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Abstract 
Background: Anemia in patients with splenomegaly reduces functional ability/capacity and 

impairs activities of daily living (ADL), which lowers the patient's quality of life and raises 

their mortality risks. Aim of study: Assessing the impact of high-intensity interval training 

(HIIT) on functional ability/capacity in splenomegaly anemic patients. Setting: Hematology 

Unit, Department of Internal Medicine, Cairo University Hospitals (Al-Kasr Al Aini). Design: 

This randomized controlled HIIT trial was conducted on 50 anemic men with splenomegaly. 

Subjects: Fifty men suffering from splenomegaly-induced anemia, with ages ranging from 30 

to 45 years old, were included. Patients were randomly and equally assigned into 2 groups: a 

control group and a study group, n = 25 patients for each group. The control group received 

their medications for 14 weeks in addition to a well-balanced diet, while the study group 

received the same treatment protocol as the control group in addition to HIIT on a bicycle 

ergometer three times per week with a total duration of 30-40 minutes per session. Tools: 

Before and after 14 weeks, a six-minute walk test (6MWT; as a measure for patients' functional 

capacity), red blood cells (RBCs), hemoglobin (Hb), and Katz Index of Independence in ADL 

were assessed. Results: Within-group comparison of outcomes showed a significant 

improvement in the RBCs, Hb, 6MWT, and Katz Index of Independence in both groups but 

the improvements within the study group were higher than the control group. Between-group 

comparison of post-values of outcomes showed a significant improvement in the assessed 

outcomes in the direction of the study group. Conclusion: It could be concluded from this trial 

that HIIT safely improves functional capacity, RBCS, Hb, and performance of ADL in anemic 

patients with splenomegaly. Recommendations: It is recommended to incorporate HIIT on a 

bicycle ergometer three times weekly for 30-40 minutes per session in the treatment protocol 

for anemic patients with splenomegaly. 

Keywords: High-intensity interval training; Functional capacity; Hemoglobin; Anemia; 

Splenomegaly 

Introduction 

The spleen is the main large organ of the body involved in the regulation of 

immune functions (these functions include stimulating immune responses and 

removing antigens and foreign bodies), homeostasis of red blood cells (RBCs), 

and recycling of iron in the blood [1]. 
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In different pathological hematological disorders, the spleen can be 

stimulated/forced to regain low hematopoietic functions, and rebuilding these 

functions is usually accompanied by splenomegaly [2].  

 

One of these hematological disorders is anemia, a decrease in the count of 

RBCs, erythrocyte formation, or both. Anemia, especially long-duration anemia 

[3] and macrocytic anemia (macrocytic anemia is mainly induced by vitamin B9 

and vitamin B12 deficiencies) [4], can induce splenomegaly that negatively 

affects spleen-regulating immune responses (anemia may inhibit T-cell 

proliferation and macrophage functions), homeostasis of RBCs, and recycling of 

iron in the blood [3].  

 

Besides irritating symptoms (early satiety, diaphragmatic irritation, abdominal 

discomfort, pain, or both and elevated inactivity), splenomegaly can negatively 

impact anemic patients' quality of life, physical capacity, autonomous 

performance of activities of daily living (ADL) [5]. 

 

Optional therapeutic procedures for splenomegaly are limited to the following 

categories/options: treating the underlying condition/disorder (such as 

hematological disorders), spleen reduction therapies, or surgical removal of the 

spleen [6]. 

 

Besides medications and a well-balanced diet, regular exercise is one of the 

main complementary treatments for anemia and anemia-induced splenomegaly. 

Regular exercise increases the blood volume and the amount of hemoglobin (Hb) 

and RBCs. Research indicated that the improvement in RBCs, Hb, and blood 

volume depends on the applied exercise's type, intensity, and duration [7]. 

 

High-intensity interval training (HIIT) – a type of exercise that contains short 

periods of vigorous/strenuous activity interrupted/separated by periods of low-

intensity for-recovery exercise performance – proved its ability to improve 

cardiorespiratory fitness, physical capacity, quality of life, metabolic functions  

[8-11], blood volume, functions of erythrocyte system, number of RBCs, content 

of Hb, and oxygen carrying capacity of the blood [12]. 

 

The studies that assessed the effect of HIIT on RBCs, Hb, functional/physical 

capacity, and performance of ADL in anemic patients with splenomegaly are very 

limited. Hence, this study's authors aimed to investigate this effect. 
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Materials and methods 

Design 

This randomized controlled HIIT trial was conducted on 50 anemic men with 

splenomegaly. 

Settings  

Men were recruited from the Hematology Unit, Department of Internal 

Medicine, Cairo University Hospitals (Al-Kasr Al Aini). 

 

Ethics 

 The protocol of this HIIT study was approved by the Research Ethics 

Committee, Faculty of Physical Therapy, Cairo University 

(PT/REC/012/004214) on 13 November 2022. A written signed consent was 

gathered from 50 anemic men with splenomegaly. The principles of the Helsinki 

Declaration were followed. 

Inclusion criteria  

The age of the included 50 anemic men with splenomegaly ranged from 35 to 

45 years old. All men were anemia (moderate type anemia induced by 

splenomegaly). 

Exclusion criteria  

Authors excluded from this HIIT study any suffering from musculoskeletal 

pain/deformity in the lower limb, respiratory/cardiac diseases, kidney/liver 

diseases, severe anemia, psychological disorders, current smoking, hypertension, 

and abnormal glucose metabolism. Besides autoimmune diseases, patients with 

recent participation in exercise programs were also excluded. 

Randomization  

Via the enclosed envelope technique, fifty men with splenomegaly-induced 

anemia were randomly and equally assigned into two interventional groups, the 

study or control group. Both groups of men with splenomegaly-induced anemia 

received their medications and well-balanced diet. Only men in the study group 

additionally received HIIT on a bicycle ergometer three times weekly (the total 

duration of HIIT session was 30-40 minutes) (Figure 1). 
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Figure 1. Study flow chart. 

 

Program of HIIT 

Before starting the first session of 14-week HIIT for the study group's men 

with splenomegaly-induced anemia, a maximal exercise test was a fundamental 

test that was performed with progressive/gradual elevated workloads up to the 

maximally tolerated perception of fatigue, tiredness, and breathlessness-induced 

by patients' exhausted or limited capacity/adaptation of the cardiovascular 

system . 

The load during every HIIT session was detected according to anemic men's 

heart rate reserve (HRR), which was gained from an equation that subtracted 

anemic men's maximal heart rate (MHR) from their resting heart rate (RHR). 

Before starting every HIIT session, without taking food/meals for 2 hours before 

the designed session, patients were ordered to sit on the bicycle ergometer to 

perform 5-minute warming-up bicycling at 15-20% of anemic men's MHR) 
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without applied resistance/load from the bicycle ergometer. After performing the 

warming up, HIIT was conducted for 3-5 minutes at 85- 95% of anemic men's 

MHR, then an interval period of continuous bicycling for 10-12 min was 

performed at 60-75% of anemic patients' MHR for 20 to 30 minutes. At the end 

of every HIIT, similar to the warming-up procedure, a 5-minute cooling down 

was performed. The total duration of the conducted exercise session was 30-40 

minutes [13]. 

Interventions 

Six-minute walk test 

The functional capacity of all men with splenomegaly-induced anemia was 

assessed via a six-minute walk test (6MWT, the distance covered by anemic men 

during six-minute walking on a 30-meter corridor. 

Red blood cells and hemoglobin 

After overnight fasting, a 5-ml venous blood sample was gained from men 

with splenomegaly-induced anemia. A blood analyzer (Mispa count, made in 

Germany) was used to assess men's RBCs and Hb. 

Katz Index of Independence in Activities of Daily Living (Katz ADL) 

Katz ADL is the best valid tool for determining patients' functional status, 

which measures/assesses the patients' capacity for autonomous performance and 

execution of daily tasks/activities. This tool, Katz ADL, is usually used by 

clinicians and healthcare professionals to identify issues/problems with executing 

activities of daily living (ADL) and to design a treatment plan accordingly. 

Adequacy of ADLI-related performance in the common six areas/domains of 

toileting, dressing, transferring, eating, and bathing is ranked/graded by the Katz 

ADL. Regarding the independent performance in each of the six ADL functions, 

clients receive a ''yes'' or ''no score''. A score of two or fewer indicates severe 

functional impairment in ADL performance, a score of ''four'' suggests moderate 

impairment in ADL performance, and a score of ''six'' shows complete 

independence in the performance of ADL [14]. 

Blinding 

The assessors of 6MWT, red blood cells, hemoglobin, and Katz ADL in groups 

of splenomegaly-induced anemia did not know the nature of applied interventions 

(mediations, well-balanced diet, and HIIT). 

Statistical analysis 

Besides the outcomes (6MWT, red blood cells, hemoglobin, and Katz ADL), 

anemic men's demographic data such as body mass index (BMI) and age were 

normally distributed, hence unpaired and paired tests. The paired test was used to 

analyze within-group data, and the other was used to analyze between-group data 

using SPSS 24. 
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Results 

Before starting this HIIT trial, no significant difference (P > 0.05) was 

reported after the assigned between-group comparison of anemic men's 

demographic data (Table 1) and outcomes (RBCs, Hb, 6MWT, and ADL) (Table 

2) . 

 

After ending this HIIT trial, a within-group comparison of anemic men's 

outcomes showed a significant improvement in RBCs, Hb, 6MWT, and Katz 

ADL) in both groups, but the improvements within the study group (the group of 

anemic men with splenomegaly who received HIIT) were higher than the anemic 

control group (Table 2).  

 

After ending this HIIT trial, the between-group comparison of anemic men's 

post-values of outcomes (RBCs, Hb, 6MWT, and Katz ADL) showed a 

significant improvement in the assessed outcomes in the direction of the study 

group (the group of anemic men with splenomegaly who received HIIT) (Table 

2). 

 

 

Table 1. Comparison of pre-treatment age and BMI between anemic men 

groups. 

Anemic men's demographics 

Control 

group  

(N = 25) 

Study group 

(N = 25) 
P-value 

Age (years) 
Mean  40.12 41.08 

0.259NS 
±SD 2.83 3.10 

BMI (Kg/m2) 
Mean  23.91 23.77 

0.851NS 
±SD 2.70 2.72 

T: independent sample T-test; NS: Non-significant; SD: Standard deviation; BMI: body mass 

index 
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Table 2. Outcomes of anemic men with splenomegaly. 
P value (between 

anemic groups) 
Study group Control group 

Anemic men's pre- and post-

outcomes 

 Mean±SD Mean±SD Six-minute walk test (meter) 

0.816 404±25.2 402.8±11.3 Before HIIT 

<0.001HS 625.8±121.8 424.9±24.3 After HIIT 

 <0.001HS <0.001HS P value (within anemic groups) 

 Mean±SD Mean±SD Red blood cells (L) 

0.189NS 3.9±0.47 3.7±0.49 Before HIIT 

0.001S 4.61±0.54 4.08±0.58 After HIIT 

 <0.001HS 0.044S P value (within anemic groups) 

 Mean±SD Mean±SD Hemoglobin (g/dL) 

0.622NS 8.84±0.65 8.76±0.57 Before HIIT 

< 0.001HS 10.70±1.02 9.29±0.90 After HIIT 

 <0.001HS 0.009S P value (within anemic groups) 

 Mean±SD Mean±SD 
Katz Index of Independence 

in ADL 

0.863NS 3.07±1.57 3.00±1.39 Before HIIT 

0.017S 5.20±1.21 4.27±1.70 After HIIT 

 <0.001HS 0.003S P value (within anemic groups) 

NS: Non-significant; SD: Standard deviation; S: Significant; ADL: Activities of daily living; 

HS: Highly significant. 

Discussion 

This study proved the positive role of 14-week HIIT in improving RBCs, Hb, 

functional capacity, and performance of ADL in anemic patients with 

splenomegaly . 

The rationale of HIIT-induced improvement in the assessed outcomes may be 

related to exercise-induced improvement in the hematopoietic microenvironment 

that stimulates the bone marrow to accelerate the process of erythropoiesis 

(formation of erythrocytes) that increases the count of RBCs and Hb content in 

patients' blood [15]. 

Exercise increases blood flow/volume and tissue perfusion to the working 

peripheral skeletal muscles [16] and may increase the mechanical and shear 

stresses on RBCs in the exercised subject's bloodstream. These stressors 

modulate blood rheology, RBC properties, or both such as the increased ability 

of RBCs to pass through small capillaries to supply working muscles with the 

needed oxygen to prevent/delay fatigue perception [17]. Hence the patient reports 

an improvement in their functional capacity and physical performance during 

different daily tasks and ADL . 

The results of RBCs and HD after HIIT in this trial were supported by Kassab 

and Gaber[12], who reported an improvement in anemic women's RBCs and Hb 

after 8-week HIIT. Also, the presented results of Hb in this HIIT trial agreed with 

the results of the study conducted by Hu and Lin [15], who related the exercise-
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induced increase in Hb to the increased expression of erythropoietin receptors 

responsible for the process of erythropoiesis in the bone marrow . 

The study performed by Putra et al. [18] supported the presented results in this 

paper because they affirmed a significant improvement in Hb, RBCs, the maximal 

volume of oxygen consumption (VO2max, an indicator for the subject's status of 

functional capacity) after 8-weeks HIIT. Also, another HIIT study supported the 

presented results, especially after the reported significant improvement in RBCs 

and Hb that was gained after adding 6-week HIIT to the consumption of omega-

3 supplements in sedentary boys [19].   

Again, in a study published in 2016, the excessive oxygen demand during 

HIIT that induced the production/release of erythropoietin hormone (this 

hormone stimulates the production/synthesis of RBCs and Hb) may be the cause 

of the significant increase of RBCs and Hb after 8-week HIIT in young girls [20]. 

Another study published in 2022  [21] reported that high-intensity one-bout 

cycling (four sets of rope jumping exercises conducted at maximum power/force 

for 30 seconds) significantly increased the levels of RBCs and Hb in obese 

adolescent boys with hemolytic anemia; hence, their results were parallel to our 

results.  

On the other side, the results of Hb and RBCs were not compatible with those 

of  Ahmadi and Abdiyan [22], who reported that different intensities of HIIT did 

not change RBCs and Hb in overweight and obese subjects (may be due to the 

different gender of the included participants in their study. Also, all participants 

in their study were females and some of them were obese). Also, another study 

opposed our Hb and RBCs results because it reported a significant decrease of 

both measures in sedentary obese men, which may be due to the short duration of 

the applied HIIT program (the duration of the program was 6 weeks only) [23].   

Regarding the improved 6MWT in this study, the studies that assessed the 

effect of HIIT on 6MWT in anemic patients are very limited. The results gained 

from the study published by Musonda et al. [24] supported our results because 

the authors reported an increase in chronic heart failure patients' oxygen 

saturation and 6MWT (the test of cardiopulmonary capacity) after the regular 

performance of 12-week HIIT. Also, the systematic review published by 

Goberdhan et al. [25] supported the results of 6MWT of our trial because it 

reported a significant improvement in chronic heart failure patients' functional 

capacity (assessed via 6MWT) after the regular engagement of those patients in 

HIIT programs . 

Regarding the results of improved Katz ADL, a study published in 2014 was 

compatible with our results of Katz ADL because it reported an improvement in 

Katz ADL after HIIT in patients with Parkinson's disease. The study related this 

improvement to the enhanced motor functions, mass of skeletal muscle mass, 

functions of mitochondria, and physical capacity of the participants of 

Parkinson's disease [26]. Also, our results of Katz ADL agreed with the results of 
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Rivas-Campo et al. [27], who showed a significant improvement in Katz ADL 

and physical/functional capacity after engaging older patients with mild cognitive 

impairment in the HIIT program. Again, the results of a recent systematic review 

recommended using HIIT to enhance motor functions and ADL in a different 

category of patients (patients with mild dementia) [28]. 

On the other side, this may be due to the different categories of patients, a 

systematic review opposed our results because it reported an insignificant effect 

of HIIT in improving ADL in patients with dementia [29]. Also, the results of a 

systematic review analyzed the results of exercise program conducted on 

community-dwelling people with dementia opposed our results because the 

systematic review reported no significant improvement in ADL after exercise 

rehabilitation may be due to the different age classes of the exercised patients in 

this systematic review [30]. 

Conclusion 

A 14-week HIIT significantly improved 6MWT, RBCs, Hb, and Katz ADL in 

anemic men with splenomegaly. 

Limitations 

Tracking the post-HIIT values of 6MWT, RBCs, Hb, and Katz ADL was the 

main shortage of this study that must be covered in future trials. 
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