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Abstract 

Background Ankylosing spondylitis (AS) is one of inflammatory rheumatic diseases which result in wide range of 
manifestations on the musculoskeletal system and axial joint specifically. Endothelial cell migration and proliferation, 
as well as subsequent neoangiogenesis and remodelling in autoimmune disorders, are pathogenic mechanisms that 
are fundamental to inflammation activation and angiogenesis. The development of advanced lesions is thought to 
involve vascular proliferation as well as vascular endothelial growth factor (VEGF), which serves a regulatory role. It 
was found that AS patients had increased serum levels of VEGF, which were linked to the disease activity.

Aim of the work The purpose of this study is to measure serum VEGF levels in Egyptian AS patients and assess their 
relation to disease-related variables, including radiographic findings.

Results VEGF serum levels showed a highly significant positive correlation with Bath Ankylosing Spondylitis Func-
tional Index (BASFI) and modified Stroke Ankylosing Spondylitis Spinal Score (MSASS) (p < 0.001); also, there was a 
significant correlation between the VEGF values and the Ankylosing Spondylitis Disease Activity Index (ASDAS) and 
the New York x-ray sacroiliac score.

Conclusions These findings and data illustrate the strong relationship between ASDAS and VEGF and the radio-
graphic score in AS patients. ASDAS combined with VEGF not only is considered a tool for determining the level of 
disease activity only but also is considered as an indicator for the assessment of the syndesmophytes formation, 
which performs a crucial role in the prognosis and outcome in AS patients.

Background
Ankylosing spondylitis (AS) is one of inflammatory 
rheumatic diseases which result in wide range of mani-
festations on the musculoskeletal system and axial joint 
specifically. Patients experience new bone and cartilage 
production, which is followed by calcification, which 

causes spine ankylosis, syndesmophytes, and entheso-
phytes. This process’ mechanism is still unknown. One 
theory to account for the creation of new bones in AS 
is angiogenesis. Sacroiliitis and enthesitis, two other AS 
symptoms, as well as new bone growth all require angio-
genesis. VEGF is a key regulator of this process [1].

A key component of pathogenic processes, such as 
endothelial cell migration, proliferation, subsequent 
neoangiogenesis, and remodelling in autoimmune disor-
ders, is angiogenesis, a hallmark of inflammatory activa-
tion. Rheumatic disorders’ inherent inflammation may 
promote the expression of VEGF. Angiogenesis could 
be used as a possible target for treatment of inflamma-
tory joint disease. VEGF takes part in nearly every stage 
of angiogenesis. Recent research has revealed that VEGF, 
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due to its function in angiogenesis, greatly contributes to 
the pathophysiology of numerous conditions, including 
autoimmune diseases [2], considered as a marker in dis-
ease activity assessment and treatment following. VEGF 
contributes to various aspects of the pathogenesis of joint 
damage in rheumatic diseases including angiogenesis, 
synovitis, inflammatory, osteoclast differentiation, and 
cartilage degradation. Interestingly, VEGF reveals the 
association with the mechanism of pain in osteoarthri-
tis (OA), while in rheumatoid arthritis (RA) it regulates 
the migration, proliferation of endothelial cells, prevents 
the synoviocyte apoptosis, regulates osteoclast differ-
entiation, and induces RANKL secretion. It promotes 
endothelial dysfunction in systemic lupus erythematosus 
(SLE), and in systemic sclerosis (SSC), its high levels are 
usually associated with microangiopathy, and it is consid-
ered as a biomarker for interstitial lung involvement [2].

Vascular proliferation and VEGF, which play a regula-
tory role, are thought to contribute to the emergence of 
advanced lesions. VEGF levels were greater in the serum 
of those with AS, which were linked to the disease activ-
ity (ASDAS, C-reactive protein). It was also proven that 
the serum level of VEGF may predict how radiographic 
progression would develop [3]. AS disease state appears 
to be linked to increased plasma levels of VEGF, whether 
this is due to inflammation or an actual angiogenic path-
omechanism [4].

Because biological treatments such as tumor necrosis 
factor-alpha (TNF-α) inhibitors have become available, 
there has been a notable advancement in the manage-
ment of AS. Additionally, to their effect on the removal 
of abnormalities in magnetic resonance (such as enlarge-
ment of vertebral corners and bone marrow edema), 
the treatment appears to reduce pain and inflammatory 
markers in serum [5]. Currently, it is unclear if TNF-α 
inhibitors affect the radiographic progression in AS 
patients. However, it is noted that patients who received 
anti-TNF-α medication experienced a significant drop 

in VEGF levels, a key indicator of radiographic develop-
ment [3, 6].

This study’s objective is to measure the serum levels of 
VEGF in Egyptian patients with AS and assess their rela-
tion to disease-related parameters including radiographic 
outcomes.

Methods
Seventy adult Egyptian patients with confirmed AS, as 
determined by the modified New York criteria for AS, 
participated in this case–control study [7] and were cho-
sen from a rheumatology clinic; their ages ranged from 
20 to 60  years, and seventy healthy individuals of the 
same sex and age were taken as a control group.

Exclusion criteria
Patients with any associated rheumatic diseases, patients 
with cancers and diabetic patients
Patients’ group was subjected to comprehensive clini-
cal evaluation and complete medical history, after 
informed consent, with the following data to be 
recorded: age, sex, hip involvement, peripheral arthri-
tis, eye involvement, and treatment type, and AS dis-
ease activity was graded with the ASDAS (Ankylosing 
Spondylitis Disease Activity Index) [8]. And Bath 
Ankylosing Spondylitis Functional Index (BASFI) were 
calculated to assess functional limitations [9], and 
radiological investigations such as plain x-ray of both 
sacroiliac joints anteroposterior view and sacroiliac 
grading were performed using New York criteria [10]. 
Plain x-ray of cervical and lumbar spines lateral view, 
while using modified Stroke Ankylosing Spondylitis 
Spinal Score (MSASS) for spines affection grading [11].

Laboratory investigations were as follows: com-
plete blood picture (CBC), erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP), hemoglobin 
A1c (HBA1C), and human leukocyte antigen B27 
(HLA-B27).

Table 1 Age and sex comparison of the AS group with the control group

SD Standard deviation

P-values ≤ 0.05 are significant, and P-values ≤ 0.01 are highly significant

Group T-test

Cases Control t p-value

Age (years) Range 26 - 58 25 - 66  − 1.616 0.108

Mean ± SD 39.771  ± 9.178 42.600  ± 11.416

Chi-square N % N % Χ2 P-value
Sex Male 54 77.14 52 74.29 0.155 0.693

Female 16 22.86 18 25.71
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Patients and control groups were subjected to vascu-
lar endothelial growth factor A level (VEGF-A) assess-
ment. After informed consent, peripheral venous 
blood was drawn from all patients and controls and 
collected in dry tubes containing no anticoagulant 

for serum separation. All samples were centrifuged 
for 20  min at a speed of roughly 2000–3000  rpm 
after being allowed to clot at room temperature for 
10–20  min. After separation, the serum samples were 
used immediately. Investigators assessing VEGF serum 
levels were blinded to the serum of 70 AS patients and 
70 healthy controls. In line with the manufacturer’s 
instructions, an enzyme-linked immunosorbent assay 
(ELISA) was employed to gauge the serum concentra-
tion of VEGF-A.

Statistical analysis
The mean, standard deviation, Student t-test, chi-
square, and ROC curve were used in the statistical pres-
entation and analysis of the current study — analysis of 
variance (ANOVA) tests, linear correlation coefficient, 
and receiver operating characteristic (ROC) curve anal-
ysis for sensitivity, specificity, and cut-off value by SPSS 
V20. Variables were presented as frequencies and per-
centages, mean ± standard deviation, and range. A com-
parison was done using chi-square and Mann–Whitney 
U-tests. P-value 0.05 was considered significant.

Results
This case–control study was executed on 70 adult 
Egyptian patients with definite ankylosing spondy-
litis who were receiving treatment and 70 age- and 
sex-matched healthy controls as shown in Table  1. 
Regarding the sociodemographic data of the studied 
patients’ group were illustrated in Table  2. As regards 
the clinical data of our patients, the disease duration 
of AS patients ranged from 1 to 20 years with a mean 
of 6.029 ± 4.403  years. The mean of the morning stiff-
ness duration was 1.29 ± 0.4  h. Eighteen patients had 
peripheral arthritis (25.71%), and eight had extraarticu-
lar manifestation (11.43%). HLA-B27 was positive in 
16 patients. The treatment received by all patients was 
shown in Table 2 as well.

Ankylosing Spondylitis Disease Activity Score 
(ASDAS) ranged from 0.5 to 3.9 with a mean of 
2.18 ± 0.94. BASFI ranged from 3 to 9.5 with mean ± SD 
5.64 ± 1.85 (Table 2).

The laboratory investigation revealed that ESR ranged 
from 9 to 46 mm/h, and CRP titer ranged from 2–15 mg/
dl. The VEGF in the studied patients ranged from 210 to 
780 ng/l (Table 2).

Regarding the radiological evaluation of the studied 
patients, New York x-ray sacroiliac joint score ranged 
from 1 to 3, and the mean was 1.9 ± 0.7. MSASS score 
ranged from 12 to 66 with a mean of 31.86 ± 15.15 
(Table 2).

Table 2 Distribution of the sociodemographic, clinical, 
laboratory, and imaging data among the AS group

CBC Complete blood picture, ESR Erythrocyte sedimentation rate, CRP C-reactive 
protein, HLA Human leucocyte antigen, BASFI Bath Ankylosing Spondylitis 
Functional Index, VEGF Vascular endothelial growth factor, ASDAS Ankylosing 
Spondylitis Disease Activity Score, MSASS Modified Stoke Ankylosing Spondylitis 
Spine Score, NSAID Nonsteroidal anti-inflammatory drugs, TNF Tumor necrosis 
factor, N Number, % percentage. SD Standard deviation

N %

Smoking No 46 65.71

Yes 24 34.29

Comorbidity No 58 82.86

Yes 12 17.14

Disease duration (years) Range 1 - 20

Mean ± SD 6.029  ± 4.403

Morning stiffness 
(hours)

Range 1 - 2

Mean ± SD 1.286  ± 0.404

Peripheral arthritis No 52 74.29

Yes 18 25.71

Extraarticular No 62 88.57

Yes 8 11.43

CBC No 40 57.14

Yes 30 42.86

ESR Range 9 - 46

Mean ± SD 27.200  ± 10.794

CRP titer Range 2 - 15

Mean ± SD 6.940  ± 3.093

HLAB27 Negative 54 77.14

Positive 16 22.86

BASFI Range 3 - 9.5

Mean ± SD 5.637  ± 1.849

ASDAS Range 0.5 - 3.9

Mean ± SD 2.183  ± 0.939

X-ray score Range 1 - 3

Mean ± SD 1.971  ± 0.701

MSASS Range 12 - 66

Mean ± SD 31.857  ± 15.150

Treatment Non-TNF (il17) 10 14.29

TNF (etanercept) 40 57.14

TNF (golimumab) 12 17.14

TNF (adalimumab) 8 11.43

Treatment duration 
(months)

Range 12 - 72

Mean ± SD 35.257  ± 14.229

Nonbiologic NSAID 54 77.14

NSAID + sulfasalazine 16 22.86
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A comparison between the AS group and the healthy 
control group was done as regards the VEGF values as 
shown in Table 3 and Fig. 1. The VEGF values were sig-
nificantly higher in AS group than in the healthy control 
group (p-value < 0.001).

There was no statistically significant difference 
(p-value ≥ 0.05) in VEGF serum levels in different 
patient’s subsets as regards sex, smoking, clinical param-
eters (comorbidity, peripheral arthritis, extraarticular 
manifestations), and HLAB27 as shown in Table 4.

Correlations were done between the VEGF values, and 
the age of studied patients, the disease duration, morn-
ing stiffness duration, ESR, and CRP showed no statisti-
cally significant correlation between them (P ≥ 0.05); at 
the same time, we found a highly significant positive cor-
relation with BASFI and MSASS score (P < 0.001); also, 
there was a significant correlation between the VEGF 
values and the ASDAS and the New York x-ray sacroiliac 
score (P = 0.002), and these correlations were shown in 
Table 5 and Figs. 2, 3, 4 and 5. 

ROC curve analysis indicated to diagnose AS patients 
by using the VEGF cut-off value of > 140 ng/l, the sensi-
tivity was 100% (95% CI 78.2–100.0), and specificity was 
100% (95% CI 32.3–83.7), as shown in Table 6 and Fig. 6.

Discussion
Ankylosing spondylitis, a member of the spondyloar-
thropathy family, is a systemic autoimmune rheumatic 
disorder. Delay in its diagnosis and management leads 
to increasing morbidity and mortality [12]. Estimation of 
the incidence and prevalence of AS ranged widely from 
0.05 to 1.4/10,000 person per year and from 0.1% to 1.4. 
This is caused by an increase of the awareness about the 
clinical features of AS [13, 14].

A growing number of investigations have been per-
formed to identify the cause of AS [15–17]. Disequi-
librium between Th17, Th1, and Th2 encourages the 
idea that AS is caused by a disruption in the harmony 
between the innate immune system and the acquired 
immune system [5, 17]. Axial spondyloarthropathy (SpA) 

Table 3 VEGF level in case and control groups

SD Standard deviation, ng/l Nanogram per liter

P-values ≤ 0.05 are significant, and P-values ≤ 0.01 are highly significant

VEGF (ng/l) Group T-test

Cases Control t p-value

Range 210 - 780 30 - 140 17.518  < 0.001*

Mean ± SD 406.571  ± 162.051 63.286  ± 24.875

Fig. 1 Comparison of the VEGF levels between AS group and the control group
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is characterized by new bone development and struc-
tural degeneration in the SI joints and spine as a result 
of inflammation [18]. It has been hypothesized that 
granulation tissue containing osteoblasts replaces the 
subchondral bone marrow, which encourages new bone 
formation and results in intra-articular ankyloses of the 
facet joints, the growth of syndesmophytes, and finally 
ankyloses in the spine [19, 20].

Several biomarkers were studied in AS pathogenesis 
[20] (matrix metalloproteinase-3 MMP-3, bone mor-
phogenetic protein 2, procollagen type 2 N-propeptide, 
and VEGF), have a role in the pathogenesis of AS, and 
increase bone formation. The production of new bones, 
particularly endochondral ossification and syndesmo-
phyte formation, depends on VEGF, a signal protein that 
is essential for angiogenesis [21].

This study was carried out to assess the VEGF titer and 
its relation to the different parameters of activity in Egyp-
tian AS patients. Considering the findings of the recent 
study, elevated VEGF levels in serum seem to be related 
to the illness status of AS. VEGF levels ranged from 210 
to 780 ng/l, which are substantially greater than the val-
ues that were found in the healthy controls, in accord-
ance with Wang et al. [21], Zhan et al., [22] Lin et al., [23] 
and Przepiera-Bedzak et al. [24].

Table 4 Comparison of AS patients’ sociodemographic data and clinical data with relation to VEGF

HLA Human leucocyte antigen, VEGF Vascular endothelial growth factor, ASDAS Ankylosing Spondylitis Disease Activity Score, NSAID Nonsteroidal anti-inflammatory 
drugs, TNF Tumor necrosis factor. SD Standard deviation

P-values ≤ 0.05 are significant, and P-values ≤ 0.01 are highly significant

VEGF (ng/l) T-test

N Mean  ± SD t p-value

Sex Male 54 407.037  ± 168.519 0.044 0.965

Female 16 405.000  ± 143.015

Smoking No 46 382.609  ± 149.732  − 1.738 0.087

Yes 24 452.500  ± 177.672

Comorbidity No 58 412.414  ± 166.189 0.660 0.511

Yes 12 378.333  ± 143.390

Peripheral arthritis No 52 409.231  ± 156.178 0.232 0.817

Yes 18 398.889  ± 182.560

Extraarticular manifestations No 62 406.923  ± 165.109 0.031 0.976

Yes 8 405.556  ± 157.488

HLAB27 Negative 54 403.333  ± 156.036  − 0.305 0.761

Positive 16 417.500  ± 186.029

Nonbiologic NSAID 54 392.593  ± 168.827  − 1.333 0.187

NSAID + sulfasalazine 16 453.750  ± 130.429

ANOVA F P-value
Treatment Non-TNF (IL17) 10 320.000  ± 58.119 1.424 0.244

TNF (etanercept) 40 428.000  ± 180.188

TNF (golimumab) 12 383.333  ± 101.025

TNF (adalimumab) 8 442.500  ± 204.573

Table 5 Correlation between the age, clinical, laboratory, and 
radiographic data of AS patients regarding the VEGF

ESR Erythrocyte sedimentation rate, CRP C-reactive protein, BASFI Bath 
ankylosing spondylitis functional index, VEGF Vascular endothelial growth 
factor, ASDAS Ankylosing Spondylitis Disease Activity Score, MSASS Modified 
Stoke Ankylosing Spondylitis Spine Score, ng/l Nanogram per liter. SD Standard 
deviation

P-values ≤ 0.05 are significant, and P-values ≤ 0.01 are highly significant

Correlations

VEGF (ng/l)

R p-value

Age (years) 0.211 0.080

Disease duration (years) 0.174 0.151

Morning stiffness (hours)  − 0.018 0.882

ESR 0.159 0.190

CRP titer 0.152 0.209

BASFI 0.866  < 0.001*

ASDAS 0.366 0.002*

X-ray score 0.359 0.002*

MSASS 0.784  < 0.001*

Treatment duration (months)  − 0.109 0.367
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Fig. 2 Correlation between BASFI and VEGF

Fig. 3 Correlation between ASDAS and VEGF
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Fig. 4 Correlation between sacroiliac x-ray score and VEGF

Fig. 5 Correlation between MSASS and VEGF

Table 6 ROC curve between cases and controls, showing sensitivity, specificity, and cut-off point of VEGF

VEGF Vascular endothelial growth factor, ng/l Nanogram per liter, Sens. Sensitivity, Spec. Specificity, PPV Positive predictive value, NPV Negative predictive value

ROC curve between cases and controls

Cutoff Sens Spec PPV NPV Accuracy

VEGF (ng/l)  > 140 100.0 100.0 100.0 100.0 100%
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The serum VEGF values of more than 140  ng/l could 
discriminate between the AS patients from the healthy 
controls. Poddubnyy et al. [25] reported that VEGF equal 
to or more than 600  pg/ml (ng/l) is the cut-off value 
which is specific for the radiographic progression in axial 
SPA.

Smoking has a crucial role in AS pathogenesis, and it 
is connected to increased disease activity [26]. There is 
a previous result confirms the association between high 
VEGF in AS patients and smoking [27]. In the current 
study, values of VEGF were numerically higher in smok-
ers than nonsmokers; however, there was a nonsignifi-
cant statistical association between them that could be 
clarified by the small sample size of the subjects under 
study.

In the AS group under study, VEGF was found to 
be strongly linked with disease activity and functional 
impairment; this is consistent with the finding demon-
strated by Pedersen et al. [27], Bhuvanesh M. [28], Sakel-
lariou G. T. [29], Sakalyte R. [30] and Poddubnyy D. 
[25]. Also, the VEGF was found positively correlated with 
the radiological scores (New York x-ray sacroiliac and 
MSASS) in the studied patients which goes in line with 
Prajzlerová et al. [31] and Poddubnyy [25].

However, serum VEGF levels in the studied group 
were not significantly correlated with the inflammatory 
markers ESR and CRP titer; this may be explained by the 
finding of Lories et al. [32] who declared that ankylosing 
spondylitis (AS) is inconsistent with rheumatoid arthri-
tis (RA). The presence of inflammation is not related to 
the radiographic progression, and the two processes are 
not relied on each other [21, 33]. Also, Maksymoych 

et al. [34] reported that MRI study for AS patients shows 
a continuum of the new bone formation irrespective of 
the inflammatory state of the studied patients at a ver-
tebral corner following the administration of TNFi [35]. 
These findings authenticate that VEGF is comparable 
to ASDAS, which is more specific than ESR and CRP to 
assess the disease activity, especially in patients receiving 
anti-TNFi [36].

The VEGF values in the studied AS group were inde-
pendent on the disease duration, morning stiffness 
duration, the presence of peripheral arthritis, extraar-
ticular manifestations, and comorbidity; this is in 
accordance with Zhan et  al. [22],  Braun et  al. [5], and 
Poddubnyy et al. [25]. Contrary to the current research, 
other studies found a strong association between the 
VEGF and the clinical parameters of axial SPA in AS 
patients [27–30]. This confirms VEGF-differentiated 
nature which necessitates partnership with other clini-
cal and laboratory factors for faster and more accurate 
diagnosis of AS.

Limitations of this study
The relatively small presented number of patients could 
be one of the limitations of this study as larger scale can 
reveal new findings. We did not measure a follow-up 
level to correlate the disease progression parameters with 
the base and follow-up level.

Conclusion
These findings and data illustrate the strong rela-
tionship between ASDAS and VEGF and the radio-
graphic score in AS patients. The ASDAS combined 
with VEGF not only is considered only a tool for the 
evaluation of illness activity but also it is considered as 
an indicator for the radiographic progression, which 
plays a vital role in the prognosis and outcome in AS 
patients and indicates the important role of anti-VEGF 
in the treatment of AS patients in the future plans.
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