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Abstract

Background: Data on the burden of Iron deficiency (ID) in Heart failure (HF) patients in India are sparse and there is very
little information available about the prevalence of iron deficiency in heart failure with mid-range (HFmrEF) and preserved
ejection fraction (HFpEF) in comparison to heart failure with reduced ejection-fraction (HFrEF).

Aims and Objective: This study was carried out with aim to evaluate iron profile in HF patients and to know the prevalence
of ID in HFpEF, HFmrEF and HFrEF in our region.

Materials and Methods: Patients with clinically diagnosed HF were enrolled in the study. This was a single tertiary care
centre, prospective, observational study carried out from December 2017 to November 2018. Patients were classified into
HFrEF, HFmrEF and HFpEF on echocardiography. Serum ferritin (micrograms per liter), serum iron (micrograms per liter),
total iron binding capacity (micrograms per liter), transferrin (milligrams per deciliter), and transferrin saturation were
measured to assess iron status. Absolute ID was defined as serum ferritin < 100 mg/L and functional ID was defined as
normal serum ferritin (100-300 mg/L) with low TSAT (<20%).

Results: A total of 120 patients of HF (66.7% males and 33.3% females) were studied. Out of 120 patients, 78 (65%) patients
of HF had ID. Absolute ID was in 38.3% and functional ID was seen in 26.7% patients. 62.5% of males had ID, whereas, 70%
of females had ID in HF. Patients with ID had higher NYHA Class, 35.9% compared to 23.8% patients without ID. ID was high
in all subsets of HF. ID was found in 61.11% in HFrEF, 67.44% in HFmrEF and 69.57% in HFpEF. P-0.71. 14.1% patients had
ID, but no anemia (p- 0.02). In anemic patients, ID was more (85.2%) than non anemic patients (69%).

Conclusion: In our study, prevalence of ID was higher in patients of HF than that reported from western literature. HFpEF
had higher prevalence of ID followed by HFmrEF and HFrEF, respectively. Literature is scanty about HFmrEF, our study has
given an insight of ID in this subset of HF. ID can occur even without anemia and females are more prone to have ID in HF.
Our study highlights the importance of diagnosis and treatment of ID in all subsets of HF, in order to improve quality of life,
morbidity and mortality in patients of HF.
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. abnormality, resulting in a reduced cardiac output and/or
Introduction . . . 7
elevated intra cardiac pressures at rest or during stress.
Heart failure (HF) is a global pandemic affecting an
estimated 26 million people worldwide." Prevalence of HF
is approximately 1-2% of the adult population in
developed countries, rising to more than 10% among
people 70 years of age. The lifetime risk of HF at age 55
years is 33% for men and 28% for women.”” Contemporary
data on the burden of HF in India are sparse. India has
undergone rapid epidemiological and demographic
transitions in the last two decades. As a result, the burden
of cardiovascular disease is increasing in India. At present,
the burden of HF in India is around 2-5 million patients
with an estimated prevalence of 2-3/1000 population.6

HF is a clinical syndrome characterized by typical
symptoms (e.g. breathlessness, ankle swelling and fatigue)
that may be accompanied by signs (e.g. elevated jugular
venous pressure, pulmonary crackles and peripheral
oedema) caused by a structural and/or functional cardiac

Iron is an important micronutrient that is required by every
cell in the body for metabolism. It has a number of
important roles that contribute to metabolic health. Being
a component of haemoglobin, it plays a key role in tissue
oxygenation. It is also a component of myoglobin, which is
an oxygen-binding protein found in skeletal muscle and
myocytes, allowing oxygen release in  hypoxic
conditions.? Iron plays a key role in erythropoiesis, via
hepcidin, which is produced in the liver and regulates iron
absorption in the gastrointestinal tract and iron release
from reticuloendothelial tissue. Iron Deficiency (ID) leads
to a reduction in maturation of haematopoietic cells and
resistance to erythropoietin, a renally produced cytokine
that increases red blood cell development.9 Once
absorbed, intracellular iron exists in the ferrous form
(Fe2+), while extracellular aerobic performance and is
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accompanied by the reportsiron is in the ferric form (Fe3+).
Iron is described as either stored (as ferritin within the
liver, bone marrow and spleen) or utilised (circulating and
intracellular iron).* Circulating iron is bound to
transferrin, which delivers iron to tissues for utilisation or
storage, while most intracellular iron is within
haemoglobin.

Anemia and ID are common in HF, and both may worsen
symptoms. Traditionally, ID has been considered to have
clinical consequences only in the presence of anemia.
However, ID, even in the absence of anemia, attenuate of
fatigue and exercise intolerance.”™" It has been found that
ID may occur in HF patients with or without anemia and it
increases morbidity in terms of frequent hospital
admissions, impaired exercise capacity, poor quality of life
and increased mortality.13 In patients with New York Heart
Association (NYHA) class Il, Il HF and ID, intravenous iron
replacement has been found to improve functional status
and quality of life."*** Iron is the key cofactor in oxidative
metabolism in skeletal muscle and Kreb’s cycle. Besides
helping in erythropoiesis, it plays a key role in oxygen
uptake, transport and storage as well as in oxidative
metabolism."™ It has been recognized that patients with HF
are prone to the development of ID due to multiple
mechanisms. This can be due to depletion of the iron store
due to dietary deficiency, low intake and decreased
absorption from gastrointestinal congestion or blood loss
from gastrointestinal tract, leading to absolute ID. Chronic
inflammation, commonly observed in chronic HF, may also
play a role. Inflammation causes reduced iron absorption
and availability of iron recycled in the reticuloendothelial
system which leads to functional ID."*"*® A decreased iron
status is associated with disease severity and is a strong
and independent predictor of outcome.” Recent American
and European guidelines also advise evaluation of all
patients with HF for anemia and ID, in addition to other
baseline laboratory measurements.””

Iron Deficiency (ID) may occur in HF patients with or
without anemia and it increases morbidity in terms of
frequent hospital admissions, impaired exercise capacity,
poor quality of life and increased mortality. Data on the
burden of ID in HF patients in India are sparse and there is
very little information available about the prevalence of ID
in HF with mid range ejection fraction (HFmrEF) and
preserved ejection fraction (HFpEF) in comparison to HF
with reduced ejection fraction (HFrEF)

Aims and Objectives

1. To study iron profile in HF patients
2. To find prevalence of ID in HFpEF, HFmrEF and HFrEF

Material and Methods

The study was carried out in the Cardiology Department of
Batra Hospital and Medical Research Centre, New Delhi,
India from December 2017 to November 2018.

STUDY DESIGN: This study was a prospective, single arm,
cross sectional, observational study.

Inclusion Criteria-
¢ Age 218 years

* Patients hospitalized for HF or Patients coming for
follow up in Out Patient Department clinically diagnosed
with HF

Exclusion Criteria-

* Patients having Chronic Kidney Disease or Chronic Liver
Disease or Congenital Heart Disease or any Malignancy.

e History of therapy for anemia in form of repeated
blood transfusions or iron therapy in the previous 12
months.

* Patients who do not give consent for study

Baseline characteristics, details of functional status i.e.
NYHA class and LVEF were recorded. All patients were
subjected to blood tests for Hb level, BNP and Iron study.
The following blood biomarkers reflecting iron status were
measured:

e Serum Ferritin (ug/L),

e Serum lron (pg/dL),

e Total Iron Binding Capacity (ug/dL) and

e Transferrin saturation (TSAT- calculated as the ratio of
serum iron (pg/dL) and TIBC (ug/dL) multiplied by 100 and
expressed as a percentage).

Transthoracic 2D-ECHO was done on all patients with
Philips EPIQ 7C with a 3.5 MHz transducer. LVEF was
measured by Simpson’s planimetry method. Accordingly
patients were categorised into-

e HFrEF- LVEF < 40%
e HFmrEF- LVEF = 40-50%
e HFpEF- LVEF >50%

Diagnosis of HF was established based on validated clinical
criteria from the ESC guidelines for the diagnosis of HF.
Patients were required to have a plasma B-type natriuretic
peptide (BNP) level 2100 pg/mL (or an N-terminal pro-BNP
[NT-proBNP] level 2300 pg/mL).*

e |D was defined as a (as per ESC guidelines) ferritin level
<100 pg/L or serum ferritin 100—299 pg/L in combination
with a TSAT <20%.%

-Absolute ID was diagnosed as ferritin level <100 pg/L.
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-Functional ID was diagnosed as normal serum ferritin
(serum ferritin 100-299 pg/L) in combination with a
TSAT <20%.

e Anemia was defined as Hb < 13 g/dI for males and <12
g/dl for females, based on World Health Organization
definition.?

Statistical Method

The statistical analysis was conducted following the
principles as specified in International Council for
Harmonization (ICH) Topic E9 (ICH 1998).For continuous
measurements - mean, median, standard deviation,
minimum and maximum were used to tabulate the data.
For the categorical measurements — absolute/relative
frequencies and percentages were used to compute the
data. Qualitative data was compared by chi square test.
While for quantitative data (mean) comparison between
two groups, student t test was used. For all statistical
analysis, p value of less than or equal to 0.05 was
considered to indicate a significant difference at 5% level
of significance. All statistical analysis were performed by
using software SPSS version 20.0.

Ethical Considerations

The Research was carried out after approval from Ethics
Committee of the Hospital.

Results
1. Iron deficiency in study subjects

Among 120 patients, 78 (65%) patients had Iron deficiency.
46 (38.3%) had Absolute ID and 32 (26.7%) had Functional
ID. Figure 1 depicts Iron deficiency in study subjects.

Iron deficiency in study subjects

w Absolute ID = Functional ID Noiron deficiency

Figure 1: Iron deficiency in study subjects
2. Distribution of Iron deficiency in male and female

50 (62.5%) males had ID, whereas, 28 (70%) females had
ID. Among males, 37.5% had Absolute ID and 25% had
Functional ID. Among females, 40% had Absolute ID and
30% had Functional ID. It shows females had more

tendency for ID (p = 0.81). Figure 2 shows distribution of ID
in male and female.

Distribution of iron deficiency in
male and female

30.00%

ABSOLUTE ID FUNCTIONALID TOTALID

B Male (n=80) mFemale (n=40)

Figure 2: Distribution of ID in male and female.
3. Subsets of HF on basis of LVEF and ID

Among patients with HFrEF, 21 (38.89%) patients did not
have ID, whereas, 33 (61.11%) patients had ID. Among
patients with HFmrEF, 14 (32.56%) patients did not have
ID, whereas, 29 (67.44%) patients had ID. Similarly, among
patients of HFpEF, 7 (34.43%) patients did not have ID,
whereas, 16 (69.57%) patients had ID. It shows that high
prevalence of ID is present in any subset of HF (p = 0.71).
Figure 3 show distribution in Subsets of HF on basis of LVEF
in patients with or without iron deficiency.

LVEF in patients with or without iron deficiency

80.00%
69.60%

67.40%

70.00%

61.10%

<40% 40-50% >50%

60.00%

50.00%
40.00% 3820%

30.00%
20.00%
10.00%

0.00%

32.60%

30.40%

W Patients without iron deficiency (n=42) W Patients with iron deficiency (n =78)
Figure 3: Subsets of HF on basis of LVEF in patients with or
without iron deficiency

4. Anemia status and ID

In patients without ID, 29 (69%) patients had anemia and
in patients with ID, 67 (85.2%) patients had anemia. 11
(14.1%) patients had no anemia, but ID was present (p =
0.02). Figure 4 show anaemia status in patients with or
without iron deficiency.
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Anaemia status in patients with or without
iron deficiency

90.00% 85.20%
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W Patients without iron deficiency (n=42) W Patients with iron deficiency (n =78)
Figure 4: Anaemia status in patients with or without iron
deficiency

Discussion

In this study, we found that ID is very common in Indian
patients with HF, affecting more than half of the HF
population. Absolute ID was more common than functional
ID (38.3% vs 26.7%). This study also confirmed that ID can
occur in the absence of anemia. In recent years, there is
increasing awareness worldwide of the significance of ID in
patients of HF. In USA, a prospective study of community-
dwelling adults with self-reported HF revealed a
prevalence rate of 61.3%. 2 n Europe, prevalence rates
ranging from 37% to 50% have been reported.n'24 Another
study, reported a prevalence of 61% among community
dwelling HF patients.25

In our study, we found the prevalence of ID being 65%,
which is significantly higher than these studies, but
comparable to two studies done in Indian population by
Sharma et al.”® and Verma et al.”’ This also highlights the
burden of this condition in Indian HF patients. A study by
Yeo et al.’® done in multiethnic Asian population,
suggesting HF patients of Indian ethnicity having highest
rates of ID, also support our findings.

Most of previous studies have taken chronic HF and HFrEF
as well as HFpEF patients. In our study, we also tried to
look for ID among subsets of HF patients, which included
HFrEF, HFpEF and HFmrEF. HFmrEF subset has been
considered for the first time in our region. Morover, very
little is known about this new entity in HF at present. ESC
2016 guidelines7 have emphasised on this subset of
HFmrEF and in coming time, more and more literature will
be available about HFmrEF. According to our study, most
patients had HFrEF (45%), followed by HFmrEF (35.8%) and
HFpEF (19.2%). Among patients with HFrEF, 21 (38.89%)
patients did not have ID, whereas, 33 (61.11%) patients
had ID. Among patients with HFmrEF, 14 (32.56%) patients
did not have ID, whereas, 29 (67.44%) patients had ID.
Similarly, among patients of HFpEF, 7 (34.43%) patients did

not have ID, whereas, 16 (69.57%) patients had ID.
Therefore, ID was found in 61.11% in HFrEF, 67.44% in
HFmrEF and 69.57% in HFpEF. This suggests that HFmrEF
and HFpEF have even higher prevalence of ID than total HF
patients. These group of patients need to be identified and
treated. Although large multicentre studies are needed
before generalisation of these results. These results are
similar to a study conducted by Martens P et al.”’ in 2018
in which ID was seen in 50% in HFrEF; 61% in HFmrEF and
64% in HFpEF, but the overall prevalence of ID was 53%,
which in our study is higher (65%) overall.

In Indian population, elderly population has prevalence of
ID anemia in about 32.6% population. In our study, ID is
significantly higher in HF patients (65%). This clearly
indicates the burden of ID in HF patients in India and the
need for its correction.On gender-based analysis, we found
that ID was significantly higher in women with HF as
compared to men. This finding is in accordance with
previous studies that suggested female gender as an
independent correlate of ID in HF."*!Iron is essential not
only for erythropoiesis but also for several bioenergetic
processes in the skeletal muscle and in the Krebs cycle.
Hence, chronic ID may not only lead to anemia but, by
itself, reduce exercise capacity and lead to problems,
including fatigue, restless legs, memory loss, skin
problems, etc. A vegetarian diet, Gl losses, malabsorption,
and various illnesses can be a cause of ID. In recent years,
the prevalence and prognosis of ID in chronic HF have
received greater attention. The mechanisms of ID are
multifactorial. Functional ID may occur despite adequate
iron stores, whereas iron stores are depleted in absolute
ID. In our study, absolute ID was the most common cause
of ID, which can be explained by wide prevalent nutritional
ID in India along with defective absorption in HF. Studies
have shown that ID is associated with advanced
symptoms.™

Recent studies have found that different clinical
characteristics have been associated with the disorder of
iron metabolism in patients with HF. These include
advance NYHA class, female sex, lower MCV, and anemia.
However, our study failed to identify any independent
predictors of ID. This might be related to the small size of
our study population. In this study, 65% patients were
having ID and among these patients, 85.2% had ID with
anemia. A significant number of patients (14.1%) were
having ID but no anemia. Thus, only Hb levels should not
be taken into consideration for workup of ID in HF
patients. With 26.7% prevalence, functional ID is also
making a significant part of disease burden. This subset will
remain unrevealed unless care is taken to consider TSAT
and serum ferritin in the workup. A recent article by Yeo et
al. also stressed regarding assessment of functional ID and
correlated it with symptoms regardless of ejection

202 |Page



https://www.ncbi.nlm.nih.gov/pubmed/?term=Martens%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28730869

Dr. Kulbhushan Badyal, et al.

International Journal of Medical and Biomedical Studies (IJMBS)

fraction.These findings lay emphasis on getting a complete
iron profile (including TSAT) in HF patients, a practice still
missing in the developing world, including India.

As our study indicates, ID is a common neglected burden in
Indian HF patients, and this requires the need for more
routine testing in future Indian guidelines. In this study, we
did not find any significant difference regarding NYHA
functional class among HF patients with or without ID.
Prior large-scale studies have established that ID in HF
patients correlates with NYHA functional class and work
capacity of patients.This difference may be attributed to
higher baseline NYHA class of our study patients. Being a
single-center study, the number of patients was also less
compared to these large-scale studies. Furthermore, this
was an observational study, so effect of iron
supplementation on improvement of NYHA class could not
be analyzed. Various studies with beneficial effect of Iron
supplementation in HF have been published including two
open, non controlled trials.’**' and four randomized,
placebo-controlled trials.'**>3*3

Limitations of the study

The sample size of our study was small, and since,there
was no control group, it was difficult to predict whether
the ID is more prevalent in the HF group than the general
population in India. Being a single-center study & India
being a vast country, it is difficult to generalize the
findings, necessitating multicenter larger studies.Our study
was a cross-sectional observational study and long term
effect of ID on mortality and morbidity has not been
addressed. A larger study that includes age and sex
matched controls is required to address the above
mentioned concerns.Third, only data from a single
measurement in time were available, so the present study
cannot comment on the effects of changes in iron status
over time. So, more studies with serial measurements of
iron indices over time are required in Indian population.

Conclusion

In our study, prevalence of ID was higher in patients of HF
than that reported from Western literature. HFpEF had
highest prevalence of ID followed by HFmrEF and HFrEF,
respectively. Literature is scanty about HFmrEF, our study
has given an insight of ID in this subset of HF. ID can occur
even without anemia and females are more prone to have
ID in HF. Our study highlights the importance of diagnosis
and treatment of ID in all subjects of HF, in order to
improve quality of life, morbidity and mortality in patients
of HF.
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