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Abstract

Introduction: Thalassemia, a genetic hemoglobinopathy, results from a defect in globin
chain production. The morbidity associated with thalassemia can arise from the deleterious
effects of ineffective erythropoiesis or the complications related to multiple transfusions.
Accordingly, this study aims to examine the correlation between pulmonary function and
physical fitness in children with - thalassemia major.

Material and methods: This observational-correlation study was conducted between August
2022 to January 2023 at Abo EL-Reesh Al Mounira Hospital for children. The study included
34 children with B- thalassemia major of both sexes (17 boys and 17 girls) aged 610 years.
The exclusion criteria included children with defined cardiovascular or respiratory disorders,
renal failure, and recent thoraco-abdominal surgery or aneurysm. The pulmonary functions
(including vital capacity (VC), maximal voluntary ventilation (MVV), forced expiratory
volume in 1% s (FEV1), and peak expiratory flow (PEF) rate) were assessed using a spire
spectrum neuro-soft spirometer. Health-related physical fitness as functional capacity was
measured by a 6-min walk test while using the energy expenditure index (EEI) to determine
energy expenditure. A paediatric balance scale was employed to measure skill-related fitness
as balance.

Results: The results revealed that a statistically significant positive correlation was observed
between functional capacity and pulmonary functions as well as between balance and
pulmonary functions in children with p- thalassemia major (p < 0.05).

Conclusions: Pulmonary function was significantly correlated with physical fitness in
children with B-thalassemia, indicating the importance of pulmonary rehabilitation.

Keywords: Functional capacity, Beta-thalassemia major, Balance, Respiratory function test
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Introduction

Thalassemia is an inherited autosomal recessive hematological disease characterized by a
genetic defect in hemoglobin chains [1], which leads to malfunction and rapid hemolysis of red
blood cells, decreased oxygen delivery to tissues, iron overload, and inconsequence chronic anemia
[2]. Patients with thalassemia receive periodic blood transfusions to increase their oxygen-carrying
capability of the blood. However, this could lead to generalized iron overload in the body, including
the lungs, heart, liver, and endocrine glands [3]. According to clinical features, the disease severity
is categorized into three types: thalassemia minor, intermediate, and major [4].

The World Health Organization has considered thalassemia the most common inherited
blood disorder, with an estimated 150 million carriers worldwide. Children across the Middle East,
the Mediterranean, and South Asia have a high prevalence of this disorder [5,6]. The prevalence of
B-thalassemia in Egypt is 85.1%, making it one of the most common forms of chronic hemolytic
anemia in the country. Consanguineous marriage is common in Egypt, which contributes to the
accumulation of harmful genes within families, leading to an estimated one thousand to one-and-a-
half million cases of thalassemia in live births yearly [7].

B-thalassemia major, also known as "Cooley's Anemia" or "Mediterranean Anemia," is a
severe form of thalassemia. Clinical symptoms usually emerge between six months and two years
of age when the y-globin genes responsible for producing hemoglobin F are physiologically
deactivated. The signs indicating that a child is suffering from this condition include severe anemia
(hemoglobin 7 g/dL), pallor, jaundice, irritability, feeding difficulties, inability to thrive, structural
deformities, abdominal expansion due to increasing splenomegaly and hepatomegaly, or recurring
episodes of infection [8]. One of the body systems most often impacted by blood problems is the
respiratory system. Children with thalassemia major have been reported as having various
pulmonary function problems, including restrictive large-airway obstruction, diffusing impairment,
and small-airway disease. Patients with thalassemia major may have a lung abnormality due to iron
accumulation from frequent transfusions. However, the underlying origin of this condition is
unclear. Additionally, a less active lifestyle brought on by the systemic deficits associated with
thalassemia major can contribute to an overall decrease in muscle strength and a corresponding
drop in functional capacity [9]. Previous studies have suggested that the severity and duration of
iron overloading may have a role in the etiology of pulmonary function problems [10].

The World Health Organization defines fitness as "a dynamic physical state involving

cardiovascular/pulmonary endurance; muscle strengthening, power, endurance, and flexibility;
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relaxation; along with body composition which enables optimal and effective performance of daily
in addition to leisure activities." Physical activity focused on health fitness is the groundwork for
children to find pleasure in various physical activities [11]. Health and competence are both
components of physical fitness. Cardiovascular fitness, body mass index (BMI), muscular strength,
endurance, and flexibility are all important for good health. Skill-focused fitness enhances agility,
balance, coordination, strength, speed, and reaction time [12]. The health potential of an individual
is reflected in their physical fitness level, including their cardiorespiratory fitness. The heart rate
after exercise is one sign of cardiorespiratory fitness [13], among other measures of physical fitness.
The ability to recover from exercise and the heart rate during exercise have an aerobic base in a
factorial analysis of energy capacities [14]. Thalassemic adults exhibited a marked decline in
exercise capacity, most likely attributable to anemia, deconditioning, and an absence of exercise-
induced hemoconcentration [15].

Thalassemia's physical health impacts can include delayed puberty, growth retardation, and
physical deformities. Its effects on physical characteristics, such as low stature and bone
abnormalities, also lead to a negative self-image. In general, children with thalassemia have reduced
muscle strength and flexibility and are less active than their counterparts in good health [16].
Children with thalassemia may have reduced joint pain, a reduced ability to exercise, and impaired
physical function, all of which may contribute to their diminished strength. Pain is a thalassemia
emerging consequence that is becoming more prevalent. Although the precise etiology of
thalassemia discomfort is still unknown, low hemoglobin levels, low bone mass, and iron overload
have all been proposed [17].

Children with thalassemia may have decreased strength as a result of the substantial long-
term effects of continuous transfusion on growth, development, and nutrition. Since lower
hemoglobin levels are linked to a number of symptoms, including weariness, overall weakness, and
decreased mental alertness, which may result in a worsened quality of life, the lowered hemoglobin
levels in these children may cause a loss in muscle strength [18]. Previous research examining
physical fitness and pulmonary functioning in adult populations. There is an increasing need to fill
in the information gap about the relationship between physical fitness and pulmonary functioning
in Egyptian children with B-thalassemia, as there is currently no data on this subject. Along with a
strong focus on medical care, physical rehabilitation is neglected. In order to enable early detection
and rehabilitation of pulmonary and fitness issues, the purpose of this study was to examine the

relationship between pulmonary functions and physical fitness in children with B-thalassemia.
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Materials and methods

Participants

This study included 34 children with blood transfusion dependent - thalassemia major
with (hemoglobin < 8 g/dL) from both sexes recruited from Abo El-Reesh Al Mounira Hospital
for Children. Their age ranged from 6—10 years old, and their body mass index ranged from 13.4-
20.6 kg/m?. The exclusion criteria included the following: children with recent splenectomy or

thoracic-pulmonary surgery, defined cardiorespiratory disorders, and renal failure.

Ethics

The procedures of the study were reviewed and approved by The Research Ethics
Committee at the Faculty of Physical Therapy at Cairo University with (approval number
P.T.REC/012/003478), approval date December 5, 2021, and was registered on clinical trials gov
(Registration number: NCT05494333). Parents were given information about the study and signed

informed consent before performing any assessments.

Sample size calculation

The sample size was calculated based on a pilot study of 13 children with a thalassemia
major. Utilizing a two-tail exact correlation bivariate normal model, a sample size of 28 would be
adequate to determine whether or not there is a correlation among pulmonary functions and
physical fitness in children with thalassemia major, with a significance level (a) of 0.05, a power
0f95%, a correlation coefficient (r) of 0.616, and a coefficient of determination (r?) of 0.38. Herein,
we used G Power and sample size calculations, version 3.0.11, for Microsoft Windows (William

D. Dupont and Walton D., Vanderbilt University, Nashville, Tennessee, USA).

Outcome measures

a. Assessment of pulmonary functions

Computerized spirometry Spiro-spectrum version (2000-2013), a quick and easy process,
was used to assess pulmonary function. Weight and height scales were utilized to measure the
weight and height of the participating ildren. Three pulmonary tests were performed, including
slow vital capacity (VC), forced expiratory, and maximal voluntary ventilation (MV'V) tests. The

chair was put at an appropriate height and had a back support so the child could comfortably sit.
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Each child was told to take a few deep breaths as they blew a piece of paper. After inserting a clean
mouthpiece to which the flow sensor was attached, we secured their nose so that no air could
escape. In the slow VC test, the child was asked to inhale and exhale two to three tidal breaths,
then exhale slowly as much as they could empty the chest, and then inhale slowly as they could to
fill the lungs. In the "Forced expiration" test, children took a deep breath and held their breath for
as long as necessary to completely seal their lips around their mouthpiece. Lastly, they expired as
strongly and forcefully as possible until they could no longer expel any air. Candle was appeared
on screen to encourage the child to blow it. In the MVV test, the child was asked to inhale and
exhale as fast as possible for 10 s to achieve maximal ventilation. Each child performed each

assessment three times, with their highest score being recorded [19].

b. Assessment of physical fitness

The 6-min walk test, a submaximal oxygen consumption level test, was used to evaluate
functional capacity in children. The child rested for 10 min and then was instructed to walk on 20
m without obstructing. To guarantee the safety of the children and to get an accurate distance
measurement, the therapist observed the child closely using a stopwatch for 6 min. They were
given 6 min to walk as many repetitions of the course as feasible. A chair was positioned every 5
m distance if the child could not walk while the stopwatch was not stopped. The test was
terminated if the child could no longer precede the test [20].

The energy expenditure index (EEI) has been utilized to evaluate energy expenditure based
on heart rate and oxygen consumption by assessing walking efficiency at different velocities. The
child was instructed to rest to allow the heart rate to reach the resting level. The pulse oximeter
was used to measure the resting heart rate before the test. The child was instructed to walk for 5
min at a comfortable speed with a stopwatch to identify the time. At the end of the test, the walking
heart rate and the distance were assessed. The walking speed was calculated by dividing
distance/time. The EEI = (walking Heart Rate — resting Heart Rate)/walking velocity [21].

The pediatric balance scale, a modified form of the Berg Balance Scale designed to
evaluate functional balance among school-aged children, was utilized to evaluate the balance. The
scale consists of 14 items (including get to stand, stand to sit, stand on one foot, reach forward,
and alternate foot placing on a stool) and examines static and dynamic components. Every task
was demonstrated and given instructions as written in the manual [22]. The child received a
practice trial on every item; if the child could not complete the task, 1 s of the practice trial was
done. Physical cues were used to clarify both verbal and visual instructions. Many items were

used, including specific types of equipment like (small benches, rulers, and stopwatches). The test
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was scored utilizing 0 — 4 scales, 0 (least function) to 4 points (maximum function), with a maximal
scoring of 56 points scores of 0 to 20 represent high risk of falling, of 21 to 40 represent moderate
risk, and of 41 to 56 represent good balance. Each item was described in detail in the manual, and
multiple trials were conducted on many items. The performance of each child was graded using
the minimum criteria, which indicates the highest performance. The child had to stay in a specified
position with several items for the indicated time. If the time or distance needed were not reached,

further points were deduced.

Statistical analysis

The Windows version of IBM's Statistical Package for the Social Sciences (SPSS) version
25 (IBM SPSS, Chicago, IL, USA) was used for all statistical analysis. Means, standard deviations,
absolute numbers, and percentages were calculated using descriptive analysis. The Shapiro-Wilk
tests performed to ensure the normality of the data showed that the distributions of all outcome
variables were normal. A Pearson correlation coefficient test was used to analyze the correlation
between pulmonary functions and fitness. All statistical tests were performed at the p < 0.05 level

of significance.

Results

Thirty-four children with B-thalassemia participated in this study. Table 1 lists the general
characteristics of the study group. The results revealed that a moderate positive significant
correlation existed between pulmonary functions (tidal volume (TV), VC, forced vital capacity
(FVC), forced expiratory volume in 1% s (FEV1), MVV, and peak expiratory flow (PEF), and
functional capacity, with Pearson correlation coefficients (r) of 0.526, 0.432, 0.382, 0.376, 0.675,
and 0.420, respectively. Moreover, a moderate positive significant correlation was observed
between balance and pulmonary functions (TV, VC, FVC, FEV1, MVV, and PEF), with Pearson
correlation coefficients (r) of 0.393, 0.365, 0.487, 0.440, 0.577, and 0.475, respectively.
Additionally, there were moderate negative significant correlations between EEI and pulmonary
functions (TV, VC, FVC, FEV1, and PEF), with Pearson correlation coefficients (r) of -0.376, -
0.577, -0.395, -0.427, and -0.466, respectively, except MVV which had a weak negative non-
significant correlation (p > 0.05, Table 2).



Tab. 1. Descriptive statistics for variables of the study group
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95% CI Z-score
Variables Mean £ SD | Maximum | Minimum Upper | Lower | Mean
Maximum | Minimum
limit limit | +£SD
Age (years) 8.52+1.52 10 6 8 9.06 0+1 -1.66 0.97
Weight (kg) 26.8 £6.94 52 19 23.75 28.6 0+1 -1.03 3.72
129.58 +
Height (m) Lol 159 113 12575 | 13343 | 0+1 -1.51 2.67
1532+
BMI (kg/m?) L5 20.6 134 1479 | 1584 | 0=+1 -1.26 3.5
Haemoglobin (g/dl) | 7.20 +0.54 8 6.2 7.39 7.01 0+1 -1.84 1.46
Functional capacity 330.82 +
419.8 220.2 313.71 | 34795 | 0+1 -2.25 1.81
(m) 49.50
5441+
Balance 56 47 53.63 | 5519 | 01 -3.3 0.71
2.24
26.29 +
EEI (beats/m) 950 443 13.2 2298 | 29.61 | 0+1 -1.38 1.9
Tidal volume (L) 0.62 +£0.35 1.4 0 0.5 0.74 0+1 -1.73 2.28
Predicted tidal
2.17+£0.51 3 1.5 1.99 2.35 0+1 -1.23 1.58
volume (L)
Vital capacity (L) 1.02 + 0.38 1.8 0.3 0.89 1.16 0+1 -1.79 2.14
Predicted vital
] 1.98 £0.35 2.8 1.5 1.87 2.11 0+1 -1.52 2.42
capacity (L)
Forced vital
) 1.08 £0.33 1.6 0.5 0.96 1.2 0+1 -1.77 1.59
capacity(L)
Predicted forced
1.92 +£0.33 2.7 1.4 1.8 2.03 0+1 -1.5 2.43
vital capacity(L)
Forced expiratory
volume in Ist 1.05+£0.33 1.6 0.5 0.93 1.17 0+1 -1.69 1.63
second (L)
Predicted forced
expiratory volume | 1.75+0.32 2.5 1.3 1.65 1.87 0+1 -1.35 2.39
in Ist second (L)
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Maximal voluntary 2797+
49 14.7 24.5 3146 | 0+1 -1.33 2.11
ventilation (L/min) 9.97
Predicted maximal
61.44 +
voluntary 11.03 87.9 46.6 57.59 | 6528 | 0+1 -1.35 2.39
ventilation (L/min) '
Peak expiratory
2.41+0.94 4.2 0.8 2.07 274 | 0£1 -1.75 1.93
flow (L/min)
Predicted Peak
expiratory flow 3.87+0.66 54 2.9 3.64 411 | 0+1 -1.42 2.35
(L/min)

BMI- body mass index, EEI- energy expenditure index, SD- standard deviation

Tab. 2. Correlation of pulmonary functions and physical fitness in children with B-thalassemia

Variables Functional capacity Balance EEI (beats/min)
(Person
coefficient - () () (1) () (r) (9]
probability)
TV (L) 0.526 0.001* 0.393 0.021* —0.376 0.028*
VC (L) 0.432 0.011* 0.365 0.034* —0.577 0.001*
FVC (L) 0.382 0.026* 0.487 0.003* —0.395 0.021*
FEVI1(L) 0.376 0.029* 0.440 0.009* —0.427 0.012%*
MVV(L/min) 0.675 0.001* 0.577 0.001* —0.291 0.095
PEF (L/min) 0.420 0.003* 0.475 0.004* —0.466 0.005%*

EEI- energy expenditure index, FEV1- foreed expiratory volume in 1% second, FVC- forced vital
capacity, MVV- maximal voluntary ventilation, p- p-value, PEF- peak expiratory flow, r- Pearson
correlation coefficient, TV- tidal volume, VC- vital capacity, *- statistically significant result (p < 0.05)

Discussion

Pulmonary function and functional capacity may be negatively impacted by B-thalassemia
due to its potential effects on several body systems. Fatigue and decreased physical capacity are
two problems that can affect children [23]. Despite the data availability about pulmonary function
and physical fitness in children with thalassemia, there remains a shortage of their correlation.
Accordingly, this study aimed to examine the correlation among pulmonary functions and
functional capacity, balance, and energy expenditure in children with B-thalassemia major. Our
results revealed that a moderate positive correlation was observed between pulmonary functions
and both functional capacity and balance. Meanwhile, we demonstrated a moderate negative
correlation with energy expenditure except for MVV, which had a weak negative non-significant

correlation. The majority of pulmonary anomalies in the research population were of the mixed
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type, restrictive and obstructive respectively. Moreover, Sohn et al. [24] have reported that
different pulmonary dysfunction types were observed in thalassemic children, including
restrictive, large-airway obstruction, diffusion impairment, and small-airway disease.

Our findings are in line with Purnama et al. [25], who correlated lung function to physical
activity and aerobic capacity in normal adolescents. Their study concluded that adolescents of both
sexes with a higher vital lung capacity had a better aerobic capacity and physical activity level.
Additionally, Oyedeji et al. [26] have measured pulmonary function, functional capacity, and grip
strength, revealing that a positive correlation existed between grip strength (which represented
peripheral muscle strength), MVV, and functional capacity measured by 6-min walk distance.

A previous study by Beam and Adams [27] has shown that MVV was moderately
correlated with standard clinical outcomes for assessing chronic obstructive pulmonary disease
patients. Our results are consistent with Moreira et al. [28], who have stated that functional
capacity showed a statistically significant positive correlation with PEF rate in obese patients.
Obese individuals exhibited low flow rate and functional capacity due to alterations in pulmonary
function. Anemia caused by iron deposition due to repeated blood infusion reduces lung capacity
and delivers less blood and oxygen to the body. Consequently, the prevalence of fatigue-related
impairments in functional capacity and recurrent pain, most frequently in the hip and lower-
extremity regions, has risen. Individuals with chronic pain may experience functional state
alterations and be more prone to choose a less active lifestyle. This can lead to less physical
activity, a decline in tropism, and, eventually, a weakening of the peripheral muscles [29].

Another physical parameter that is very important in functional capacity is balance.
Children with B-thalassemia demonstrated impaired postural balance compared to their normal
peers [30]. Balance disorders in B-thalassemia major are due to multifactor as postural impairment
(scoliosis, anterior pelvic tilt); the postural defects in children with B-thalassemia might be disease
side effects such as low hematocrit, calcium, bone mineral density, bone marrow expansion, high
level of ferritin and alkaline phosphate [31]. Because of decreased chest wall and lung compliance,
a sedentary lifestyle increases the mechanical stress on compromised respiratory muscles. Fatigue,
postural problems, and respiratory insufficiency [32] are some possible outcomes of excessive
overuse of respiratory muscles. Restrictive breathing is the result of weak inspiratory muscles.
Orthopnea and abdominal paradoxical movement appear among individuals having inspiratory
muscle dysfunction because these individuals use accessory breathing muscles and gravity to assist
diaphragmatic motion; the state of balance will be negatively impacted by this [33].

This study illustrated the positive relation between pulmonary function and balance in

children with B-thalassemia major. Recent research by Kaygusuz et al. [34] has shown that patients
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with diminished lung function also have diminished balance and coordination. In addition, Park et
al. [35] have found a significant postural imbalance in patients with various lung diseases. The
biomechanics of the body as a whole are influenced by alterations in the respiratory thorax,
meaning that alterations in respiratory metabolism might affect the overall metabolism of the body.
The results of the current study corroborate those of Kayacan et al. [36], who elucidated that
boxing is a sport that necessitates force, discipline, and balance. In this context, muscular as well
as bone strength are efficient parameters. Boxers that train intensively with aerobic methods have
greater bone and muscle density because of their increased lung capacity.

The elevated erythropoiesis and heart activity associated with the chronic hemolysis
observed in patients with thalassemia major leads to an increased metabolic demand for energy,
minerals, and proteins. Thalassemia is not directly caused by oxidative stress; however, this stress
does play a mediating role in several of them. Patients with thalassemia experience high oxidative
stress levels due to two primary factors: the breakdown of unstable hemoglobin and iron overload
[37]. Along with airway and parenchymal damage caused by chronic bacterial infection and an
aggressive inflammatory reaction, these factors increase oxygen expenditure and breathing [38].
Therefore, this study revealed a moderate negative correlation with energy expenditure and
pulmonary functions, which is consistent with Bell et al. [39], who have demonstrated a negative
correlation between increasing resting energy expenditure and airway obstruction severity in
patients with cystic fibrosis, as measured by the two primary variables (FEV1 and FVC). Our
findings on the relation between EEI and MVV were inconclusive, showing only a weak and non-
significant relation between the two variables. These findings contradict those of Andrello et al.
[40], who have manifested that MV'V has a stronger correlation with various outcomes of physical
activity in everyday life, as well as that MVV has a statistical correlation with total energy
expenditure. The difference in results may be due to different samples, age groups, or different
methodologies. The increased resting energy expenditure is due to the higher requirement for
oxygen by respiratory muscles. Chronic pulmonary impairment in cystic fibrosis has been related
to a greater oxygen cost of breathing, which may be due to altered lung mechanics and structure.
In vitro research has revealed that oxygen consumption, resting energy expenditure, and total
energy expenditure may all be higher in infants with cystic fibrosis [41].

The outcomes of the present study furnish significant insights into the relationship between
pulmonary functions and physical fitness among the studied children. Consequently,
recommendations for pulmonary rehabilitation should be carefully contemplated. The
incorporation of a cardiopulmonary exercise test in rehabilitation protocols allows for regular

monitoring of oxygen saturation, exercise intensity, and heart rate. Adequate rest intervals between
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activities are advisable to prevent fatigue. Additionally, integrated proprioception and postural
correction techniques are recommended for balance training.

This is the first study among pediatric population which provide baseline information’s
regarding pulmonary functions and fitness in children with -thalassemia helping the researchers
build up on these results. Some limitations to this study should be recognized. The lack of previous
studies investigating the relation between variables in children with thalassemia limits data
comparison with other studies. Further research must be conducted on cardiopulmonary strength
and fitness and their relation with functional and physical activity in these children. Future studies

may be performed on larger samples in different age groups.

Conclusions

Collectively, pulmonary functions are significantly correlated with physical fitness in
children with B-thalassemia. Therefore, appropriate intervention strategies should be supported,

particularly physiotherapy, which may enhance the quality of life of this population.
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