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ABSTRACT
Introduction: Iron deficiency (ID) has recently been identified as a threat to patients with heart failure with reduced
ejection fraction (HFrEF). This study was conducted to determine the occurrence of ID among HFrEF patients in
a Malaysian tertiary hospital and its correlation between left ventricular ejection fraction (LVEF). Methods: Stable
patients with LVEF less than 45% were included. Demographic data, LVEF (Simpsons) and cardiac functional status
were studied, along with full blood count and iron profile. Results: 81 patients with a mean LVEF of 33.6% were
recruited. 43.2% of them were NYHA class II patients, followed by 38.3% class III, 13.6% class I and 4.9% class IV
patients. About 2/5 of the study population were anaemic, and of those, 48.5% were iron deficient. Majority of these
anaemic patients (87.5%) had an absolute iron deficiency. Pearson’s statistical analysis showed positive correlation
between ejection fraction and serum ferritin (r=0.624, p< 0.001), serum iron (r= 0.302, p<0.05), transferrin saturation
(r= 0.346, p<0.001) and haemoglobin (r=0.528, p <0.001). Among the HFrEF patients, mean LVEF of those without
anaemia and without ID were the highest (35.75+4.35%), followed by anaemic patients without ID (31.71+4.47%)
and anaemic patients with ID (28.94+2.57%). There was also a trend showing that anaemic patients with ID were
associated with higher NYHA functional class. Conclusions: ID is correlated with HFrEF in this single tertiary centre
of a developing country. Further studies are needed to explore this potential nutritional therapeutic target that may
be used in the updates of existing advisory.
Keywords: Iron Deficiency, Heart Failure, Ejection Fraction, Anaemia
Corresponding Author:
Jun Jie Tan, D.Phil
Email: jjtan@usm.my
Tel: +604-5622422
KokLeng Tan, MMed
Email: tankl@usm.my
Tel: +604-5622029
INTRODUCTION
Despite significant improvement in treatment of heart
failure with reduced ejection fraction (HFrEF) over the
years, the functional status remains impaired among many
patients. Anaemia has been associated with increased
disease severity in HFrEF patients and is believed to
contribute to a poorer outcome (1) and earlier onset of
the disease (2). The pathophysiology contributing to the
adverse outcome in HFrEF is generally complex and
involving multiple aetiology (3-5). One of the common
key factors involved is iron deficiency (ID) (6-8).

Traditionally, ID is only considered clinically relevant
when a patient is anaemic. However, a chronic and
gradual reduction in iron storage may be a preventable
cause of anaemia (9). New studies have shown that
even if patients are non-anaemic, ID is still common
among HFrEF patients (1, 10).Regardless whether a
patient is anaemic, ID is associated with a decreased
physical fitness and reduced effort tolerance (11-13).
The frequency and clinical significance of ID, regardless
of haemoglobin level in patients with HFrEF is unclear
and more data is needed (1, 14, 15). This study was
conducted to determine the occurrence of ID among
HFrEF patients in a Malaysian tertiary hospital, the
correlation between left ventricular ejection fraction
(LVEF) and serum iron profile.
MATERIALS AND METHODS
Inclusion & Exclusion Criteria
This cross-sectional study was conducted after the
approval of the Human Research and Ethic Committee
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of Universiti Sains Malaysia (USM/JEPeM/14080293).
Patients were recruited during echocardiography
assessment. Inclusion criteria were age above 18 years
old, LVEF ≤ 45% (Simpson’s method), and clinically
stable for the past 6 months. Exclusion criteria include
acute coronary syndrome or any major surgery within
the last 3 months. Patients with acute or chronic illness
that may affect iron metabolism (e.g. malignancy,
infection, chronic liver disease, severe kidney disease
requiring haemodialysis and haematological diseases)
were excluded. Venous blood (10 ml) was drawn
from each consented patient and sent for iron profiling
(serum ferritin, serum iron level, total iron binding
capacity, transferrin saturation and haemoglobin
level). Demographic data, LVEF (Simpson’s planimetric
method) and New York Heart Association (NYHA)
functional classification for each patient were
recorded. The researcher who recorded the NYHA
classification was different from the one who performed
echocardiography and each of them was blinded from
the findings of patients including NYHA and LVEF
which had been recorded. Patients with ID were those
with serum ferritin level < 100μg/L, or ferritin level from
100-300 μg/L with transferrin saturation (Tsat) < 20%.
Patients with haemoglobin level < 12g/ dL in women or
< 13g/dL in men were considered anaemic.
Statistical analysis
All data was processed and analysed using IBM Statistical
Package for Social Sciences (SPSS) version 22.0. The
frequency of anaemia and iron deficiency state in HFrEF
were analysed. Relationship between LVEF with serum
haemoglobin, ferritin and transferrin saturation were
analysed using Pearson’s correlation analysis.
RESULTS
A total of 62 male and 19 female patients with HErEF
(n= 81), with age ranging from 29 to 87 and mean LVEF
of 33.6±4.9% were recruited (Table I). Average weight
was 65±5.3 kg with BMI 22.6±1.5 kg/m2. Of the 81
recruited patients, 11 (13.6%) were diagnosed as class
I, while class II and III were 35 (43.2%) and 31 (38.3 %)
respectively, based on NYHA functional classification.
Only 4 patients (4.9%) were in NYHA class IV (Table
I). In addition, 33 patients (40.7%) were found to be
anaemic, and 48.5% of the anaemic patients were
deficient in iron. However, all ID cases were found in
patients with anaemia, which accounted for 19.8% of
the whole study population. Among the iron deficient
patients, absolute ID was found in 14 patients (87.5%)
and 2 (12.5%) were having functional ID.
With Pearson’s correlation analysis, serum haemoglobin,
serum ferritin, serum iron level and transferrin saturation
were found positively correlated with LVEF (p < 0.05)
(Figure 1A-D). Serum ferritin was better correlate with
LVEF (r = 0.624, p<0.01) (Figure 1D) compared to serum
haemoglobin (r = 0.528, p<0.001) (Figure 1C). However,
132

Table I: Socio-demographic and clinical characteristics of participated patients
Socio-demographic characteristics
Variable
Gender

Mean (SD)

Male

n (%)
62 (76.5%)

Female

19 (23.5%)

Age

(years)

60.8 (10.2)

Weight

(kg)

65.0 (5.3)

Height

(cm)

169.5 (2.6)

BMI

(kg/m²)

22.6 (1.5)

Clinical Characteristics
Variables

Mean (SD)

n (%)

New York Heart Association
Functional Class
Class I

11 (13.6)

Class II

35 (43.2)

Class III

31 (38.3)

Class IV
Left ventricular ejection fraction
(%)

4 (4.9)
33.6 (4.9)

Blood parameter
Serum iron (μmol/L)

9.8 (2.5)

Total iron binding capacity
(μmol/L)

53.52 (67.1)

Transferrin saturation (%)
Serum ferritin (μg/L)

24.4 (6.4)
253.5 (67.1)

Serum hemoglobin (g/dL)

12.8 (1.8)

Outcome
Anemia

33 (40.7)

Iron deficiency

16 (19.8)

Absolute iron deficiency
Functional iron deficiency

14 (17.3)
2 (2.5)

Diabetes Mellitus

28 (34.6)

Hypertension

40 (49.4)

Chronic Kidney Disease (Creatinine Clearance <30 ml/min)

10 (12.3)

Diabetes + Hypertension

23 (28.4)

Diabetes + Chronic Kidney Disease

8 (9.9)

Hypertension + Chronic Kidney
Disease

8 (9.9)

Hypertension + Diabetes + Chronic Kidney Disease

6 (7.4)

total iron binding capacity does not statistically correlate
with LVEF (Figure 1E).
Among the recruited HFrEF patients, mean LVEF of
those without anaemia were the highest (35.8±4.4%),
followed by anaemic patients without ID (31.7±4.5%),
and anaemic patients with ID (28.9±2.6%) (Figure 2A).
64.6% of the non-anaemic patients were in NYHA
class I and class II. For anaemic patients with no iron
deficiency, more than half were in NYHA class I and
II (52.9%), and 47.1% of them were in NYHA class III
and IV. Among the patients who were anaemic and iron
deficient, all of them were having symptoms of heart
failure, with a majority (56.3%) having dyspnoea on
mild exertion (Figure 2B). Noteworthy, among all the
anaemic patients, those with functional class III and
IV had significantly lower level of serum iron (8.7±2.4
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Figure 1: Relationship between left
ventricular ejection fraction and (A)
serum iron, (B) transferrin saturation, (C) Hb, (D) serum ferritin and
(TIBC) in HFrEF patients.

Figure 2: (A) Mean LVEF of HFrEF patients without anaemia, with anaemia and with iron deficiency anaemia. (B) Distribution
of patient NYHA functional class in different subgroup of patients

µg/L) and serum ferritin (210.9±61.0 µg/L) than those
with NYHA class I and II (10.6±2.4 µg/L and 285.9±52.1
µg/L, respectively; p<0.001).
DISCUSSION
Anaemia and Iron Deficiency in Heart Failure with
reduced Ejection Fraction
Iron deficiency is one of the most common chronic
nutritional deficiency that affects almost 2 billion people
worldwide (16), which could affect erythropoiesis and
thus may present concomitantly with anaemia. Hence,
patients with ID would have higher risk of developing
anaemia. Although ID without anaemia is relatively
uncommon, it poses a significant diagnostic challenge as
iron profiles are usually investigated only when anaemia
is not responding to haematinics. It occasionally presents
in parturient, or patients with menorrhagia, blood
donations, as well as history of celiac disease (17). Most
of the past studies on iron deficiency and heart failure
were from developed countries. Hence, this study
provides a new insight for the disease comorbidity and
its correlation in a developing country like Malaysia,

which has lifestyle and dietary behavior.
Yet, the significance and the consequence of ID in
heart failure patients are often neglected (18). Our
study showed that that 48.5% of the anaemic HFrEF
populations were iron deficient, with majority of
them were having absolute iron deficiency. This is
also similar to an international study involving multiethic Asian which concluded that anaemia represents
nearly half of their study population (19). Iron is also a
metabolically active micronutrient and is known for its
vital role in oxygen storage, transport and mitochondrial
oxidative metabolism in heart muscle (20). The
postulated pathogenesis of ID could be correlated to
the initial activation of sympathetic pathway (21), left
ventricular (LV) hypertrophy and finally LV dilation
(22). Subsequently, ID could affect cardiac muscle
contractility and the global heart function (23).
Studies have shown that iron deficiency in patients with
HFrEF is correlated with poorer quality of life, reduced
functional capacity and increased mortality (24, 25). A
study involved international pooled cohorts concluded
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that ID, but not anaemia, is a strong independent
predictor of mortality, with a greater predictor power
than anaemia (26). They demonstrated that up to
42% heart failure patients with iron deficiency despite
having normal haemoglobin level (26). This was not
observed in our cohort and thus a future study with
larger sample size may help to confirm this. However,
we consistently observed a strong positive correlation
between haemoglobin, ferritin, transferrin saturation
and ejection fraction in our study, with serum ferritin
correlated better with LVEF as compared to serum
haemoglobin. Furthermore, the mean LVEF among the
HFrEF patients was the highest among patients without
anaemia, followed by anaemic patients without ID, and
the lowest was among patients with Iron deficiency
anaemia.
Iron deficiency can also lead to anaemia in heart
failure patients, and the cause of iron deficiency
in these patients can also be a result of progressive
heart failure. In this study, only the total iron binding
capacity, or “transferrin” iron-binding capacity (TIBC)
which measures the binding capacity of transferrin to
iron, was found to be uncorrelated with LVEF. This is
because chronic inflammation in heart failure may lead
to overactivity of sympathetic nervous system and reninangiotensin-aldosterone system, subsequently blocking
transferrin receptor causing inhibition of iron intake (27,
28). In addition, the binding of iron with transferrin may
be reduced due to increased hepcidin production (29).
Low serum iron can couple with high TIBC in patients
with IDA, but low in anaemia of chronic disease with
normal transferrin saturation. Hence, changes in TIBC
may not represent the true status of iron deficiency due
to the net effect of ID and anaemia of chronic disease in
HFrEF patients. Nonetheless, with the double antiplatelet
agents commonly prescribed to patients with heart
disease, it also imposes the risk of mucosal breaks and
occult bleeding in the upper and lower gastrointestinal
tract (30), thus contributes to ID anaemia in HFrEF
population.
Anaemia and Iron Deficiency and Symptoms of Heart
Failure
NYHA is a simple and widely accepted way of grading
the severity of functional limitation in heart failure. It
has been widely employed as a risk stratification tool
in clinical practice, as well as an important outcome
measure. A strong association has been reported between
NYHA functional class and outcomes in patients with
heart failure (31).

least, from dyspnoea on moderate exertion. More than
60 % of them were in moderate to severe symptoms of
heart failure (NHYA functional class III or IV). This is in
agreement with a study by Martens et al. (2018) which
suggested that higher prevalence of iron deficiency was
noted in patients with more functional limitations (24).
The study also found that iron status is closely related
to a reduced in VO2 max than the severity of anaemia.
This study was limited by small number of NYHA class
IV patients, as these patients were mostly unstable and
thus unfit for this 6-month study. The small sample size
in the experiment also fails to capture patients with
absolute ID without anaemia, thus unable to represent
the disease comorbidity pattern. Future study with larger
sample size and improved experimental design including
patients’ aetiology and treatment may provide better
representation of the disease comorbidity and justify
whether ID anaemia can be a target of HF management
in this country.
CONCLUSION
In conclusion, this study revealed a high frequency of
ID among HFrEF patients in this tertiary hospital of a
fast-developing country. Serum ferritin, serum iron,
transferrin saturation and haemoglobin level were
positively correlate with LVEF. Knowing the prevalence
of ID in HFrEF patients and with increasing understanding
of these notorious comorbidities from past studies,
emphasizing haemoglobin and ferritin levels as equally
important therapeutic target could be an alternative
management strategy to improve LVEF and functional
status in HFrEF patients. In cases of which patient is
intolerant to oral haematinics, intravenous iron should
be recommended as soon as possible. Further action
should be taken to update the existing advisories and
emphasise the importance of treating ID aggressively in
managing chronic heart failure.
ACKNOWLEDGMENTS
The authors thank all clinical staffs at Cardiology Unit,
Department of Medicine, Universiti Sains Malaysia
Hospital, for their endless help and support in completing
this project. This project was supported by Advanced
Medical and Dental Institute, Universiti Sains Malaysia.
The authors also thank Jo Anne Lim and Kelvin Shenq
Woei Siew for critical proofreading and reviewing this
manuscript.
REFERENCES

In this study, more than half of the non-anaemic patients
were in NYHA class I and class II. For anaemic patients
who were not iron deficient, half of them were in NYHA
class I and II and others were in class III and IV. None
of the patients with both ID and anaemia was in NYHA
class I. This suggests that all of them were at least having
some symptoms of heart failure, i.e. they suffered, at
134

1.
2.

Anand IS, Gupta P. Anemia and Iron Deficiency
in Heart Failure: Current Concepts and Emerging
Therapies. Circulation. 2018;138(1):80-98.
Jonsson A, Hallberg AC, Edner M, Lund LH,
Dahlstrom U. A comprehensive assessment of the
association between anemia, clinical covariates

Mal J Med Health Sci 16(1): 126-130, Jan 2020

3.

4.

5.

6.

7.
8.

9.
10.

11.

12.

13.

14.

and outcomes in a population-wide heart failure
registry. Int J Cardiol. 2016;211:124-31.
Triposkiadis F, Giamouzis G, Parissis J, Starling
RC, Boudoulas H, Skoularigis J, et al. Reframing
the association and significance of co-morbidities
in heart failure. Eur J Heart Fail. 2016;18(7):74458.
Emami A, Saitoh M, Valentova M, Sandek A, Evertz
R, Ebner N, et al. Comparison of sarcopenia and
cachexia in men with chronic heart failure: results
from the Studies Investigating Co-morbidities
Aggravating Heart Failure (SICA-HF). Eur J Heart
Fail. 2018;20(11):1580-7.
Tanaka A, Inaguma D, Watanabe Y, Ito E,
Kamegai N, Shimogushi H, et al. Ferrokinetics is
associated with the left ventricular mass index in
patients with chronic kidney disease. Acta Cardiol.
2017;72(4):460-6.
Ebner N, Jankowska EA, Ponikowski P, Lainscak
M, Elsner S, Sliziuk V, et al. The impact of iron
deficiency and anaemia on exercise capacity
and outcomes in patients with chronic heart
failure. Results from the Studies Investigating Comorbidities Aggravating Heart Failure. Int J Cardiol.
2016;205:6-12.
von Haehling S, Ebner N, Evertz R, Ponikowski
P, Anker SD. Iron Deficiency in Heart Failure: An
Overview. JACC Heart Fail. 2018.
Martens P, Verbrugge F, Nijst P, Dupont M,
Tang WH, Mullens W. Impact of Iron Deficiency
on Response to and Remodeling After Cardiac
Resynchronization Therapy. Am J Cardiol.
2017;119(1):65-70.
Auerbach M, Adamson JW. How we diagnose and
treat iron deficiency anemia. American Journal of
Hematology. 2016;91(1):31-8.
Makubi A, Hage C, Lwakatare J, Mmbando
B, Kisenge P, Lund LH, et al. Prevalence and
prognostic implications of anaemia and iron
deficiency in Tanzanian patients with heart failure.
Heart. 2015;101(8):592-9.
Drozd M, Jankowska EA, Banasiak W, Ponikowski
P. Iron Therapy in Patients with Heart Failure
and Iron Deficiency: Review of Iron Preparations
for Practitioners. Am J Cardiovasc Drugs.
2017;17(3):183-201.
Klip IT, Jankowska EA, Enjuanes C, Voors AA,
Banasiak W, Bruguera J, et al. The additive burden
of iron deficiency in the cardiorenal-anaemia axis:
scope of a problem and its consequences. Eur J
Heart Fail. 2014;16(6):655-62.
Bekfani T, Pellicori P, Morris D, Ebner N, Valentova
M, Sandek A, et al. Iron deficiency in patients with
heart failure with preserved ejection fraction and its
association with reduced exercise capacity, muscle
strength and quality of life. Clin Res Cardiol. 2018.
Kotecha D, Ngo K, Walters JA, Manzano L,
Palazzuoli A, Flather MD. Erythropoietin as a
treatment of anemia in heart failure: systematic

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

review of randomized trials. Am Heart J.
2011;161(5):822-31 e2.
Wang CC, Chang HY, Yin WH, Wu YW, Chu PH,
Wu CC, et al. TSOC-HFrEF Registry: A Registry of
Hospitalized Patients with Decompensated Systolic
Heart Failure: Description of Population and
Management. Acta Cardiol Sin. 2016;32(4):40011.
Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK,
Johns N, Lozano R, et al. A systematic analysis of
global anemia burden from 1990 to 2010. Blood.
2014;123(5):615-24.
Soppi ET. Iron deficiency without anemia – a clinical
challenge. Clinical Case Reports. 2018;6(6):10826.
Sharma SK, Agarwal SK, Bhargava K, Sharma M,
Chopra K, Arumugam G. Prevalence and spectrum
of iron deficiency in heart failure patients in south
Rajasthan. Indian Heart J. 2016;68(4):493-7.
Goh VJ, Tromp J, Teng TK, Tay WT, Van Der Meer
P, Ling LH, et al. Prevalence, clinical correlates,
and outcomes of anaemia in multi-ethnic Asian
patients with heart failure with reduced ejection
fraction. ESC Heart Fail. 2018;5(4):570-8.
Hoes MF, Grote Beverborg N, Kijlstra JD,
Kuipers J, Swinkels DW, Giepmans BNG, et al.
Iron deficiency impairs contractility of human
cardiomyocytes through decreased mitochondrial
function. Eur J Heart Fail. 2018;20(5):910-9.
Turner LR, Premo DA, Gibbs BJ, Hearthway ML,
Motsko M, Sappington A, et al. Adaptations to iron
deficiency: cardiac functional responsiveness to
norepinephrine, arterial remodeling, and the effect
of beta-blockade on cardiac hypertrophy. BMC
Physiol. 2002;2:1.
Naito Y, Tsujino T, Matsumoto M, Sakoda T,
Ohyanagi M, Masuyama T. Adaptive response
of the heart to long-term anemia induced by
iron deficiency. Am J Physiol Heart Circ Physiol.
2009;296(3):H585-93.
Jankowska EA, Rozentryt P, Witkowska A, Nowak J,
Hartmann O, Ponikowska B, et al. Iron deficiency:
an ominous sign in patients with systolic chronic
heart failure. Eur Heart J. 2010;31(15):1872-80.
Martens P, Nijst P, Verbrugge FH, Smeets K,
Dupont M, Mullens W. Impact of iron deficiency
on exercise capacity and outcome in heart failure
with reduced, mid-range and preserved ejection
fraction. Acta Cardiol. 2018;73(2):115-23.
Enjuanes C, Klip IT, Bruguera J, Cladellas M,
Ponikowski P, Banasiak W, et al. Iron deficiency
and health-related quality of life in chronic heart
failure: results from a multicenter European study.
Int J Cardiol. 2014;174(2):268-75.
Klip IT, Comin-Colet J, Voors AA, Ponikowski P,
Enjuanes C, Banasiak W, et al. Iron deficiency
in chronic heart failure: an international pooled
analysis. Am Heart J. 2013;165(4):575-82 e3.
Rocha BML, Cunha GJL, Menezes Falcao LF.

Mal J Med Health Sci 16(1): 126-130, Jan 2020

135

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

The Burden of Iron Deficiency in Heart Failure:
Therapeutic Approach. J Am Coll Cardiol.
2018;71(7):782-93.
28. Yokusoglu M, Nevruz O, Baysan O, Uzun M,
Demirkol S, Avcu F, et al. The altered autonomic
nervous system activity in iron deficiency anemia.
Tohoku J Exp Med. 2007;212(4):397-402.
29. Camaschella C. Iron-Deficiency Anemia. N Engl J
Med. 2015;373(5):485-6.
30. Abraham NS, Hlatky MA, Antman EM, Bhatt
DL, Bjorkman DJ, Clark CB, et al. ACCF/ACG/
AHA 2010 expert consensus document on the

136

concomitant use of proton pump inhibitors and
thienopyridines: a focused update of the ACCF/
ACG/AHA 2008 expert consensus document on
reducing the gastrointestinal risks of antiplatelet
therapy and NSAID use. J Am Coll Cardiol.
2010;56(24):2051-66.
31. Ahmed A, Aronow WS, Fleg JL. Higher New York
Heart Association classes and increased mortality
and hospitalization in patients with heart failure
and preserved left ventricular function. Am Heart
J. 2006;151(2):444-50.

Mal J Med Health Sci 16(1): 131-136, Jan 2020

