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Abstract. – OBJECTIVE: The present study 
investigated the efficacy of a program of aerobic 
exercise on pulmonary functions in adult males 
with hemophilia A (HA). 

PATIENTS AND METHODS: 40 patients with 
HA who met the eligibility criteria (40 HA; age 
range: 20-39 years) were invited to participate 
in the study. The patients were divided into two 
groups, 20 per each. Participants in the study 
group (A) underwent selected physical thera-
py program, along with aerobic training ses-
sions on a cycle ergometer (50-60% heart rate 
reserve, moderate intensity), while the control 
group (B) underwent a selected physical thera-
py program only. The pulmonary functions (FVC, 
FEV1, FEV1/FVC, PEF, PIF, and MVV) were mea-
sured before and after treatment program. 

RESULTS: There were noteworthy statistical 
differences between pre- and post-measure-
ments in the study group in all measured vari-
ables (p < 0.05). There were also significant sta-
tistical differences between the study and con-
trol groups in all measured variables post treat-
ment (p < 0.05). 

CONCLUSIONS: This study has demonstrat-
ed that hemophilic A patients’ pulmonary func-
tions have improved significantly following aer-
obic exercise training. As a result, aerobic ex-
ercise can be used in addition to medical treat-
ment for hemophilic A patients.

Key Words:
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philia. 

Introduction

Hemophilia is a rare X-linked congenital 
bleeding disorder characterized by a deficiency 
of coagulation factor VIII (FVIII) in hemophilia 
A and factor IX (FIX) in hemophilia B. Hemo-
philia A affects far more people than hemophilia 
B. Hemophilia A accounts for 80-85% of all he-
mophilic cases, according to estimates1.

Hemophilia A is commonly known as classical 
hemophilia caused by a genetic mutation in the 
F8 gene on the X chromosome, which results in 
insufficient quantities of the clotting factor VIII2. 
It is mostly expressed in men, however some 
females who possess the gene may experience 
mild or, in rare cases, severe bleeding symptoms. 
Although there is no definite cure for hemophilia, 
effective medicines have been established; most 
affected individuals can live full, productive lives 
if proper medication and care are maintained3.

When it comes to the bleeding characteristics 
of hemophilia, the range is extremely wide. It 
ranges from having little or no propensity to 
bleeding after minor trauma or with routine daily 
activities, to potentially life-threatening bleeds. 
Consequences of untreated hemophilia, which is 
typified by recurrent, acute joints bleeding and 
chronically synovitis include swelling, joint dis-
comfort, muscle atrophy, and deformity4. Severe 
hemophilia is a life-threatening condition that 
can be fatal if left untreated. Flexion contracture, 
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uneven gait, and diminished balance are some of 
the other clinical indications of frequent muscu-
loskeletal bleeding; the confluence of these signs 
and symptoms can lead to decreased functional 
ability as well as a poor quality of life. Using 
the proper coagulation factor as a preventative 
measure can lessen the severity and frequency of 
bleeding5.

Hemophilic children seem to be less physical-
ly active than healthy children, with a massive 
decrease in muscle strength, particularly in the 
lower limbs, as well as a substantial decrease in 
exercise capacity, which may be due to a lack 
of sufficient intensity in daily physical activities 
and a reduced ability to participate in intensive 
physical activities when compared with healthy 
controls children6. 

Participants in physical activity who have he-
mophilia can improve their quality of life, which 
was formerly restricted until 1970s, when the use 
of coagulation cascade was provided7. When it 
comes to hemophilia, exercise is highly encour-
aged as part of the existing level of care, and it 
is also widely promoted. While the relevance 
of physical therapy, physical exercise, training, 
and sports as part of the overall treatment plan 
in hemophilia individuals has long been recog-
nized and accepted, it has only just begun to 
be fully recognized and implemented. While 
exercise presents particular challenges for hemo-
philia individuals, such as the danger of injury, 
and overloaded and potential bleeding, physical 
exercise and aerobic fitness can help to improve 
pulmonary function when performed correctly 
under the supervision of a hemophilia specialist8. 

The current study has been proposed to ascer-
tain pulmonary functions in hemophilic patients 
in order to determine the impact of aerobic exer-
cise on the pulmonary volumes of hemophilic A 
patients and to show that aerobic exercise should 
be an integral part of life for individuals with he-
mophilia. We hypothesized that encouraging he-
mophilic A patients to do aerobic exercise train-
ing improves the pulmonary function, assuming 
that habitual exercise training enhances many 
advantageous physical, psychological, and physi-
ological influences in hemophilic A patients. 

Patients and Methods

Study Design
Between May 2019 and September 2021, a 

randomized controlled trial study was conduct-

ed on two parallel groups, active and control, at 
the Red Crescent Hospital, Egyptian Ministry of 
Health. Based on their diagnosis, 40 males with 
mild or moderate hemophilia A (1-5% clotting 
factor activity) participated in this study, refer-
ring and then being followed by a hematologist. 
The aim and nature of the study were explained 
for each participant before initiating the study 
program.

Participants’ Selection Criteria
Hemophilic patients were included in the study 

depending on the following criteria: (1) diagnosed 
with mild or moderate hemophilia A, (2) aged 20-
39 years, (3) having no functional disturbances 
found by conditions other than hemophilia, and 
(4) being clinically stable having an ongoing 
prophylactic treatment (prophylaxis is the treat-
ment by intravenous injection of a factor VIII 
concentrate to avoid any predictable hemorrhage 
aiming at maintaining ordinary musculoskeletal 
performance by averting blood loss and joint de-
structions. Treatment with 15-40 IU/kg per dose 
managed 3 times a week is the recommended 
prophylactic strategy.

Patients with a sustained joint bleeding in 
either knees or ankles 2 weeks after tests, any 
deformity that restrict with the training program 
and coexistence of further bleed diathesis (e.g., 
platelet function abnormalities, and von Wille-
brand disease) were also excluded. 

All subjects’ medical histories were meticu-
lously documented, as well as their weights and 
heights, and the body mass index (BMI) was 
determined for each participant. Using a block 
randomization, the patients were divided into two 
groups, 20 per each. Allocation was concealed 
using sealed opaque envelopes. Participants in 
the study group (A) had to undergone elected 
physiotherapy program, along with aerobic train-
ing sessions on a cycle ergometer, while the con-
trol group (B) had to undergone only the elected 
physiotherapy program. 

Evaluation Parameters 
The following evaluation pulmonary functions 

parameters were measured before and after the 
intervention by a digital spirometer (Medical 
Graphics Corporation, St. Paul, Minnesota, MN, 
USA) in the sitting position: Forced Vital Capaci-
ty (FVC), Forced Expiratory Volume in 1st second 
(FEV1), FEV1/FVC ratio, Maximum Voluntary 
Ventilation (MVV), Peak Inspiratory Flow (PIF), 
and Peak Expiratory Flow (PEF).
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Measurement of Respiratory Parameters
During the measurement, subjects were in-

formed that a maximum attempt was mandatory 
for the accuracy of test outcome. Measurement 
was processed while the subject was sitting in 
a comfortable position. Each individual wore a 
mouthpiece that was unique to them. The patient’s 
nose was sealed with a plug, and the mouthpiece 
was employed without a gap in the rim. The in-
dividual was audibly encouraged throughout the 
assessment.

FVC Measurement 
An inhalation-exhalation test was used in 

which the patient breathed normally for three 
cycles, then quickly and deeply exhaled follow-
ing a powerful and deep maximum inspiration. 
FEV1 and FEV1/FVC% values have been record-
ed during this assessment. 

MVV Measurement
The subject completed the measurement with 

maximal fast and deep breathing for 12 seconds9.

Treatment Programs
The experimental group (group A) performed 

aerobic exercise training bicycle ergometer 
(Corival 2015, Lode BV, Groningen, The Neth-
erlands). Periodic adjustment of the intensity was 
done throughout the training period. The ergom-
eter is an electronic braked cycle ergometer. It 
encloses an electronic meter demonstrating pedal 
rebellions per min, time function and total pedal 
rebellions. It also includes a pedal strap to fix 
the participant foot. The aerobic exercise session 
consisted of 5 min warm-up exercises in the form 
of a gentle stretch and pedaling on a bicycle er-
gometer starting at lower intensity, and then the 
active phase consisted of pedaling while gradu-
ally increasing resistance based on 50-60% heart 
rate reserve (moderate intensity). The treatment 
session was ended with cool down period in the 
form of unloaded cycling for other 5 min. The 
exercise was immediately stopped if the patient 
felt pain, fainting or shortness of breath.

The exercise duration was 30 minutes, three 
times a week for two successive months. Pro-
gression was done by gradually increasing the 
resistance by 5 watts every week, such that by 
the 8th week, the subjects were exercising at 40 
watts power.

For two months, the selected physical therapy 
program was also held three times a week. It 
included mobilization, coordination, as well as 

strengthening and flexibility exercises. Depend-
ing on the patient’s condition, a 10-minute select-
ed mobilization of the spine, hips, knees, ankles, 
shoulders, elbows, or wrists was performed from 
sitting and standing positions. Standing with feet 
in a narrow position, standing and walking in 
tandem, single leg stance (added difficulty by 
closing the eye or using a ball), one leg stands and 
doing motions like “8” with the other leg are all 
examples of coordination exercises. 

Sample Size 
Using data from a pilot study with 5 people 

per group, obtained with the G*Power statistical 
software (version 3.1.9.2; Franz Faul, Universitat 
Kiel, Germany) to calculate sample size, we dis-
covered that this study required a sample size of 
20 subjects per group. A power of 80, α-error of 
0.05, effect size of 0.91, and DF of 38 were used 
in the calculation.

Statistical Analysis
Using an unpaired t-test, we were able to com-

pare the features of the subjects in each group. A 
Chi-squared test was used to examine the distri-
bution of severity among the various populations. 
To ensure that data were normal, the Shapiro-Wilk 
test was used. Groups were homogeneous after 
Levene’s test for homogeneity of variances. A 
mixed-design MANOVA was used to compare 
effects on FVC, FEV1, FEV1/FVC, PEF, PIF, and 
MVV within and across groups. For following 
multiple comparisons, post-hoc tests were per-
formed using the Bonferroni correction. All statis-
tical tests were conducted with a significance level 
of p < 0.05. As a result, SPSS version 25 for Win-
dows was used to carry out all statistical analyses 
(IBM Corp., Armonk, NY, USA).

Results

Subject Characteristics 
In terms of subject characteristics, including 

demographics, activated partial thromboplastin 
clotting time (aPPT), factor VIII and severity dis-
tribution, there was no discernible difference be-
tween the groups (p > 0.05), as shown in Table I.

Effect of Treatment on FVC, FEV1, 
FEV1/FVC, PEF, PIF and MVV

An interaction between time and treatment 
was shown to be significant [F(6,33) = 23.01, p = 
0.001, η2 = 0.81]. The main time effect [F(6,33) = 
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33.75, p = 0.001, η2 = 0.86] was significant. In the 
main analysis, the treatment effect had a statisti-
cal significance [F(6,33) = 2.61, p = 0.03, η2 = 0.32].

Within Group Comparison
A significant rise in FVC, FEV1 and FEV1/

FVC was observed in the study group follow-
ing therapy (p = 0.001), while the control group 
showed no significant change (p > 0.05) in these 
measurements. The study group’s percent change 
in FVC, FEV1, and FEV1/FVC was 8.88, 15.87, 
and 6.32%, while the control group’s percent 
change was 1.45, 1.53, and 0.27% (Table II).

In the study group, PEF, PIF, and MVV in-
creased significantly after treatment compared 
to pre-treatment (p = 0.001), while the control 
group showed no significant change (p > 0.05). 
The study group’s percent change in PEF, PIF, 
and MVV was 23.91%, the control group’s was 
5.49%, and both groups’ were 0.35% (Table 
III).

Between Groups Comparison
Prior to therapy, there was no statistically 

significant difference between the groups (p > 
0.05). The FVC (p = 0.001), FEV1 (p = 0.001), and 

Table I. Comparison of subject characteristics between study and control groups.

                                                 Mean ± SD
 
 Study group Control group p-value

Age (years) 28.3 ± 3.11 27.8 ± 4.29 0.67
Weight (kg) 83.25 ± 7.27 81.15 ± 6.05 0.33
Height (cm) 172.05 ± 6.24 170.35 ± 6.39 0.4
BMI (kg/m²) 28.12 ± 1.95 27.94 ± 1.04 0.73
aPTT 45.75 ± 3.11 47.15 ± 4.45 0.25
Factor VIII (%) 16.5 ± 3.64 15.8 ± 4.66 0.6
Severity   
  Mild  14 (70%) 12 (60%) 0.51
  Moderate 6 (30%) 8 (40%) 

BMI: Body Mass Index; aPTT: activated partial thromboplastin clotting time; SD: standard deviation; p-value: level of 
significance.

Table II. Mean FVC, FEV1 and FEV1/FVC pre- and post-treatment of study and control groups.

 Study group Control group  
 Mean ± SD Mean ± SD MD (95% CI) p-value

FVC (L)    
  Pre-treatment 4.05 ± 0.16 4.13 ± 0.17 -0.08 (-0.19: 0.02) 0.12
  Post-treatment 4.41 ± 0.22 4.19 ± 0.16 0.22 (0.09: 0.35) 0.001
  MD (95% CI) -0.36 (-0.42: -0.29) -0.06 (-0.12: 0.01)  
  % of change 8.88 1.45  
  p-value 0.001 0.11  
FEV1 (L)    
  Pre-treatment 3.15 ± 0.23 3.26 ± 0.25 -0.11 (-0.27: 0.04) 0.15
  Post-treatment 3.65 ± 0.26 3.31 ± 0.26 0.34 (0.16: 0.5) 0.001
  MD (95% CI) -0.5 (-0.6: -0.39) -0.05 (-0.15: 0.05)  
  % of change 15.87 1.53  
  p-value 0.001 0.33  
FEV1/FVC (%)    
  Pre-treatment 77.73 ± 5.03 78.84 ± 4.41 -1.11 (-4.14: 1.91) 0.46
  Post-treatment 82.65 ± 3.49 79.05 ± 4.43 3.6 (1.03: 6.15) 0.007
  MD (95% CI) -4.92 (-6.78: -3.05) -0.21 (-2.08: 1.65)  
  % of change 6.32 0.27  
  p-value 0.001 0.82  

SD: standard deviation; MD: mean difference; CI: confidence interval; p-value: level of significance; FVC: forced vital capacity; 
FEV1: forced expiratory volume in one second.  
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FEV1/FVC (p = 0.01) of the study group were sig-
nificantly higher than those of the control group 
after therapy (p = 0.01). According to Table II and 
III, there was a statistically significant rise in the 
study group’s PEF, PIF, and MVV (p = 0.001) at 
the end of the study program.

Discussion 

Patients with hemophilia are prone to a 
sedentary lifestyle, which can lead to health 
complications. Sedentary behavior has a va-
riety of negative effects on the human body. 
Lipid metabolism, muscle glucose transporter 
activity, and carbohydrate metabolism are all 
harmed, as is lipoprotein lipase activity. As a 
result, there is an increased risk of death from 
any cause, cardiovascular disease, cancer, and 
metabolic diseases including diabetes, hyper-
tension, and dyslipidemia, as well as muscu-
loskeletal problems like arthralgia and osteo-
porosis, depression, and cognitive impairment. 
The public’s health can be improved by elimi-
nating sedentary habits and increasing physical 
activity, which may be able to counteract the 
negative effects of sedentary behavior, accord-
ing to some research10.

As a result of the danger of sports-related inju-
ries, hemorrhage, and morbidity, individuals with 

hemophilia were prohibited from participating in 
sports. Studies7 have shown that physical activity 
and proper sports activities (non-contact sports) 
improve physical, medical, and psychological 
functions in hemophilic individuals. Improved 
joint mobility and muscle strength are all linked 
to isometric, isotonic, and isokinetic activities, as 
well as better social relations.

Studies in hemophilic individuals have also 
revealed that exercise may increase coagulation 
parameters, such as endogenous FVIII activity 
and von Willebrand factor (VWF) after 10 min 
of maximal exercise, implying that adequate ex-
ercise may, to a certain extent, reduce the risk of 
bleeding7.

In this current Egyptian’s study, we compared 
pulmonary function in hemophilia A patients 
before and after training with moderate intensity 
aerobic exercise program, hypothesizing that en-
couraging hemophilic A patients for aerobic ex-
ercise training improves the pulmonary function.

Between May 2019 and September 2021, 
40 hemophilic A men were investigated. The 
findings of this study clearly show that pul-
monary function in males with hemophilia A 
significantly improved after therapy with an 
aerobic exercise program. The following pa-
rameters were improved in the aerobic exercise 
group: FVC, FEV1, FEV1/ FVC, PEF, PIF, and 
MVV. There were also significant differences 

Table III. Mean PEF, PIF and MVV pre and post treatment of study and control groups.

 Study group Control group  
 Mean ± SD Mean ± SD MD (95% CI) p-value

PEF (L/min)    
  Pre-treatment 4.85 ± 0.38 4.92 ± 0.48 -0.07 (-0.31: 0.24) 0.59
  Post-treatment 6.01 ± 0.78 5.19 ± 0.71 0.82 (0.33: 1.29) 0.001
  MD (95% CI) -1.16 (-1.49: -0.81) -0.27 (-0.61: 0.07)  
  % of change 23.91 5.49  
  p-value 0.001 0.12  
PIF (L/min)    
  Pre-treatment 4.77 ± 0.45 4.82 ± 0.41 -0.05 (-0.26: 0.28) 0.94
  Post-treatment 5.61 ± 0.62 4.94 ± 0.42 0.67 (0.32: 1.01) 0.001
  MD (95% CI) -0.84 (-0.99: -0.66) -0.12 (-0.27: 0.05)  
  % of change 17.61 2.49  
  p-value 0.001 0.17  
MVV (L/min)    
  Pre-treatment 128.65 ± 3.45 127 ± 6.23 1.65 (-1.56: 4.88) 0.3
  Post-treatment 135.4 ± 3.06 127.45 ± 6.28 7.95 (4.78: 11.11) 0.001
  MD (95% CI) -6.75 (-7.73: -5.76) -0.45 (-1.44: 0.52)  
  % of change 5.25 0.35  
  p-value 0.001 0.51  

SD: Standard deviation; MD: Mean difference; CI: Confidence interval; p-value: level of significance; PEF: peak expiratory 
flow; PIF: peak inspiratory flow; MVV: maximum voluntary ventilation.
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between the study and control groups in all 
these parameters favoring the study group. Our 
findings revealed the existence of a beneficial 
relationship between aerobic exercise training 
and pulmonary function. Pulmonary functions 
have not been extensively studied in hemophil-
ia patients. 

In the current study, aerobic exercise training 
for two months has resulted in a considerable 
rise in pulmonary functions, which has led to an 
increase in respiratory muscle strength and/or 
endurance. This finding was consistent with the 
earlier published report’s findings11.

Mohamed and Sherief12 used the same inten-
sity (moderate intensity aerobic exercise training 
by bicycle ergometer) on a study conducted on 30 
hemophilic boys.

This favorable link is consistent with other 
previously published studies13 that concluded that 
athletes have higher levels of lung function than 
sedentary adults. Other reports14,15 found that 
aerobic exercise training improved pulmonary 
function in a variety of patient groups, including 
asthma patients and overweight children and also 
in HIV patients. 

The current finding was supported by İşleyen 
and Dağlıoğlu, who conducted a study on 24 
male sedentary individuals between 18-23 years, 
participating in the aerobic exercise program for 
three days per week for 8 weeks. There were sta-
tistically significant improvements in VC, FVC, 
FEV1, FEV1/FVC % and MVV values of the 
experimental group. There was no significance in 
the other data16.

A previous study17 on 65 healthy adult volun-
teers in the age range of 20-35 years found that 
the mean values of the following parameters: 
FVC, FEV1, FEF max, IC, and MVV were sta-
tistically significantly higher after performing 
aerobic exercise training than before. Conversely, 
Cheng et al came to the conclusion that the mean 
value of FEV1/FVC is not statistically signifi-
cant before and after performing aerobic exercise 
training18.

According to Erickson et al19, aerobic activity 
on a treadmill raised VO2 max in aged subjects. 
They proposed that moderate-intensity aerobic 
exercise increased oxygen intake and activated 
dormant alveoli, and that repeated inspiration and 
expiration stimulation promoted alveolar com-
pliance as a result of the FVC increased. More 
air may enter the alveoli when more inactive 
alveoli were activated, and enhanced alveolar 
compliance might be ascribed to improved lung 

elasticity and more air expiration. The FEV1 is a 
common index of airflow resistance in the respi-
ratory tract20. 

In the current study, FEV1 considerably in-
creased following aerobic exercise. This suggests 
that aerobic exercise enhances respiratory tract 
air flow. Bağıran et al stated that when a big lung 
volume is provided, the lung expands substan-
tially and has a large contractile force, and the 
width of the respiratory tract is enlarged to lower 
air flow resistance21. As a result of our findings, 
we may conclude that FEV1 improves as a result 
of lung expansion during aerobic activity, which 
introduces a higher volume of air into the airways 
and broadens the respiratory tract. The FEV1/
FVC ratio has been shown to be an indication of 
airway blockage22. 

Song and Kim22 investigated the effect of exer-
cise on FEV1/FVC and discovered that strength-
ening respiratory and trunk muscles, as well as 
improving rib cage movement, had a beneficial 
influence on FEV1/FVC. FVC/FEV1%, which ap-
peared to increase somewhat after exercise in the 
current study, with a significant difference. This 
finding also shows that the exercise used in this 
study was a muscle strengthening or rib cage 
expansion exercise combined with a direct stim-
ulating activity for alveoli combined with high 
intensity aerobic exercise. After aerobic exercise 
training, the mean values of FEV1 as a percentage 
of FVC (FEV1/FVC%) and MVV were statistical-
ly significant when compared to before aerobic 
activity training23. These enhancements improve 
the participants’ physical work capacity. 

The current study’s findings corroborated the 
viewpoint expressed by Ozdal et al24, who af-
firmed that endurance training enhances lung 
capacity and sustained ventilation. The improved 
outcomes following aerobic exercise training are 
comparable with the findings of Kalkan and 
Daglioglu25, who revealed that swimmers have 
better vital capacity and pulmonary function 
performance. 

Some limitations were demonstrated in our 
current study. There is no statistical significance 
among distinct age categories. This could be 
owing to a limited number of individuals who 
have a specified age range. The relatively small 
cohort size is one of our study’s shortcomings (al-
though larger than previously reports conducted 
on patients with hemophilia). Future studies are 
required to assess hemophilic patients with older 
age where pulmonary function could be more 
impaired.
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Conclusions

One can speculate from this study that en-
couraging hemophilic A patients for moderate 
intensity aerobic exercise training improves the 
pulmonary function, thus regular physical activ-
ity should be essential part of treatment strategy 
for hemophilic A patients, as it has many advan-
tageous physical, psychological, and physiologi-
cal aspects.
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