic status, age, sex, education, hypertension, for aplower mean FACT-
255)[?;3}:3%% rfg‘!lrge, myocardial infarction, respiratory failure, An score compared with
9 ' no anaemia
P=0.0830
Fact-General 73.7+£13.0 759+12.1 NR Mild anaemia is not an
independent risk fact
(0-108) Adjusted for: oncologic status, age, sex, education, hypertension, lfgrzplznwgnmg:n f:i/igT
255)[?;3}:3%% rfg‘!lrge, myocardial infarction, respiratory failure, General score compared
g ' with no anaemia
P=0.2942
Fact-An anaemia 62.5+10.3 65.3+7.6 NR Mild anaemia is an
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded lifw Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis Mean + SD Mean + SD P-value
or or Heterogeneity®
niN (%) niN (%)

(0-80) Adjusted for: oncologic status, age, sex, education, hypertension, independent risk factor
diabetes, heart failure, myocardial infarction, respiratory failure, for a lower mean FACT-
neurologic disorders. An anaemia score

compared with no
anaemia
P=0.0099
Fact-An fatigue 414+78 435+5.6 NR Mild anaemia is an
- - - - independent risk factor
(0-52) Adjusted for: oncologic status, age, sex, education, hypertension, indep '
. X O ; : - for a lower mean FACT-
diabetes, heart failure, myocardial infarction, respiratory failure, -
loaic disord An fatigue score
neurologic disorders. compared with no
anaemia
P=0.0032

IADL 20.0% | 10.9% ‘ NR Mild anaemia is not an

icahili independent risk factor

(disability >5%)) Adjusted for: oncologic status, age, sex, education, Geriatric Depression Ifor d?sability >|5%

Scalg hyperte_nsion, diabete;, h_eart failure, myocardial infarction, measured by the IADL
respiratory failure, neurologic disorders.
P=0.2042
Thein 2009 1 Prospective Outpatients aged 265 Outpatient Hb <12 g/dL vs Hb SF-36 Physical 392+11 | 456+14 ‘ NR Hb <12 g/dL is an
Fair cross-sectional years, no previous us 215 g/dL component score - - - - - — independent risk factor
survey diagnosis of cancer (0-100) ﬁdjusted fpr. agz, srclax, r_ac_e,ﬂd|abetes melhtg‘s_, rheumatoid arthritis, for reduced SE-36
N=109 (excl BCC of skin), ypertension and chronic inflammatory conditions. Physical Component
underlying blood Score compared with Hb
disorder, end stage 215 g/dL
renal failureor P<0.01
transplant, or recipient
1 Prospective of blood transfusion or Hb categories (<12 SF-36 Physical 39.2+1.1;423+1.0;43.7+1.0;44.3 NR Declining Hb level is an
cross-sectional erythropoietin within 3 gldL; 12.0-12.9 g/dL; | component score +1.1;456+ 14 independent risk factor
survey months 13.0-13.9 g/dL; 14.0- i - ; ; ) : ” for declining SF-36
28 149 g/dL: 215 g/dL) (0-100) Adjusted for: age, sex, race, diabetes mellitus, heumatoid arthritis, Physical Component
hypertension and chronic inflammatory conditions. SEe
P trend=0.002
1 Prospective Outpatients aged 265 Outpatient Hb <12 g/dL vs Hb SF-36 Mental 516+12 56.1+15 NR Hb <12 g/dL is an
cross-sectional years, no previous us 215 g/dL component score Adusted for- diab i h i arthri independent risk factor
survey diagnosis of cancer (0-100) h Juste: pr. agz, S|$X, race,ﬂ labetes me ltg-sj rheumatoid arthritis, for reduced SE-36
N=109 (excl BCC of skin), ypertension and chronic inflammatory conditions. Mental Component
underlying blood Score compared with Hb
disorder, end stage 215 g/dL
renal failure or P<0.05
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence incltf)ded li? Location Risk factor No risk factor Risk estimate (95% Cl) | Significance
Quality analysis Mean + SD Mean + SD P-value
or or Heterogeneity®
niN (%) niN (%)
1 Prospective transplant, or recipient Hb categories (<12 SF-36 Mental 51.6+1.2;534+11;541+1.1;52.8 NR Declining Hb level is not
cross-sectional of blood transfusion or g/dL; 12.0-12.9 g/dL; | componentscore | +1.2;56.1+15 an independent risk
survey erythropoietin within 3 13.0-13.9 g/dL; 14.0- (0-100) diusted for diab li h i arthri factor for declining SF-36
N=308 months 14.9 g/dL; 215 gidL) Adjusted for: age, sex, race, diabetes mellitus, rheumatoid arthritis, Mental Component
hypertension and chronic inflammatory conditions. Score
P trend=0.077
1 Prospective Outpatients aged 265 Outpatient Hb <12 g/dL vs Hb SF-36 Physical 514+33 66.6 +4.2 NR Hb <12 g/dL is an
cross-sectional years, no previous us 215 gldL functioning diusted for- diab li h id arthrit independent risk factor
survey diagnosis of cancer subscale ﬁ juste or: ag((ej, Sﬁx’ r_ac_e,ﬂ labetes me 'tg.s.’ heumatoid arthritis, for reduced SF-36
N=100 (excl BCC of skin), (0-100) ypertension and chronic inflammatory conditions. Physical Functioning
underlying blood Subscale score
disorder, end stage compared with Hb =215
renal failure or g/dL
transplant, or recipient P<0.01
of blood transfusion or
1 Prospective erythropoietin within 3 Hb categories (<12 SF-36 Physical 51.4+£33;622+3.0;63.2+2.9;66.9 NR Declining Hb level is an
cross-sectional months g/dL; 12.0-12.9 g/dL; | functioning +3.2,66.6 4.2 independent risk factor
survey 13.0-13.9 g/dL; 14.0- | subscale Adiusted for diab i h i arthri for declining SF-36
N=328 14.9 g/dL; 215 g/dL) (0-100) A justed for: agz, shex, (aqe,fl iabetes me |tg.sl, rheumatoid arthritis, Physical Functioning
ypertension and chronic inflammatory conditions. Sl swe
P trend=0.002
1 Prospective Outpatients aged 265 Outpatient Hb <12 g/dL vs Hb SF-36 Role 48950 7712+64 NR Hb <12 g/dL level is an
cross-sectional years, no previous us 215 gldL physical subscale - ) . - - ” independent risk factor
survey diagnosis of cancer (0-100) /r-]\dlusted fpr. agz, shex, (aqe,fldlabetes mellltg.s_, rheumatoid arthritis, for reduced SE-36 Role
N=109 (excl BCC of skin), ypertension and chronic inflammatory conditions. Physical Subscale score
underlying blood compared with Hb =215
disorder, end stage g/dL
renal failure or P<0.01
transplant, or recipient
1 Prospective of blood transfusion or Hb categories (<12 SF-36 Role 489+50;522+4.6,642+44,617+ NR Declining Hb level is an
cross-sectional erythropoietin within 3 g/dL; 12.0-12.9 g/dL; physical subscale 5.0;77.2+6.4 independent risk factor
survey months 13.0-13.9 g/dL; 14.0- N - ) - - - — for declining SF-36 Role
N=328 14.9 g/dL; 215 g/dL) (0-100) Adjusted fpr. age, sex, race, diabetes melhtu; rheumatoid arthritis, Physical Subscale score
hypertension and chronic inflammatory conditions.
P trend=0.001
1 Prospective Outpatients aged 265 Outpatient Hb <12 g/dL vs Hb SF-36 Body pain 59.3+29 734£37 NR Hb <12 g/dL is an
cross-sectional years, no previous us 215 g/dL subscale Adiusted for- diab li h id arthrit independent risk factor
survey diagnosis of cancer (0-100) h ]US;S pr. agzy SI;EX, race,ﬂ la et(tes me |t;|.3tl, rheumatoid arthritis, for reduced SF-36 Body
N=100 (excl BCC of skin), ypertension and chronic inflammatory conditions. B Slosealle SEie
underlying blood compared with Hb =215
disorder, end stage g/dL
renal failure or P<0.01
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded lifw Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis Mean + SD Mean + SD P-value
or or Heterogeneity®
niN (%) niN (%)
1 Prospective transplant, or recipient Hb categories (<12 SF-36 Body pain 59.3+2.9;649+27;67.2+25;65.1+ NR Declining Hb level is an
cross-sectional of blood transfusion or g/dL; 12.0-12.9 g/dL; | subscale 2.8,734+37 independent risk factor
survey erythropoietin within 3 13.0-13.9 g/dL; 14.0- (0-100) diusted for diab li h i arthri for declining SF-36 Body
N=308 months 14.9 g/dL; 215 gidL) Adjusted for: age, sex, race, diabetes mellitus, rheumatoid arthritis, Briln Sulisesle Seae
hypertension and chronic inflammatory conditions.
P trend=0.011
1 Prospective Outpatients aged 265 | Outpatient Hb <12 g/dL vs Hb SF-36 General 583+24 78731 NR Hb <12 g/dL is an
cross-sectional years, no previous us 215 g/dL health subscale Adiusted for diab litus. th i arthri independent risk factor
survey diagnosis of cancer (0_100) h Juste: pr. ag((ij, S:X, race,ﬂ labetes me |tg.5', rheumatoid arthritis, for reduced SF-36
N=109 (excl BCC of skin), ypertension and chronic inflammatory conditions. General Health Subscale
underlying blood score compared with Hb
disorder, end stage 215 g/dL
renal failure or P<0.01
transplant, or recipient
1 Prospective of blood transfusion or Hb categories (<12 SF-36 General 58.3+24;666+23;67.0+2.1;70.1+ NR Declining Hb level is an
cross-sectional erythropoietin within 3 g/dL; 12.0-12.9 g/dL; health subscale 24;787+31 independent risk factor
survey months 13.0-13.9 g/dL; 14.0- N - ; ; ) : ” for declining SF-36
N=208 14.9 g/dL; =15 gidL) (0-100) Adjusted fpr. age, sex, race, diabetes mellltu.s', rheumatoid arthritis, General Health Subscale
hypertension and chronic inflammatory conditions. ——
P trend<0.001
1 Prospective Outpatients aged 265 Outpatient Hb <12 g/dL vs Hb SF-36 Vitality 506+28 66.7 £ 3.6 NR Hb <12 g/dL is an
cross-sectional years, no previous us 215 g/dL subscale diusted for diab i h id arthrit independent risk factor
survey diagnosis of cancer (0'100) ﬁ juste: pr. agz, SI;EX, race,ﬂ iabetes me It(lj.llS', rheumatoid arthritis, for reduced SF-36 Vltallty
N=100 (excl BCC of skin), ypertension and chronic inflammatory conditions. Sl saae
underlying blood compared with Hb 215
disorder, end stage g/dL
renal failure or P<0.01
transplant, or recipient
1 Prospective of blood transfusion or Hb categories (<12 SF-36 Vitality 50.6+28;57.1+£26;55.2+25;57.1+ NR Declining Hb level is an
cross-sectional erythropoietin within 3 g/dL; 12.0-12.9 g/dL; | subscale 2.8,66.7+3.6 independent risk factor
survey months 13.0-13.9 g/dL; 14.0- i - ; ; ) : ” for declining SF-36
N=208 14.9 g/dL; 215 gidL) (0-100) Adjusted fpr. age, sex, race, diabetes mellltug_, rheumatoid arthritis, Vitality Subscale score
hypertension and chronic inflammatory conditions.
P trend=0.005
1 Prospective Outpatients aged 265 | Outpatient Hb <12 g/dL vs Hb SF-36 Social 76.5%29 90.5%3.7 NR Hb <12 g/dL is an
cross-sectional years, no previous us 215 g/dL functioning Adiusted for diab litus. th i arthri independent risk factor
survey diagnosis of cancer subscale h justed for. agz, s|$x, (age,ﬂ iabetes me 'tg.sj rheumatoid arthritis, for reduced SF-36 Social
N=109 (exd BCC of skin)’ (0_100) YPEI'tenSIOH and cnronic in ammalory conditions. Functioning Subscale
underlying blood score compared with Hb
disorder, end stage 215 g/dL
renal failure or P<0.01
tranenlant or racinient )
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded li? Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis Mean + SD Mean + SD P-value
or or Heterogeneity®
niN (%) niN (%)
1 Prospective Hb categories (<12 SF-36 Social 765+£29;822+27;845+26;849+ NR Declining Hb level is an
cross-sectional g/dL; 12.0-12.9 g/dL; | functioning 2.9;90.5+3.7 independent risk factor
survey 13.0-13.9 g/dL; 14.0- | subscale diusted for diab li h id arthrit for declining SF-36
N=328 149/dL; 215 g/dL) | (0.100) /r']\ justed for: agz, sﬁx' r.ac.e'ﬂ labetes me 'tg.sl rheumatoid arthritis, Social Functioning
ypertension and chronic inflammatory conditions. Sl Seae
P trend=0.005
1 Prospective Outpatients aged 265 | Outpatient Hb <12 g/dL vs Hb SF-36 Role 701+44 80.2+55 NR Hb <12 g/dL is not an
cross-sectional years, no previous us 215 gldL emotional diusted for- diab li h id arthrit independent risk factor
survey diagnosis of cancer subscale ﬁ juste or: ag((ej, Sﬁx’ r_ac_e,ﬂ labetes me 'tg.s.’ theumatoid arthits, for reduced SF-36 Role
N=100 (excl BCC of skin), (0-100) ypertension and chronic inflammatory conditions. Emotional Subscale
underlying blood score compared with Hb
disorder, end stage 215 gldL
renal failure or N P>0.05
transplant, or recipient
1 Prospective of blood transfusion or Hb categories (<12 SF-36 Role 701+4.4;706+4.0;853+38;8l.2+ NR Declining Hb level is an
cross-sectional erythropoietin within 3 g/dL; 12.0-12.9 g/dL; emotional 4.3;80.2+£55 independent risk factor
surve! 13.0-13.9 g/dL; 14.0- | subscale - - - - — for declining SF-36 Role
urvey months .g u Adjusted for: age, sex, race, diabetes mellitus, rheumatoid arthritis, CIning
N=328 14.9 g/dL; =15 g/dL) (0-100) ) e > Emotional Subscale
hypertension and chronic inflammatory conditions. e
P trend=0.022
1 Prospective Outpatients aged 265 Outpatient Hb <12 g/dL vs Hb SF-36 Mental 74122 85.3+28 NR Hb <12 g/dL level is an
cross-sectional years, no previous us 215 gldL health subscale diusted for- diab i h id arthrit independent risk factor
survey diagnosis of cancer (0'100) ﬁ juste: F)r. ag((ij, SI;EX, race,ﬂ iabetes me Itg.s.’ rheumatoid arthritis, for reduced SF-36
N=100 (excl BCC of skin), ypertension and chronic inflammatory conditions. Mental Health Subscale
underlying blood score compared with Hb
disorder, end stage 215 g/dL
renal failure or P<0.01
transplant, or recipient
1 Prospective of blood transfusion or Hb categories (<12 SF-36 Mental 741+22;800+21;785+20;75.7 + NR Declining Hb level is.not
cross-sectional erythropoietin within 3 g/dL; 12.0-12.9 g/dL; health subscale 2.2,853+238 an independent risk
survey months 13.0-13.9 g/dL; 14.0- 0-100 - ) - - - — factor for declining SF-36
N=328 14.9 g/dL; 215 g/dL) (0-100) Adjusted for: age, sex, race, diabetes mellitus, rheumatoid arthritis, Mental Health Subscale
hypertension and chronic inflammatory conditions. —
P trend=0.070
1 Prospective Outpatients aged 265 Outpatient Hb <12 g/dL vs Hb FACIT Anaemia 464+11 513+14 NR Hb <12 g/dL is an
cross-sectional years, no previous us 215 g/dL score Adiusted for- diab li h id arthrit independent risk factor
survey diagnosis of cancer (0-100) h ]US;S pr. agzy SI;EX, race,ﬂ lal et(tes me |t;|'5tl, rheumatoid arthritis, for reduced FACIT-
N=100 (excl BCC of skin), ypertension and chronic inflammatory conditions. ARSI SEIE
underlying blood compared with Hb =215
disorder, end stage g/dL
renal failure or P<0.01
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Study
Level of evidence2

Quality

No. of trials / Patient population Setting Risk factor Outcome Results
sample size ; - - - - —
inclt?ded lifw Location Risk factor No risk factor Risk estimate (95% CI) | Significance
analysis Mean + SD Mean + SD P-value
or or Heterogeneity®
niN (%) niN (%)
1 Prospective transplant, or recipient Hb categories (<12 FACIT Anaemia 464+11;478+1.0,480£10;485+ NR Declining Hb level is an
cross-sectional of blood transfusion or gldL; 12.0-12.9 g/dL; | score 1.1;513+14 independent risk factor
survey erythropoietin within 3 13.0-13.9¢/dL; 14.0- | (0.190) Susted for o T S arhi for declining FACIT-
N=308 months 14.9 g/dL; 215 gidL) Adjusted for: age, sex, race, diabetes mellitus, rheumatoid arthritis, TR S
hypertension and chronic inflammatory conditions.
P trend=0.017
1 Prospective Outpatients aged 265 | Outpatient Hb <12 g/dL vs Hb FACIT Fatigue 358+12 411+15 NR Hb <12 g/dL is an
cross-sectional years, no previous us 215 g/dL score Adiusted for diab litus. th i arthri independent risk factor
survey diagnosis of cancer (0_100) h Juste: F)I'. agz, S:X, raCE,ﬂ labetes me ”ﬁ'sl, rheumatoid arthritis, for reduced FACIT-
N=109 (excl BCC of skin), ypertension and chronic inflammatory conditions. Fatigue score compared
underlying blood with Hb =15 g/dL
disorder, end stage P<0.01
renal failure or
1 Prospective transplant, or recipient Hb categories (<12 FACIT Fatigue 358+£12;379+1.1;384+1.1;385+ NR Declining Hb level is an
cross-sectional of blood transfusion or g/dL; 12.0-12.9 g/dL; | score 12;411+15 independent risk factor
survey erythropoietin within 3 13.0-13.9 g/dL; 14.0- i - - : - - — for declining FACIT-
28 m();:nhsp 149 g/dL: 215 g/dl) (0-100) Adjusted for: age, sex, race, diabetes mellitus, heumatoid arthiis, Fatigue score
hypertension and chronic inflammatory conditions.
P trend=0.015
1 Prospective Outpatients aged 265 Outpatient Hb <12 g/dL vs Hb FACIT Non-fatigue | 225+0.4 230+£05 NR Hb <12 g/dL is not an
cross-sectional years, no previous us 215 g/dL score diusted for: diab li h id arthrit independent risk factor
survey diagnosis of cancer (0-100) /r']\ justed for. agz, s|$x, rac_e,ﬂ labetes me ltg.s.’ rheumatoid arthritis, for reduced FACIT-Non-
N=109 (excl BCC of skin), ypertension and chronic inflammatory conditions. fatigue score compared
underlying blood with Hb =15 g/dL
disorde_r, end stage P>0.05
renal failure or
1 Prospective transplant, or recipient Hb categories (<12 FACIT Non-fatigue | 22.5+0.4;223+04;21.9+04;223+ NR Declining Hb level is not
cross-sectional of blood transfusion or g/dL; 12.0-12.9 g/dL; | score 0.4;23.0+05 an independent risk
survey erythropoietin within 3 13.0-13.9 g/dL; 14.0- 0-100 - - - - - " factor for declining
N=328 months 14.9 g/dL; 215 g/dL) ( ) Adjusted fpr. age, sex, race, diabetes melhtu.s_, rheumatoid arthritis, FACIT-Fatigue score
hypertension and chronic inflammatory conditions.
P trend=0.699
1 Prospective Outpatients aged 265 | Outpatient Hb <12 g/dL vs Hb IADL 20+0.3 06+04 NR Hb <12 g/dL levelis an
cross-sectional years, no previous us 215 g/dL 0-100 - ; ; ) : ” independent risk factor
survey diagnosis of cancer ( ) Adjusted fpr. age, sex, race, diabetes meIIltu.s', rheumatoid arthritis, o erersas AL Srene
N=109 (excl BCC of skin), hypertension and chronic inflammatory conditions. compared with Hb =15
underlying blood g/dL
disorder, end stage P<0.01
renal failure or
1 Prospective transplant, or recipient Hb categories (<12 IADL 20+£03;1.1+03;1.0+£0.2;1.3+03;06 | NR Declining Hb level is an
cross-sectional of blood transfusion or g/dL; 12.0-12.9 g/dL; (0-100) +04 independent risk factor
survey erythropoietin within 3 13.0-13.9 g/dL; 14.0- - ; ; ) : ” for increasing IADL score
N=308 months 14.9 g/dL; 215 gidL) Adjusted for: age, sex, race, diabetes mellitus, rheumatoid arthritis, i

hypertension and chronic inflammatory conditions.
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An, anaemia; Cl, confidence interval; FACT, Functional Assessment of Cancer Therapy; FACIT, Functional Assessment of Chronic lllness Therapy; IADL, Instrumental Activities of Daily Living; NR, not reported; SF-12,
Short-Form-12; SF-36, Short-Form-36; WHO, World Health Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.

a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.

b Only applicable to Level I studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.

¢ Defined as a Hb of 10-12.1 g/dL for women and 10-13.1 g/dL for men.
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CANCER

Of the adverse outcomes specified for this question, two are covered for this population:
mortality and functional status (disability).

Methods

There were 17 studies identified from the systematic review and hand searching process (see
Appendix C, Volume 2).

The literature search identified no socioeconomic literature pertaining to Australia’s
Indigenous population relevant to this research question.

Level I evidence

The literature search identified four systematic reviews examining the aetiology of anaemia
in patients with cancer.

Level Il evidence

The literature search identified 13 Level Il studies examining the aetiology of anaemia in
patients with cancer.

Level Ill evidence

Due to the substantial amount of Level Il evidence identified, the literature was not searched
for Level lll evidence.

Level 1V evidence

Due to the substantial amount of Level Il evidence identified, the literature was not searched
for Level IV evidence.

Results

Level I evidence

Four Level | studies were included for this question: all four studies provided evidence for
mortality and one study provided evidence for functional status/quality of life, as
summarised in Table 3.29. ®*® All four studies were considered to be of poor methodological
quality and included studies were not limited to prospective cohort studies. The majority of
studies included in the Knight et al (2004)* review that assessed quality of life assessed the
effect of anaemia treatment on functional status/quality of life, rather than the independent
effect of anaemia on functional status/quality of life. In the two studies that assessed the
association of anaemia with quality of life, neither was a Level Il study. As such, none of
these will be used as the basis for the review of this question; however, their results will be
briefly described and they will be used to help identify Level Il studies.
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Table 3.29 Question 1 (cancer): Characteristics and quality of Level | evidence

Level Il evidence

Author Study type Population Outcomes
Study quality

Caro et al Systematic review | Diagnosis of cancer (accepted the authors’ definitions | Mortality
(2001)83 and meta-analysis | for each malignancy).

of literature. N=NR

Includes data from

60 studies

including 39

cohort studies, 19
RCTs, and 2 case-
referent studies.
Poor

Hauser et al Systematic review | Adults with one or more kind of solid tumour. Survival
(2006)54 of literature. N=8998
Includes data from
53 studies (study
types not
specified)

Poor

Knight et al Systematic review | Cancer (type not limited) Mortality
(2004)85 of literature. N=NR
Includes data from
18 studies for
survival/mortality
and 16 studies for
functional
status/QoL (study
types not
specified)

Poor

Varlotto et al Systematic review | Diagnosis of cancer Survival
(2005)86 of literature. N=NR
Includes data from
19 studies which
used multivariate
analysis (study
types not
specified)

Poor

LVEF, left ventricular ejection fraction; NR, not reported; QoL, quality of life; RCT, randomised controlled trial.

The four identified systematic reviews all concluded that anaemia was associated with
adverse outcomes in patients with cancer. Caro et al (2001)®® performed a systematic review
and meta-analysis of data from a large number of studies including 39 cohort studies, 19
RCTs and 2 case-referent studies. Based on their analyses they concluded that anaemia is
“associated with reduced survival times for patients with lung carcinoma, cervicouterine
carcinoma, head and neck carcinoma, prostate carcinoma, lymphoma and multiple myeloma.
Hauser et al (2006)** performed a systematic literature search and included 53 studies in
their review. They concluded that anaemia was one of a number of “laboratory tests”
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associated with shorter survival. Knight et al (2004)° the association between anaemia and
survival and functional status/quality of life in patients with cancer. They found that
“patients with [anaemia] had poorer survival and local control than did their [nonanaemic]
counterparts in 15 of 18 studies” and that quality of life was “positively correlated with [Hb]
levels in 15 of 16 studies”. Finally, Varlotto et al (2005)° identified 19 studies which used
multivariate analysis to assess the relationship between anaemia and adverse outcomes and

found that “all studies have shown a correlation between low Hb levels

prognosis”.

..... with poorer

One additional study by Liou et al (2007) while not officially included as it did not meet the
inclusion criteria, will be briefly described as it provides data on the economic burden of
anaemia.”’” Following a systematic review of evidence published between 1990 and 2006
which identified eight relevant studies, Liou et al found that the total direct cost attributable
to anaemia in the US ranged from SUS18,418 to SUS69,478 per year (2006 values), while in
other countries (including Belgium, Canada, France, Germany ltaly, the Netherlands and
Spain), the total cost per episode of anaemia ranged from $US124 to $US2704 (2006 values).

Level Il evidence

Thirteen Level Il studies were included for this question; 11 studies provided evidence for
mortality/survival and two provided evidence for functional/performance status.®*®° The
characteristics of the included studies are summarised in Table 3.30. Three of the included
studies specifically examined anaemia or Hb level as a potential predictor of adverse

outcomes,
progression-free survival),
potential predictors.

69,73,80

70,71

68,72,74-79

two studies examined other specific factors (bone metabolism and
and the remaining eight studies aimed to identify a number of

Due to the large amount of evidence available for the mortality outcome, and the
requirement that analyses were adjusted for multiple potential confounders, studies were
limited to those including >500 subjects. This resulted in the exclusion of 129 studies. Nine of
these excluded studies had between 400 and 500 subjects.?**° Studies with smaller patient
numbers were potentially available for inclusion for the functional status/quality of life
outcomes.

Table 3.30 Question 1 (cancer): Characteristics and quality of Level Il evidence

Level Il evidence

Author

Study type
Study quality

Population

Outcomes

Armstrong et al

Cohort analysis of

Men with documented metastatic prostatic

Mortality/survival

(2010)¢8 a RCT (TAX327) adenocarcinoma in the face of castrate levels of serum
Good testosterone (<50 ng/ mL), and if they had evidence of
progression as defined by clinically or radiographically
measurable disease or by PSA criteria.
N=640
Beer et al Cohort analysis of | Men with histologically proven diagnosis of Mortality/survival
(2006)89 a RCT (SWOG adenocarcinoma of the prostate with bone or distant
Study S8894) soft tissue metastases.
Good N=817
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Level Il evidence

Author

Study type
Study quality

Population

Outcomes

Cook etal Cohort analysis of | Men with histologically confirmed prostate cancer, Mortality/survival
(2006)7 aRCT bone metastases and disease progression despite

Fair medical or surgical castration.

N=592

Halabi et al Cohort analysis of | Men with prostate cancer who had progressed during Mortality/survival
(2009)™ 9 RCTs androgen deprivation therapy.

Poor N=1201
Kohne et al Cohort analysis of | Patients treated with 5-FU for metastatic colorectal Mortality/survival
(2002)72 19 RCTsand 3 cancer.

phase |l trials N=3825

Poor
Laurie et al Cohort analysis of | Patients with NSCLC. Mortality/survival
(2007)73 2RCTs (BR.3and | N=g52

BR.6)

Fair

Mandrekar et al

Cohort analysis of

Patients with advanced-stage NSCLC (stage 1B with

Mortality/survival

(2006)™ 9 RCTsa pleural effusion and stage V).

Poor N=782
Négrier et al Cohort analysis of | Adults 18-80 with histologically confirmed and Mortality/survival
(2002)7 5RCTs measurable metastatic renal cell carcinoma.

Fair N=782
Nieboer et al Cross-sectional Women aged <56 years with stages Il and Il breast Functional/performance
(2005)76 analysis of a RCT | cancer and 24 positive axillary lymph nodes, a normal | status

Poor

chest x-ray, normal bone-scan, normal liver sonogram,
a WHO performance status of 0 or 1, and no prior
treatment other than surgery who were disease-free
until at least 3 years after surgery.

N=426
@sterlind et al Cohort analysis of | Adults with small cell lung cancer. Mortality/survival
(1986)7 6 controlled trials | N=778

Poor

Paesmans et al
(1995)78

Cohort analysis of
7RCTs

Fair

Adults with NSCLC treated by chemotherapy.
N=1052

Mortality/survival

Paesmans et al

Cohort analysis of

Adults with small-cell lung cancer.

Mortality/survival

(2000)™ 4 RCTs N=763

Fair
Wislgff et al Cross-sectional Newly diagnosed patients with multiple myeloma. Functional/performance
(2005)80 analysis of 2 N=745 status

prospective trials
Poor

5-FU, 5-fluorouracil; NSCLC, non-small-cell lung cancer; PSA, prostate specific antigen; RCT, randomised controlled trial.
aTrial IDs: 852251, 872451, 882452, 892451, 922453, 932451, 952452, 982452, N0026, S9509.
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Anaemia as an independent risk factor for mortality

One study assessed the association between anaemia as defined by the World Health
Organisation (WHO) ° and mortality, as shown in Table 3.31. The study by Armstrong et al
(2010)®® examined the association between a number of risk factors, including anaemia, and
post-progression survival in 640 men with documented metastatic prostate carcinoma who
had progressed while on therapy. The results of this analysis showed that anaemia is an
independent risk factor for post-progression survival (P=0.012). While the study does not
specify the direct of the association, it has been assumed for this review that anaemia is
associated with a decreased post-progression survival, as this has been the overwhelming
trend across all studies examined in this review.

® Hb <12 g/dL for females and <13 g/dL for males.
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Table 3.31 Question 1 (cancer): Results for Level Il evidence — mortality (WHO or similar anaemia criteria)

Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - -
Level of evidence? inclt?ded in Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
LONGER-TERM FOLLOW-UP (>1 YEAR)
Armstrong 2010 1 cohort analysis Men with metastatic Hospital Hb <13.0 g/dL vs no Post-progression NR NR HR 1.30 (1.05, 1.58) Anaemia is an
Level Il ofaRCT prostatic Variouse anaemia survival (>12 Variables include in the multivariable moder - — independent risk factor
" : prechemotherapy variables including
Good (TAX327) adenocarcinoma, months follow-up) liver metastases, significant pain, >2 metastatic sites, KPS <70, time since for reduc_e d post-_
N=640 castrate levels of diagnosis, alkaline phosphatase and post-chemotherapy variables including progression survival
serum testosterone duration of first-line therapy, number of progression factors and progression on P=0.012
(<50 ng/ mL), and chemotherapy (treatment group not associated with survival after adjustment for
evidence of other prognostic variables so not included in the model).
progression

Cl, confidence interval; HR, hazard ratio; KPS, Karnofsky performance scale; NR, not reported; RCT, randomised controlled trial.
a\Where only one RCT is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic
review.
b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢ Argentina, Australia, Austria, Belgium, Brazil, Canada, Czech Republic, Finland, France, Germany, Hungary, Italy, Lebanon, the Netherlands, Poland, Russia, Slovak Republic, South Africa, Spain, Sweden,
United Kingdom, United States.
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Eight studies assessed the association between various Hb levels and mortality, as shown in
Table 3.32.7%727>777% | the study by @sterlind et al (1986)’, data from six RCTs (N=up to 778)
was examined to assess the association between a Hb level of <12 g/dL and survival in
patients with small-cell lung cancer (SCLC). Two analyses (one which included interactions
and one which ignored interactions) showed that low Hb was an independent risk factor for
reduced survival (P<0.001 and P<0.05).

Cook et al (2006)”° assessed the relationship between Hb level and survival in 592 men with
prostate cancer, bone metastases and disease progression despite medical or surgical
castration. When Hb level was dichotomised or divided into quartiles, “lower Hb was
associated with shorter survival” (p<0.001 for both). The cut-offs for the dichotomised and
quartiles of Hb level were not stated in the publication.

The study by Mandrekar et al (2006)”* analysed the relationship between low Hb and survival
in patients with NSCLC using two cohorts: (i) an initial cohort comprised of data from nine
RCTs (N=782) and (ii) a validation cohort comprised of data from one RCT (N=426). In the
initial cohort, low Hb (defined as Hb <13.2 g/dL for males and <11.5 g/dL for females) was an
independent risk factor for decreased survival (HR 1.51; P<0.001); however, in the validation
cohort this analysis failed to reach statistical significance (HR 1.21; P=0.07).

Negrier et al (2002)”® examined the relationship between low Hb and survival in 782 patients
with metastatic renal cell carcinoma. The analysis showed that low Hb, defined as <11.5 g/dL
in females and <13.0 g/dL in males, was an independent risk factor for decreased survival (RR
1.4; P<0.001).

Paesmans et al (1995)"® assessed the relationship between haemoglobinaemia (defined as a
Hb level <12 g/dL and >18 g/dL) and survival in 1052 patients with NSCLC. While
haemoglobinaemia was a predictor in the univariate analysis, it was excluded from the
multivariate analysis during the stepwise procedure, suggesting that it is not an independent
predictor of survival. A similar result was found by Paesmans et al (2000; fair quality)’® in 756
patients with SCLC, although in this analysis haemoglobinaemia was also not significantly
associated with survival at either the univariate or multivariate level.

The study by Kohne et al (2002)”* examined the association between Hb and survival in 3825
patients treated with 5-FU for metastatic colorectal cancer, included in 22 clinical trials. The
results of this analysis showed that a Hb level <11 g/dL was an independent risk factor for
reduced survival.

Laurie et al (2007)"® assessed the association between various measures of Hb and survival in
up to 633 patients with non-small-cell lung cancer (NSCLC). When a nadir Hb <10 g/dL was
compared with a nadir Hb 210 g/dL, there was no significant association with survival.
Similarly, when Hb reductions of 10-30% and >30% were compared with reductions of <10%,
there was no association with survival. Finally, a pre-prophylactic cranial irradiation (PCl) Hb
level of <10 g/dL was also not associated with survival when compared with a PCl of 210

g/dL.
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Table 3.32 Question 1 (cancer): Results for Level Il evidence — mortality (other anaemia criteria, Hb levels or change in Hb levels)

Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ;

Level of evidence? incILE)ded in Location Risk factor No risk factor Risk estimate (95% CI) | Significance

Quality analysis niN (%) niN (%) P-value
Heterogeneity®

LONGER-TERM FOLLOW-UP (>1 YEAR)

@sterlind 1986 1 cohort analysis Adults with small cell Hospital/Denmark Hb <12 g/dL vs Hb Survival (18 NR NR NR Analysis 1 (includes

. S i - :

Level Il 0f six RCTs lung cancer 212 g/l months follow-up) Adjusted for variables with significant influence in at least one of the disease e SR .

Poor N=746 categories: performance status, LDH, sodium, urate, sex, age, alternating regimen. Hb <12 g/dL is an
independent risk factor
for reduced survival
P<0.001

1 cohort analysis Adults with small cell Hospital/Denmark Hb <12 g/dL vs Hb Survival (18 NR NR NR Analysis 2 (ignores
. S ) : :
of six RCTs lung cancer 12g/dL months follow-up) Adjusted for variables with significant influence in at least one of the disease e e 1o .
N=778 categories: performance status, LDH, resected patients, sodium, sex, age, Hb <12 g/dL is an
alternating regimen, extensive disease. independent risk factor
for reduced survival
P<0.05
Cook 2006 1 cohort analysis Men with prostate Hospital Hb dichotomised (no Overall survival NR | NR ‘ RR 0.84 (0.78, 0.91) A lower Hb is an
Level Il ofaRCT cancer, bone Variouse further details (up to 2 years - - - — - - independent risk factor
' N=502 metastases and provided) follow-up) Variables included in the multivariable model: age, PSA, LDH, analgesic, BAP. o el Surdivel
Far disease progression P<0.001
despite medical or
surgical castration Hb in quartiles (no Overall survival NR | NR ‘ RR 0.84 (0.78, 0.90) AlowHbis an
further details (up to 2 years - - - — - - independent risk factor
provided) foIIow-up) Variables included in the multivariable model: age, PSA, LDH, analgesic, BAP. i el sl
P<0.001
Mandrekar 2006 1 cohort analysis Patients with Hospital Low Hb (Hb <13.2 Overall survival NR | NR ‘ HR 1.51 (1.28, 1.78) Low Hb is an
Level Il of 9 RCTs advanced- US, Canada g/dL for males and (up to 2 years - - independent risk factor
N=782 stage NSCLC <11.5 g/dL for follow-up) Adjusted for: age, gender, ECOG PS, cancer stage, BMI, WBC. for reduced survival
Poor females) vs normal P<0.001
Hb
1 validation cohort | Patients with Hospital Low Hb (Hb <13.2 Overall survival NR | NR ‘ HR 1.21 (0.98, 1.50) Low Hb is not an
analysis of 1 RCT | advanced- US Canada g/dL for males and (up to 2 years - - independent risk factor
NS425 stage NSCLC ) <115 g/dL for follow-up) Adjusted for: age, gender, ECOG PS, cancer stage, BMI, WBC. for survival
females) vs normal P=0.07
Hb
Négrier 2002 1 cohort analysis Adults 18-80 with Hospital Hb <11.5 g/dL Overall survival 158/352 (45) | 230/424 (54) ‘ RR 1.400 (1.167, 1.684) | Low Hbisan
Level Il of five prospective | histologically France (female) or <13.0 (median 77 i - - — - - independent risk factor
’ ’ justed for variables with P<0.1 in univariate analysis: inflammation, time from .
Fair trials confirmed and ‘ g/dL (male) vs no months follow-up) | ¢ mourto metastases, ECOG performance status, number of metastatic sites, for decreased survival
N=782 measurable m_etaSta"c normal Ho neutrophils, alkaline phosphatase, liver metastasis, bone metastasis, mediastinum P<0.001
renal cell carcinoma metastasis.
Paesmans 1995 1 cohort analysis Adults with non-small- | Hospital Haemoglobinaemia Survival (median NR | NR ‘ NR Haemoglobinaemia is not
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Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; - - - - —
Level of evidence? inclt?ded in Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
Level Il of seven RCTs cell lung cancer Europe (Hb <12 gfdL and >18 | follow-up 270 Variables included in the best-fit model from 23 initial variables: disease extent, an independent risk
; - g/dL) vs no weeks) KPS, WBC count, skin metastases, calcium, neutrophil, age, sex. factor for survival
Fair N=1052
haemoglobinaemia P=NR
Paesmans 2000 1 cohort analysis Adults with small-cell Hospital Haemoglobinaemia Survival (a>5 NR NR NR Haemoglobinaemia is not
Level Il of seven RCTs lung cancer Europe (I;I:qu g/dL and>18 | years follow-up) Variables included in the best-fit model from 21 initial variables: KPS, sex, female ?n tlnd(f-.‘pendept TSk
Fair N=756 gdjvsno gender, neutrophil rate. actor for surviva
haemoglobinaemia P=NR
FOLLOW-UP UNKNOWN
Kohne 2002 1 cohort analysis Patients treated with 5- | Hospital Hb <11 g/dL vs Hb Overall survival NR | NR ‘ NR Hb <11 g/dL is an
Level Il of 19 RCT§ and 3 FU for metastatic Europe 211 g/dL (follow-up not Adjusted for: other laboratory parameters. independent nsk'factor
Poor phase Il trials colorectal cancer stated) for reduced survival
N=3825 P=NR
Laurie 2007 1 cohort analysis Patients with NSCLC Hospital Nadir Hb <10.0 g/dL Overall survival NR | NR ‘ HR 1.09 (0.92, 1.31) Nadir Hb <10.0 g/dL is
Level Il of 2RCTs Canada vs nadir Hb 210.0 (follow-up not - - not an independent risk
Fair N=633 g/dL stated) Adjusted for: gender, ECOG PS, LDH. factor for survival
P=0.33
1 cohort analysis Patients with NSCLC Hospital Hb % reduction 10- Overall survival NR | NR ‘ HR 0.83 (0.60, 1.14) Hb % reduction 10-30%
of 2RCTs 30% vs Hb % (follow-up not - is not an independent
Canada :
N=NR reduction <10 % stated) Adjusted for: gender, ECOG PS, LDH. risk factor for survival
P=0.25
1 cohort analysis Patients with NSCLC Hospital Hb % reduction >30% | Overall survival NR | NR ‘ HR 0.94 (0.68, 1.31) Hb % reduction >30% is
of 2RCTs vs Hb % reduction (follow-up not - not an independent risk
Canada :
N=NR <10 % stated) Adjusted for: gender, ECOG PS, LDH. factor for survival
P=0.73
1 cohort analysis Patients with NSCLC Hospital Pre-PCI Hb <10.0 Overall survival NR | NR ‘ NR Pre-PCI Hb <10.0 g/dL is
of 2RCTs g/dL vs pre-PCI Hb (follow-up not - not an independent risk
Canada :
N=523 210.0 gldL stated) Adjusted for: gender, ECOG PS, LDH. factor for survival
P=0.31

5-FU, 5-flurourocrit; ASA, acetylsalicylic acid; BMI, body mass index; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; Hb, haemoglohin; het, heterogeneity; HR, hazard ratio; KPS, Karnofsky

performance scale; LDH, lactate dehydrogenase; IV, intravenous; NA, not applicable; NSCLC, non-small cell lung cancer; NR, not reported; OR, odds ratio; PCI Hb, prophylactic cranial irradiation Hb level; PSA, prostate
specific antigen; RBC, red blood cell; RCT, randomised controlled trial; RR, risk ratio; WBC, white blood cell
a\Where only one RCT is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢US, Argentina, Australia, Canada, France, Brazil, Germany, UK, New Zealand, Italy, Chile, Switzerland, Austria, Belgium, Peru, Sweden, Uruguay.
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Three studies assessed the association between Hb as a continuous variable and mortality,
as shown in Table 3.33.°7* In the study by Halabi et al (2009)* the association between
change in Hb and survival was examined in 1201 men with prostate cancer who had
progressed during androgen deprivation therapy. The study found that a 1 g/dL change
(assumed to be a decrease) in Hb resulted in a 9% decrease in survival.

Beer et al (2006)*° assessed the association between two continuous measures of Hb and
survival in 817 patients with adenocarcinoma of the prostate with bone or distant soft tissue
metastases. A 1 g/dL increase in baseline Hb (centred at 13.7 g/dL) was found to be
associated with a 12% increase in survival (P<0.001), while a 3-month decrease in survival of
1 g/dL was shown to be associated with a 10% decrease in survival (P=0.0035).

In men with prostate cancer, bone metastases and progression despite medical or surgical
castration, Cook et al (2006)° showed that a 1 g/dL decrease in Hb was independently
associated with a 36% decrease in survival.
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Table 3.33 Question 1 (cancer): Results for Level Il evidence — mortality (Hb as a continuous variable)

Study No. of trials / Patient population Setting Risk factor Outcome Results
; sample size ; : - . . I
Level of evidence? inclurc)ied in Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneityd

LONGER-TERM FOLLOW-UP (>1 YEAR)

Halabi 2009 1 cohort analysis Men with prostate Hospital Hb (1 g/dL change)e Overall survival NA | NA ‘ HR 0.91 (0.86, 0.97) A change in Hb of 1 g/dL

Level Il of 9 RCTs cancer who had us (>12 months i T - is independently

- justed for known prognostic variables: progression at 3 months, age, . .

Poor N=1201 progressed d“T'"g. follow-up) performance status, presence of visceral disease, BMI, Gleason score, assomate(_i with & 9%
androgen deprivation festosterone, race, prior radiotherapy, alkaline phosphatase, years since diagnosis, | d€crease in survival e
therapy PSA, LDH. P=0.002

Beer 2006 1 cohort analysis Men Hospital Baseline Hb centred Overall survival NA | NA ‘ HR 0.88 (0.83, 0.93) A 1 g/dL increase in Hb

Level Il ofaRCT Wflttr;]—adenof e;mm%r]n a us at137 g/tdL (L-unit (>2 years follow- Adjusted for: race, PSA, bone pain, performance status, extensive disease, age, 1S mdgpte r:jder.lttrlly 12%

Good N=817 ot the prostate with increment) up) prior radiotherapy, radical prostatectomy, Gleason score, flutamide treatment, EIEIBIEEN: Wl & L2570
W baseline Hb, 3-month change in Hb, African American baseline Hb. increase in survival
tissue metastases P<0.001

3-month Hb change Overall survival NA | NA ‘ HR 1.10 (1.03, 1.16)¢ A1 g/dL decrease in Hb
of 1g/dL (>2 years follow- Adjusted for: race, PSA, bone pain, performance status, extensive disease, age, fromtll:a§e[|n§ 03 dentl
up) prior radiotherapy, radical prostatectomy, Gleason score, flutamide treatment, ol _S Bl _ePen eon y
baseline Hb, 3-month change in Hb, African American baseline Hb. associated with a 10%
decrease in survival
P=0.0035

Cook 2006 1 cohort analysis Men with prostate Hospital Hb (1 g/dL decrease) | Overall survival NA NA RR 0.84 (0.78, 0.90) A 1 g/dL reduction in Hb

Level Il ofaRCT cancer, bone Varioust (up to 2 years - - - — ) - is independently

- N=592 metastases and foIIow-up) Variables included in the multivariable model: age, PSA, LDH, analgesic, BAP. associated with a 36%

disease progression
despite medical or
surgical castration

decrease in survival
P<0.001

Cl, confidence interval; Hb, haemoglobin; HR, hazard ratio; NA, not applicable; RCT, randomised controlled trial; RR, risk ratio.

a\Where only one RCT is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (i) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
¢ The table in the publication shows a confidence interval of 1.03, 0.16. This is assumed to be an error and 1.16 has been shown above.

d US, Argentina, Australia, Canada, France, Brazil, Germany, UK, New Zealand, Italy, Chile, Switzerland, Austria, Belgium, Peru, Sweden, Uruguay.
¢ An assumption had to be made regarding the interpretation of the results; it is assumed that the “change” in Hb is actually a decrease of 1 g/dL, and that the HR of 0.91 (0.86, 0.97) relates to a decrease in survival.
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Anaemia as an independent risk factor for stroke/MI
No studies were identified which presented data on stroke/MI.

Anaemia as an independent risk factor for functional/performance status

One study assessed the association between other anaemia definitions and
functional/performance status, as shown in Table 3.34.7° In the study by Nieboer et al
(2005),7® data from a RCT (N=up to 426) was examined to assess the association between
anaemia, defined as a Hb level of <12 g/dL, and fatigue in women with high-risk breast
cancer. Fatigue was defined as a score of <46 on the SF-36 Vitality scale. Cross-sectional
analyses were conducted at four time points: at baseline (prior to treatment), and post-
treatment at 1, 2 and 3 years. The results of the study showed a strong association between
anaemia (Hb <12 g/dL) and fatigue (OR 3.5; 1.7, 7.1) when the measurements were made
prior to treatment. This finding was not repeated at the other post-treatment time-points,
although the lack of significance at 3 years (OR 2.0; 0.7, 5.5) may possibly have reflected the
smaller sample size (N=292).
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Table 3.34 Question 1 (cancer): Results for Level Il evidence - functional/performance status (other anaemia criteria, Hb levels or change in Hb levels)

Study No. of trials / Patient population Setting Risk factor Outcome Results
i a I i 1 . . . . L
Leve.l of evidence f:é?fdee; Iii]e Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
Nieboer 2005 1 cross-sectional Women aged <56 Hospital Hb <12 g/dL vs >12 Fatigue (SF-36 NR NR OR35(1.7,7.1) Hb <12 g/dL is an
lysis of a RCT ith st I /dL Vitalit <46 independent risk fact
AT |y | Mot | andomsan | IS T e, sl . B, T | o e compae i
Poor and =4 positive axillary (pre-treatment) group, menopavsal status. Hb >12 g/dL at
lymph nodes, a normal randomisation.
chest x-ray, normal P=0.001
bone-scan, normal
1 cross-sectional liver sonogram, a Fatigue (SF-36 NR | NR ‘ OR1.1(05,2.2) Hb <12 g/dL is not an
analysis ofa RCT | WHO performance Vitality score <46) diusted for- | health le pain. foi - independent risk factor
N=410 status of 0 or 1, and no at 1 year (post- Adjusted for: mentzla tetat score, muscle pain, joint pain, treatment for fatigue compared with
prior treatment other treatment) group, menopausal status. Hb >12 g/dL at 1 year.
than surgery who were P=0.789
disease-free until at
1 cross-sectional least 3 years after Fatigue (SF-36 NR | NR ‘ 0OR0.9(0.7,2.0) Hb <12 g/dL is not an
analysis of a RCT surgery Vitality score <46) - ) — ) independent risk factor
N=394 at 2 years (post- Arcgﬂsterg g(r)]g rgsg;alllslzsﬂgh score, muscle pain, joint pain, treatment for fatigue compared with
treatment) group, P ' Hb >12 g/dL at 2 years.
P=0.724
1 cross-sectional Fatigue (SF-36 NR | NR ‘ OR2.0(0.7,5.5) Hb <12 g/dL is not an
analysis of a RCT Vitality score <46) Adiusted for: [ health e pain. (i - independent risk factor
N=292 at 3 years (post- ; Jﬂgeme(r)]g rgSrS];zla st:ti ; score, muscle pain, joint pain, treatment for fatigue compared with
treatment) group, menop : Hb >12 g/dL at 3 years.
P=0.176

Cl, confidence interval; Hb, haemoglobin; OR, odds ratio; NR, not reported; RCT, randomised controlled trial; SF-36, Short-Form-36; WHO, World Health Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.

a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12

between 25-50%; substantial heterogeneity 12 >50%.
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One study assessed the association between Hb as a continuous variable and
functional/performance status, as shown in Table 3.35.%° In the study by Wislgff et al
(2005)*, data from two prospective trials (N=745) was examined to assess the association
between Hb level and quality of life in adults with multiple myeloma. The European
Organisation for Research and Treatment of Cancer QLQ-C30 scale (EORTC-QLQ-C30)
guestionnaire was used to assess quality of life and various scales and subscales were
reported. Wislgff et al found that Hb level was associated with fatigue and global quality of
life both prior to treatment and at 12 months (following treatment). Other dimensions of
quality of life that were not shown to be associated with Hb included physical functioning,
role functioning and pain.
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Table 3.35 Question 1 (cancer): Results for Level Il evidence - functional/performance status (Hb as a continuous variable)

Study No. of trials / Patient population Setting Risk factor Outcome Results
i a I i i . . . . L
Level of evidence f:é?fdzj Iii]e Location Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity®
Wislaff 2005 1 cross-sectional Newly diagnosed Hospital Hb as a continuous EORTC-QLQ-C30 | NA NA NR Hb level is not
Level Il analysis of data patients with multiple Denmark, Norwa variable Physical - ; — . significantly associated
from 2 prospective | myeloma. and Sweden y functioning at Adjusted Ifolr. age, gende; serum Icrkt)ealpnlr(]jg, serum albumin, c;rrected with EORTC-QLQ-C30
Poor trials (NMSG # randomisation sDerqm ca:jcgurln, serum - dmlcrtog to fu II?’I 'tST?fe stage according to Physical functioning
4/90 and NMSG # urie and Salmon (i-iii) and extent of skeletal disease. score
5/94) P=0.674
N=745 }
EORTC-QLQ-C30 | NA NA NR Hb level is not
Physical significantly associated

functioning at 12-
months (post-

Adjusted for: age, gender, serum creatinine, serum albumin, corrected
serum calcium, serum -2 microglobulin, disease stage according to
Durie and Salmon (i-iii), extent of skeletal disease and treatment

with EORTC-QLQ-C30
Physical functioning

treatment) response category score

' P=0.300
EORTC-QLQ-C30 | NA | NA ‘ NR Hb level is not
Role functioning at Adiusted for q — oumi q significantly associated
randomisation justed for: age, gender, serum creatinine, serum albumin, correcte with EORTC-QLOQ-C30

serum calcium, serum -2 microglobulin, disease stage according to
Durie and Salmon (i-iii) and extent of skeletal disease.

Role functioning score
P=0.989

EORTC-QLQ-C30
Role functioning at
12-months (post-
treatment)

NA | NA ‘ NR

Adjusted for: age, gender, serum creatinine, serum albumin, corrected
serum calcium, serum -2 microglobulin, disease stage according to
Durie and Salmon (i-iii), extent of skeletal disease and treatment
response category.

Hb level

is not significantly
associated with EORTC-
QLQ-C30 Role
functioning score

P=0.079

EORTC-QLQ-C30
Global QoL at
randomisation

NA | NA ‘ NR

Adjusted for: age, gender, serum creatinine, serum albumin, corrected
serum calcium, serum -2 microglobulin, disease stage according to
Durie and Salmon (i-iii) and extent of skeletal disease.

Hb level is significantly
associated with EORTC-
QLQ-C30 Global QoL
score

P=0.041
EORTC-QLQ-C30 | NA | NA ‘ NR Hb level may be
Global QoL at 12- associated with EORTC-

months (post-
treatment)

Adjusted for: age, gender, serum creatinine, serum albumin, corrected
serum calcium, serum -2 microglobulin, disease stage according to
Durie and Salmon (i-iii), extent of skeletal disease and treatment
response category.

QLQ-C30 Global QoL
score

P=0.052
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Study
Level of evidence2

Quality

No. of trials /
sample size
included in
analysis

Patient population

Setting
Location

Risk factor

Outcome Results
Risk factor No risk factor Risk estimate (95% CI) | Significance
niN (%) niN (%) P-value
Heterogeneity®
EORTC-QLQ-C30 | NA NA NR Hb level is significantly
Fatigue at - — . associated with EORTC-
randomisation Adjusted for: age, gender, serum creatinine, serum albumin, corrected QLQ-C30 Physical
serum calcium, serum -2 microglobulin, disease stage according to functioning score
Durie and Salmon (i-iii) and extent of skeletal disease.
P=0.001
EORTC-QLQ-C30 | NA NA NR Hb level is significantly
Fatigue at 12- - — - associated with EORTC-
months (post- Adjusted for: age, gender, serum creatinine, serum albumin, corrected QLQ-C30 Fatigue score
treatment) serum calcium, serum -2 microglobulin, disease stage according to
Durie and Salmon (i-iii), extent of skeletal disease and treatment P=0.010
response category.
EORTC-QLQ-C30 | NA | NA ‘ NR Hb level is not
Pain at significantly associated

Adjusted for: age, gender, serum creatinine, serum albumin, corrected

randomisation : . L ; with EORTC-QLQ-C30
serum calcium, serum -2 microglobulin, disease stage according to Pain score
Durie and Salmon (i-iii) and extent of skeletal disease.
P=0.417
EORTC-QLQ-C30 | NA | NA ‘ NR Hb level is not a
Pain at 12-months Adiusted for q — oumi d significantly associated
(post-treatment) justed for: age, gender, serum creatinine, serum albumin, correcte with EORTC-QLQ-C30

serum calcium, serum -2 microglobulin, disease stage according to
Durie and Salmon (i-iii), extent of skeletal disease and treatment
response category.

Pain score
P=0.946

An, anaemia; Cl, confidence interval; EORTC QLQ-30, European Organization for Research and Treatment of Cancer QLQ-C30; Hb Hb; NR, not reported; SF-12, Short-Form-12; SF-36, Short-Form-36; WHO, World Health

Organisation.

Notes: Mortality denotes all-cause mortality unless specifically stated otherwise. Statistically significant results shown in shading.

a\Where only one study is available in a systematic review, the level of evidence will be downgraded to Level I/ll. The quality of the included level Il study will be rated based on the quality assessment of the systematic

review.

b Only applicable to Level | studies with formal meta-analysis. Heterogeneity defined as follows: (i) no significant heterogeneity if Phet>0.1 and 12<25%; (ii) mild heterogeneity if 12 <25%; moderate heterogeneity if 12 between
25-50%; substantial heterogeneity 12 >50%.
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Summary

The majority of results presented for the cancer population suggest that anaemia/low Hb is
an independent risk factor for mortality. Where no significant association between
anaemia/low Hb was found, as was shown in a study in patients with NSCLC, the number of
patients included in the analysis was not known, but was likely to be small.” In addition, one
study which showed no significant association assessed haemoglobinaemia, which included
patients with Hb levels outside a restricted range; thus, it included patients with high Hb as
well as anaemia.”

The results of the analysis of anaemia and functional/performance status suggest that
anaemia is an independent risk factor for fatigue. There was also a possible association
between Hb level and global quality of life, although no associations were shown for more
specific domains, including physical functioning, role functioning and pain.

The studies included for this population were generally considered to be of poorer
methodological quality, being older and less well reported.

RENAL DISEASE

Of the adverse outcomes specified for this question, three are covered for this population:
mortality, stroke and functional status (quality of life).

Methods

There were 16 studies identified from the systematic review and hand searching process (see
Appendix C, Volume 2).

The literature search identified no socioeconomic literature or literature pertaining to
Australia’s Indigenous population relevant to this research question.

Level I evidence

The literature search identified one systematic review examining the aetiology of anaemia in
patients with renal disease.

Level Il evidence

The literature search identified 15 Level Il studies examining the aetiology of anaemia in
patients with renal disease.

Level Ill evidence

Due to the substantial amount of Level Il evidence identified, the literature was not searched
for Level lll evidence.

Level IV evidence

Due to the substantial amount of Level |l evidence identified, the literature was not searched
for Level IV evidence.

Results

Level I evidence

One fair quality Level | study was included for this question, as summarised in Table 3.36.%°
This study assessed the association between Hb/haematocrit and all-cause mortality in RCTs
and cohort studies, although the majority of cohort studies included in the Volkova et al
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(2006) *° review were retrospective studies. In addition, the included RCTs all assessed the
effect of EPO on patient outcomes. As such, this study will not be used as the basis for the
review of this question; however, its results will be briefly described and it will be used to

help identify Level Il studies.

Table 3.36 Question 1 (renal): Characteristics and quality of Level | evidence

Level Il evidence

Author

Study type Population Outcomes
Study quality

Volkova et al Systematic review | Dialysis patients Mortality

(2006)2°

of literature. N=NR
Includes data from
18 studies
including 5 RCTs
and 13 cohort
studies

Fair

NR, not reported; RCT, randomised controlled trial.

Volkova et al (2006) ° note that “observational studies that analysed haematocrit and/or
Hgb values categorically consistently showed increased mortality associated with Hgb levels
less that their individual reference range. They conclude that “controversies still exist for the
relationship between complete resolution of anemia and dialysis patient survival. These
controversies have been exacerbated by the lack of adequately designed RCTs and the high
level of heterogeneity across observational studies. In addition, although observational
studies may show the association between natural Hgb levels and mortality, RCTs look at the
achieved or study-directed Hb levels, which also contributes to varying results.”

Level Il evidence

Fifteen Level Il studies were included for this question; eight studies provided evidence for
mortality, one provided evidence for stroke and six studies provide evidence for
functional/performance status. The characteristics of the included studies are summarised in
Table 3.37. Nine of the included studies specifically examined anaemia or Hb level as a
potential predictor of adverse outcomes,>®® four studies examined other specific factors
(depression, calcium/phosphate/parathyroid levels, erectile dysfunction and body mass),
193 while the remaining two studies aimed to identify a number of potential predictors.**'%°

100-

Due to the large amount of evidence available for the mortality outcome, and the
requirement that analyses were adjusted for multiple potential confounders, studies were
limited to those including >500 subjects. This resulted in the exclusion of one study.'%
Studies with smaller patient numbers were potentially available for inclusion for the
stroke/MI and function status/quality of life outcomes. One additional study which reported
quality of life outcomes was excluded as it assessed <100 subjects."®’

One potential confounding factor in the analyses of patients with renal disease is the use of
exogenous erythropoietin, as it acts by increasing production of red blood cells and
subsequently increasing Hb levels. Therefore, studies which reported erythropoietin use
among their patients which did not subsequently account for this in the analysis (eg, by
adjusting for erythropoietin use in the analysis, or by measuring Hb in a time-dependent
manner rather than at a single timepoint) were excluded. Two publications from the Dialysis
Outcomes and Practice Patterns Study (DOPPS) were excluded for this reason.%%*%
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Table 3.37 Question 1 (renal): Characteristics and quality of Level Il evidence

Level Il evidence

Author Study type Population Outcomes
Study quality
Abramson et al Prospective cohort | A community-based middle-aged population aged 45- | Stroke
(2003)°1 study (ARIC) 64 years (N=15,792). For the present study,
Fair participants were excluded if they had a self-reported
history of stroke at baseline or if they had missing data
on renal function, anaemia or other covariates of
interest
N=13,716
Astor et al Prospective cohort | A community-based middle-aged population aged 45- | Mortality
(2006)°2 study (ARIC) 64 years (N=15,792). For the present study,
Fair participants were excluded if they had a self-reported
history of stroke at baseline or if they had missing data
on renal function, anaemia or other covariates of
interest
N=14,971
Avram et al Prospective cohort | Patients on haemodialysis (HD) or peritoneal dialysis Mortality
(2003)3 study (PD).
Fair N=529 (HD) and 326 (PD)
Finkelstein et al Cross-sectional Patients with CKD, defined as a eGFR Quality of life
(2009)%4 analysis of <60 mL/min/1.73m2 (MDRD) stages 3-5 not on
prospectively dialysis and aged 18 or older.
collected data N=1186
Fair
Fort et al (2010)% | Prospective cohort | Patients starting haemodialysis, who had received Mortality
study (ANSWER) | haemodialysis for <30 days, aged =18 years.
Fair N=2310
Leeder et al Prospective cohort | Residents of two postcode areas in the Blue Mountains | Mortality
(2006)% study born before January 1, 1943
Good Only subjects with CKD based on three estimation
methods (N=1639, 1427 and 1258) or low serum
creatinine (N=294) are included in this review.
Merkus et al Cross-sectional Adults started on chronic haemodialysis or peritoneal Quality of life
(1997)105 analysis of dialysis in 13 Dutch dialysis centres between October
prospectively 1993 and April 1995.
collected data N=226
Fair
Mollaoglu et al Cross-sectional Population taken from a 2-year longitudinal study of Quality of life
(2004)10 analysis of quality of life; prevalent haemodialysis patients.
prospectively N=140
collected data
Poor
Perlman et al Cross-sectional CKD defined as a GFR <50 mL/min/1.73 m2 (MDRD. Quality of life
(2005)104 analysis of N=222 (all variables available), 487 (Hb available).
prospectively
collected data
Fair
Platinga et al Prospective cohort | Patients initiating haemodialysis during 10/95 to 6/98. Quality of life
(2007)7 study
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Level Il evidence

Author Study type Population Outcomes
Study quality
Fair N=438
Portolés et al Prospective cohort | A representative sample of prevalent haemodialysis Mortality
(2007)%8 study patients =18 years who started treatment between
Fair January 1999 and March 2001.
N=1428
Robinson et al Prospective cohort | Random selection of patients undergoing Mortality
(2005)% study (DOPPS) haemodialysis
Fair N=5517
Stevens et al Prospective cohort | Prevalent dialysis patients (haemodialysis or peritoneal | Mortality
(2004)101 study dialysis) in dialysis centres in British Columbia who
Fair were alive and on dialysis as of January 2000 and had
calcium, phosphate and parathyroid hormone data
entered between Jan and Mar 2000.
N=515
Turk et al Cross-sectional Men aged 18-65 on haemodialysis for at least 3 Quality of life
(2004102 analysis of months.
prospectively N=148
collected data
Poor
Yen et al Prospective cohort | Maintenance haemodialysis patients. Mortality
(2010)108 study N=959

Fair

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GFR, glomerular filtration rate; Hb. Hb; HD,
haemodialysis; MDRD, modification of diet in renal disease; PD, peritoneal dialysis

Anaemia as an independent risk factor for mortality

No studies assessed the association between anaemia as defined by the World Health
Organisation (WHO) and mortality.

Four studies assessed the association between various Hb levels and all-cause mortality, as
shown in Table 3.38.9%%*%>% |n the study by Astor et al (2006),” the risk of mortality was
assessed in subjects with chronic kidney disease (CKD) compared with those without CKD.
This analysis was conducted in two separate populations: those with anemia (defined as a Hb
level <12 g/dL for women and <13.5 g/dL for men) and those without anaemia. Thus, while
this study does not specifically assess anaemia as an independent risk factor, this can be
inferred by comparing the results in the two populations. In subjects with a glomerular
filtration rate of 30-59 mL/min/1.73m? (often defined as moderate CKD) who also had
anaemia, the risk of mortality compared with subjects without CKD was HR 3.49 (95% ClI
2.38, 5.12; p<0.001). In subjects without anaemia the equivalent HR was 1.72 (95% Cl 1.34,
2.20; p<0.001). This suggests that having anaemia confers a two-fold greater risk of
mortality. In subjects with a glomerular filtration rate of 60-74 mL/min/1.73m? (often
defined as mild CKD) who also had anaemia, the risk of mortality compared with subjects
without CKD was HR 1.62 (95% Cl 1.12, 2.35; p<0.05). In subjects without anaemia the
equivalent HR was 1.02 (95% CI 0.87, 1.20; p=0.05). This also suggests that having anaemia
confers a greater risk of mortality. Finally, in subjects with a glomerular filtration rate of 75-
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89 mL/min/1.73m’ (often defined as very mild CKD) who also had anaemia, the risk of
mortality compared with subjects without CKD was HR 1.11 (95% CI 0.80, 1.55; p=0.05). In
subjects without anaemia the equivalent HR was 0.93 (95% Cl 0.83, 1.05; p=0.05). These
results suggest that anaemia does not increase the risk of mortality in this very mild CKD
population. Although in some cases there was no significant difference in either the anaemia
or non-anaemia groups, the authors note that “the excess risk of each end point associated
with decreased kidney function...was >2-fold greater among individuals with anaemia than
among individuals without anaemia”.

The remaining three studies assessed the risk of mortality associated with anaemia/Hb levels
in patients on dialysis. Avram et al (2003)*® examined the association between a Hb level of
<12 g/dL and mortality in both haemodialysis (HD) and peritoneal dialysis (PD) patients. In
the overall population of HD patients (N=527), a low Hb level was independently associated
with an increased risk of mortality (RR 2.13; P=0.008). However, stratification by diabetes
status showed significant effect modification, with patients with diabetes showing no
association between low Hb and mortality (RR 0.74; p=0.39) and patients without diabetes
showing a significant association between low Hb and mortality (RR 4.53; P=0.003). A similar
result was seen in patients with PD (RR 1.85, P=0.06; RR 1.15, P=0.81 and RR 2.02, P=0.07,
respectively). Failure to reach statistical significance in this analysis may have been due to
the small patient number (P=192). The authors conclude that enrolment Hb is a predictor of
long-term survival in HD and PD patients. As noted in the Volkova et al (2006) review,
diabetes was a possible effect modifier and wasn’t adjusted for in the categorical analyses.
However, diabetes was adjusted for in the continuous Hb level analysis, which will be
presented below. This analysis showed that increasing Hb was significantly associated with a
reduction in mortality risk in both haemodialysis and peritoneal dialysis patients.

In the previous two studies, the use of erythropoietin was not reported. In the study by Fort
et al (2010)* erythropoietin use was reported in approximately 70% of the cohort. The use of
erythropoietin was taken into account by using time-dependent Hb in the analysis, rather
than single timepoint Hb, and adjustment for erythropoietin dose. In this newly dialysed
population, a time-dependent Hb of <10 g/dL was an independent risk factor for mortality
compared with a time-dependent Hb of 11.1-12.0 g/dL (HR 1.36; 95% Cl 1.01, 1.86; P=0.048).
There was no significant association between a Hb level of 10.2-11 g/dL and mortality. The
analyses were repeated using baseline Hb (which showed no association between lower Hb
and mortality) and 6-month Hb, which showed a significant increased risk of mortality for
both Hb <10 g/dL (HR 2.32; 95% CI 1.73, 3.12) and 10.1-11.0 g/dL (HR 1.46; 95% Cl 1.06, 2.01)
compared with Hb 11.1-12.0 g/dL. The authors conclude that “higher Hb levels are
associated with lower mortality in Spanish incident haemodialysis patients, regardless of ESA
dose, iron deficiency, comorbidity, vascular access or malnutrition”. The authors performed a
number of sensitivity analyses which showed similar results with the following exceptions: (i)
when patients who died within 6 months were excluded (N=177), the Hb <10 g/dL analysis
failed to reach statistical significance; and (ii) when patients with or without previous CV
history were assessed, there was no association between Hb and mortality in patients
without previous CV history but there was in those with previous CV history.

Erythropoietin use was also reported the analysis of US patients in the DOPPS by Robinson et
al (2005),” with 91.2% of subjects receiving at least some erythropoietin. The use of
erythropoietin was accounted for in the analysis via including erythropoietin dose in the
multivariate analysis; parenteral iron dose was also adjusted for. A 3-month lagged Hb level
of <9 g/dL was shown to be significant associated with mortality compared with a level of 11-
<12 g/dL. When the reference range was increased 11-<13 g/dL, all three Hb levels below the
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reference range (<9 g/dL, 9-<10 g/dL and 10-<11 g/dL) were significantly associated with
mortality. The analyses were repeated using 1- 3- and 6-month lagged Hb in a more
restricted population (ie, those that had a full dataset for the 6-month lagged analyses) and
results were similar, with lower Hb levels associated with an increased risk of mortality. The
authors concluded that “our findings confirm the associations of Hb levels >11 g/dL with
longer survival among maintenance HD patients, but show no additional survival advantage
for patients with Hb levels 212 g/dL”. The results were consistent across different lag-times
and different reference ranges. They also looked at effect modification by health status and
found no significant interactions.
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Table 3.38 Question 1 (renal): Results for Level Il evidence - all-cause mortality (other anaemia criteria, Hb levels or change in Hb levels)

Stud No. of trials / Patient population / Settin Risk factor Outcome Results
y pop g
; sample size Surgical procedure ;
Level of evidence inclupded in giealp Location (follow-up) Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity
RENAL
KIDNEY DISEASE
Astor 2006 1 prospective Community-based Community GFR 30- Mortality (12 NR | NR | HR 3.49 (2.38, 5.12) A GFR of 30-
Level Il cohort study middle-aged us 59 mL/min/1.73 m2 years) A " 59 mL/min/1.73 m? is
. . . . ljusted for serum creatinine, age, gender, race, prevalent CHD, SBP, DBP, use . 5
Fair (ARIC) population with anaemia + anaem'a,vs GFR ) of antihypertensive medication, diabetes mellitus, current smoking, BMI, LDL, an mdependent risk
N=793 290 mL/min/1.73 m HDL, triglycerides, fibrinogen and field centre. factor for all-cause
+anaemia mortality in subjects with
anaemia
P <0.001
Astor 2006 1 prospective Community-based Community GFR 30- Mortality (12 NR NR HR 1.72 (1.34, 2.20) A GFR of 30-
Level Il cohort study middle-aged us 59 mL/min/1.73 m2 years) A " 59 mL/min/1.73 m? is
. . E ljusted for serum creatinine, age, gender, race, prevalent CHD, SBP, DBP, use . 5
Fair (ARIC) pOpU|aF'0n without * no anaemia vs of antihypertensive medication, diabetes mellitus, current smoking, BMI, LDL, an independent risk
N=6757 anaemia GFR . HDL, triglycerides, fibrinogen and field centre. factor for all-cause
290 mL/min/1.73 m2 mortality in subjects
+no anaemia without anaemia
P <0.001
Astor 2006 1 prospective Community-based Community GFR 60- Mortality (12 NR NR HR 1.62 (1.12, 2.35) A GFR of 60-
. . . af
Level Il Cﬁg?g study mlddlletf':lged ith . us 14 mL/mln/l.7GSFn|;2 years) Adjusted for serum creatinine, age, gender, race, prevalent CHD, SBP, DBP, use " er;lemlngljf T“k E
Fair ( ) population with anaemia N anaemia vs ) of antihypertensive medication, diabetes mellitus, current smoking, BMI, LDL, I (el e 1
N=923 290 mL/min/1.73 m HDL, triglycerides, fibrinogen and field centre. factor for all-cause
+anaemia mortality in subjects with
anaemia
P<0.05
Astor 2006 1 prospective Community-based Community GFR 60- Mortality (12 NR NR HR 1.02 (0.87, 1.20) A GFR of 60-
Level Il cohort study middle-aged us 74 mL/min/1.73 m2 years) Ad -~ 74 mL/min/1.73 m2
. . . jjusted for serum creatinine, age, gender, race, prevalent CHD, SBP, DBP, use . )
Fair (ARIC) popula?lon without * N0 anaemia vs of antihypertensive medication, diabetes mellitus, current smoking, BMI, LDL, 1S Dot an independent
N=8389 anaemia GFR . HDL, triglycerides, fibrinogen and field centre. risk factor for all-cause
290 mL/min/1.73 m2 mortality in subjects
+no anaemia without anaemia
P >0.05
Astor 2006 1 prospective Community-based Community GFR 75- Mortality (12 NR NR HR 1.11 (0.80, 1.55) A GFR of 75-
Level Il cohort study middle-aged us 89 mL/min/1.73m2+ | years) Ad -~ 89 mL/min/1.73 m2
. . . ’ jjusted for serum creatinine, age, gender, race, prevalent CHD, SBP, DBP, use ) )
Fair (ARIC) Population with anaemia anaemia Vs. GFR ) of antihypertensive medication, diabetes mellitus, current smoking, BMI, LDL, I_s not an independent
N=1130 290 mL/min/1.73 m HDL, triglycerides, fibrinogen and field centre. risk factor for all-cause
+anaemia mortality in subjects with
anaemia
P >0.05
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Study No. of trials / Patient population / Setting Risk factor Outcome Results
; sample size Surgical procedure ; - - - - P
Level of evidence inclupded in gicalp Location (follow-up) Risk factor No risk factor Risk estimate (95% Cl) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity
Astor 2006 1 prospective Community-based Community GFR 75- Mortality (12 NR NR HR 0.93 (0.83, 1.05) A GFR of 75-
Level Il cohort study middle-aged us 89 mL/min/1.73m2+ | years) A - 89 mL/min/1.73 m2
. . . ljusted for serum creatinine, age, gender, race, prevalent CHD, SBP, DBP, use . .
Eair (ARIC) populayon without no a”aem"'?‘ Vs GFR 5 of antihypertensive medication, diabetes mellitus, current smoking, BMI, LDL, '? not an independent
N=11,257 anaemia 290 mL/min/1.73 m HDL, triglycerides, fibrinogen and field centre. risk factor for all-cause
+no anaemia mortality in subjects
without anaemia
P >0.05
DiALYsIS
Avram 2003 1 prospective Patients on haemodialysis | Hospital Hb <12 g/dL vs Hb Mortality (mean4 | NR | NR | RR 2.13 Hb <12 g/dL is an
o . ;
Level Il cohort study us 212 g/ years) Adjusted for age, gender, race and months on dialysis at enrolment. ;ndgpendent risk fac.tor.
) N=527 or increased mortality in
Fair haemodialysis patients
P=0.008
Avram 2003 1 prospective Patients on haemodialysis | Hospital Hb <12 g/dL vs Hb Mortality (mean 4 NR | NR | RR 4.53 Hb <12 g/dL is an
Level Il cohort study (non-diabetic patients us 212 gldL years) - __ independent risk factor
. N=280 only) Adjusted for age, gender, race and months on dialysis at enrolment. for increased mortality in
Fair haemodialysis patients
without diabetes
P=0.003
Avram 2003 1 prospective Patients on haemodialysis | Hospital Hb <12 g/dL vs Hb Mortality (mean 4 NR NR RR 0.74 Hb <12 g/dL is not an
Level Il cohort study (diabetic patients only) us 212 gldL years) ) — independent risk factor
. N=249 Adjusted for age, gender, race and months on dialysis at enrolment. for increased mortality in
Fair haemodialysis patients
with diabetes
P=0.39
Avram 2003 1 prospective Patients on peritoneal Hospital Hb <12 g/dL vs Hb Mortality (mean 4 NR NR RR 1.85 Hb <12 g/dL may be an
Level Il cohort study dialysis us 212 gldL years) ) — independent risk factor
. N=326 Adjusted for age, gender, race and months on dialysis at enrolment. for increased mortality in
Fair peritoneal dialysis
patients
P=0.06
Avram 2003 1 prospective Patients on peritoneal Hospital Hb <12 g/dL vs Hb Mortality (mean 4 NR NR RR 2.02 Hb <12 g/dL may be an
Level Il cohort study dialysis (non-diabetic us 212 gldL years) ) — independent risk factor
' N=192 atients only) Adjusted for age, gender, race and months on dialysis at enrolment. for increased mortality in
Fair peritoneal dialysis
patients
P=0.07
Avram 2003 1 prospective Patients on peritoneal Hospital Hb <12 g/dL vs Hb Mortality (mean 4 NR NR RR 1.15 Hb <12 g/dL is not an
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Study No. of trials / Patient population / Setting Risk factor Outcome Results
; sample size Surgical procedure ; - - - - P

Level of evidence inclupded Iif] urgical proceau Location (follow-up) Risk factor No risk factor Risk estimate (95% Cl) | Significance

Quality analysis niN (%) niN (%) P-value
Heterogeneity

Level Il cohort study dialysis (diabetic patients us 212 g/dL years) Adjusted for age, gender, race and months on dialysis at enrolment. independent risk factor

Fair N=134 only) for increased mortality in
peritoneal dialysis
patients
P=0.81

Fort 2010 1 prospective Patients Hospital Time-dependent Hb Mortality (mean NR NR HR 1.36 (1.01, 1.86) A time-dependent Hb

Level Il cohort study Stﬁ rtlrr:g d—y_haemp dlgl SIS, Spain le g/éiL \{sHtlimﬁ 1 1.5 years) Adjusted for age, vascular access, Karnofsky score, ESA dose, albumin, !E\éa i letg/dL dl.s tan f

Fair N=NR Who had receive epencen - neoplasia, cerebrovascular disease, peripheral vascular disease, cardiac LRI s
haemodialysis for <30 12.0 g/dL arthythmia, BMI. all-cause mortality
days compared with a time-

dependent Hb level of
11.1-12.0 g/dL
P=0.048
Fort 2010 1 prospective Patients Hospital Time-dependent Hb Mortality (mean NR NR HR 1.03 (0.75, 1.42) A time-dependent Hb
Level Il cohort study starting haemodialysis, Spain 10.1-11.0 g/dL vs 1.5 years) ad - level of 10.1-11.0 g/dL
" : jjusted for age, vascular access, Karnofsky score, ESA dose, albumin, ) )

Fair N=NR who had. recgwed time-dependent Ho neoplasia, cerebrovascular disease, peripheral vascular disease, cardiac N n_o_t an independent
haemodialysis for <30 11.1-12.0 g/dL arrhythmia, BMI. predictor of all-cause
days mortality compared with

a time-dependent Hb
level of 11.1-12.0 g/dL
P=0.83

Fort 2010 1 prospective Patients Hospital Time-dependent Hb Mortality (mean NR NR HR 0.93 (0.68, 1.26) A time-dependent Hb

Level Il cohort study Stﬁ rtlll::g d—y_haemp dlgl SIS, Spain 332'1-31'3'0 gédL ;ISHb 1.5 years) Adjusted for age, vascular access, Karnofsky score, ESA dose, albumin, !8V8| tOf 1.2'3'13'0 dg/d:‘

Fair N=NR Who hag receive Ime-dependen neoplasia, cerebrovascular disease, peripheral vascular disease, cardiac IS not an independen
haemodialysis for <30 11.1-12.0 g/dL arthythmia, BMI. predictor of all-cause
days mortality compared with

a time-dependent Hb
level of 11.1-12.0 g/dL
P=0.63
Fort 2010 1 prospective Patients Hospital Time-dependent Hb Mortality (mean NR NR HR 0.69 (0.49, 0.97) A time-dependent Hb
Level Il cohort study starting haemodialysis, Spain >13.0 g/dL vs time- 1.5 years) i - level of 213.0 g/dL is an
" jjusted for age, vascular access, Karnofsky score, ESA dose, albumin, . ’

Fair N=NR who had. recgwed dependent Hb 11.1- neoplasia, cerebrovascular disease, peripheral vascular disease, cardiac |ndependen_t prediictor of
haemodialysis for <30 12.0 g/dL arthythmia, BMI. a reduced risk of all-
days cause mortality

compared with a time-
dependent Hb level of
11.1-12.0 g/dL
P=0.03
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Study No. of trials / Patient population / Setting Risk factor Outcome Results
; sample size Surgical procedure ; - - - - P
Level of evidence inclupded in gicalp Location (follow-up) Risk factor No risk factor Risk estimate (95% Cl) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity
ort prospective atients ospital aseline Hb < ortality (mean . .92, 1. aseline Hb level o
Fort 2010 1 i Pati Hospital Baseline Hb <10 Mortali NR NR HR 1.23 (0.92, 1.64 A baseline Hb level of
; . ' ) < ;
Level Il cohort study Stﬁ rtlEg dw‘ Spain g/fk \]/.sz t())as/ec::?e Hb 1.5 years) Adjusted for age, vascular access, Karnofsky score, ESA dose, albumin, -_%10 g/dla s tn_ot adn tor of
Fair N=NR who ha . recgwe 1-1209 neoplasia, cerebrovascular disease, peripheral vascular disease, cardiac independen pre clor o
haemodialysis for <30 arrhythmia, BMI. all-cause mortality
days compared with a
baseline Hb level of
11.1-12.0 g/dL
P=NR
ort prospective atients ospita aseline .1- ortality (mean . .ol, 1. aseline evel o
Fort 2010 1 i Pati Hospital Baseline Hb 10.1 Mortality ( NR NR HR 1.11 (0.81, 1.53) A baseline Hb level of
Level Il cohort study Stﬁ m;g d—y_haemp dlgl 515, Spain ]ILI]k.J()ng.J/f Ii_gsobalzlei"ne 1.5 years) Adjusted for age, vascular access, Karnofsky score, ESA dose, albumin, 1 %'1-11'3 g/tdL s dh—c:t anf
Fair N=NR Who had receive 41200 neoplasia, cerebrovascular disease, peripheral vascular disease, cardiac Independent predictor o
haemodialysis for <30 arthythmia, BMI. all-cause mortality
days compared with a
baseline Hb level of
11.1-12.0 g/dL
P=NR
ort prospective atients ospital aseline 1- ortality (mean | .68, 1. aseline Hb level o
Fort 2010 1 i Pati Hospital Baseline Hb 12.1 Mortali NR NR HR 1.01 (0.68, 1.52 A baseline Hb level of
- i ’ ' Adjusted for age, vascular access, Karnofsky score, ESA dose, albumin, o v
Levell Y| o e | S wirzoga | independontpredio o
Fair N=NR . - : U9 neoplasia, cerebrovascular disease, peripheral vascular disease, cardiac p p .
haemodialysis for <30 arrhythmia, BMI. all-cause mortality
days compared with a
baseline Hb level of
11.1-12.0 g/dL
P=NR
Fort 2010 1 prospective Patients Hospital Baseline Hb 213.0 Mortality (mean NR NR HR 0.77 (0.44, 1.36) A baseline Hb level of
; . ' ) S )
Level Il cohort study Stﬁgtl;g d%m’ Spain %/{jt\]/.SZ %asfc:[‘e Ho 1.5 years) Adjusted for age, vascular access, Kamofsky score, ESA dose, albumin, T]ng Oe%/éljénlts r:—ggirt] o of
Fair N=NR W | FECEIV < ) Vg neoplasia, cerebrovascular disease, peripheral vascular disease, cardiac inaep P al
haemodialysis for <30 arthythmia, BMI. all-cause mortality
days compared with a
baseline Hb level of
11.1-12.0 g/dL
P=NR
Fort 2010 1 prospective Patients Hospital 6-month Hb <10 g/dL | Mortality (mean NR NR HR 2.32 (1.73,3.12) A 6-month Hb level of
Level Il cohort study :\}ﬁglﬂg d%m‘ Spain \]/_52% n}(()jrlith Hb 111 1.5 years) Adjusted for age, vascular access, Karnofsky score, ESA dose, albumin, ;]:cljg gé?]'& ésma nr e
Fair N=897 s ve neoplasia, cerebrovascular disease, peripheral vascular disease, cardiac p 13
haemodialysis for <30 arthythmia, BMI. all-cause mortality
days compared with a 6-

month Hb level of 11.1-
12.0 g/dL

P=NR
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Study No. of trials / Patient population / Setting Risk factor Outcome Results
; sample size Surgical procedure ; - - - - P
Level of evidence inclupded in gicalp Location (follow-up) Risk factor No risk factor Risk estimate (95% Cl) | Significance
Quality analysis nN (%) nN (%) P-value
Heterogeneity
Fort 2010 1 prospective Patients Hospital 6-month Hb 10.1- Mortality (mean NR NR HR 1.46 (1.06, 2.01) A 6-month Hb level of
Level Il cohort study Stﬁ rtlﬂg d—y_haemp dl;ll SIS, Spain ]Illt(;.]?/](.j IE-\ZISOG—;EEnth 1.5 years) Adjusted for age, vascular access, Karnofsky score, ESA dose, albumin, .1%1-11'3 g/tdL Isdgr: f
Fair N=902 Who had receive 11209 neoplasia, cerebrovascular disease, peripheral vascular disease, cardiac MEEHEEEEEL e
haemodialysis for <30 arrhythmia, BMI. all-cause mortality
days compared with a 6-
month Hb level of 11.1-
12.0 g/dL
P=NR
Fort 2010 1 prospective Patients Hospital 6-month Hb 12.1- Mortality (mean NR NR HR 0.94 (0.69, 1.29) A 6-month Hb level of
Level Il cohort study Stﬁ m;g d—y_haemp dlgl 515, Spain ]Illsk‘)OlZIg.J/f IE-ZSOG-;EEnth 1.5 years) Adjusted for age, vascular access, Karnofsky score, ESA dose, albumin, 1 2(1'1-13'3 g/tdL IS df‘—‘:t anf
Fair N=1063 Who had receive 41200 neoplasia, cerebrovascular disease, peripheral vascular disease, cardiac Independent predictor o
haemodialysis for <30 arthythmia, BMI. all-cause mortality
days compared with a 6-
month Hb level of 11.1-
12.0 g/dL
P=NR
Fort 2010 1 prospective Patients Hospital 6-month Hb 213.0 Mortality (mean NR NR HR 0.71 (0.51, 0.99) A 6-month Hb level of
; . ' § = .
Level Il cohort study Stﬁ rtlﬂg dw‘ Spain g/fk \]/.SZ % m/(értth Ho 1.5 years) Adjusted for age, vascular access, Karnofsky score, ESA dose, albumin, ._33'0 g/gL Its an dictor of
Fair N=1086 who ha . recgwe 1-1209 neoplasia, cerebrovascular disease, peripheral vascular disease, cardiac IEE en_ DiEREr@
haemodialysis for <30 arrhythmia, BMI. a reduced risk of all-
days cause mortality
compared with a 6-
month Hb level of 11.1-
12.0 g/dL
P=NR
Robinson 2005 1 prospective Patients Hospital 3-month lagged Hb Mortality (mean NR NR HR 1.74 (1.24, 2.43) AHb<9g/dLisan
Level Il cohort study undergoing haemodialysis us :?29/%'1/ s Hb 11- 13.4 montfs) Adjusted for variables shown to be associated with mortality in univariate analysis Ifg(rji?grrt]gf mcr (I)Srﬁ fzf;%r
Fair N=NR (total 3352) sizgidk (P=<0.20) and then included in multivariate analysis using backward elimination ; y'comp
(P=0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary iliness, age, with a Hb 11-<12 g/dL
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, P=NR
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP,
currently prescribed nutritional supplement and hospitalised days.
Robinson 2005 1 prospective Patients Hospital 3-month lagged Hb Mortality (mean NR NR HR 1.25 (0.96, 1.63) A Hb 9-<10 g/dL is not
Level Il cohort study undergoing haemodialysis | ys 2?210/3{_(“_ vsHb11- | 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis ?n tlnd?pendetn tI.HSk
Fair N=NR (total 3352) sizgidk (P=<0.20) and then included in multivariate analysis using backward elimination actor for morta ity
(P=0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary iliness, age, compared with a Hb 11-
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, <12 gldL
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP, P=NR
currently prescribed nutritional supplement and hospitalised days.
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Study No. of trials / Patient population / Setting Risk factor Outcome Results
; sample size Surgical procedure i - - . . —
Level of evidence inclupded in gicalp Location (follow-up) Risk factor No risk factor Risk estimate (95% Cl) | Significance
Quality analysis nN (%) nN (%) P-value
Heterogeneity
Robinson 2005 1 prospective Patients Hospital 3-month lagged Hb Mortality (mean NR NR HR 1.22 (0.99, 1.49 A Hb 10-<11 g/dL is not
prosp p a9 y g
Level Il cohort study undergoing haemodialysis us 10_:';11%/2?_2 /L 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis ?n tlndfependetn tl.nSk
Fair N=NR (total 3352) vs b 12-<1c gidt (P<0.20) and then included in multivariate analysis using backward elimination actorior mora Iy
(P<0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary illness, age, compared with a Hb 11-
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, <12g/dL
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP, P=NR
currently prescribed nutritional supplement and hospitalised days.
Robinson 2005 1 prospective Patients Hospital 3-month lagged Hb Mortality (mean NR NR HR 1.80 (1.29, 2.49) AHb<9g/dLis an
Level Il cohort study undergoing haemodialysis us :?sgl%'ly 5 Ho 11: 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis Ifndepertldlt_-z 518 fact(zjr
Fair N=NR (total 3352) sisgidt (P<0.20) and then included in multivariate analysis using backward elimination oona Ity compare
(P<0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary illness, age, with a Hb 11-<13 g/dL
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, P=NR
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP,
currently prescribed nutritional supplement and hospitalised days.
Robinson 2005 1 prospective Patients Hospital 3-month lagged Hb Mortality (mean NR NR HR 1.29 (1.01, 1.67) A Hb 9-<10 g/dL is an
Level Il cohort study undergoing haemodialysis us gi?glO/glLdL vsHb11- | 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis Ifndepertldlt_-z 518 fact(zjr
Fair N=NR (total 3352) sisoidt (P<0.20) and then included in multivariate analysis using backward elimination oona Ity compare
(P<0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary illness, age, with a Hb 11-<13 g/dL
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, P=NR
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP,
currently prescribed nutritional supplement and hospitalised days.
Robinson 2005 1 prospective Patients Hospital 3-month Hb 10-<11 Mortality (mean NR NR HR 1.26 (1.04, 1.52) A Hb 10-<11 g/dL is an
Level Il cohort study undergoing haemodialysis us g;gt VS Hb 11<13 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis Ifr(;??r?grrt]gﬁ ntCr (|)er fe:r:;?jr
Fair N=NR (total 3352) araL (P=<0.20) and then included in multivariate analysis using backward elimination ; ty comp
(P<0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary illness, age, with a Hb 11-<13 g/dL
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, P=NR
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP,
currently prescribed nutritional supplement and hospitalised days.
Robinson 2005 1 prospective Patients Hospital 1-month lagged Hb Mortality (mean NR NR HR 1.69 (1.14, 2.49) AHb<9g/dLisan
Level Il cohort study undergoing haemodialysis | s :?zgl%ﬁl s Hb 11- 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis Ifr(;??r?grrt]gﬁ mCr(I)SrE fe:r:;?jr
Fair N=NR (total 2790) 9 (P=<0.20) and then included in multivariate analysis using backward elimination ; y:comp
(P<0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary illness, age, with a Hb 11-<12 g/dL
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, P=NR
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP,
currently prescribed nutritional supplement and hospitalised days.
Robinson 2005 1 prospective Patients Hospital 1-month lagged Hb Mortality (mean NR NR HR 1.46 (1.07, 2.00) A Hb 9-<10 g/dL is an
Level Il cohort study undergoing haemodialysis | ys 21210/3/Ld|_ vsHb 11- | 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis Ifg(rji?grrt]gf m;(l)srﬁ fzfgr
; N=NR (total 2790) 9 (P=<0.20) and then included in multivariate analysis using backward elimination ; P
Far - i with a Hb 11-<12 g/dL
(P=0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary iliness, age, g9
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, P=NR
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP,
currently prescribed nutritional supplement and hospitalised days.
Robinson 2005 1 prospective Patients Hospital 1-month lagged Hb Mortality (mean NR NR HR 1.23 (0.97, 1.56) A Hb 10-<11 g/dL is not
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Stud No. of trials / Patient population / Settin Risk factor Outcome Results
y popi 9
Level of evidence isnaglwup(;(;; ﬁ]e Surgical procedure Location (follow-up) Risk factor No risk factor Risk estimate (95% Cl) | Significance
Quality analysis niN (%) niN (%) P-value
Heterogeneity
Level Il cohort study undergoing haemodialysis | US 10<11 g/dL vs Hb 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis an independent risk
Fair N=NR (total 2790) 11-<12 g/dL (P<0.20) and then included in multivariate analysis using backward elimination factor for mortality
(P<0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary illness, age, compared with a Hb 11-
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, <12 gldL
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP,
currently prescribed nutritional supplement and hospitalised days. P=NR
Robinson 2005 1 prospective Patients Hospital 3-month lagged Hb Mortality (mean NR NR HR 1.62 (1.09, 2.40) AHb<9g/dLis an
. . < X : .
Level Il cohort study undergoing haemodialysis us <?29/%IY s Hb 11 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis Ifg?i?gr?gf ntCr (|)er fe:r:;%r
Fair N=NR (total 2790) 9 (P<0.20) and then included in multivariate analysis using backward elimination ; ty comp
(P<0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary illness, age, with a Hb 11-<12 g/dL
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, P=NR
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP,
currently prescribed nutritional supplement and hospitalised days.
Robinson 2005 1 prospective Patients Hospital 3-month lagged Hb Mortality (mean NR NR HR 1.21 (0.90, 1.64) A Hb 9-<10 g/dL is not
Level Il cohort study undergoing haemodialysis us ngIO/gILdL Vs Hb 11 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis zinctlg?fe(?rerggfgimk
Fair N=NR (total 2790) 9 (P=<0.20) and then included in multivariate analysis using backward elimination ; ty
(P=0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary iliness, age, compared with a Hb 11-
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, <12 gldL
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP, P=NR
currently prescribed nutritional supplement and hospitalised days.
Robinson 2005 1 prospective Patients Hospital 3-month lagged Hb Mortality (mean NR NR HR 1.28 (1.02, 1.62) A Hb 10-<11 g/dL is an
. L < . :
Level Il cohort study undergoing haemodialysis | ys ﬂ <E g;gt vs Hb 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis Ifg(rji?grrt]gf m;(l)srﬁ fzf;%r
Fair N=NR (total 2790) 9 (P=<0.20) and then included in multivariate analysis using backward elimination ; y'comp
(P<0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary illness, age, with a Hb 11-<12 g/dL
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, P=NR
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP,
currently prescribed nutritional supplement and hospitalised days.
Robinson 2005 1 prospective Patients Hospital 6-month lagged Hb Mortality (mean NR NR HR 1.59 (1.06, 2.37) AHb<9g/dLisan
. L <9 o/dL i . .
Level Il cohort study undergoing haemodialysis us izgl%lil sHb 11 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis Ifndepertldlt? TS faCt?jr
Fair N=NR (total 2790) 9 (P=<0.20) and then included in multivariate analysis using backward elimination WIr I Y Ity compare
(P=0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary iliness, age, with a Hb 11-<12 g/dL
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, P=NR
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP,
currently prescribed nutritional supplement and hospitalised days.
Robinson 2005 1 prospective Patients Hospital 6-month lagged Hb Mortality (mean NR NR HR 1.27 (0.95, 1.72) A Hb 9-<10 g/dL is not
Level Il cohort study undergoing haemodialysis us zlzlolgll_dl' vsHb 11 13.4 months) Adjusted for variables shown to be associated with mortality in univariate analysis ?n tlnd?pendetn tI.HSk
Fair N=NR (total 2790) 9 (P=<0.20) and then included in multivariate analysis using backward elimination actor for morta ity
(P=0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary illness, age, compared with a Hb 11-
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH, <12 gldL
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP, P=NR
currently prescribed nutritional supplement and hospitalised days.
Robinson 2005 1 prospective Patients Hospital 6-month lagged Hb Mortality (mean NR NR HR 1.21(0.97, 1.50) A Hb 10-<11 g/dL is not
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Study
Level of evidence

Quality

Level Il
Fair

No. of trials /
sample size
included in
analysis

cohort study
N=NR (total 2790)

Patient population /
Surgical procedure

undergoing haemodialysis

Setting
Location

us

Risk factor

10-<11 g/dL vs Hb
11-<12 gldL

Outcome
(follow-up)

13.4 months)

Results

Risk factor No risk factor Risk estimate (95% CI) | Significance

niN (%) niN (%) P-value
Heterogeneity

Adjusted for variables shown to be associated with mortality in univariate analysis
(P=0.20) and then included in multivariate analysis using backward elimination
(P<0.10): sex, ESRD cause, atherosclerotic CVD, CHF, pulmonary illness, age,
albumin, calcium-phosphate product, total cholesterol, creatinine, ferritin, PTH,
WBC, EPO dose, parenteral iron dose, prescribed HD duration, post dialysis SBP,
currently prescribed nutritional supplement and hospitalised days.

an independent risk
factor for mortality
compared with a Hb 11-
<12 gldL

P=NR

BMI, body mass index; CHD, coronary heart disease; CHF, congestive heart failure; Cl, confidence interval;; CVD, cardiovascular disease; DBP, diastolic blood pressure; EPO, erythropoietin; ESA, erythropoiesis-stimulating agent; ESRD,
end stage renal disease; GFR, glomerular filtration rate; Hb, haemoglobin; HD, haemodialysis; HDL, high-density lipoprotein; HR, hazard ratio; LDL, low-density lipoprotein; NR, not reported; PTH, parathyroid hormone; RR, risk ratio; SBP,

systolic blood pressure; US; United States of America; WBC, white blood cell
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Two studies assessed the association between various Hb levels and cardiovascular
mortality, as shown in Table 3.39.°%° In the study by Astor et al (2006),°* the risk of
cardiovascular mortality was assessed in subjects with CKD compared with those without
CKD. This analysis was conducted in two separate populations: those with anaemia (defined
as a Hb level <12 g/dL for women and <13.5 g/dL for men) and those without anaemia. In
subjects with a glomerular filtration rate of 30-59 mL/min/1.73m? (often defined as
moderate CKD) who also had anaemia, the risk of mortality compared with subjects without
CKD was HR 4.38 (95% Cl 1.96, 9.79; p<0.001). In subjects without anaemia the equivalent HR
was 2.67 (95% Cl 1.71, 4.17; p<0.001). In subjects with a glomerular filtration rate of 60-

74 mL/min/1.73m? (often defined as mild CKD) who also had anaemia, the risk of mortality
compared with subjects without CKD was HR 2.78 (95% Cl 1.30, 5.97; p<0.001). In subjects
without anaemia the equivalent HR was 1.36 (95% CI 0.98, 1.89; p=0.05). Finally, in subjects
with a glomerular filtration rate of 75-89 mL/min/1.73m? (which can be defined as very mild
CKD) who also had anaemia, the risk of mortality compared with subjects without CKD was
HR 1.26 (95% Cl 0.59, 2.69; p=0.05). In subjects without anaemia the equivalent HR was 0.99
(95% C1 0.76, 1.31; p=0.05). As mentioned previously, the authors note that “the excess risk
of each end point associated with decreased kidney function...was >2-fold greater among
individuals with anaemia than among individuals without anaemia”.

Leeder et al (2006) assessed the risk of coronary heart disease (CHD)-related death in
residents of two postcode regions of the Blue Mountains in NSW, Australia. Presence of CKD
was defined as a GFR <60 mL/min/1.73 m2 using three estimation methods: Cockcroft-Gault,
Modification of Diet in Renal Disease (MDRD) and Bjornsson. In addition, CKD was also
estimated using serum creatinine (21.46 mg/dL in men and >1.26 mg/dL in women). Hb was
categorised by quintiles, with the lowest quintile having a mean of 13.1 g/dL and the other
quintiles having a mean of 15.2 g/dL. The lowest quintile Hb was an independent risk factor
for cardiovascular mortality in subjects with CKD estimated using the Cockcroft-Gault (HR
1.49; 95% Cl 1.08, 2.06) and Bjornsson (HR 1.57; 95% Cl 1.12, 2.19) methods, and serum
creatinine (HR 1.80; 95% Cl 1.02, 3.18). There was no significant association between low Hb
and cardiovascular mortality in subjects with CKD estimated using the MDRD. When CKD was
defined as the lowest quintile using the Cockcroft-Gault method, the association remained
significant. However, when stratified by gender, there remained a significant association in
men (HR 2.32; 95% Cl 1.29, 4.17) but not women (HR 1.82; 0.88, 3.78). The authors conclude
that “low hemoglobin, even within the normal range, together with CKD increased the risk
for CHD-related deaths”.
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Table 3.39 Question 1 (renal): Results for Level Il evidence — cardiovascular mortality (other anaemia criteria, Hb levels or change in Hb levels)

Study No. of trials / sample | Patient population / Setting Risk factor Outcome Results
; size included in Surgical procedure ; - - - - R
Level of evidence analysis gicalp Location (follow-up) Risk factor No risk factor Risk estimate Significance
Quality niN (%) niN (%) (95%ClI) P-value
Heterogeneity
RENAL
KIDNEY DISEASE
Astor 2006 1 prospective cohort Community-based Community GFR 30- CHD mortality (12 NR NR HR 4.38 (1.96, A GFR of 30-
Level Il study (ARIC) middle-aged us 59 mL/min/1.73 years) 9.79) 59 mL/min/1.73 m2 is an
Fair N=793 population with anaemia gé}; anaemia vs Adjusted for serum creatinine, age, gender, race, prevalent CHD, SBP, lgsl%pendfr}?[tnsk fa(t:)tpr ftor
> . DBP, use of antihypertensive medication, diabetes mellitus, current Aol AEISEDISCES
290 mL/min/1.73 smoking, BMI, LDL, HDL, triglycerides, fibrinogen and field centre. with anaemia
m2 +anaemia P <0.001
Astor 2006 1 prospective cohort Community-based Community GFR 30- CHD mortality (12 NR NR HR 2.67 (1.71, A GFR of 30-
Level Il study (ARIC) middle-aged us 59 mL/min/1.73 years) 4.17) 59 mL/min/1.73 m2 is an
) — population without m2 + no anaemia y — independent risk factor for
Fair N=6757 S Adjusted for serum creatinine, age, gender, race, prevalent CHD, SBP, - q
angema \;5 GFR . DBP, use of antihypertensive medication, diabetes mellitus, current C.HD mortality '.n subjects
290 mL/min/1.73 smoking, BMI, LDL, HDL, triglycerides, fibrinogen and field centre. without anaemia
m2 + no anaemia P <0.001
Astor 2006 1 prospective cohort Community-based Community GFR 60- CHD mortality (12 NR NR HR 2.78 (1.30, A GFR of 60-
Level Il study (ARIC) middle-aged us 74 mL/min/1.73 years) 5.97) 74 mL/min/1.73 m2 is an
Fair N=923 population with anaemia gég anaemia vs Adjusted for serum creatinine, age, gender, race, prevalent CHD, SBP, gﬂ%p;noigllt[tnil: La([‘,)t%rcftgr
> . DBP, use of antihypertensive medication, diabetes mellitus, current . LylEtls
290 mL/min/1.73 smoking, BMI, LDL, HDL, triglycerides, fibrinogen and field centre. with anaemia
m2 + anaemia P <0.001
Astor 2006 1 prospective cohort Community-based Community GFR 60- CHD mortality (12 NR NR HR 1.36 (0.98, A GFR of 60-
Level Il study (ARIC) middle-aged us 74 mL/min/1.73 years) 1.89) 74 mL/min/1.73 m? is not
) — population without m2 + no anaemia y — an independent risk factor
Fair N=8389 P Adjusted for serum creatinine, age, gender, race, prevalent CHD, SBP, .
anaemia vs GFR X DBP, use of antihypertensive medication, diabetes mellitus, current for (,:HD mp rtality in .
290 mL/min/1.73 smoking, BMI, LDL, HDL, triglycerides, fibrinogen and field centre. subjects without anaemia
m2 + no anaemia P 20.05
Astor 2006 1 prospective cohort Community-based Community GFR 75- CHD mortality (12 NR NR HR 1.26 (0.59, A GFR of 75-
Level Il study (ARIC) middle-aged us 89 mL/min/1.73 years) 2.69) 89 mL/min/1.73 m? is not
Fair N=1130 population with anaemia 2::; anaemia vs Adjusted for serum creatinine, age, gender, race, prevalent CHD, SBP, ?n Igg%)end;r}? ”S.k factor
. DBP, use of antihypertensive medication, diabetes mellitus, current or : mp alty In .
290 mL/min/1.73 smoking, BMI, LDL, HDL, triglycerides, fibrinogen and field centre. subjects with anaemia
m2 + anaemia P 20.05
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Study No. of trials / sample | Patient population / Setting Risk factor Outcome Results
; size included in Surgical procedure ; - - - - —
Level of evidence analysis gicalp Location (follow-up) Risk factor No risk factor Risk estimate Significance
Quality niN (%) niN (%) (95% CI) P-value
Heterogeneity
Astor 2006 1 prospective cohort Community-based Community GFR 75- CHD mortality (12 NR NR HR 0.99 (0.76, A GFR of 75-
Level Il study (ARIC) middle-aged us 89 mL/min/1.73 years) 1.31) 89 mL/min/1.73 m? is not
AR ) X . .
Fair N=11,257 ggggl:ﬁgm without ms é Fn'g anaemia Adjusted for serum creatinine, age, gender, race, prevalent CHD, SBP, ?Onr Iga%’ﬂ‘g:g "s.ri: factor
anaemia \; . DBP, use of antihypertensive medication, diabetes mellitus, current - . Iyl .
290 mL/min/1.73 smoking, BMI, LDL, HDL, triglycerides, fibrinogen and field centre. subjects without anaemia
m2 + no anaemia P 20.05
Leeder 2006 1 prospective cohort Residents of two Community Lowest Hb CHD-related deathz | 64/352 (18.2) 115/1287 (8.9) HR 1.49 (1.08, The lowest quintile of Hb
Level Il study postcode areas in the Australia quintile (mean (mean 8.2 years) 2.06) is an independent risk
_ Blue Mountains born 13.1 g/dL) vs y — - factor for CHD-related
Good N=1639 o Adjusted for age, gender, pre-existing CHD, smoking status, alcohol ; q
b?fore Ja””a.ry L other Hb quintiles consumption, mean arterial BP, total cholesterol and fibrinogen levels, BMI, mortality cor_npared with
with CKD defined as (mean 15.2 g/dL) diabetes and self-reported health status. other Hb quintiles.
GFR <60 mL/min/1.73 P=NR
m2 (Cockcroft-Gault
method)
Leeder 2006 1 prospective cohort Female residents of two Community Lowest Hb HD-related deatha NR NR HR 1.82 (0.88, The lowest quintile of Hb
Level Il study postcode areas in the Australia quintile (mean (mean 8.2 years) 3.78) is not an independent risk
_ Blue Mountains born 13.1 g/dL) vs y — - - factor for CHD-related
Good N=NR P Adjusted for age, pre-existing CHD, smoking status, alcohol consumption, . X
b?fore January L, other Hb quintiles mean arterial BP, total cholesterol and fibrinogen levels, BMI, diabetes and mortality Comp,areq with
with CKD defined as (mean 15.2 g/dL) self-reported health status. other Hb quintiles in
GFR <60 mL/min/1.73 women with the lowest
m?2 (Cockeroft-Gault quintile GFR.
method) P=NR
Leeder 2006 1 prospective cohort Male residents of two Community Lowest Hb CHD-related deatha | NR NR HR 2.32 (1.29, The lowest quintile of Hb
Level Il study postcode areas in the Australia quintile (mean (mean 8.2 years) 4.17) is an independent risk
Good N=NR Blue Mountains born 131 gfdL) vs Adjusted for age, pre-existing CHD, smoking status, alcohol consumption IRy 5y ClE D e
bgfore Ja“”a.ry L other Hb quintiles mean arterial BP’, total cholesterol :;md fibrinogen Ie;/els, BMI, diabetes ar{d mortality cor_npare(_j i
with CKD defined as (mean 15.2 g/dL) self-reported health status. other Hb quintiles in
GFR <60 mL/min/1.73 women with the lowest
m?2 (Cockcroft-Gault quintile GFR.
method P=NR
Leeder 2006 1 prospective cohort Residents of two Community Lowest Hb HD-related deatha NR NR HR 2.07 (1.33, The lowest quintile of Hb
Level Il study postcode areas in the Australia quintile (mean (mean 8.2 years) 3.22) is an independent risk
Good N=NR Blue Mountains born 131 gfdL) vs Adjusted for age, pre-existing CHD, smoking status, alcohol consumption RO Cl D ez e
b?fore Ja””a.ry L other Hb quintiles mean arterial BP, total cholesterol and fibrinogen levels, BMI, diabetes and mortahty cor_np_ared with
with CKD defined as (mean 15.2 g/dL) self-reported health status. other Hb quintiles.
lowest quintile GFR P=NR
(Cockeroft-Gault method)
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Study No. of trials / sample | Patient population / Setting Risk factor Outcome Results
; size included in Surgical procedure ; - - - - —
Level of evidence analysis gicalp Location (follow-up) Risk factor No risk factor Risk estimate Significance
Quality niN (%) niN (%) (95% CI) P-value
Heterogeneity
Leeder 2006 1 prospective cohort Residents of two Community Lowest Hb HD-related deatha | 53/312 (17.0) 95/1115 (8.5) HR 1.36 (0.95, The lowest quintile of Hb
Level Il study postcode areas in the Australia quintile (mean (mean 8.2 years) 1.94) is not an independent risk
_ Blue Mountains born 13.1 g/dL) vs y — - factor for CHD-related
Good N=1427 o Adjusted for age, gender, pre-existing CHD, smoking status, alcohol . .
b‘r‘f"’e Ja“”a.ry L other Hb quintiles consumption, mean arterial BP, total cholesterol and fibrinogen levels, BMI, mortality Cor,np,amd with
with CKD defined as (mean 15.2 g/dL) diabetes and self-reported health status. other Hb quintiles.
GFR <60 mL/mln/1.73 P=NR
m2 (abbreviated MDRD
method)
Leeder 2006 1 prospective cohort Residents of two Community Lowest Hb CHD-related deathz | 63/299 (21.1) 102/959 (10.6) HR 1.57 (1.12, The lowest quintile of Hb
Level Il study postcode areas in the Australia quintile (mean (mean 8.2 years) 2.19) is an independent risk
_ Blue Mountains born 13.1 g/dL) vs - — - factor for CHD-related
Good N=1258 P Adjusted for age, gender, pre-existing CHD, smoking status, alcohol " q
b‘r‘f"’e Ja“”a.ry L other Hb quintiles consumption, mean arterial BP, total cholesterol and fibrinogen levels, BMI, mortality cor_npared with
with CKD defined as (mean 15.2 g/dL) diabetes and self-reported health status. other Hb quintiles.
GFR _<60 mL/min/1.73 P=NR
m2 (Bjornsson method)
Leeder 2006 1 prospective cohort Residents of two Community Lowest Hb HD-related deatha | 28/99 (28.3) 31/195 (15.9) HR 1.80 (1.02, The lowest quintile of Hb
Level Il study postcode areas in the Australia quintile (mean (mean 8.2 years) 3.18) is an independent risk
Good N=294 Blue Mountains born 131 gfdL) vs Adjusted for age, gender, pre-existing CHD, smoking status, alcohol RO Cl D ez e
bgfore Ja””a.ry L . other Hb quintiles consumption, méan arter}al BP, total choles’terol and fibrinoéen levels, BMI, mortahty cor_np_ared with
with CKD dﬁflped isl Tegh (mean 15.2 g/dL) diabetes and self-reported health status. other Hb quintiles.
serum creatinine (1. =
P=NR
ma/dL for men and 21.26
ma/dL for women)

BMI, body mass index; BP, blood pressure; CHD, coronary heart disease; Cl, confidence interval;; CKD, chronic kidney disease; DBP, diastolic blood pressure; GFR, glomerular filtration rate; Hb, haemoglobin; HDL, high-
density lipoprotein; HR, hazard ratio; LDL, low-density lipoprotein; MDRD, modification of diet in renal disease; NR, not reported; SBP, systolic blood pressure; US; United States of America
a CHD-related death (death confirmed by cross-matching demographic information with Australian National Death Index [NDI] data). Cause of death collected from death certificates and defined using ICD-9 and
ICD-10 codes.
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Four studies assessed the association between Hb as a continuous variable and all-cause
mortality, as shown in Table 3.40.7%%19%1% | the study by Avram et al (2003)**, a 1 g/dL
increment in Hb resulted in a 17% reduction in mortality risk for patients on haemodialysis,
and a 15% reduction in mortality risk for patients on peritoneal dialysis. These results were
obtained after adjusting for a number of factors including diabetes, which was shown in
categorical analyses in the same study to be a significant effect modifier.

Portolés et al (2007)* assessed the association between Hb and mortality in a representative
sample of prevalent haemodialysis patients treated between January 1999 and March 2001.
Greater than 90% of included patients were receiving erythropoietin. A 1 g/dL increment in
time-dependent Hb resulted in a 15% reduction in mortality risk. Similarly, a 1 g/dL
increment in baseline Hb resulted in a 14% reduction in the risk of mortality. The authors
conclude that “anaemia is an independent risk factor that can predict survival...after
adjustment for comorbidity, time on HD, cause of CKD, type of HD access, albumin level and
Kt/Vv”.

The study by Stevens et al (2004)™* examined the association between albumin, calcium,
phosphate and parathyroid hormone levels and mortality in prevalent HD or PD patients who
were alive as of January 2000 and who had calcium, phosphate and parathyroid hormone
data entered between January and March 2000. This study included Hb as a potential
predictor. When all patients were included in the analysis, there was a significant association
between Hb (per 5 g/dL) and mortality when only age, gender, race, diabetes and dialysis
type and duration were included in the model (RR 0.93; 95% Cl 0.89, 0.97). However, when
albumin, calcium, phosphate and parathyroid hormone were included in the model,
statistical significance was lost. When populations were varied according to length of time on
dialysis and analyses were adjusted for a number of variables including albumin, calcium,
phosphate and parathyroid hormone, there was a significant association between Hb and
mortality for those on dialysis <6 months (RR 0.88; 95% Cl 0.78, 0.99), but not 6-18 months
(RR 0.98; 95% Cl 0.89, 1.01) or >18 months (RR 0.99; 95% Cl 0.92, 1.06). As this study was not
specifically aimed at assessing Hb, no specific comments regarding the associations between
Hb and mortality were made by the authors.

Yen et al (2010)'* assessed the association between body mass and mortality in
maintenance HD patients. While Hb was shown to be significantly associated with mortality
in univariate analysis, it was not included in the multivariate stepwise analysis. The authors
make no comment on the Hb results, other than to note that erythropoietin use was highest
in the subgroup of patients with the lowest Hb, those who were underweight.
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Table 3.40 Question 1 (renal): Results for Level Il evidence — mortality (Hb as a continuous variable)

Study N'o. Qf trials / gample Patiept population / Setting Risk factor Outcome Results
Level of evidence :Z;:I;r;icsluded n Surgical procedure Location (follow-up) Risk factor No risk factor Risk estimate Significance
Quality niN (%) niN (%) (95% CI) p-value
Heterogeneity
RENAL
DIALYSIS
Avram 2003 1 prospective cohort Patients on haemodialysis Hospital 1 g/dL increment in Mortality (mean 4 NA | NA | OR0.83 A1 g/dL increment in Hb
Level Il study us Hb years) results in a 17% reduction

Adjusted for age, gender, race, diabetes and months on dialysis at in risk of mortality in

; N=855 Iment.
Fair enromen patients on haemodialysis
P=0.002
Avram 2003 1 prospective cohort Patients on peritoneal Hospital 1 g/dL increment in Mortality (mean 4 NA | NA | OR0.85 A1 g/dL increment in Hb
Level Il study dialysis us Hb years) results in a 15% reduction

Adjusted for age, gender, race, diabetes and months on dialysis at

Fai N=855 enrolment. in risk of mortallity in
ar patients on peritoneal
dialysis
P=0.02
Portolés 2007 1 prospective cohort A representative sample Hospital 1 g/dL increment Mortality (12 NA NA OR 0.85 (0.75, A1 g/dL increment in
Level Il study of prevalent haemodialysis Spain in time-dependent Hb | months) 0.95) time-dependent Hb is
— atients who started - - - significantly associated
Fair N=1428 P Adjusted for age, sex, time on HD, cause of CKD, previous CV ; ;
reatment between January morbidity, previous vascular access events, non-CV comorbidity, type with a .15% decrease in
1999 and March 2001 of access, albumin level, compliance with HD targets (K&V, nPCR, TAC | mortality risk
urea). P<0.005
Portolés 2007 1 prospective cohort A representative sample Hospital 1 g/dL increment in Mortality (12 NA NA OR 0.86 (0.76, A1 g/dL increment in
Level Il study of prevalent haemodialysis Spain baseline Hb months) 0.96) baseline Hb is significantly
- atients who started associated with a 14%
Fair N=1428 P Adjusted for age, sex, time on HD, cause of CKD, previous CV " Ry o
reatment between January morbidity, previous vascular access events, non-CV comorbidity, type decrease in mortality risk
1999 and March 2001 of access, albumin level, compliance with HD targets (Kt/V, nPCR, TAC | P<0.02
urea) and time-dependent Hb.

Stevens 2004 1 prospective cohort Prevalent dialysis patients Hospital Hb (per 5 g/dL) Mortality (median NA NA RR 0.93 (0.89, A5 g/dL difference in Hb
Level Il study (haemodialysis or Canada follow-up 32 0.97) is significantly associated
) N=515 peritoneal dialysis) in months) - - — - with a 7% reduction in
Fair dialysis centres in British Adjusted for age, gender, race, diabetes and dialysis type and duration. mortality risk.

Columbia who were alive P<0.001
and on dialysis as of
January 2000 and had

calcium, phosphate and
parathyroid hormone data
entered between Jan and
Mar 2000
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Study No. of trials / sample | Patient population / Setting Risk factor Outcome Results
; size included in Surgical procedure ; - - - - A
Level of evidence analysis gicalp Location (follow-up) Risk factor No risk factor Risk estimate Significance
Quality niN (%) niN (%) (95% CI) P-value
Heterogeneity
Stevens 2004 1 prospective cohort Prevalent dialysis patients Hospital Hb (per 5 g/dL) Mortality (median NA NA RR 0.97 (0.92, A5 g/dL difference in Hb
Level Il study (haemodialysis or Canada follow-up 32 1.02) is not significantly
) N=515 peritoneal dialysis) in months) - - — — - associated with a change
Fair - P Adjusted for age, gender, diabetes, dialysis type, dialysis duration, . -
?}lglll)jrsrﬁ)i;e\;‘/g(e)svgrgrg;;i race, dialysis adequacy (PRU), albumin, calcium, phosphate !]onmt%rltja(l)lg)sl c::(u\ggi?
~ W parathyroid hormone. ) -
and on dialysis as of mineral metabolism
January 2000 and had parameters are included in
calcium, phosphate and the model.
parathyroid hormone data P=0.194
entered between Jan and
Mar 2000
Stevens 2004 1 prospective cohort Prevalent dialysis patients Hospital Hb (per 5 g/dL) Mortality (median NA NA RR 0.96 (0.91, A5 g/dL difference in Hb
Level Il study (haemodialysis or Canada follow-up 32 1.01) is not significantly
) N=515 peritoneal dialysis) in months) - - — — - associated with a change
Fair —— —= Adjusted for age, gender, diabetes, dialysis type, dialysis duration, - L
dialysis .Cemres n Bnt'.Sh race, dialysis adequacy (PRU), albumin, calcium and phosphate and in mom.l“ty risk .When
Columbia who were alive parathyroid hormone (different combinations of different levels). categories of mineral
and on dialysis as of metabolism parameters
January 2000 and had are combined and
calcium, phosphate and included in the model.
parathyroid hormone data P=0.097
entered between Jan and
Mar 2000
Stevens 2004 1 prospective cohort Prevalent dialysis patients Hospital Hb (per 5 g/dL) Mortality (median NA NA RR 0.88 (0.78, A5 g/dL difference in Hb
Level Il study (haemodialysis or Canada follow-up 32 0.99) is significantly associated
) N=125 peritoneal dialysis) in months) - - — — ; with a 12% reduction in
Fair —— = Adjusted for age, gender, diabetes, dialysis type, dialysis duration, oy :
dialysis lcentres n Brltlgh race, dialysis adequacy (PRU), albumin, calcium and phosphate and morta!lty risk in patients on
Columbia who were alive parathyroid hormone (different combinations of different levels). dialysis <6 months when
and on dialysis as of categories of mineral
January 2000 and had metabolism parameters
calcium, phosphate and are combined and
parathyroid hormone data included in the model
entered betweep Jaln and P=0.029
Mar 2000; on dialysis for <6
months
Stevens 2004 1 prospective cohort Prevalent dialysis patients Hospital Hb (per 5 g/dL) Mortality (median NA NA RR 0.98 (0.89, A5 g/dL difference in Hb
study (haemodialysis or follow-up 32 1.01) is not significantly
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Study No. of trials / sample | Patient population / Setting Risk factor Outcome Results
; size included in Surgical procedure ; - - - - A
Level of evidence analysis giealp Location (follow-up) Risk factor No risk factor Risk estimate Significance
Quality niN (%) niN (%) (95% CI) P-value
Heterogeneity

Level Il N=117 peritoneal dialysis) in Canada months) Adjusted for age, gender, diabetes, dialysis type, dialysis duration, associated with a change

Fair dialysis centres in British race, dialysis adequacy (PRU), albumin, calcium and phosphate and in mortality risk in patients
Columbia who were alive parathyroid hormone (different combinations of different levels). on dialysis 6-18 months
and on dialysis as of when categories of
January 2000 and had mineral metabolism
calcium, phosphate and parameters are combined
parathyroid hormone data and included in the model.
entered between Jan and P=0.710
Mar 2000; on dialysis for 6-
18 months

Stevens 2004 1 prospective cohort Prevalent dialysis patients Hospital Hb (per 5 g/dL) Mortality (median NA NA RR 0.99 (0.92, A5 g/dL difference in Hb

Level Il study (haemodialysis or Canada follow-up 32 1.06) is not significantly

Fair N=117 Mdgrllto'neal dtlal SIS Blnt h months) Adjusted for age, gender, diabetes, dialysis type, dialysis duration, ?Ssoc'ltatﬁd vyltE a Ch?ng?

lalysis centres in Britis race, dialysis adequacy (PRU), albumin, calcium and phosphate and In mortally fisk in patents

Columbia who were alive parathyroid hormone (different combinations of different levels). on dialysis >18 months
and on dialysis as of when categories of
January 2000 and had mineral metabolism
calcium, phosphate and parameters are combined
parathyroid hormone data and included in the model.
entered between Jan and P=0.758
Mar 2000; on dialysis for
>18 months

Yen 2010 1 prospective cohort Maintenance haemodialysis | Hospital 1 g/dL increment in Mortality (3 years) NA NA NR A1 g/dL increment in Hb

Level Il study patients Taiwan Hb Variables considered if they were significant on univariate analysis and 's not lSItgncllfICiEtly tali

Fair N=959 included age, BMI, previous CVD, diabetes, hypertension, associated with mortality

haemodialysis duration, use of fistula, use of BCM dialyzer, nPCR, Hb,
albumin, creatinine, Log ferritin, phosphate, Log iPTH, HDL, LDL, Log
hsCRP and cardiothoracic ratio. Only variables <0.05 remained in
model: age, diabetes, BMI, albumin, Log hsCRP, and cardiothoracic
ratio. Hb excluded from model.

P=NR

BCM, body composition monitor; BMI, body mass index; Cl, confidence interval; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; Hb, haemoglobin; HD, haemodialysis; HDL, high-density lipoprotein; hsCRP,
high-sensitivity C-reactive protein; iPTH, intact parathyroid hormone; LDL, low-density lipoprotein; NA, not applicable; nPCR, normalised protein catabolic rate; NR, not reported; OR, odds ratio; PRU, percent reduction urea; RR, risk ratio;
TAC, time-averaged concentration; US, United States of America
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Anaemia as an independent risk factor for stroke/MI

One study assessed the association between anaemia as defined by the WHO and stroke, as
shown in Table 3.41.°* Based on data from the Atherosclerosis Risk in Communities (ARIC)
study, the risk of mortality was assessed in subjects with CKD compared with those without
CKD. This analysis was conducted in two separate populations: those with anemia and those
without anaemia. CKD was defined according to a GFR of <60 mL/min/1.73m?, estimated
using the Cockcroft-Gault method. In subjects with CKD who also had anaemia, the risk of
stroke compared with subjects without CKD was HR 5.43 (95% Cl 2.04, 14.41; p<0.01). In
subjects without anaemia the equivalent HR was 1.41 (95% Cl 0.93, 2.14; p=0.1). In subjects
with CKD who also had anaemia, the risk of ischaemic stroke compared with subjects without
CKD was HR 10.34 (95% CI 1.00, 29.0; p=0.03). In subjects without anaemia the equivalent HR
was not reported although it was noted that there was no significant association in this
population. The authors note that a significant interaction was seen between CKD and
anaemia for stroke (P=0.01). The authors conclude that “among middle-aged community-
based persons, the combination of CKD and anemia was associated with a substantial
increase in stroke risk, independent of other known risk factors for stroke”.

No studies were identified which assessed the association between anaemia and myocardial
infarction.
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Table 3.41 Question 1 (renal): Results for Level Il evidence - stroke (WHO or similar anaemia criteria)

Study No. of trials / Patient population / Setting Risk factor Outcome Results
; sample size Surgical procedure Locati follow- - - - - -
Level of evidence included in ocation (follow-up) Risk factor No risk factor Risk estimate (95% CI) | Significance
Quality analysis N (%) N (%) P-value
Heterogeneity
RENAL
KIDNEY DISEASE
Abramson (2003) 1 prospective Community-based Community CKD + anaemiavs no | Stroke (9 years) NR | NR ‘ HR 5.43 (2.04, 14.41) CKD is an independent
Level Il cohort study middle-aged US CKD + anaemia v ; , risk factor for increased
. . justed for age, gender, race, education, prevalent CHD, diabetes, SBP, DBP, " " A
Fair (ARIC) populapon with HDL, LDL, carotid intima media thickness, current smoking. ”S,k of Stmk? in subjects
N=1262 anaemia® with anaemia
P <0.01
Abramson (2003) 1 prospective Community-based Community CKD + no anaemiavs | Stroke (9 years) NR | NR ‘ HR 1.41(0.93, 2.14) CKD is notan
Level Il cohort study middle-aged us no CKD + no d ; , independent risk factor
) . . justed for age, gender, race, education, prevalent CHD, diabetes, SBP, DBP, : :
Fair (ARIC) population without anaemia HDL, LDL, carotid intima media thickness, current smoking. for increased risk of
N=12,454 anaemia stroke in subjects without
anaemia
P=0.1
Abramson (2003) 1 prospective Community-based Community CKD + anaemiavsno | Ischaemic stroke NR | NR ‘ HR 10.34 (1.00, 29.0) CKD is an independent
Level Il cohort study middle-aged us CKD + anaemia (9 years) Adl . , fisk factor for increased
) . justed for age, gender, race, education, prevalent CHD, diabetes, SBP, DBP, ’ ) )
Fair (ARIC) popuIaFlon with HDL, LDL, carotid intima media thickness, current smoking. ,”Sk of_lschae_mlc 5“0"9—_
N=1262 anaemia® in subjects with anaemia
P=0.03
Abramson (2003) 1 prospective Community-based Community CKD + no anaemiavs | Ischaemic stroke NR | NR ‘ NR CKD is notan
Level ng?g study mlddlle;lagedlth t us no CKD o (9 years) Adjusted for age, gender, race, education, prevalent CHD, diabetes, SBP, DBP, Ifndgpendengrlskkfa;:tor
Fair ( ) popiation WO anaemia HDL, LDL, carotid intima media thickness, current smoking. for Increasea risk o
N=12,454 anaemia ischaemic stroke in
subjects without anaemia
P=NR

CHD, coronary heart disease; Cl, confidence interval; CKD, chronic kidney disease; DBP, diastolic blood pressure; HDL, high-density lipoprotein; HR, hazard ratio; LDL, low-density lipoprotein; NR, not reported; SBP,
systolic blood pressure; US, United States of America
aHp <13 g/dL in men and <12 g/dL in women.
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Anaemia as an independent risk factor for functional/performance status

Two studies assessed the association between various Hb levels and
functional/performance status, as shown in Table 3.42.>*%” Both studies assessed quality of
life using the Short-Form (SF)-36 survey. The study by Finkelstein et al (2009)** examined the
association between different categories of Hb (<11 g/dL, 11-<12 g/dL, 12-<13 g/dL and >13
g/dL) and different components and domains of the SF-36 in patients with CKD who were not
on dialysis. The results of the analyses showed that Hb was significantly associated with the
following component and domains of the SF-36: physical component summary (P=0.08),
physical functioning (P=0.003), role physical (P=0.002), energy-fatigue (P=0.02), pain
(P=0.015) and general health (P=0.049). Components and domains not showing with
association between Hb included mental component summary (P=0.82), role emotional
(P=0.18), social function (P=0.15) and emotional wellbeing (P=0.29). The authors conclude
that “higher Hgb levels are associated with improved QofL domains of the KDQofL
guestionnaire [which includes the SF-36]”. The most dramatic changes occurred between Hb
levels <11 and 11-12 g/dL. Analyses were adjusted for erythropoietin therapy, and the
interaction between Hb and erythropoietin was tested and shown to be non significant for all
domains.

Plantinga et al (2007)” assessed the relationship between 6-month Hb levels and 1-year SF-
36 in patients initiating haemodialysis between October 1995 and June 1998. Hb was
dichotomised as follows: 211 g/dL and <11 g/dL. The results of the analyses showed that
higher Hb was significantly associated with higher scores on the following component and
domains of the SF-36: physical component summary, mental component summary, physical
functioning, role physical, social functioning, bodily pain and mental health (all P<0.05).
Components and domains not showing with association between Hb included role
emotional, general health and vitality.
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Table 3.42 Question 1 (renal): Results for Level Il evidence — functional/performance status (other anaemia criteria, Hb levels or change in Hb levels)

Study
Level of evidence

Quality

No. of trials /
sample size
included in
analysis

Patient population /
Surgical procedure

Setting
Location

Risk factor

Outcome

Results

Score £ SD Score £ SD Risk estimate (95% Cl) | Significance
P-value
Heterogeneity

RENAL

QUALITY OF LIFE

SF-36—PHYSICAL COMPONENT S