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ABSTRACT 

	Abstract
Background: Anemia is a common condition among young females that can impair oxygen delivery and compromise physical performance. Aerobic fitness, a key indicator of cardiovascular health, is often reduced in anemic individuals but remains under-assessed in this population.
Objective:To evaluate the aerobic capacity and perceived exertional breathlessness among young anemic females using the Rockport 1-Mile Walk Test and the Modified Borg Dyspnea Scale.
Design, Setting, and Participants:A cross-sectional observational study was conducted over the period of three months. The study involved 80 females aged 18–25 years, with mild anemia. 
Methods:Aerobic fitness was assessed using the Rockport 1-Mile Walk Test, and VO₂ max was estimated using a standard formula. Perceived breathlessness was measured immediately after exertion using the Modified Borg Dyspnea Scale. Descriptive statistics (mean ± SD) were used.
Results:The mean VO₂ max was 23.15 ± 6.96 mL/kg/min, categorizing the majority of participants in the “poor” or “very poor” fitness levels. The average Modified Borg Dyspnea score was 2.81 ± 0.76, indicating moderate breathlessness on exertion. Among all the subjects, 50% of subjects felt moderate to somewhat severe grade of dyspnea on exertion
Conclusion:The findings suggest that young anemic females demonstrate low aerobic capacity and experience moderate shortness of breath during submaximal exertion. These results highlight the importance of early fitness screening and targeted interventions to prevent long-term health risks in this population.
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 1. INTRODUCTION 

Anemia is a widespread global health concern, particularly among young females. According to the World Health Organization (WHO), anemia is defined as a condition in which the number of red blood cells or their oxygen-carrying capacity is insufficient to meet physiological needs (WHO, 2011). This condition is most commonly characterized by a reduction in hemoglobin concentration—less than 13.5 g/dL in males and 12.5 g/dL in females—leading to impaired oxygen transport and delivery to tissues. The underlying causes of anemia are multifactorial and include nutritional deficiencies (iron, vitamin B12, folate), chronic diseases, and inherited disorders affecting hemoglobin synthesis and red cell morphology (Turner et al. 2023).
Iron deficiency anemia (IDA) remains the most prevalent form of anemia worldwide and is particularly common in developing countries. It is typically identified by microcytic, hypochromic red blood cells on a peripheral blood smear. Clinically, the manifestations of anemia range from nonspecific symptoms such as fatigue, dizziness, and shortness of breath on exertion to more overt signs like pallor. However, many individuals remain asymptomatic and are diagnosed incidentally during routine hematological investigations. Notably, overt physical signs like pallor may only become apparent at more severe levels of hemoglobin depletion, typically below 7–8 g/dL. A detailed clinical history may reveal reduced stamina, tiredness, shortness of breath, or exacerbation of underlying cardiac conditions (Jayant et al. 2018, Kebede et al. 2025).
Recent epidemiological data from India emphasize the growing burden of anemia among adolescent and young adult females. National surveys indicate a prevalence of anemia 37.6% for less than 25 year age group. Although some regions such as Uttarakhand and Kerala have shown a slight decline, most states report rising trends, signaling a persistent public health challenge (Bharti et al.2008).
The physiological consequences of anemia are particularly evident during physical activity, where oxygen demands are increased. Aerobic exercise—such as brisk walking, cycling, swimming, or jogging—elicits systemic adaptations to enhance oxygen delivery and utilization (Plowman et al. 2007) In anemic individuals, the impaired oxygen-carrying capacity of the blood compromises these adaptations, often resulting in increased fatigue, reduced stamina, and limited aerobic performance. This is reflected in objective parameters such as reduced maximal oxygen uptake (VO₂ max) and elevated ventilatory responses during exertion. Anemic individuals, particularly females, may demonstrate a diminished oxygen pulse and an increased reliance on anaerobic metabolism, which further contributes to the perception of breathlessness (plowman 2011).
Aerobic training has been shown to increase total hemoglobin and red cell mass, thereby improving oxygen delivery during exercise. Research shows a clear linear relationship between hemoglobin concentration and exercise capacity, with lower levels correlating to diminished performance (Plowman et al. 2007). Anemic women, in particular, tend to exhibit reduced oxygen pulse and a significant decrease in peak oxygen uptake (VO₂ max), especially during high-intensity exertion. To compensate, they often rely more heavily on anaerobic metabolism, which in turn heightens ventilatory demand ( Hu M et al.2012, Patnaik et al. 2021). 
While it is well-established that anemia adversely affects aerobic capacity, there is limited literature assessing aerobic performance and perceived exertional dyspnea in mildly anemic young women. Furthermore, the application of simple, field-based fitness assessments such as the Rockport 1-Mile Walk Test—combined with subjective tools like the Modified Borg Dyspnea Scale—can provide valuable insights into functional limitations in this population.
Objective
Given the high prevalence of anemia and its impact on functional health, this study aimed to evaluate aerobic capacity and perceived exertional breathlessness in mild anemic young females. By using the Rockport 1-Mile Walk Test and the Modified Borg Dyspnea Scale. 
Rationale for the Study
Anemia remains a significant public health concern in India, particularly among adolescent and young adult females. Prevalence of anemia in Gujarat found 45.8%, and prevalence of mild anemia is 30% (Bharti et al.2008). Despite this high prevalence, the functional implications of anemia—especially its impact on aerobic fitness and respiratory response during physical activity—are poorly understood and often overlooked in both clinical and community settings.
Aerobic fitness is a vital component of overall health and a predictor of long-term cardiovascular outcomes. In anemic individuals, reduced hemoglobin impairs oxygen delivery, which can compromise exercise tolerance and lead to increased breathlessness during even moderate physical exertion. However, there is a paucity of data quantifying this relationship in mildly anemic young women. Most existing studies focus on hematological parameters, while the physiological and functional consequences of anemia remain under-assessed.
This study addresses a critical gap by objectively measuring aerobic capacity and perceived exertional dyspnea in anemic females. It utilizes simple, field test such as the Rockport 1-Mile Walk Test and the Modified Borg Dyspnea Scale, which are practical for community-level screening and intervention planning (Kumar et al. 2019).The findings aim to inform targeted health strategies that can enhance physical functioning and prevent future complications in this vulnerable population.
2. material and methods 

Aim and Objectives
Aim
To find out aerobic fitness and the extent of perceived shortness of breath on exertion in anemic females aged 18 to 25 years.
Objectives
To assess aerobic capacity by estimating VO₂ max using the Rockport 1-Mile Walk Test.
To measure the degree of perceived dyspnea immediately post-exercise using the Modified Borg Dyspnea Scale.
To classify participants' fitness levels based on the American College of Sports Medicine (ACSM) VO₂ max reference standards.
Materials and Methods
Study Design and Duration
This study employed a cross-sectional observational design conducted over a period of three months. The objective was to assess aerobic capacity and perceived exertional dyspnea in young anemic females using treadmill-based functional assessments.
Study Setting
The research was conducted in the Physiotherapy center, which is equipped with treadmill testing facilities and various assessment tools required for the study. Prior to usage, the treadmill and additional measuring devices were calibrated.
Participants and Eligibility Criteria
A total of 80 female participants were recruited following a screening process and provision of informed written consent. The inclusion and exclusion criteria were as follows:
This study recruited female participants aged 18 to 25 years with a Body Mass Index (BMI) of 18.5 to 24.99 kg/m² and hemoglobin levels between 10 and 11.99 g/dL, indicative of mild anemia. Participants were selected based on strict inclusion and exclusion criteria to ensure a homogenous study population. Inclusion criteria required participants to be within the specified age and BMI range, and clinically diagnosed with mild anemia. Exclusion criteria included the presence of other types of anemia (such as aplastic, hemolytic, or sickle cell anemia), current or recent infections, fever, or any inflammatory conditions within the past month. Individuals with a history of cardiovascular, pulmonary, renal, metabolic, or endocrine disorders were excluded, as were those with menstrual irregularities, current pregnancy, or childbirth within the past year. Additionally, participants with a history of eating disorders or uncontrolled weight loss were not considered eligible. These criteria were designed to eliminate potential confounding variables and ensure the safety and reliability of study outcomes.
Participants were advised to maintain their usual dietary intake, medication regimens, and physical activity levels throughout the study to avoid external influences on test outcomes.
Ethical Considerations
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Sangini Hospital Ethics Committee (IRB no. ECR/147/Inst/GJ/2013/RR-24).Written informed consent was obtained from all participants before enrolment. Confidentiality and voluntary participation were ensured throughout the study.
Data Collection Procedure
A treadmill fitted with front and side handrails was utilized for the one-mile Rockport test. Before beginning the data collection, a routine calibration was completed. The subjects were instructed to walk on the treadmill without any incline or handrail support. Participants who met the eligibility criteria were scheduled for two sessions.
Measurements and Instruments
Anthropometric and physiological measurements were obtained using standardized procedures. Body weight was measured to the nearest 0.1 kg with a calibrated digital scale, and height was recorded to the nearest 0.1 cm using a wall-mounted stadiometer. Following the exercise test, heart rate was measured immediately in a seated position using a pulse oximeter, a widely accepted tool for non-invasive monitoring of cardiovascular responses to exertion (Liu et al., 2019). Perceived breathlessness was assessed using the Modified Borg Dyspnea Scale, which is validated for quantifying subjective exertional dyspnea in both clinical and exercise settings (Borg, 1982; Williams, 2017) Hemoglobin levels between 10.0 and 11.99 g/dL were included in the analysis, consistent with the diagnostic criteria for mild anemia. Participants with hemoglobin levels below 10.0 g/dL were excluded due to potential safety concerns during exertion testing.
Aerobic fitness levels were assessed using VO₂ max values, calculated via the Rockport 1-Mile Walk Test (Chaturvedi et al., 2018). The results were then categorized according to the American College of Sports Medicine (ACSM) reference standards for females aged 20–29 years.
Shortness of breath was measured immediately post-exercise using the Modified Borg Dyspnea Scale, which is a validated tool to quantify perceived exertional dyspnea on a scale of 0 (no breathlessness) to 10 (maximal breathlessness).
Session 1 (Familiarization):
Participants were introduced to the Rockport Walk Test protocol and allowed to perform a practice trial to reduce learning effects (Polack et al., 2022).
Session 2 (Test Day):
On the following day, participants completed the 1-Mile Rockport Walk Test, first on a flat, motorized treadmill (Bodyfit, India).Participants were instructed to walk briskly without jogging or running and to maintain a consistent pace throughout the test. Immediately After Completion, Recorded the heart rate at the end of the 1 mile (with a pulse oximeter in a sitting position) and the exact time taken was noted.
Aerobic Capacity:
VO₂ max was calculated using the validated Rockport equation:
VO₂ max (mL/kg/min)=132.853−0.0769(Weight in lbs)−0.3877(Age in years)−3.2649(Time in minutes)−0.1565(Heart Rate) 
 Results  
All participants were closely monitored during and after the test for signs of adverse reactions such as dizziness, palpitations, syncope, or undue fatigue. No adverse events were reported during the study period.
Descriptive statistics (mean ± standard deviation) were used to summarize demographic and physiological parameters. The distribution of participants across VO₂ max fitness categories and dyspnea grades was calculated in percentages and visualized using bar graphs for clarity.
Participant Characteristics
Out of 95 females initially screened, 80 participants were included based on the predefined inclusion and exclusion criteria. The mean BMI of subjects was 21.90±1.92 and mean of Hb was 10.65±0.55. 
                                   Table 1: Demographic and Test Characteristics
	Parameter
	Mean ± SD

	Age (years)
	23.37 ± 3.00

	BMI (kg/m2 )
	21.90

	Time to complete 1-mile test (min)
	22.93 ± 2.63

	Heart rate post-test (bpm)
	108.25 ± 13.86




Age: The mean age was 23.37 years, with most participants aged between 20 and 26 years.
Test Completion Time: The average time to complete the Rockport Walk Test was 22.93 minutes, indicating generally low aerobic endurance levels.
Post-Exercise Heart Rate: The mean heart rate was 108.25 bpm post-walk, showing a moderate cardiovascular response, though with individual variation as indicated by a standard deviation of 13.86 bpm.
Aerobic Fitness and Dyspnea
Table 2: Aerobic Capacity and Dyspnea
	Parameter
	Mean ± SD

	VO₂ max (mL/kg/min)
	23.15 ± 6.96

	Borg Dyspnea Scale (0–10)
	2.81 ± 0.76


VO₂ Max: The mean VO₂ max was 23.15 mL/kg/min, falling within the “very poor” to “poor” range based on ACSM norms. The large standard deviation reflects notable inter-individual variability.
Dyspnea Scores: The mean Borg score of 2.81 ± 0.76 reflects moderate breathlessness immediately after submaximal exertion, with relatively consistent reports across the sample.
Fitness Level Classification
Based on ACSM VO₂ max standards:
51% of participants were classified as having “poor” fitness (VO₂ max: 23.6–28.9 mL/kg/min), 35% were in the “very poor” category (VO₂ max ≤ 23.5 mL/kg/min), Only 14% fell into the “fair” category (VO₂ max: 29–32.9 mL/kg/min) (Butter et al 2022).
Graph 1:  Aerobic fitness level among mild anemic females








This graph shows that 14% of subjects had fair aerobic fitness, 35% falls into very poor category and 51% had poor aerobic fitness according to VO2max classification.


 Prevalence of dyspnea severity among subjects
The distribution of dyspnea scores among participants revealed varying degrees of exertional breathlessness. A significant portion, 30%, rated their symptoms as Grade 3, indicating moderate dyspnea during physical activity. This was followed by 25% of participants who reported Grade 2 symptoms, corresponding to slight to moderate breathlessness. Grade 4 dyspnea, reflecting somewhat severe symptoms, was experienced by 20% of the participants. Meanwhile, 15% reported very slight breathlessness (Grade 1), and the remaining 10% experienced minimal or no symptoms, corresponding to Grade 0. These findings highlight the range of respiratory discomfort experienced by mildly anemic individuals during exertion.
Graph 2:  Grading of exertional dyspnea among subjects








This graph represents the subjects had various levels of dyspnea on exertion, 10% did not found any dyspnea, 30% subjects felt very slight, 25% had grade 2, 20% felt grade 3 and 15% felt grade 4 dyspnea on exertion.
Most participants demonstrated suboptimal aerobic capacity, with 86% falling into either poor or very poor fitness categories. Moderate perceived breathlessness was commonly reported, aligning with the reduced VO₂ max values. The data suggest a potential association between mild anemia and impaired aerobic performance, even in a relatively young and otherwise healthy population.
Discussion
Principal Findings
 Mildly anemic females in the present study demonstrated low aerobic capacity with mean VO2 max of 23.01± 6.96 mL/kg/min, placing most in poor or very poor category of VO2 max according to ACSM. Mean Borg dyspnea score of 2.81± 0.76 indicated moderate breathlessness after submaximal exercise. 
These findings indicate a low aerobic capacity in mild anemic females. This might be due to anemia-related impairments in oxygen transport capacity and cardiovascular efficiency.  The detrimental impact of reduced hemoglobin concentration on exercise tolerance, cardiorespiratory performance, and perceived exertion (Tsai et  al., 2019, Wu TL et al 2019, Bobonis et al. 2016). These physiological deficits go beyond the low aerobic fitness, as mild anemia has beed associated with reduced cognitive function, participation in the academic activities and productivity at work. These deficiencies have been found to improve following iron supplementation. Therefore, assessing the anemia is essential for improving overall functional and productivity outcomes as well as aerobic exercise capacity (Blakstad et al., 2020).
 The observed low aerobic capacity among mildly anemic young females is consistent with prior investigations. Kalasuramath et al. reported significantly lower VO₂ max and Physical Fitness Index scores in women with mild to moderate anemia, using the Queens College Step Test, and concluded that even mild anemia can cause substantial functional limitations (Kalasuramath et al., 2016). Similarly, El Nahas et al. found reduced baseline exercise capacity—measured via the 6-minute walk test—in young anemic women (aged 17–22 years) before aerobic training and iron supplementation, mirroring the low VO₂ max values in our cohort (El Nahas et al., 2015).
Furthermore, Weckmann et al. demonstrated a significant association between anemia and respiratory symptoms, with an odds ratio of 1.55 for shortness of breath in a population-based cohort, corroborating the moderate Borg scores recorded in the present study (Weckmann et al., 2019).  Kim et al. done study on changes in cardiopulmonary functions in normal adults after one mile rockport test. They observed improvement in cardiorespiratory function among healthy young adults, as increased in forced vital capacity, maximal inspiratory pressure, forced expiratory volume in one second. 
 The lower VO₂ max in anemia can be attributed to a compromised oxygen-carrying capacity resulting from decreased hemoglobin levels. During exercise, compensatory mechanisms such as elevated heart rate and respiratory rate aim to maintain oxygen delivery, but these responses become insufficient at higher workloads, leading to premature fatigue and increased breathlessness.
In addition, anemia shifts energy metabolism toward anaerobic pathways, resulting in accelerated lactate accumulation and metabolic acidosis, which further exacerbate dyspnea and reduce endurance (Beard & Tobin, 2021). Prolonged oxygen debt and impaired lactate clearance in anemic individuals may also delay post-exercise recovery, limiting their ability to sustain or repeat physical activity.
Notably, research has shown that even non-anemic individuals with depleted iron stores can experience reduced exercise efficiency, and iron supplementation has been associated with improved oxygen utilization and decreased sub maximal exercise energy cost (Hinton & Sinclair, 2007). These findings suggest that targeted nutritional interventions could offer functional benefits beyond anemia correction (Kim et al., 2015)
Strengths and Limitations
Strengths of this study include the use of a validated aerobic capacity assessment (Rockport Walk Test), inclusion of a clearly defined population, and standardized evaluation of dyspnea. Additionally, using the ACSM classification allows for clinically meaningful interpretation of fitness levels. While this study provides important insights, several limitations should be acknowledged. Only mild anemia cases were included, which may not reflect the functional status of those with moderate or severe anemia. Factors such as iron intake, menstrual blood loss, hydration status, and socioeconomic background were not controlled or stratified.  
 Conclusion
This study provides compelling evidence that young females with mild anemia demonstrate significantly reduced aerobic capacity and experience moderate exertional dyspnea, even during submaximal physical activity. These impairments highlight the pathophysiological burden of anemia on functional capacity, emphasizing the need for early detection and proactive management.
Given the high prevalence of anemia in this age group and its potential to compromise both immediate functional performance and long-term cardiovascular health, routine health assessments should incorporate objective measures of aerobic fitness alongside hematological screening. Early identification of reduced cardiorespiratory capacity allows for timely interventions, including individualized aerobic training programs, dietary optimization, and targeted nutritional supplementation, which collectively may improve oxygen utilization, enhance endurance, and mitigate the adverse consequences of anemia.
By integrating such strategies into public health and clinical practice, there is a significant opportunity to improve quality of life, academic and occupational productivity, and overall well-being among adolescents and young adults—a demographic in which early intervention can yield substantial long-term benefits.
[bookmark: _GoBack]Suggestions and future recommendations
Based on the findings of this cross-sectional observational study, several practical and research-oriented recommendations can be proposed:
1. Promote structured aerobic training programs
Regular aerobic exercise (e.g., walking, jogging, cycling) should be encouraged among anemic individuals, particularly young women. Evidence supports that structured physical training can improve vo₂ max, enhance oxygen delivery, and reduce overall fatigue. Integration of exercise as part of routine anemia management may yield both physiological and psychosocial benefits.
2. Routine screening for functional fitness
Health practitioners should consider implementing cardiorespiratory fitness assessments, such as the rockport one-mile walk test or estimated vo₂ max calculations, as part of standard health check-ups, especially in high-risk populations (e.g., adolescent and young adult females). Early identification of reduced aerobic fitness can help guide timely intervention and nutritional evaluation.
 3. Conduct longitudinal and interventional studies
To expand upon the findings of this study, future research should:
Employ longitudinal designs to assess changes in aerobic capacity and dyspnea over time.
Generalizability
The findings are most applicable to urban, young females aged 18–25 years with mild iron-deficiency anemia. Caution should be exercised when extrapolating results to males, older populations, rural communities, or individuals with comorbid conditions. Broader studies encompassing diverse groups are needed to improve external validity.
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