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Abstract

Introduction: Hemophilia Ais an inherited bleeding disorder caused by mutations in the factor VIII (FVIII)
gene. These mutations result in either reduced FVIII synthesis (null variants) or loss of FVIII function
(non-null variants). Null variants are typically associated with more severe FVIII deficiency and recurrent
joint bleeding, which may adversely affect musculoskeletal health. —Objective: To evaluate the
relationship between musculoskeletal status and genetic mutations in patients with hemophilia A.
Methods: A cross-sectional study was conducted at the Faculty of Medicine Universitas Indonesia-Dr.
Cipto Mangunkusumo Hospital from June 2024 to March 2025. Genetic analysis was performed at the
Human Genetic Research Center using inverse-shifting PCR and Sanger sequencing. Mutations were
classified as null variants (intron-22 inversion, intron-1inversion, large deletion, and nonsense mutations)
and non-null variants (missense and non-conserved splice mutation). Musculoskeletal status was
assessed by the presence of target joints and the Hemophilia Joint Health Score (HJHS), which
evaluates global gait and joint function of the elbows, knees, and ankles. Higher HJHS scores indicate
worse joint health. Results: Sixty patients were included in this study, of which 39 had severe, 15 had
moderate, and the remaining 6 had mild hemophilia A. The median age was 9.5 years (range 2-18). Null
variants were identified in 45/60 patients and non-null variants in 15/60 patients. The most common
target joints were the knees in patients with null variants and the ankles in those with non-null variants.
The median HJHS was 4 (Q1-Q3: 2-13.5) in the null variant group and 2 (Q1-Q3: 1-11) in the non-null variant
group. No significant association was observed between the target joint and the HJHS and genetic
mutations. Further subgroup analysis showed no difference in HJHS between mutation groups among
patients receiving prophylaxis (p=0.366) or on-demand treatment (p=0.458).—Conclusion: No
association was found between genetic mutation type and musculoskeletal status in patients with
Hemophilia A. HJHS did not differ between mutation groups regardless of treatment regimens.
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Introduction

The factor VIII (FVIII) gene is a large, complex gene located on the Xq28 region of the X
chromosome. It spans approximately 186 kb, consists of 26 exons and 25 introns, and
encodes a protein of 2,332 amino acids. Mutations in the FVIII gene result either in reduced
FVIII synthesis, known as null variants, or impaired FVIII function, known as non-null
variants.'™ Null variants arise from the absence or disruption of a functional FVIII protein,
most commonly due to intron 22 inversion, with some attributable to intron 1 inversion,
nonsense, and large deletion mutations. In contrast, non-null variants are typically caused
by missense mutations or splice-site alterations.*®

Null variants are predominantly associated with severe hemophilia A and lead to markedly
reduced FVIII levels, predisposing patients to recurrent spontaneous or trauma-related
joint bleeding. Repeated hemarthrosis causes progressive cartilage and bone damage,
ultimately impairing musculoskeletal function.*> The synovial membrane has limited
capacity to clear blood after an isolated incident of joint bleed; with recurrent bleeding,
blood breakdown products accumulate within the joint space. Iron, a key component of
hemoglobin, plays a major part in synovial inflammation by promoting the production of
pro-inflammatory cytokines. This process leads to synovial hypertrophy, increased
vascularity, and recruitment of inflammatory cells, creating a self-perpetuating cycle that
progressively damages cartilage and results in hemophilic arthropathy.>™ Consequently,
patients harboring null variants are hypothesized to have worse musculoskeletal outcomes
compared with those with non-null variants.

Bleeding severity in hemophilia A is influenced by multiple factors beyond the underlying
FVIII mutation, including polymorphism in inflammatory genes, coinheritance of other
bleeding or clotting disorders, variability in factor VIII pharmacokinetics, physical activity
patterns, and treatment regimens.® Nevertheless, determining the FVIII genotype remains
clinically relevant, as it may help predict bleeding patterns and guide individualized
management. However, evidence regarding the impact of genotype on joint health has
been inconsistent. One study found no association between genetic mutations and joint
deterioration in hemophilia patients,® whereas another study reported that patients with
inversion, nonsense, and deletion mutations had worse joint outcomes. Those genotypes
had 4-5 times higher risk of severe phenotype.' Given these conflicting data, this study
aimed to evaluate the relationship between musculoskeletal status and genetic mutations
in patients with hemophilia A.

Materials & Methods

A cross-sectional study was conducted at the Faculty of Medicine Universitas Indonesia-Dr.
Cipto Mangunkusumo Hospital from June 2024 to March 2025. The study was conducted
in accordance with the principles of the Declaration of Helsinki and was approved by the
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Ethics Committee of Dr. Cipto Mangunkusumo Hospital, Faculty of Medicine, University of
Indonesia (approval number: KET-490/UN2.F1/ETIK/PPM.00.02/2024). Written informed
consent was obtained from the parents or legal guardians of all participants prior to
enrollment.

Unrelated pediatric patients with confirmed hemophilia A who attended the hospital
regularly for treatment were included. Clinical information, including age, FVIll level, target
joints, and treatment regimen (prophylaxis or on-demand), was collected from medical
records and structured interviews. Patients received treatment according to clinical
indications and were categorized into prophylaxis and on-demand treatment. Prophylaxis
was defined as regular administration of therapeutic products aimed at maintaining
hemostasis to prevent bleeding episodes, especially joint hemorrhages, which would lead
to arthropathy and disability. Meanwhile, on-demand treatment was defined as an episodic
administration of clotting factor concentrates only at the time of bleeding.’

Genetic testing was performed at the Human Genetic Research Center — Indonesian
Medical Education Research Institute. Genomic DNA was extracted from 3 mL of venous
EDTA blood using Geneaid Biotech Ltd kit, New Taipei City, Taiwan." Inverse-shifting PCR
was used to identify inversions in introns 22 and 1. Samples negative for inversion
underwent Sanger sequencing to identify other variants. All detected variants were
interpreted according to the recommendations of the American College of Medical
Genetics and Genomics and the Association for Molecular Pathology.” The mutations were
categorized as null variants and non-null variants. The null variants included intron-22
inversion, intron-1 inversion, large deletion, and nonsense, while the non-null variants
included missense and non-conserved splice-site mutations.

Musculoskeletal status was evaluated based on the presence of target joints and the
Hemophilia Joint Health Score (HJHS). A target joint was defined as more than three joint
bleeding episodes occurring in the same joint within a 6-month period.” The
musculoskeletal function was assessed by a physical rehabilitation doctor using HJHS 2.1.
It evaluated joint conditions of the elbows, knees, and ankles, as well as global gait. The
tool measures 8 items: swelling, duration of swelling, muscle atrophy and strength,
crepitus, mobility, and joint pain. Each joint is scored from o0 to 20 points, and the global
gait score ranges from 0 to 4, resulting in a total HJHS score from o to 124 points. Higher
scores indicate worse joint health.'

Results

Sixty patients with hemophilia A were included in this study: 39 with severe disease, 15 with
moderate disease, and 6 with mild hemophilia A. The median age was 9.5 years (range 2-
18). Genetic mutations were identified in all patients, with null variants and non-null
variants found in 45/60 and 15/60 patients, respectively. The most prevalent mutation was
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INV22 among null variants, and missense mutations were the most prevalent among non-
null variants.

Among the 60 subjects, 35 had target joints. Of these, 28/35 had single-joint involvement
while 7/35 had multiple target joints. All patients with multiple joint involvement were older
than 12 years; two were receiving on-demand treatment, and five were on tertiary
prophylaxis. In patients with null variants, the most common target joint was the knee
(21/45), followed by the ankle (7/45) and elbow (6/45). In the non-null variant group, the
ankle was the most frequently targeted joint (4/15), followed by the knee (3/15) and the
elbow (2/15). Patients’ demographic characteristics are presented in Table 1. No association
was found between genetic mutation type and the presence of target joints (Table 2).

Table 1. Demographic Characteristics

Characteristic N (60)
Age, median (range), years 9.5 (2-18)
Severity, n (%)
Mild 6 (10%)
Moderate 15 (25%)
Severe 39 (65%)

Genetic mutations, n (%)
Null variants

Intron 22 inversion 27 (45%)
Intron 1inversion 9 (15%)
Large deletion 6 (10%)
Nonsense 3(5%)
Non-null variants
Missense 12 (20%)
Non-conserved splice site 3(5%)
Target joints, n (%)
No target joint 25 (41.7)
Single-joint involvement 28 (46.7%)
Multiple-joints involvement 7 (11.6%)
Treatment regimens
Prophylaxis 27 (45%)
On-demand 33 (55%)

Table 2. Association between Genotype and Target Joints

Genotype Target Joint P value OR (95%Cl)
Yes (n=35) No (n=25)
Null variants 28 17 0.369 1.88 (0.58-6.13)
Non-null variants 7 8

The median HJHS was 4 (Q1-Q3: 2-13.5) among null variants and 2 (Q1-Q3: 1-11) in those with
non-null variants, with no significant difference between groups (p=0.237) (Fig. 1a). Overall,
27 patients were receiving regular prophylaxis treatment (null variants and non-null
variants: 22 vs 5), while 33 were on on-demand treatments for bleeding episodes (null
variants and non-null variants: 23 vs 10). The median age of patients receiving prophylaxis
treatment was 12 years (Q1-Q3: 7-15), and the median age in the on-demand group was also
12 years (Q1-Q3: 6-14). In the prophylaxis group, the median HJHS score for null variants and
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non-null variants was 4 (Q1-Q3: 2-13.75) and 1 (Q1-Q3: 1-5), respectively. In the on-demand
group, the median HJHS was 5 (Q1-Q3: 1.5-11.5) for null variants and 2.5 (Q1-Q3: 1.25-10.25)
for non-null variants. Further analysis revealed no significant difference in HJHS between
genetic mutation groups among patients receiving prophylaxis (p=0.366) or on-demand
treatment (p=0.458). (Fig. 1b and c).

a. | b. 7 c.
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Figure 1. (@) Comparison of HJHS scores between hemophilia A genotypes, (b) HJHS
scores in patients with null versus non-null variants receiving prophylaxis treatment (c)
HJHS scores in patients with null versus non-null variants receiving on-demand treatment.

Discussion

This study successfully identified genetic mutations in all patients. Null variants were more
prevalent, with intron 22 inversion being the most common mutation, identified in nearly
half of the cohort (27/60) and predominantly affecting patients with severe hemophilia A
(22/27). These findings are consistent with reports from other ASEAN countries, including
Malaysia (53%)°, Thailand (30.6%)°, and Vietnam (44%), which also demonstrated a higher
prevalence of intron 22 inversion among patients with severe hemophilia A.”™ Our
findings were also similar to previous reports regarding non-null variants, in which the
missense mutation was more frequently observed in hemophilia A."®™

Musculoskeletal function remains a primary outcome measure in patients with hemophilia.
Recurrent hemarthrosis leads to the accumulation of hemosiderin, synovial inflammation,
cartilage degradation, and ultimately joint destruction, collectively termed hemophilic
*2% Severe hemophilia is associated with a higher risk of joint damage
compared with mild or moderate disease.” Genetic mutations influence FVIII deficiency

arthropathy.

severity, thereby contributing to recurrent hemarthrosis and joint destruction, leading to
hemophilia arthropathy.”*' However, only a limited number of studies have examined the
relationship between genetic mutation and joint health.

Joint health is a key contributor to the quality of life in patients with hemophilia. To
evaluate joint health, patients in this study were assessed for the presence of target joints
and HJHS. In this study, 35 subjects (58.3%) had target joints, most commonly affecting the
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knees and ankles, which are weight-bearing joints and therefore more susceptible to
bleeding. This observation aligns with previous data showing that approximately 80% of
bleeding episodes occur in the knees, elbows, and ankles. Recurrent bleeding and target
joint formation may prevent joints from regaining their range of motion, muscle strength,
and appearance. These changes can be permanent from the bleeding cycle, leading to joint
damage.”™"™

Our study demonstrated that all patients with multiple joint involvement were over 12
years old. Most of them were on tertiary prophylaxis, which means they were started on
prophylaxis after joint damage was already established. Our analysis revealed that the risk
of having a target joint was higher in the null variant group. However, this association was
not statistically significant (OR 1.88; p: 0.369), likely due to the limited sample size. To our
knowledge, this is the first study evaluating the correlation between target joints and
hemophilia genotype.

Previous studies have shown that null variants, which result in severe FVIII deficiency, are
associated with recurring bleeding and increased joint damage.>® Patients with severe
molecular defects have a 4.1-fold increased risk for severe phenotype compared with other
mutations, predisposing them to hemarthrosis and arthropathy.' Despite this, our study
found no significant association between HJHS and genetic mutation type. Median HJHS
was 4 (Q1-Q3: 2-13.5) in the null-variant group, while the non-null variant group was 2 (Q1-

Q3: 1-11).

In addition to FVIII gene mutations, some studies found that polymorphisms in
inflammatory genes were associated with arthropathy. Some patients develop serious
arthropathy even with a moderate number of bleeds, while others maintain good joints
despite many bleeds. Jayandharan et al.” hypothesized that differences in inflammatory
and vascular responses would determine this heterogeneity.

Polymorphisms or genetic variation in coagulation-related genes, such as Factor VII (FVII),
influence bleeding severity (phenotype) in hemophilia patients, even with similar FVIII
levels, explaining why some patients with severe mutations, such as null variants, have
milder bleeding and subsequently less joint damage. These variations, along with immune
orinflammatory gene polymorphisms, modify the overall bleeding tendency and long-term
joint outcomes, creating diverse clinical presentations beyond just the main FVIII
mutation. Higher frequency of certain alleles is more prevalent in the severe phenotypes,
and polymorphisms of the immune response genes have been suggested to be
contributing determinants on the inhibitor risk, which may cause a higher risk for bleeding
and non-response to treatment, further causing joint damages.'” *** Unfortunately, the
polymorphism of the inflammatory gene was not evaluated in our study.
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Various factors may influence the frequency and severity of joint damage and subsequent
musculoskeletal function, including treatment regimen, timing of prophylaxis, physical
activity, nutritional status, and daily self-care measures.”® Because the development of
hemophilic arthropathy is complex, a comprehensive therapeutic approach is necessary to
effectively prevent it in patients with hemophilia. Bleeding frequency in hemophilia is
reduced by regular prophylaxis, thereby reducing articular damage, preventing hemophilia
arthropathy, and preserving musculoskeletal function. For countries with resource
constraints, the World Federation for Hemophilia (WFH) has endorsed a low-dose regimen
to ensure the availability of prophylaxis for all patients.’

Following this, we performed subsequent analysis to identify the role of prophylaxis.
Further evaluation revealed no significant difference in HJHS between the two genetic
mutations in patients in the prophylaxis or on-demand groups. The policy to provide
prophylaxis with FVIII in Indonesia began in 2022. The median age of our patients was
above 9.5 years, meaning that before the policy was initiated, patients had been receiving
on-demand treatment since their diagnosis of hemophilia. This might be a potential risk
factors that influence the extent of joint damage in these patients. However, we did not
measure other risk factors of hemophilia arthropathy, such as nutritional status or daily
activity patterns, in our study.

Tools for diagnosing and monitoring hemophilic arthropathy are critical for detecting early
joint damage, enabling management to be adjusted accordingly. MRl is currently the gold
standard for identifying hemophilic arthropathy and soft-tissue changes by detecting
synovial hypertrophy and joint effusions which are commonly found at all stages of joint
disease. It is recommended to combine HJHS and MRI or ultrasound to generate a more
detailed analysis of joints. However, MRI is often limited by high costs, the need for

21
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sedation in children, and the inability to differentiate active from inactive synovium.
this study, we did not perform any imaging evaluation. Thus, further study is needed to

analyze these factors.

Our study has several limitations. The small number of subjects might influence significancy
of the results. Other risk factors for joint health, including gene polymorphisms, were not
assessed in this study. Nevertheless, the results of this study showed that genetic
mutations may play a role in musculoskeletal function. Further studies should be
performed with a larger sample size, with a complete joint assessment including MRI or
Ultrasound, and should also evaluate other risk factors.

Conclusion

No association was observed between genetic mutation type and musculoskeletal status,
and HJHS did not differ across mutation groups within treatment regimens. Nevertheless,
the bleeding tendency inherent to severe genotypes should not delay early prophylaxis.
Instead, genotype should heighten clinical vigilance and guide proactive management.
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