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ABSTRACT 

Objective: To evaluate effects of iron deficiency anaemia on functional status of patients with heart failure with reduced 
ejection fraction (HfrEF). 
Study Design: Analytical cross-sectional study. 
Place and Duration of Study: Department of Medicine, Combined Military Hospital, Multan Pakistan, from Dec 2024 to Sep 
2025. 
Methodology: A total of 320 adult patients with chronic HFrEF were enrolled through consecutive sampling. Functional status 
was assessed by New York Heart Association (NYHA) class, six-minute walk test (6MWT) and Kansas City Cardiomyopathy 
Questionnaire (KCCQ). Iron deficiency was defined as serum ferritin <100 µg/L or 100–299 µg/L with transferrin saturation 
(TSAT) <20%. Haemoglobin, ferritin and TSAT were measured. Comparisons between IDA (Group-A) and non-IDA (Group-
B) groups were performed. Multivariable linear regression was applied to identify independent predictors of 6MWT distance. 
Results: Iron deficiency was observed in 196(61.3%) patients. Compared to non-deficient patients, those with IDA had lower 
mean haemoglobin (11.17±0.95 vs. 13.54±0.87 g/dL, p<0.001), ferritin (63.95 vs. 170.70 µg/L, p<0.001), TSAT (15.65% vs. 
28.35%, p<0.001), 6MWT distance (280.98±44.56 vs. 303.32±42.51 m, p<0.001), and Kansas City Cardiomyopathy Questionnaire 
(KCCQ) scores (42.72±8.91 vs. 47.28±8.76, p<0.001). Regression analysis showed transferrin saturation (β=0.18, p=0.015) and 
haemoglobin (β=0.23, p=0.011) as independent predictors of six-minute walk test (6MWT) distance. 
Conclusion: IDA significantly impairs functional capacity and quality of life in patients with HFrEF. Routine screening and 
correction of iron deficiency should be integrated into heart failure management to improve outcomes. 
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INTRODUCTION 

Iron deficiency remains the leading cause of 
anaemia affecting nearly one-third of the global 
population.1 The World Health Organization (WHO) 
estimates that approximately two billion individuals, 
accounting for nearly 25% of the world’s population 
are affected, with iron deficiency anaemia (IDA) 
contributing to nearly half of these cases.2 In 2016, 
WHO further reported that anaemia was present in 
42% of children under five years of age and 40% of 
women of reproductive age across the globe.3 

Heart failure with reduced ejection fraction 
(HFrEF) is a clinical syndrome characterized by 
impaired ventricular contractility, resulting in reduced 
cardiac output and inadequate tissue perfusion.4 
Patients typically present with exertional dyspnoea, 
fatigue and fluid retention, leading to repeated 
hospitalizations and diminished quality of life.5 

Despite advances in pharmacological and device-
based therapies, HFrEF continues to carry significant 
morbidity and mortality worldwide, particularly in 
low and middle-income countries.6 

IDA is increasingly recognized as a frequent 
comorbidity in HFrEF, even in the absence of overt 
anaemia.7 Iron plays a central role in oxygen transport 
and cellular energy metabolism; its deficiency 
aggravates fatigue, exercise intolerance and impaired 
functional capacity.8 Several studies suggest that IDA 
negatively influences exercise performance, symptom 
burden and health-related quality of life.9 However, 
evidence remains limited regarding its exact 
contribution to functional status, particularly in 
patients managed in resource-constrained settings, 
highlighting a gap in the literature.10 

This study was conducted to evaluate the effects 
of iron deficiency anaemia on functional status among 
patients with HFrEF. Understanding this relationship 
may provide insights into early identification of at-risk 
individuals and guide targeted interventions. Such 
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findings could help improve clinical outcomes,            
reduce hospitalizations and inform evidence-based 
management strategies in populations where the 
burden of both heart failure and IDA is high. 

METHODOLOGY 

This analytical cross-sectional study was carried 
out in the Department of Medicine, Combined 
Military Hospital Multan, Pakistan from December 
2024 to September 2025 after obtaining approval from 
the Institutional Review Board (ERC No 111/2024 
dated 03 Dec 2024).  
Inclusion Criteria: Patients of either gender aged 18 
years and above with a documented diagnosis of 
chronic HFrEF (LVEF <40%) who were clinically stable 
for at least two weeks and were able to perform the 
six-minute walk test were included. 
Exclusion Criteria: Patients with acute decompen-
sated heart failure, recent (<3 months) blood 
transfusion or iron therapy, end-stage renal disease 
requiring dialysis, active infection, chronic 
inflammatory disease, haematological disorders or 
malignancy, pregnant women and those unable to 
perform functional assessments were excluded. 

Sample size was calculated using G*Power 3.1. A 
mean difference of 40 metres in six-minute walk test 
distance and a standard deviation of 74 metres, were 
assumed, yielding an effect size of 0.54.11 The 
minimum required sample size was 182 participants. 
Given the expected iron-deficiency prevalence of 
49.6% among patients with HFrEF, the final sample 
size was increased to 320 to ensure adequate represen-
tation of both IDA and non-IDA subgroups and to 
maintain sufficient power for subgroup analyses.12 

Adult patients with a prior diagnosis of HFrEF 
were recruited through consecutive sampling. A 
formal written informed consent was obtained from 
each participant before enrolment. 

Patients were evaluated in the outpatient 
department and relevant demographic, clinical and 
laboratory data were recorded on a predesigned 
proforma. Diagnosis of HFrEF had been confirmed on 
transthoracic echocardiography using the Simpson 
biplane method, with a left ventricular ejection 
fraction (LVEF) less than 40%. The functional status of 
patients was assessed using standardized tools. The 
New York Heart Association (NYHA) functional class 
was assigned by a consultant medical specialist with 
atleast more than 5 years clinical experience. NYHA 
class was assigned on the basis of symptoms and 
physical activity tolerance.  

Exercise capacity was further quantified using 
the six-minute walk test (6MWT), performed 
according to American Thoracic Society guidelines, 
with distance covered in metres recorded as an 
objective measure. The 6MWT was performed on a 
60m long flat, hard-surfaced indoor corridor. The 
patients had taken their medications, were counselled 
in detail about the nature of test and wore comfortable 
clothing and shoes during the test. A trainee of 
medicine recorded baseline vitals and the Borg scale 
rating for dyspnea and fatigue. At every 3m, the 
walking track was marked and cones were placed at 
the turnarounds. All the participants walked at a rate 
as per their own desire and condition. They were told 
that they can stop whenever they get tired and resume 
walking when possible. At the end of the test the 
trainee medicine again recorded vitals and the Borg 
scale for dyspnea and fatigue The distance covered 
was calculated in meters and recorded. Health-related 
quality of life was evaluated using the validated 
Kansas City Cardiomyopathy Questionnaire (KCCQ). 
KCCQ scores of all patients scaled from 0 to 100 and 
scores represented health status as follows: 0 to 24: 
very poor to poor; 25 to 49: poor to fair; 50 to 74: fair to 
good; and 75 to 100: good to excellent.13  

Laboratory investigations were performed at the 
time of enrolment. Blood samples were drawn for 
serum Hb level (in g/dl), serum ferritin (in ug/L) and 
transferrin saturation in % (TSAT). Anaemia was 
defined as haemoglobin less than 13 g/dL in men and 
less than 12g/dL in women according to World Health 
Organization criteria.14 Iron deficiency was cate-
gorised as serum ferritin below 100 µg/L or as ferritin 
between 100–299 µg/L with TSAT less than 20%.15  

Data was analyzed using Statistical package for 
Social Sciences (SPSS) version 25. Continuous 
variables such as age, haemoglobin, ferritin, TSAT and 
6MWT distance were expressed as Mean ± Standard 
Deviation or median with interquartile range, 
depending on data distribution assessed by the 
Shapiro–Wilk test. Those who had IDA were 
considered as Group-A, and those without IDA were 
in Group-B. Categorical variables such as gender, 
NYHA class and anaemia status were presented as 
frequencies and percentages. Comparisons between 
patients with and without iron deficiency were made 
using independent-samples t-test or Mann–Whitney U 
test for continuous variables and chi-square test for 
categorical variables. Pearson or Spearman correlation 
was employed to assess the relationship between 
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haemoglobin, ferritin and functional outcomes. To 
adjust for potential confounders, multivariable linear 
regression was applied with six-minute walk distance 
as the dependent variable while independent variables 
included iron deficiency status, age, sex, left 
ventricular ejection fraction (LVEF), haemoglobin level 
and relevant comorbidities. A p value of less than 0.05 
was considered statistically significant.  

RESULTS 

A total of 320 patients with HFrEF were included 
in the final analysis. The mean age was 65.38±8.87 
years. Iron deficiency was identified in 196(61.3%) 
patients, being more prevalent among males 
compared to females with 178(55.6%) males and 
142(44.4%) females. The median (IQR) of left 
ventricular ejection fraction (LVEF) was 35.20% (3.9), 
with all patients having values below 40%. Regarding 
functional class, 7(2.2%) patients were in NYHA            
class I, 145(45.3%) in class II and 168(52.5%) in class III, 
as shown in Table-I. 
 

Table-I: Baseline Demographic and Clinical Characteristics of 
Study Participants (n=320) 

Variable 
Group-A 
(n=196) 

n(%) 

Group-B 
(n=124) 

n(%) 
p-value 

 Age in years (Mean±SD) 65.28±8.81 65.55±8.98 0.793 

 Gender 
 Males 107(54.6%) 71(57.3%) 

0.640 
 Females 89(45.4%) 53(42.7%) 

 LVEF, Median (IQR)  35.10(3.5) 35.45(4.7) 0.715 

 NYHA   
 Class 

 Class-I 3(1.5%) 4(3.2%) 

0.501  Class-II 92(47.0%) 53(42.8%) 

 Class-III 101(51.5%) 67(54.0%) 
*LVEF: Left Ventricular Ejection Fraction (%), NYHA: New York Heart Association 
 

Table-II: Iron Deficiency and Functional Capacity 
Characteristics of Study Participants (n=320) 

Variable 
Group-A 
(n=196) 

Group-B 
(n=124) 

p-
value 

 Hb in g/dl (Mean±SD) 11.17±0.95 13.54±0.87 <0.001 

 Ferritin in µg/L, Median (IQR)  63.95 (37.4) 170.70 (79) <0.001 

 TSAT, Median (IQR) 15.65 (5.0) 28.35 (10.8) <0.001 

 6MWT, Mean±SD 280.98±44.56 303.32±42.51 <0.001 

 KCCQ Scores, Mean±SD 42.72±8.91 47.28±8.76 <0.001 
* TSAT: Transferrin Saturation (%), 6MWT: 6-Minute Walk Test (metres), KCCQ: Kansas 
City Cardiomyopathy Questionnaire 

 

Mean haemoglobin in iron-deficient patients was 
11.64±0.79 g/dL in males and 10.61±0.81 g/dL in 
females, while in those without iron deficiency it was 
13.95±0.65 g/dL in males and 12.98±0.83 g/dL in 
females. Patients with anaemia consistently 
demonstrated serum ferritin <100 µg/L while those 
with normal haemoglobin exhibited ferritin >100 µg/L 
and TSAT >20%. In terms of functional outcomes, 

patients with iron deficiency had a significantly lower 
mean six-minute walk test (6MWT) distance compared 
to non-deficient patients (280.98±44.56 m vs. 
303.32±42.51 m, p<0.01). Similarly, Kansas City 
Cardiomyopathy Questionnaire (KCCQ) scores were 
lower among iron-deficient patients, reflecting poorer 
quality of life (42.72±8.91 vs. 47.28±8.76, p<0.01) as 
shown in Table-II. 

In the multivariable linear regression model 
adjusted for age, sex, haemoglobin, LVEF, and NYHA 
functional class, transferrin saturation (TSAT) showed 
a significant positive association with six-minute walk 
test (6MWT) distance (β = 0.18, p=0.015). This indicates 
that higher TSAT levels were independently 
associated with better exercise capacity. In contrast, 
serum ferritin did not demonstrate a significant 
relationship with 6MWT distance (p=0.995). Among 
the covariates, haemoglobin (β = 0.23, p=0.011) and 
age (β = 0.11, p=0.046) also emerged as significant 
predictors of functional performance as shown in 
Table-III. 
 

Table-III: Multivariable Linear Regression Analysis of 
Predictors of 6-Minute Walk Test (6MWT) Distance (n=320) 

Variable B (Unstandardized) β (Standardized) p-value 

 Age 0.54 0.11 0.046 

 Sex 7.08 0.08 0.190 

 Haemoglobin 7.15 0.23 0.011 

 Serum Ferritin 0.00 0.00 0.995 

 TSAT 0.95 0.18 0.015 

 LVEF –0.37 –0.02 0.667 

 NYHA Class 4.79 0.06 0.277 
*LVEF: Left Ventricular Ejection Fraction (%), NYHA: New York Heart Association, 
TSAT: Transferrin Saturation. 
Dependent variable: 6MWT. Adjusted R²: 0.13 

 

DISCUSSION 

In our study TSAT levels, not ferritin levels, were 
independently associated with better exercise capacity. 
Singer et al., in their study mentioned that iron 
deficiency in the context of chronic heart failure is 
associated with adverse outcomes, including reduced 
exercise capacity and increased healthcare expenses 
through recurrent hospitalizations.16 Intravenous iron 
supplementation remains the only established 
therapeutic strategy that has demonstrated 
improvement in functional performance and quality of 
life among these patients. A study by Masini et al., 
found that the likelihood of iron deficiency was higher 
among female patients, those experiencing more 
severe clinical symptoms, individuals with anaemia, 
and those with preserved ejection fraction.17 A serum 
iron concentration of ≤13 μmol/L together with TSAT 
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below 20% was strongly associated with elevated five-
year mortality. In contrast, patients with serum ferritin 
levels under 100 ng/mL tended to exhibit 
comparatively lower mortality rates. A similar study 
established that serum ferritin concentrations below 
100 µg/L alone are insufficient to identify patients 
who would derive the greatest benefit from 
intravenous iron therapy.18 In contrast, individuals 
with transferrin saturation under 20%, most of whom 
also present with anaemia, are more likely to 
experience favourable outcomes with intravenous iron 
supplementation. 

A study by Ebner et al., demonstrated a 
significant association between reduced haemoglobin 
levels and diminished exercise capacity (r=0.24, 
p<0.001).19 Patients with concurrent iron deficiency 
and anaemia exhibited markedly lower functional 
performance compared to those with either condition 
alone. Multivariate regression analysis further 
identified anaemia as independent predictors of 
mortality in patients with heart failure, even after 
adjusting for NYHA class. Evidence from a review 
indicates that iron deficiency in heart failure with 
reduced ejection fraction adversely influences 
functional status, exercise tolerance, quality of life and 
both cardiac structure and function, while also 
increasing the risk of hospitalisation for 
decompensated heart failure.20 Mechanistic studies 
further suggest that iron deficiency exacerbates 
impaired cardiac energetics by disrupting 
mitochondrial activity, thereby contributing to disease 
progression.16,17 

Packer et al., proposed redefining iron deficiency 
in heart failure by prioritizing hypoferremia, defined 
as transferrin saturation (TSAT) below 20%, rather 
than relying solely on ferritin-based criteria.21 In a 
study involving 760 participants, the mean 6MWT 
distance was reported as 281±103 meters.22 Among 
patients with HFrEF and iron deficiency, the      
minimal clinically important difference (MCID) for 
improvement in exercise capacity was estimated at             
14–15 meters, which provide a useful benchmark for 
the clinical interpretation of trial outcomes. Alcaide et 
al. conducted a study on 447 patients with heart 
failure and preserved ejection fraction, demonstrating 
that those with iron deficiency performed significantly 
worse on the six-minute walk test compared to 
individuals with normal iron status.23 They also 
reported higher scores on the Minnesota Living with 
Heart Failure Questionnaire, reflecting poorer quality 

of life. Among biomarkers of iron metabolism, serum 
soluble transferrin receptor (sTfR) emerged as the 
strongest independent predictor of both functional 
capacity (β = –63, p<0.0001, R² =0.39) and quality of life 
(β = 7.95, p<0.0001, R² =0.14) in multivariate analyses. 

LIMITATION OF STUDY 

This study has certain limitations. Being an analytical 
cross-sectional design, causal relationships between iron 
deficiency anaemia and functional outcomes could not be 
established. The study was conducted at a single tertiary-
care centre, which may limit the generalizability of the 
results to other settings. Potential residual confounding from 
unmeasured variables such as nutritional status, medication 
adherence and socioeconomic factors cannot be excluded. 
Despite these limitations, the study provides valuable local 
data on the burden and clinical impact of iron deficiency 
anaemia in patients with HFrEF. 

CONCLUSION  

Iron deficiency anaemia was found to significantly 
impair functional status in patients with heart failure with 
reduced ejection fraction. Patients with iron deficiency 
demonstrated reduced six-minute walk distance, poorer 
symptom burden as reflected by NYHA class and lower 
health-related quality of life scores. These findings highlight 
the clinical relevance of screening for iron deficiency in this 
high-risk population, as timely recognition and correction 
may improve exercise tolerance and overall outcomes. 
Integration of iron profile assessment into the routine 
evaluation of heart failure patients could therefore play a 
vital role in optimizing management strategies, particularly 
in resource-limited settings where both conditions are highly 
prevalent. 
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