
 

 

Introduction 
 
Myelodysplastic syndromes (MDS) are a hetero-
geneous spectrum of myeloid neoplasms.  Ac-
cording to the World Health Organization (WHO) 
2008 classification,  at least 10% of the cells of 
at least one myeloid bone marrow lineage must 
show unequivocal dysplasia in order that a diag-
nosis of MDS may be made, although the pres-
ence of recurring chromosomal abnormalities 
(e.g del[5q], del[7q]), alongside cytopenias of 
undefined origin, is also indicative of MDS [1]. 
The disease can occur de novo, or secondary, 
such as when due to treatment with chemother-
apy or radiation for other diseases.   
 
The incidence of MDS is approximately 2–13 
per 100,000 people per year, with higher rates 
among older populations, where the incidence 
rate is 15–50 cases per 100,000 [2]. The me-

dian age at which patients present with MDS is 
between 65 and 70 years, and the disease is 
more common in men [3].  
 
The burden of MDS is significant and life expec-
tancy is curtailed. Mortality rate and risk of pro-
gression to acute myeloid leukemia (AML) at 4 
years has been seen to be 18% and 9% in low 
risk patients, and 62% and 61% in high risk pa-
tients [4].  
 
Anemia is a major cause of morbidity in MDS. 
The WHO defines anemia as hemoglobin levels 
<13 g/dL for men and <12 g/dL for women [5]. 
Up to 90% of MDS patients are anemic at the 
time of presentation, and approximately 60% 
have severe anemia (Hb <9g/dl) [6]. 
 
Anemia may be due to high – but ineffective – 
erythropoietic activity in lower risk patients, 
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while patients with multilineage dysplasia or 
with excess blasts show relative erythroid mar-
row failure [7]. Accordingly, in MDS, patients’ 
anemia is refractory and is often observed with 
normal vitamin B12 and folate levels [8]. Con-
ventional treatments for anemia are often inef-
fective and therefore over 40% of MDS patients 
require regular red blood cell (RBC) transfusions 
at some stage of their disease [9]. 
 
Anemia is well recognized as leading to sympto-
matic impairment in older patients.  Physical 
impairment is the primary symptom, which in 
turn affects patients’ mobility and ability to per-
form activities of daily living [10]. Anemia also 
exacerbates the symptoms of existing comorbid-
ities. 
 
It is also recognized that anemia has an impor-
tant effect on mortality. In conditions such as 
chronic kidney disease and congestive heart 
failure, the presence of anemia is strongly corre-
lated with premature mortality [11, 12]. Equally 
in MDS, anemic patients have been seen to 
have a higher mortality rate than non-anemic 
patients [13]. 
 
This mortality burden is primarily mediated 
through a higher incidence – and exacerbation 
of pre-existing – cardiovascular disease (CVD). 
Anemia induces lower after-load and higher pre-
load and can lead to cardiac remodeling, car-
diac enlargement and left ventricular hypertro-
phy [14]. Furthermore, anemia can also reduce 
renal blood flow causing fluid retention, which 
may contribute to CVD [15]. In the presence of 
heart disease, anemia intensifies ischemia and 
angina, further contributing to an increased risk 
of cardiovascular complications [16]. 
 
CVD accounts for up to half of all mortality in 
MDS and is closely associated with the preva-
lence and severity of anemia [17]. Chronic 
transfusion dependent MDS patients have been 
seen to have twice the rate of mortality of trans-
fusion independent patients [6]. Indeed, RBC 
transfusions aimed at correcting anemia may 
further impair a patient’s prognosis because of 
the risk of associated iron-overload [18]. It has 
been shown that heart failure is significantly 
more frequent in transfusion-dependent MDS 
patients than those who do not require transfu-
sions. In a study investigating the natural history 
of 37 patients with idiopathic refractory sidero-
blastic anemia, complications of iron overload 

(primarily heart failure) were found to be the 
most frequent cause of death, accounting for 
47% of mortality [19]. 
 
Beyond RBC transfusions, the management of 
anemia in MDS patients is not well established 
[20]. Erythropoietic stimulating agents have 
shown some efficacy [21, 22], yet not all pa-
tients are appropriate and the decision to pre-
scribe needs to be considered in the context of 
the overall benefit/risk balance [23, 20]. Newer 
agents, such as lenalidomide also offer the po-
tential to manage anemia and delay the require-
ment for transfusions [24]. 
 
Although the association between patient trans-
fusion status and heart disease in MDS is es-
tablished [6, 14], literature evaluating the spe-
cific relationship between anemia and cardio-
vascular outcomes is limited and has not been 
comprehensively summarized. The aim of this 
study is therefore to review the published litera-
ture on the effect of anemia on cardiovascular 
outcomes in patients with MDS (all subtypes).  
 
Materials and methods 
 
A systematic literature review was undertaken 
to identify studies that investigated the relation-
ship between anemia (as defined by hemoglo-
bin levels) and cardiovascular outcomes in pa-
tients with MDS (all subtypes). A broad and sen-
sitive search strategy was devised in recognition 
of the small number of relevant studies ex-
pected to be published.  
 
MEDLINE, EMBASE, Cochrane Library, CANCER-
LIT, Web of Science, TRIP and DARE databases 
were searched for studies published between 
1980 and May 2011. Additional searches were 
conducted in the online abstract catalogues 
from the American Society of Hematology and 
European Hematology Association annual meet-
ings. 
 
Abstracts of all the identified studies were 
downloaded into Refman software and reviewed 
against predefined inclusion criteria: MDS pa-
tient population (all subtypes); both hemoglobin 
data and cardiovascular outcome data reported 
(outcomes included proxy measures of CVD 
such as echocardiographic measurements, as 
well as myocardial infarction, cardiac failure and 
cardiovascular death). All experimental study 
designs were included, except case studies. 
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Based upon the abstract review, complete arti-
cles were reviewed fully to identify the studies 
to be summarized. For those studies that met 
the inclusion criteria, further citation reviews 
were conducted as well as ‘forward’ searches 
for papers that had since cited them, and a 
‘related’ search was conducted in MEDLINE to 
triangulate from the selected studies to any 
other papers that had not been identified in the 
search so far. 
 
Results 
 
The primary literature search yielded 3,952 ab-
stracts, of which 18 full papers were identified 
as suitable for further evaluation, plus a further 
five potentially relevant papers were found 
through cross-referencing. Following appraisal 
against inclusion/exclusion criteria, five papers 
were found that reported original data relevant 
to informing the relationship between anemia 
and cardiovascular outcomes. Of these, four 
papers [14, 21, 25, 26] reported on three stud-
ies that explicitly evaluated the relationship be-
tween anemia (as measured by hemoglobin 
levels) and cardiovascular endpoints. In addi-
tion, a further study [13] reported on the rela-
tionship between hemoglobin levels and sur-
vival, but did not describe the effect on cardio-
vascular death specifically. The findings from 
these studies are discussed below. 
 
Malcovati et al [25, 26] conducted a retrospec-
tive, longitudinal analysis to study the relation-
ship between degree of anemia and clinical out-
come in MDS patients, with a view to incorporat-
ing severe anemia as a risk factor in an updated 
WHO classification-based Prognostic Scoring 
System (WPSS). Severe anemia was defined as 
hemoglobin levels lower than 9 g/dL in males 
and 8 g/dL in females.  
 
Two cohorts were analyzed, a ‘learning’ group 
(840) from Pavia, Italy, and a ‘validation’ group 
(504) from Düsseldorf, Germany. Data were 
collected between 1992 and 2007 for the for-
mer, and 1982 and 2006 for the latter. 
 
Variations in hemoglobin (in 1g/dl units) were 
monitored and regressed against the incidence 
of CVD, the definition of which included coro-
nary artery disease, congestive heart failure, 
myocardial infarction, and ejection fraction 
lower than or equal to 50%. The correlation be-
tween hemoglobin and overall survival (OS) was 

also investigated. 
 
At diagnosis, CVD was seen to be prevalent 
amongst 211 of 840 patients (25%) in the 
‘learning’ cohort, and a further 79 patients (9%) 
developed CVD during follow-up. This included 
congestive heart failure (19%), coronary artery 
disease or myocardial infarction (8%), arrhyth-
mia (7%), and heart valve disease (2%). CVD 
accounted for 63% of non-leukemic mortality in 
the cohort during follow-up. 
 
Results from the ‘learning’ cohort showed a 
strong correlation between hemoglobin levels 
and CVD. Both CVD and cardiovascular death 
were significantly more frequent in patients with 
severe anemia, compared to those with higher 
hemoglobin levels (IRR 1.70, P<0.001 and IRR 
4.22, P<0.001, respectively). Patients who de-
veloped severe anemia at any time during the 
follow-up had a significantly higher risk of car-
diovascular death (HR 4.35, P<0.001). This 
result held when the model was adjusted for 
sex, age and cardiovascular comorbidity (HR 
3.62, P<0.001). 
 
A linear relationship between hemoglobin and 
overall survival was noted, with a statistically 
significant difference being observed at hemo-
globin levels lower than 11 g/dl in males (HR 
from 5.23 to 15.56) and lower than 9 g/dl in 
females (HR from 6.26 to 11.82). 
 
This relationship was seen to stand even among 
those patients who did not have CVD at diagno-
sis. In those patients, severe anemia increased 
the risk of cardiac complications compared to 
patients with higher hemoglobin levels (HR 
3.85, P<0.001) (Figure 1). 
 
As well as supporting the relationship between 
anemia and cardiovascular outcomes, the re-
sults from this study reinforced the well-
established relationship between transfusion 
dependency and negative cardiovascular out-
comes. Of note, the authors concluded that ane-
mia had been shown to be as important a prog-
nostic factor for predicting cardiovascular out-
comes and mortality as transfusion status – a 
novel finding. 
 
Oliva et al [14] sought to investigate the rela-
tionship between anemia and cardiovascular 
outcomes (and related quality of life) in a cohort 
of 39 MDS patients recruited from a clinic in 
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Reggio Calabria, Italy. The study utilized a cross-
sectional regression analysis design and com-
pared two cohorts of patients according to 
transfusion status. For each cohort evaluations 
were conducted to measure hemoglobin levels 
and cardiac remodeling, as estimated by echo-
cardiographic evaluation of left ventricular hy-
pertrophy (LVH). Health-related quality of life 
(HRQoL) was measured using the disease-
specific QOL-E© instrument.  
 
Results from the study demonstrated a statisti-
cally significant relationship between hemoglo-
bin levels and cardiac remodeling (Table 1). 
After adjusting for age and transfusion status, 
the logistic regression model predicted that 
each unit increase of hemoglobin could lead to 
a 49% (CI 69–20%) decrease in the risk of oc-
currence of remodeling (P = 0.004), with a 
model accuracy of 84.6%. HRQoL was seen to 

be correlated with anemia: functional well-being 
was observed to be poorer in patients with he-
moglobin values below 10.7 g/dL (P = 0.07). 
 
Based upon these results, the authors con-
cluded that there was a clear relationship be-
tween hemoglobin levels, cardiac remodeling 
and HRQoL, and that the target of therapeutic 
intervention ought to be to maintain hemoglobin 
at near-normal levels. 
 
A second study by Oliva et al [21] investigated 
the improvement in cardiac remodeling associ-
ated with effective treatment of anemia in MDS 
patients. Data on hemoglobin levels and cardiac 
remodeling was collected during a 24 week, 
Phase II, non-controlled, longitudinal study of 
darbepoietin alfa 150 mcg s.c weekly (to be 
increased to 300 mcg weekly in non-
responders) in 20 patients with low and inter-
mediate-1 risk MDS and hemoglobin levels less 
than 11 g/dl at baseline.  
 
Hemoglobin levels and cardiac geometry were 
measured at baseline, 24 weeks, and one year. 
The latter was evaluated according to left ven-
tricular mass index (LVMI) quantified by echo-
cardiogram.  
 
Amongst the 14 patients who received at least 
24 weeks of treatment, there was a positive 
hemoglobin response of at least 1g/dl in 9 out 
of 11 patients who were not transfusion-
dependent. Of the 3 patients who were receiv-
ing transfusions, one patient responded with a 
decrease in transfusion requirement.  
 
Cardiac geometry was also seen to improve at 
24 weeks and was significant amongst patients 
who had seen a gain in hemoglobin (p=0.033). 
The median reduction in LVMI was –3.5 (range 
–53.37 to 51.43) and 2 patients with baseline 
hypertrophy saw partial and complete re-

Figure 1. Cumulative probability of cardiac complica-
tions in MDS patients without cardiac disease at 
presentation, according to the presence or absence 
of severe anemia (HR 3.85, P<0.001) [25].  

Table 1. Patient demographics, hemoglobin levels and cardiac remodeling by transfusion status [14] 
  TD TI 

MDS Patient N 12 27 

Female % 51% 

Incidence of cardiac remodeling 
Likelihood ratio (95% CI; P-value) 

92% 48% 
1.8 (1.2-2.6; P = 0.01) 

Mean Hb level of  patients without CRM g/dl 11.3 ± 2.4 
Mean Hb level of patients with CRM   g/dl 8.7 ± 1.4 
TD, Transfusion Dependent; TI, Transfusion Independent; Hb, Hemoglobin; CRM, Cardiac Re-Modeling 
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sponses, respectively. 
 
No regression analysis was reported on the 
strength of the relationship between hemoglo-
bin and LVMI, but univariate ANOVA analysis 
showed that improvements in hemoglobin was 
associated with improvements in QOL-E© treat-
ment outcome index (p=0.021), specific 
(p=0.001), fatigue (p=0.02), physical 
(p=0.028), functional (p=0.022), and general 
(p=0.048) scores. 
 
Despite the relatively small patient numbers in 
this study, the results were considered impor-
tant as they demonstrated a causative effect 
between changing anemia levels and cardiovas-
cular outcomes, whereas previous studies de-
scribed in this review only demonstrated an 
association between these factors. 
 
The final study identified through the systematic 
review was a retrospective analysis of data re-
lating to 815 MDS patients held in the Interna-
tional MDS Risk Analysis Workshop (IMRAW) 
Database [13]. The aim of the study was to im-
prove the International Prognostic Scoring Sys-
tem (IPSS) by including additional risk factors, 
particularly the role of anemia per se, as op-
posed to the proxy of transfusion status. Accord-
ingly, the effect of hemoglobin level was as-
sessed against long-term patient outcomes us-
ing multivariate regression.  
 
Although the relationship to cardiovascular out-
comes was not reported specifically, hemoglo-
bin level was observed as being highly statisti-

cally significantly associated with overall sur-
vival (P<0.0001). This relationship was particu-
larly pronounced in the Intermediate-1 and In-
termediate-2 subgroups of the IPSS (Figure 2) 
and remained significant after adjustment for 
gender and IPSS. 
 
The authors suggested that the findings from 
the analysis not only implied that anemia levels 
should be used as a prognostic factor in MDS, 
but that patients with MDS in the intermediate 
IPSS risk groups who have hemoglobin levels 
below 10 g/dl should be considered for disease-
altering treatment. 
 
Discussion 
 
This systematic review identified a small, but 
relatively homogenous, body of evidence investi-
gating the role of anemia in affecting cardiovas-
cular outcomes and overall survival in patients 
with MDS.   
 
The four studies consistently showed a strong 
relationship between lower hemoglobin levels 
and worse cardiovascular outcomes, including 
cardiac remodeling, congestive heart failure, 
coronary artery disease, myocardial infarction, 
arrhythmia, heart valve disease, and cardiovas-
cular mortality. Further, anemia has been 
shown to be an independent predictor of CVD 
outcomes in patients with MDS, beyond transfu-
sion status and IPSS.  
 
The magnitude of the relationship appears to be 
clinically significant, as well as statistically so. In 

Figure 2. Overall survival (OS) of patients with MDS in the Intermediate IPSS categories (Int-1 and Int-2) relative to 
baseline levels of hemoglobin (Kaplan Meier curves) [13].  
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the Oliva et al (2005) study [21], a 1 g/dl im-
provement in hemoglobin was associated with a 
49% reduction in risk in cardiac remodeling.  
And in the largest study conducted to date [25] 
non-leukemic death was seen to be 4 times 
higher in patients with Hb levels <9g/dl versus 
patients with Hb levels>11g/dl.  Anemia was 
also observed to affect patient HRQoL [21].  
 
Not only were results consistent between stud-
ies, but also between study designs. Three ret-
rospective regression analyses supported the 
importance of anemia as a cardiovascular risk-
factor, and this was validated by the single pro-
spective, interventional study in which a change 
in hemoglobin level led to improved cardiac ge-
ometry.  
 
Investigator conclusions drawn from these stud-
ies have also been consistent. Given that ane-
mia has been shown to be as good a predictor 
of outcome as transfusion status [25], all au-
thors advocated the increased use of this meas-
ure as a prognostic marker in clinical practice. 
Similarly, given the size of the burden associ-
ated with CVD in MDS, many of the published 
papers have recommended addressing anemia 
early after diagnosis so as to avoid transfusion 
dependency and related morbidity. For example, 
Oliva et al (2005) [21] suggested that clinicians 
should seek to maintain near-normal hemoglo-
bin levels to prevent cardiac remodeling.  
 
Yet despite the uniform conclusions from these 
analyses, there is still a need for further re-
search to inform clinical practice in this area. 
The high quality data necessary to justify a 
global change in the management of MDS are 
not currently available. There is a shortage of 
studies looking specifically at the relationship 
between anemia and cardiovascular outcomes 
in MDS patients, while the studies that have 
been conducted have mostly been retrospective 
or cross-sectional analyses that are subject to 
confounding. The only prospective study to date 
has been very small and requires validation in a 
larger cohort. More studies are therefore 
needed to address these issues, particularly 
MRI studies and controlled studies of therapeu-
tic interventions.  
 
Conclusion 
 
Based upon a relatively small body of evidence, 
there appears to be a strong and clinically sig-

nificant association between anemia and car-
diovascular morbidity and mortality in MDS. 
While further research is needed, clinicians 
should seek to actively manage hemoglobin 
levels in MDS patients before the point of trans-
fusion dependency is reached. 
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