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Abstract
This study was conducted to assess the levels of inflammatory factors and angiogenic factors in patients with severe hemophilia A
and evaluate their diagnostic values for acute joint bleeding. This study included a total of 144 patients with severe hemophilia A.
Of them, 66 had acute joint bleeding. Ninety healthy volunteers were recruited as control. The levels of leukocytes, monocytes,
platelets, hemoglobin, phagocyte migration inhibitory factor (MIF), plasminogen, fibrin/fibrinogen degradation products, D-dimer,
and a2 antifibrinolytic enzyme were measured using hematology analyzer. Thrombomodulin, endostatin, intercellular adhesion
molecule 1, and vascular endothelial growth factor (VEGF) were assessed using enzyme-linked immunosorbent assay. Logistic
regression analysis was performed to analyze the factors affecting acute joint bleeding. Compared with healthy volunteers, the
levels of leukocytes, C-reactive protein (CRP), MIF, and VEGF were significantly (P < .05) elevated in the patients with severe
hemophilia A and were significantly higher in patients with joint bleeding than in patients with nonbleeding (P < .05). Multivariate
analysis showed that CRP and VEGF were independent risk factors for acute joint bleeding (P < .05). The area under the curve,
sensitivity, and specificity of CRP for the diagnosis of acute joint bleeding were 0.829, 88.43%, and 67.87%, respectively, and those
of VEGF were 0.758, 82.8%, and 68.3%, respectively. The levels of inflammatory factors and angiogenesis factors are elevated in
patients with severe hemophilia A and both CRP and VEGF are closely related to acute joint bleeding and may be used as potential
biomarkers for predicting acute joint bleeding in patients with severe hemophilia A.
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Introduction

Hemophilia A is a common hereditary hematological disease.

Patients with hemophilia A have spontaneous and repeated

bleeding, especially in the muscles and joints. Severe hemo-

philia A accounts for 60% of patients with hemophilia and has

high frequent and serious joint bleeding1 and neoangiogenesis

contributes to the development of hemophilic synovitis.2 At

present, blood coagulation factors are used to measure and

predict the bleeding risk for patients with hemophilia.3 Also,

injections of mesenchymal stem cells appear to be efficacious

for decreasing pain in patients with hemophilic arthropathy.4

However, due to the influence of other factors, the accuracy of

prediction is not satisfactory. Although hemophilia is a heredi-

tary disorder, its phenotype is affected by environmental fac-

tors. Despite intensive studies on severe hemophilia A, reliable

predictor for joint bleeding is still unavailable. Clinical studies

have shown that in patients with hemophilia, blood coagulation

factors play an important role and their elevation is often asso-

ciated with disorder of joint function.5 In addition, some pro-

mising cartilage and synovium biomarkers are at various stages

of development and awaiting further validation in larger patient
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populations with osteoarthritis and these markers may be

potentially used for the diagnosis and prognosis of hemophilic

arthropathy.6 Furthermore, proangiogenic factors such as vas-

cular endothelial growth factor A (VEGF-A), stromal cell-

derived factor 1, and matrix metalloproteinase 9 were found

to be elevated in proangiogenic macrophage/monocyte cells

(VEGFþ/CD68þ and VEGFR1þ/CD11bþ) in the pathogenesis

of hemophilic joint disease, suggesting that angiogenesis is

involved in the disease.2

Since it is important to predict joint bleeding for prevention

and treatment, we investigated the levels of inflammatory and

angiogenic factors in patients with severe hemophilia A to

identify possible diagnostic biomarkers. The findings would

help better management and treatment of the disease.

Materials and Methods

Patients

A total of 144 patients with severe hemophilia A and 90 healthy

volunteers were recruited between October 2015 and August

2018 for this study. Among the patients with hemophilia, 78

were nonbleeding and 66 had acute joint bleeding. All patients

were male and aged between 11 and 55 years, with an average

age of 21.80 + 7.73 years. The healthy volunteers were also

male and aged 11 to 56 years, with an average age of 22.11 +
7.93 years. Patients were included if they had baseline factor

VIII (FVIII) activity �1% and were diagnosed using X-rays

and magnetic resonance imaging. They were excluded if they

were continuously treated for more than 3 months within 1

year, had chronic joint bleeding or combined bleeding with

other organs, recently infused with red blood cells or whole

blood, and had hepatitis B virus and HIV infection and severe

impairment of liver and kidney function or underlying diseases.

Patients with incomplete clinical data were also excluded.

Informed consent was obtained from all participants and the

study was approved by the research ethics committee of Qing-

dao University.

Reagents and Instruments

Hematology analyzer (DxH600) was from Beckman, Brea,

California; enzyme-linked immunosorbent assay (ELISA)

plate reader was purchased from Thermo Scientific Company,

Waltham, Massachusetts; ELISA kits were purchased from

Roche, Switzerland; and AU400 automatic biochemical analy-

zer was a product of Olympus, Japan.

Blood Samples

Peripheral blood samples were collected on an empty stomach

in the morning, added immediately with anticoagulant sodium

citrate, and mixed by inverting the tube several times. The

serum was collected after centrifugation at 3000 g for

20 minutes and stored at �80�C for subsequent use.

Blood Analysis

Blood samples were counted for leukocyte, monocyte, and

platelet and analyzed for hemoglobin, macrophage migration

inhibitor (MIF), plasminogen (PLG), fibrin/fibrinogen degra-

dation products (FDP), D-dimer (D-D), and a2-antiplasmin

(a2-AP) using a hematology analyzer. Immunoturbidimetry

was used to determine the levels of serum C-reactive protein

(CRP) and chemiluminescence was used to measure the levels

of ferritin.

Enzyme-Linked Immunosorbent Assay

Thrombomodulin (TM), endostatin (ES), intercellular adhesion

molecule-1 (ICAM-1), and vascular endothelial growth factor

(VEGF) were analyzed using ELISA with standards purchased

from Roche, Switzerland.

Statistical Analysis

The data were analyzed using SPSS version 21.0 software.

Enumeration data were expressed in percentage and tested

using w2 test; measurement data were expressed as means +
standard deviation. Multiple comparisons were performed

using analysis of variance and paired comparisons were per-

formed using q test. Logistic regression analysis was performed

to analyze the factors affecting acute joint bleeding. The pre-

dictive performance was evaluated with the receiver operating

characteristic (ROC) curve and the area under the curve

(AUC). P value < .05 was considered statistically significant.

Results

Levels of PLG, FDP, and D-D

The clinical data of participants are given in Table 1. The 3

groups had no difference in averaged age and body mass index.

Compared with healthy people, the levels of PLG, FDP, and

D-D in the patients with hemophilia were significantly higher

(P < .05), and compared with patients with nonjoint bleeding,

Table 1. Comparison of Clinical Data in Patients With Hemophilia.a

Group Number of Case Average Age (Years) BMI PLG (%) FDP (mg/mL) D-D (mg/L) a2-AP (%)

Healthy people 90 16 16.62 + 3.12 66.28 + 11.43b 0.48 + 0.09b 71.33 + 18.64b 149.43 + 13.57
Nonbleeding 78 15 16.59 + 2.93 86.42 + 17.26c 0.67 + 0.12c 91.66 + 17.43c 152.64 + 16.69
Bleeding 66 18 17.76 + 4.23 103.57 + 13.29d 0.83 + 0.19d 112.68 + 24.19d 152.37 + 18.24

Abbreviations: a2-AP, a2-antiplasmin; BMI, body mass index; D-D, D-dimer; FDP, fibrin/fibrinogen degradation products; PLG, plasminogen.
aFigures in the same column labeled with different superscript letters (b to d) are different significantly (P < .05).
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patients with joint bleeding had higher levels of PLG, FDP, and

D-D (P < .05). On the other hand, the levels of a2-AP were

similar among the groups (Table 1; P > .05).

Serum Inflammatory Factors

Compared with the control group, patients with severe hemo-

philia A had significantly higher levels of leukocyte, CRP,

ferritin, and MIF (P < .05). Furthermore, these factors were

even higher in the bleeding group than in the nonbleeding

group (P < .05, Table 2). On the other hand, other indexes such

as the levels of monocyte, hemoglobin, platelet, and lactic acid

were similar between the groups (Table 2).

Serum Angiogenic Factors

Compared with healthy participants, the patients with hemo-

philia had significantly elevated VEGF levels, which were

even higher in the joint bleeding group (P < .05, Table 3). Other

angiogenic factors analyzed such as TM, ICAM-1, and ES did

not differ between the groups (P > .05, Table 3).

Logistic Analysis of Factors Affecting Joint Bleeding

Univariate analysis showed that serum CRP, FDP, VEGF, and

ferritin were associated with acute joint bleeding in the patients

with hemophilia (P < .05). Multivariate analysis showed that

CRP and VEGF were independent risk factors for the incidence

of the joint bleeding (P < .05, Table 4).

Predictive Value of CRP and VEGF for Joint Bleeding

The ROC curve analysis showed that CRP and VEGF had

predictive value for joint bleeding in patient with severe hemo-

philia A (Figure 1). The AUC of CRP in the diagnosis of acute

joint bleeding was 0.829 (P < .05), the sensitivity was 88.43%,

and the specificity was 67.87% (Figure 1A); and the AUC of

VEGF was 0.758 (P < .05), the sensitivity was 82.8%, and the

specificity was 68.3% (Figure 1B).

Discussion

Hemophilia A is a hereditary bleeding disorder caused by the

lack of blood clotting factor VIII. The incidence is about 1 in

5000. Although some progresses have been made in the treat-

ment of the disease, arthropathy caused by joint bleeding is still

a challenge to prevent and treat, which often results in joint

deformity and disability.7 Therefore, a better understanding of

the mechanisms underlying intra-articular bleeding (hemar-

throsis) in patients with hemophilia A is urgently needed to

prevent and treat the disease. The severity of hemarthrosis is

related to the number of bleeding, but studies also show that

inflammatory factors in the joint and angiogenesis factors also

Table 2. Comparison of Serum Inflammatory Factors in Patients With Hemophilia.a

Group
Number
of Case

Leukocyte
(109/L)

Monocyte
(106/L)

Hemoglobin
(g/dL)

Platelet
(1011/L) CRP (109/L)

Ferritin
(mg/dL)

Lactic Acid
(ng/mL)

MIF
(mmol/L)

Healthy
people

90 6.52 + 0.86 483.18 + 31.41 12.75 + 2.27 2.49 + 0.31 2.56 + 0.67 31.64 + 6.87 1.19 + 0.23 0.19 + 0.03

Nonbleeding 78 7.76 + 1.05b 491.63 + 33.74 13.18 + 2.83 2.56 + 0.33 6.79 + 1.23b 77.68 + 9.46b 1.2 + 0.27 0.51 + 0.07b

Bleeding 66 8.58 + 1.33c 503.46 + 45.17 13.54 + 2.67 2.62 + 0.39 16.88 + 3.27c 86.85 + 11.34c 1.33 + 0.29 0.67 + 0.09c

Abbreviations: CRP, C-reactive protein; MIF, migration inhibitory factor.
aFigures in the same column labeled with different superscript letters (b to c) are different significantly (P < .05).

Table 3. Comparison of Serum Angiogenic Factors in Patients With Hemophilia.a

Group Number of Case VEGF (pg/mL) TM (ng/mL) ICAM-1 (ng/mL) ES (ng/mL)

Healthy people 90 54.38 + 9.67 0.68 + 0.14 0.36 + 0.06 60.55 + 8.11
Nonbleeding 78 70.63 + 11.24b 0.72 + 0.18 0.35 + 0.05 62.15 + 7.01
Bleeding 66 113.26 + 15.49c 0.73 + 0.116 0.37 + 0.06 61.51 + 7.41

Abbreviations: ES, endostatin; ICAM-1, intercellular adhesion molecule 1; TM, thrombomodulin; VEGF, vascular endothelial growth factor.
aFigures in the same column labeled with different superscript letters (b and c) are different significantly (P < .05).

Table 4. Logistic Regression Analysis of Acute Joint Bleeding
in Patients With Severe Hemophilia A.

Variable

Univariate Analysis Multivariate Analysis

OR 95% CI P OR 95% CI P

CRP 6.363 3.546-11.418 .021 2.234 1.269-3.933 .026
FDP 2.366 1.556-3.575 .018 1.053 0.948-1.170 .516
VEGF 4.515 2.649-7.695 .001 2.826 2.065-3.867 .007
Ferritin 3.768 2.161-6.570 .006 2.836 0.925-4.938 .053
MIF 1.894 1.507-2.381 .117 0.736 0.677-0.801 .663
BMI 1.042 0.682-1.590 .196 0.852 0.392-1.852 .769
D-D 2.311 0.776-6.882 .071 1.622 0.929-2.832 .151
Leukocyte 1.591 1.456-1.739 .064 1.723 1.319-2.251 .106

Abbreviations: BMI, body mass index; CI, confidence interval; CRP, C-reactive
protein; D -D, D-dimer; FDP, fibrin/fibrinogen degradation products; MIF,
migration inhibitory factor; OR, odds ratio; VEGF, vascular endothelial growth
factor.
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play an important role in joint bleeding.8 Therefore, we set to

investigate the relationship between these factors and joint

bleeding for the prevention and treatment of joint bleeding.

In the animal model of hemophilia arthropathy, it was found

that inflammation may last long time after joint bleeding and

that leukocyte, interleukin 6, murine double min 2 (mdm2), the

p53-binding protein,21 and CRP play an important role.9-11

Forsyth et al12 showed that after bleeding, the bled blood could

damage the joint directly and the released inflammatory factors

could stimulate the proliferation of macrophage-like synovial

cells, causing further damage to the cartilage and synovium and

sustained joint damage. Our results showed that CRP, MIF, and

leukocyte levels in the patients with joint bleeding are signif-

icantly higher than in the patients with nonbleeding, suggesting

that the elevation of inflammatory factors is associated with the

possibility of joint bleeding. This is consistent with an earlier

study, which showed that increased serum CPR level is asso-

ciated with increased ferritin level and occurrence of arthro-

pathy in patients with hemophilia A.13 The deposition of

ferritin in the synovium may cause inflammation and cartilage

damage. Our data show that the level of ferritin in the bleeding

group is significantly higher than in nonbleeding group, indi-

cating that high ferritin level is associated with bleeding. The

above findings indicate that serum CRP, MIF, ferritin, and

leukocyte are related to articular bleeding, suggesting that

anti-inflammation therapy may be a direction to treat bleeding

in severe hemophilia A. These results are similar to a recent

study with relatively small patient cohorts.14 Our study, on the

other hand, was conducted with relatively large sample size and

is therefore more statistically accurate.

Angiogenesis is an early manifestation of joint lesions,

which provides synovial cells with more nutrients and inflam-

matory factors to infiltrate the synovium. Therefore, it plays

important role in the occurrence and development of joint

lesions.12,15 In arthritis, angiogenesis is a complex process and

involves many factors such as ICAM-1, ES, VEGF, and pro-

tease. Vascular endothelial growth factor is the most studied

and its elevation promotes the division and proliferation of

vascular endothelial cells and cell migration and plays an

important regulatory role in angiogenesis.16,17 Intercellular

adhesion molecule 1 is strongly expressed in proliferated vas-

cular endothelial cells, promoting adhesion between leukocytes

and endothelial cells that induces angiogenesis.18,19 Endostatin

is an inhibitor of angiogenesis. Once injected into immunode-

ficient rats, although it inhibits neovascularization and allevi-

ates inflammation, the joint deformity is serious.20,21

Thrombomodulin is a transmembrane glycoprotein, which

mainly exists in vascular endothelial cells. Recently, TM pro-

tein fragments have been found to promote angiogenesis and

stimulate the migration and proliferation of endothelial cells

and formation of blood vessels.22 However, our study shows

that the levels of ICAM-1, ES, and TM are similar between

bleeding group and nonbleeding group, but the level of VEGF

is significantly higher in the bleeding group than in the non-

bleeding group, suggesting that only VEGF is related to joint

bleeding and may be an important cause of bleeding. On other

hand, ICAM-1, ES, and TM may not be direct risk factors. It

was found that serum VEGF alone can induce ovasculariza-

tion,23 supporting that there is a correlation between VEGF and

joint bleeding.

The frequency of joint bleeding in patients with severe hemo-

philia A is high, and only 15% of the patients in Chinese pop-

ulation has mild bleeding.24 It is important to deliberate the

causes of the bleeding for better prognosis of patients. Our logis-

tic regression analysis showed that CRP and VEGF are indepen-

dent risk factors for acute joint bleeding in patients with severe

hemophilia A. The ROC analysis showed that the serum levels

of CRP and VEGF could be potentially used for predicting the

risk of joint bleeding. The AUC, sensitivity, and specificity of

CRP to diagnose joint bleeding are 0.829, 88.43%, and 67.87%,

Figure 1. Receiver operating characteristic curve of CRP (A) and VEGF (B) for predicting acute joint bleeding in patients with severe
hemophilia. CRP indicates C-reactive protein; VEGF, vascular endothelial growth factor.
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respectively, and those of VEGF were 0.758, 82.8%, and 68.3%,

respectively, suggesting that these 2 factors are useful and reli-

able biomarkers to predict joint bleeding.

Conclusions

Our analysis demonstrates that the levels of inflammatory and

angiogenesis factors increase in patients with severe hemophi-

lia A. Both CRP and VEGF levels are associated with joint

bleeding in patients with severe hemophilia and may be used

as diagnostic markers to predict joint bleeding. However, due

to the heredity nature of the disease, the number of patients

included in the study is limited and were not followed up for

long time. Further studies with long follow-up and large num-

ber, particularly with patents before hemarthrosis, are needed

to further validate our conclusions.
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