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  ABSTRACT  

heart failure anemia iron profile  Anaemia is a common and important comorbidity in patients with 

chronic heart failure as demonstrated in some studies and is associated 

with poor outcomes, it is complex and multifactorial. To review some 

hematological parameters in relation to state of heart failure in term of 

echocardiographic parameters. A cross sectional hospital based study 

was to be performed during the period from 15th of February 2019 to 15th 

of December 2019 enrolling patients admitted to the medical ward, 

C.C.U. and emergency department at Al-Immamain Al-Kadhimein 

hospital. For each patient, Demographic information, Clinical 

information, complete blood count, ECHO study and iron profile in 

anaemic patients were performed. The mean age of study sample 

[62.04±11.35] years for anaemic and [62.52±11.90] years for non 

anaemic patients, female comprises (56.3%) of  them, 30% of patients 

are anaemic, there is no significant statistical association between the 

anaemic and non anaemic HF patients concerning echocardiographic 

parameters including LVIDd (P value  0.179), LVIDs (p value 0.605) 

LA diameter (p value 0.990), septal wall thickness (p value 0.419), as 

well as aortic root diameter (P value 0.560),  also there is no significant 

statistical relation between EF in anaemic and not anaemic heart failure 

patients in the current study (P value = 0.644). It couldn’t prove from 

this study that there is any statistical significant evidence for the effect of 

anaemia on cardiac chambers geometry or size in patients with heart 

failure. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

The clinical course of heart failure (HF) is variable, due to the interaction of diverse demographic and 

clinical characteristics that affect prognosis, among them anaemia and iron deficiency [1- 3]. 

 

Anaemia with a Hb <7.0 g/dL induces abrupt increase in cardiac output in patients with non-cardiac disease 

and causes subsequent high-output HF [4]. 

 

Hb level was linearly correlated with systemic vascular resistance index (SVRI), and that the severity of 

anaemia was independently associated with low SVRI only in patients with hemodynamic congestion in the 

range of Hb 6.9–18.7 g/dL. It has been recognized that a low Hb level reduces SVR as a result of decreases 
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in blood viscosity and enhances nitric oxide-mediated vasodilation [5- 7] and also induces abnormally low 

oxygen delivery to organ tissue in general. 

 

Tissue oxygen extraction increases to compensate for low oxygen delivery secondary to low Hb levels by 

displacing the Hb-oxygen dissociation curve to the right to maintain oxygen delivery in healthy individuals 

[7- 9]. 

 

Iron is an essential element in the synthesis of collagen [10], which has an integral role in supporting and 

sustaining vascular wall. In iron deficiency (ID) sate, the content of collagen in heart tissue is decreased 

[11], resulting in the decreased elasticity of the myocardium and vascular wall, as well as changes in the 

normal pressure–volume relationship. Iron is also an important component of the enzymatic system of 

cardiomyocytes. Without iron, the biological enzyme system is destroyed, and mitochondrial cytochrome c 

release is increased. This condition is often accompanied by mitochondrial swelling, irregular deformation 

of sarcomeres, and increased presence of reactive nitrogen species in cardiomyocytes, eventually leading to 

muscle cell damage [12]. 

 

Aim of the Study: 

To review some hematological parameters in relation to state of heart failure in term of echocardiographic 

parameters. 

 

2. Patients and Method 

 

2.1 Study Design and Setting: 

A cross sectional hospital based study was to be performed during the period from 15th of February 2019 to 

15th of December 2019 enrolling patients admitted to the medical ward, C.C.U. and emergency department 

at Al-Immamain Al-Kadhimein hospital. 

 

All patients were informed about the study and consent was taken. 

 

2.2 Patients: 

Inclusion Criteria: 

All patients with confirmed diagnosis of heart failure diagnosed on the basis of clinical signs and symptoms 

and echocardiography were included randomly. 

Exclusion Criteria: 

1. Patients with known haematological diseases. 

2. Patients with heart failure secondary to idiopathic dilated cardiomyopathy. 

3. Patients with anaemia due to overt blood loss. 

4. Patients with known valvular heart diseases. 

 

2.3 Method: 

For each patient proper assessment  was performed to define Demographic and Clinical information, 

haematological investigations included complete blood count (hemoglobin-H.b., packed cell volume-PCV, 

mean cell volume- MCV, mean cell hemoglobin-MCH, red cell distribution width-RDW, white blood cell- 

WBC, neutrophil /lymphocyte ration-NLR platelets count), echocardiographic (ECHO) study parameters 

which are ejection fraction (E.F.), left ventricular internal diameter end systole (LVIDs), left ventricular 

internal diameter end diastole (LVIDd), left atrium (L.A.), septal wall thickness and aortic root done by the 

ECHO machines vivid S5 and vivid E9 by operator specialists. Iron profile (s.Iron, total iron binding 
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capacity, transferrin saturation and s.ferritin ) in anaemic patients. 

 

For Statistical purposes, Patients with heart failure were classified into subgroups according to confirmation 

of anaemia. Echocardiographic changes were compared between the 2 groups using the statistical package 

for social sciences (SPSS) 21.0 and Microsoft Excel 2013. 

 

3. Results 

Eighty (80) patients with consistent diagnosis of heart failure were enrolled. Female comprises (56.3%) of 

them. It is found that (30%) of the patients are anaemic (24 patients) while the rest (70%) are not anaemic 

(56 patients). 

 

Patients were distributed into 3 groups according to their presentation modes, majority of them (62.5%) 

were labeled as chronic heart failure, (18.8%) as acute heart failure and similar (18.8%) for acute on chronic 

heart failure. 

 

Left ventricular heart failure identified in (52.5%) while right ventricular failure in (33.8%), and (13.8%) 

with biventricular heart failure. 

 

The clinical severity of manifestations was scored depending on the patient symptoms in concordance with 

NYHA classification of heart failure, patients with NYHA III are (31.3%) and patients with NYHA II are 

(30.0%) while patients with NYHA IV are (23.8%) of patients and those with NYHA I are (15.0%) of 

patients. 

 

The state of anaemia had shown a statistical significant association with recurrent hospital admission (P 

=0.044*) with a mean number of 1.46 for anaemic patient which is higher than non anaemic patients which 

is 1.00. However, no such statistical relationship with the patients age or duration of heart failure (P value = 

0.868, 0.220 respectively), as demonstrated in table 1. 

 

3.1 Relationship with echocardiographic parameters: 

None of echocardiographic parameters had proved any statistical significant relationship with state of 

anaemia compared with those non anaemic group, despite the observation of lower mean EF% in the 

presence of anaemia (45.08%) than that of non anaemic patient (46.27%) (P=0.644). Similarly, the other 

parameters which are left ventricular internal diameter end diastole (LVIDd), left ventricular internal 

diameter end systole (LVIDs), left atrium diameter (LA), aortic root diameter as well as septal wall 

thickness (P=0.179, 0.605, 0.990, 0.560, 0.419 respectively), as demonstrated in table 2. 

 

3.2 Relationship of clinical manifestation of heart failure with iron profile study: 

There is significant statistical relation between clinical manifestation of heart failure and TIBC (P value 

0.025), in contrast to s.iron, transferrin saturation and s.ferritin (P value 0.205, 0.180, 0.235 respectively) as 

demonstrated in table  3. 

 

3.3 Relationship of severity of heart failure with hematological parameters: 

There is significant statistical relation between severity of heart failure and neutrophil /lymphocyte ration 

(NLR) (P value 0.048), the higher mean value of NLR is more in patients with HFrEF. There is also a 

significant statistical relationship with platelets with mean platelets count (P value 0.033), but not with Hb 

(P value 0.377), PCV (P value 0.382), MCV (P value 0.427), MCH (P value 0.918), RDW (P value 0.059) 

and WBC (P value 0.738), as demonstrated in table 4. 



W. F. AlTameemi and N. S. Al_Jada, 2022                                                           Azerbaijan Medical Journal 

 

4942 
 

3.4 Relationship of severity of heart failure with iron profile study: 

There is significant statistical relationship with TIBC (P value 0.002), but not with either of s.iron (P value 

0.185), transferrin saturation (P value 0.235) and s.ferritin (P value 0.245), as demonstrated in  table 5. 

 

3.5 Relationship between echocardiographic parameters and hematological data, iron study  

There is significant negative correlation between MCV and septal wall thickness (P value 0.018, r= -0.264) 

(figure 1). Similarly the same there is significant negative correlation between RDW and EF (P value 0.022, 

r= -0.255) while there is significant positive correlation between RDW and LVIDs (P value 0.046, r= 0.224) 

(figure 2). 

 

There is a significant negative correlation between EF and s.ferritin (P value 0.048, r= -0.408) (figure 3), in 

contrast to a  significant positive correlation between EF and TIBC (P value 0.004, r=0.564) (figure 4). 

 

4. Discussion 

The state of anaemia had shown no statistical significant association neither with age nor the duration of 

heart failure in this study (P value of 0.868,0.220 respectively), the mean age of anaemic patients in the 

current study is 62.04 years which is not highly different from that of [13]. 

 

The state of anaemia had shown a statistical significant association with recurrent hospital admissions 

(P=0.044), anaemic patients are more frequently admitted to hospital since most of the patients were at 

advanced grade of NYHA classification, they were more likely admitted to hospital as well as the state of 

anaemia may exacerbate cardiac myocyte oxygenation resulting in deterioration of the condition. 

 

There is no significant statistical relation between EF in anaemic and not anaemic heart failure patients (P 

value = 0.644) and this may be attributed to the limited sample size in addition to technical issues of 

accuracy of echocardiographic machines and inter individual variation among operators, which is not 

consistent with [14] finding (EF 45.08% (±9.28 SD) Vs 63.89% (±7.99 SD) in anaemic patients while (EF: 

46.27% (±10.91 SD) Vs 65.11%) in non anaemic patients. 

 

There is a significant statistical relation between  NYHA classification of heart failure and TIBC (P value 

0.025) and it usually indicates iron deficiency anaemia, but there is no significant statistical relation with 

s.iron, transferrin saturation and s.ferritin (P values 0.205, 0.180, 0.235 respectively), unlike [15] report that 

showed  highly significant statistical relations  among  NYHA classification of heart failure and s.iron, 

transferrin saturation and s.ferritin (P value 0.001 for each), this may be explained by that most patients are 

already supplemented  with iron medications. 

 

There is significant statistical relation between severity of heart failure and platelets count (P value 0.033), 

and NLR (P value 0.048), NLR is increased with the reduction of EF in agreement with [16] finding who 

proved the relationship between increase in NLR and the severity of the cardiac condition quantified by 

lower LVEF burden. 

 

There is significant negative correlation between MCV and septal wall thickness and that may be due to that 

patients with left ventricular hypertrophy due to hypertension may develop microcytosis (either iron 

deficiency anaemia or anaemia of chronic disease) [17], also there is significant negative correlation 

between RDW and EF, may be explainedby that patients with low EF and have high RDW (negatively 

proportional), may develop iron deficiency anaemia while there is significant positive correlation between 

RDW and LVIDs means that HF patients with left ventricular hypertrophy as a consequence of 
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hypertension are at increased risk of iron deficiency anaemia, like in [17] which proved that  patients  

develop cardiac chamber enlargement in ongoing IDA, Patients with IDA develop changes in the levels and 

remodelling of cardiac muscle molecules [18]. 

 

In the early stages, the cardiac output increases and forms hyperdynamic circulation. Long-lasting 

hyperdynamic circulation increases the load on the heart, causing myocardial ischaemia and hypoxia, and 

then may cause ventricular hypertrophy [17]. 

 

There is significant negative correlation between EF and platelets, s.ferritin while there is significant 

positive correlation between EF and TIBC. 

 

5. In conclusion 

the state of anaemia had shown a statistical significant association with recurrent hospital admissions in HF 

patients, but, it couldn’t prove that there is any statistical significant evidence for its effect on cardiac 

chambers geometry or size in patients with heart failure. Iron deficiency, NLR and Platelet count may affect 

the clinical presentation and therefore they can be surrogated for prognosis. 
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Table 1: Relationship between patients groups and demographic information's 

Demographic data 

Anaemic Not anaemic 

P value 
Mean±SD Range Mean±SD Range 

Age (years) 62.04±11.35 (40-81) 62.52±11.90 (41-84) 0.868NS 

Duration of heart 

failure (years) 
2.63±2.45 (0-8) 1.95±2.16 (0-8) 0.220 NS 

Frequency of hospital 

admissions (number) 
1.46±0.93 (0-3) 1.00±0.91 (0-3) 0.044* 

 

Table 2: Relationship between patients groups and echocardiographic parameters 
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Echocardiographic 

parameters 

Anaemic Not anaemic 
P value 

Mean±SD Range Mean±SD Range 

EF (%) 45.08±9.28 (28-64) 46.27±10.91 (22-61) 0.644 NS 

LVIDd (cm) 5.75±0.63 (4.1-6.9) 5.48±0.86 (3.5-7.6) 0.179 NS 

LVIDs (cm) 4.33±0.70 (3.20-5.8) 4.22±0.89 (2.2-5.9) 0.605 NS 

LA (cm) 4.07±0.59 (2.90-5.3) 4.07±0.84 (2.4-5.8) 0.990 NS 

Aortic root (cm) 3.00±0.49 (2.20-3.8) 3.07±0.50 (1.25-3.9) 0.560 NS 

Septal wall thickness 

(cm) 
1.15±0.23 (0.70-1.5) 1.10±0.24 (0.7-1.9) 0.419 NS 

EF: ejection fraction,  

LVIDd: left ventricular internal diameter end diastole,  

LVIDs: left ventricular internal diameter end systole,  

LA: left atrium diameter. 

 

Table 3: Relationship of clinical manifestation of heart failure with iron profile study 

Iron study 

NYHA I NYHA II NYHA III NYHA IV 

p value 

Mean±SD Range Mean±SD Range Mean±SD Range Mean±SD Range 

S.iron (mcg/dl) 113.60±11.76 (96-120) 85.00±35.64 (47-121) 75.94±26.65 (36-110) 87.79±30.35 (43-125) 0.205 NS 

TIBC (mcg/dl) 276.75±64.56 (200-358) 327.40±44.29 (280-373) 228.98±64.70 (145-295) 293.33±35.17 (253-358) 0.025* 

Transferrin 

saturation (%) 
42.08±6.39 (33-48) 27.28±13.47 (12.6-38.6) 33.20±8.63 (21.9-50) 29.88±10.88 (16.9-42.5) 0.180 NS 

S.ferritin (ng/ml) 171.59±83.46 (110.34-294) 133.90±61.42 (87-293.2) 293.67±203.72 (130-697) 185.41±118.77 (102.54-418) 0.235 NS 

 

Table 4: Relationship of severity of heart failure with hematological parameters 

Hematological data 

Severity of H.F. according to reduction of ejection fraction 

P value HFpEF HFmrEF HFrEF 

Mean±SD Range Mean±SD Range Mean±SD Range 

Hb (g/dl) 12.28±2.40 (7.2-18) 11.53±2.34 (7.9-15.3) 11.56±2.04 (8.3-14.8) 0.377 NS 
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PCV (%) 36.83±7.21 (21.6-54) 34.58±7.03 (23.7-45.9) 34.71±6.07 (24.9-44.4) 0.382 NS 

MCV (fl) 81.16±11.44 (24.3-97.7) 83.99±8.55 (70.3-97.7) 84.55±9.34 (67.5-97.7) 0.427 NS 

MCH (pg) 28.64±11.06 (16.4-98.1) 27.83±3.92 (21.5-38.7) 27.82±3.69 (21.8-32.5) 0.918 NS 

RDW (%) 14.73±2.75 (11.6-24.3) 16.38±4.10 (12-29.1) 16.48±2.28 (12.6-22) 0.059 NS 

Neutrophil/lymphocyte ratio 

(%) 
6.62±6.62 (0.63-13.12) 8.53±7.37 (1.93-15.88) 8.68±7.6 6 (1.43-16.32) 0.048* 

Platelets (10^3/microlitre) 230.84±69.88 (106-412) 228.10±57.40 (147-352) 290.29±115.18 (101-461) 0.033* 

 

Table 5: Relationship of severity of heart failure with iron profile study 

Iron study 

Severity of H.F. according to reduction of ejection fraction 

P value HFpEF HFmrEF HFrEF 

Mean±SD Range Mean±SD Range Mean±SD Range 

S. Iron 

(mcg/dl) 
92.74±28.19 (47-121) 91.09±21.17 (54-120) 62.41±41.92 (36-125) 0.185 NS 

TIBC (mcg/dl) 316.45±41.13 (273-373) 249.47±48.64 (146.2-295) 209.66±75.59 (145.65-294) 0.002* 

Transferrin 

saturation(%) 
30.09±10.88 (12.6-43.6) 37.39±9.45 (21.9-50) 28.83±10.85 (16.9-42.5) 0.235 NS 

S.ferritin 

(ng/ml) 
170.63±104.49 (87-418) 216.11±147.28 (115-584) 322.33±251.32 (169-697) 0.245 NS 
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Figure 1: Correlation between septal wall thickness and MCV. 

 

 
Figure 2: Correlation between LVIDs and RDW. 
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Figure 3: Correlation between EF and s.ferritin 

 

 
Figure 4: Correlation between EF and TIBC. 
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