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Abstract
Introduction: Postmenopausal osteoporosis (PMOP) is a common metabolic bone disorder manifested
by low bone mineral density and increased fracture risks in postmenopausal women. Vascular
endothelial growth factor (VEGF) plays an essential role in bone formation. In this study, we have
investigated the potential association between VEGF insertion/deletion (I/D) variant and PMOP in a
cohort consisting of Turkish females.

Methods: One hundred and �fty females with PMOP and 150 age, and ethnicity matched females were
enrolled in this study. -2549 I/D variant of VEGF was analyzed by PCR method. The results of the analysis
were evaluated for statistical signi�cance.

Results: The frequency of the II, ID and DD genotype was 7.34% versus 6.66%; 67.33% versus 65.34%; and
25.33% versus 28%, in patients and the control group, respectively. The allele frequencies were I: 41%
(patients) and 39.4% (controls); D: 59% (patients) and 60.66% (controls). There were no statistically
signi�cant differences in the distribution of VEGF -2549 I/D variant genotypes and alleles between
patients with PMOP and control subjects.

Conclusion: In conclusion, this study demonstrates �rst time that the VEGF -2549 I/D variant might not
contribute to the development of PMOP among Turkish population. These �ndings need con�rmation in
other ethnic populations.

Introduction
Osteoporosis is a bone disease associated with the aging process, and subsequently it mainly occurs in
the elderly individuals. Postmenopausal osteoporosis (PMOP) is manifested by low bone mineral density
(BMD) as a common metabolic bone disorder, increasing risks of fracture in postmenopausal women
(Zhang et al, 2018). It affects nearly 50% females over the age of 80 (considering the yearly bone loss
following menopause), however only part of them will experience fractures, the most crucial clinical sign
of this (Siris et al, 2001). PMOP pathophysiology is regarded as a disorder of negative imbalance in
remodeling and metabolism of bone in which bone resorption outweighs formation of bone, proposing
that vitamin D and parathyroid hormone (PTH) and also other factors associated with formation and
resorption of bone may play a major role in the pathophysiology and primary mechanism of PMOP
(Gennari et al, 2016). In addition, genetic factors such as polymorphisms of gene and genes may also be
involved in the development of PMOP.

Vascular endothelial growth factor (VEGF) is an essential angiogenic factor and a main regulator of
endothelial cell proliferation. In addition, angiogenesis is a signi�cant part of formation of bone (Maes et
al, 2002). Studies have proposed that VEGF may be involved in formation of endochondral bone in
ossi�cation, remodelling, and angiogenesis of hypertrophic cartilage. VEGF is expressed by Hypertrophic
chondrocytes in vivo and VEGF and its receptors are expressed by osteoblastic cells in vitro. On the other
hand, VEGF can facilitate differentiating and migrating osteoblastic cells (Deckers et al, 2000). Moreover,
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VEGF was reported to induce the survival, formation, and resorption of osteoclasts in vitro (Nakagawa et
al, 2000) . Human VEGF gene spans about 16,272 bp on chromosome 6 (6p12). It has eight exons and it
is believed to have high polymorphism (Harper et al, 2008). In the VEGF gene, some single-nucleotide
polymorphisms (SNPs) have been shown to have an impact on the expression of the gene. In VEGF gene,
Insertion/deletion (I/D) polymorphism of the 18 bp fragment at − 2549 position of the promoter region
has been potentially associated with many diseases (Amle et al, 2015).

Thus, this study aimed to investigate the potential relationships between VEGF gene I/D variant and
PMOP in a cohort of Turkish females.

Material And Methods

Study population
This is a case-control study. Participants included 300 unrelated postmenopausal women. The study
group included 150 women (mean age: 60.32 ± 8.65 years; T-score ≥-2.5 SD) with PMOP and 150 healthy
females (mean age: 56.67 ± 8.66 years; T-score <-2.5 SD). Participants from Department of Obstetrics and
Gynecology, Training and Research Hospital (Tokat, Turkey) participated in the study. The inclusion
criteria were those who had bone tumors, connective tissue diseases, hepatic renal dysfunction, nutrition
de�ciency, secondary osteoporosis diseases including congenital diseases, thyroid, diabetes, Cushing's
syndrome, and myeloproliferative diseases), and incomplete clinical data. Clinical data was collected by
interview and from the medical documents of each patient. All research subjects were unrelated Turkish
population and all signed the informed consent. All participants including the controls submitted written
consent. This study was conducted under guidelines laid down in the Declaration of Helsinki, and Local
Ethics Committee approved all procedures including human subjects (Hitit University-2017/70).

Genotyping
Blood samples (10 mL) were obtained from all subjects for genomic DNA extraction kit (Sigma-Aldrich,
Germany) as instructed by the manufacturer. The extracted DNA was stored at -20°C until analysis. Using
genomic DNA, VEGF I/D variant were identi�ed by polymerase chain reaction (PCR) method as previously
described (Amle et al, 2015).

Statistical analysis
Software SPSS version 22.0 for Windows (SPSS Inc., Chicago, IL; USA) was used to analyze all data.
Logistic regression analysis was used to estimate if differences between the patient and control groups
were statistically signi�cant. 95% con�dence interval (CI) and Odds ratio (OR) were also calculated. Chi-
square test and, Fisher’s exact test were used if necessary to compare the patient and control groups in
terms of the differences of genoype and allele in these variants. The two tailed analyses were done, and
p 0.05 showed statistically signi�cant differences.

Results
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This study genotyped a total of 300 subjects, including 150 patients with PMOP, and 150 healthy female
controls for the VEGF I/D variant. Table 1 and Table 2 give summary of the characteristics of the patients
and controls. Allelic and genotypic distributions of the VDR I/D variant in patients and controls were
shown in Table 3. The frequency of the II, ID and DD genotype was 7.34% versus 6.66%; 67.33% versus
65.34%; and 25.33% versus 28%, in patients and the control group, respectively. The allele frequencies
were I: 41% patients and 39.4% controls; D: 59.34% patients and 60.66% controls. The allele and genotype
frequencies of VEGF I/D variant did not show any statistically signi�cant difference between PMOP
patients and healthy controls (p > 0.05).

Table 1
The demographic and clinical characteristics of patients and controls.

Control group (n:150) Minumum Maximum Mean ± SD Median Range

Age (years) 40 74 56.67 ± 8.66 57 34

Patient group (n:150) Minimum Maximum Mean ± SD Median Range

Age (years) 42 82 60.32 ± 8.65 59 40

Length (cm) 1.46 1.70 156.19 ± 3,13 156 24

Weight (kg) 42 105 74.87 ± 9.97 75 63

BMI 17.48 43.15 30.88 ± 4.26 31.23 25.66

Menopause age (years) 36 55 46.27 ± 3.99 46 19

Menopausal duration (years) 0 36 4.45 ± 4,67 4 36

Age of diagnosis 40 67 53 ± 4,26 52 27

Duration of disease 0 55 7.75 ± 8.91 5 55

T Score femur total -4.70 1.40 7.302 ± .97   6.10

T Score femur neck -4.20 -2.50 -3.50 ± .89   1.8

T Score lomber total -5.50 -2.50 -4.0   2

BMI: body mass index
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Table 2
The demographic and clinical characteristics of

patients

  Patient group (n:150) (%)

Smoking + 2 (3.45)

- 56 (96.55)

Family history + 1 (1.61)

- 61 (98.39)

Vertebral fracture + 6 (5.17)

- 110 (94.83)

Fracture history + 10 (8.84)

- 103 (91.16)

Hip fracture + 0 (0)

- 116 (100)

Calcium use + 48 (47.05)

- 54 (52.95)

Table 3
Genotype and allele frequencies of VDR variant in patient and control group.

VEGF I/D Patient group

n = 150 (%)

Control group

n = 150 (%)

Χ2 P OR (CI 95%)

Genotypes          

I/I 11 (7.34) 10 (6.66) 0.293 0.864  

I/D 101 (67.33) 98 (65.34)

D/D 38 (25.33) 42 (28)

I/I + I/D: D/D 122:38 108:42 0.7304 0.3928 0.7501–2.078

I/I: I/D + D/D 11:139 10:140 0.0512 0.8210 0.4559–2.692

Alleles          

I 123 (41) 118 (39.4) 0.8744 0.3497 0.841–1.631

D 177 (59) 182 (60.66)

*:OR (95%CI) was adjusted by age and sex, &Fisher's Exact Test.
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STRING database annotates the functional interactions among the proteins in a cell. Analyzing the
VEGFA protein with STRING database, predicted the functional partners of the protein with high
con�dence (score: 0.7) was found as follows: FLT4, KDR, NRP1, FLT1, NRP2, HIF1A, NTRK1, CDH5, FN1,
FGF2. The interaction network of these proteins is shown in Fig. 1.

Discussion
Osteoporosis is a multifactorial disease that develops through various interactions between genetic,
metabolic and environmental factors, with a large in�uence on the biomechanics of the musculoskeletal
system. Environmental factors include decreased physical activity, smoking, alcohol consumption,
diminished exposure to sun (decreased vitamin D synthesis), and the use of some medications, such as
glucocorticoids and anticonvulsants (Al Anouti et al, 2019). PMOP is usually characterized by a high risk
of fracture, thus resulting in substantial morbidity and mortality. Ethnicity and race can also affect the
incidence of PMOP.

Vascular control is vital for bone development and repair, de�ciency of this control has an impact on the
skeletal system. VEGF is identi�ed as an angiogenetic factor generated by many cell types, such as
endothelial cells and osteoblasts (Hiltunen et al, 2003). VEGF induces angiogenesis by facilitating
endothelial cells proliferation and migration to build new blood vessels (Yoo et al, 2008). Bone formation
is related with angiogenesis, and vascular invasion is essential for endochondral bone formation and
fracture healing. VEGF has been reported to induce primary human osteoblast chemotaxis and
differentiation. It was demonstrated that these cells express VEGFR-1 and VEGFR-2. In addition,
osteoblast apoptosis can be hindered by VEGF (Hiltunen et al, 2003). Hiltunen et al. proposes that VEGF-A
gene transfer mediated by adenovirus stimulates formation of bone through elevated osteoblast activity
and may be bene�cial for the management of osteoporosis and other diseases that necessitate effective
osteogenic therapy in animal model (Hiltunen et al, 2003). Nasser et al. studied expression of VEGF
between the perimenopausal, premenopausal, and postmenopausal women and between
nonosteoporotic and osteoporotic women (Nasser et al, 2013). They found reduction of expression of
VEGF in postmenopausal osteoporotic patients' bone and is associated with bone mineral density (BMD).

There are some research suggesting reduced VEGF values in osteoporosis [Pufe et al, 2007, Pufe et al,
2003). The decrease in VEGF values related with the measurement of BMD. Martinez et al. found an
reduction of the VEGF released levels in osteoblasts due to age (Martínez et al, 2002). They concluded
that VEGF may be a crucial modulating factor for remodelling of bone in PMOP patients. Also, a study
conducted in Turkey showed statistically signi�cantly lower serum VEGF concentrations in PMO patients
compared to healthy controls (Senel et al, 2013).

Polymorphisms in the exons, introns, promoter, and untranslated regions (3′-and 5′-UTRs) of a gene might
in�uence the production or function of the relevant protein (Watson et al, 2000). There is highly
polymorphic VEGF gene and VEGF protein expression may be altered by functional polymorphisms of the
VEGF gene. There are some reports that VEGF gene polymorphisms have a correlation with development
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and prognosis of several diseases (Wang et al, 2015; Han et al, 2004; Bao et al, 2019). Costa et al. studied
VEGF C936T variant on 252 postmenopausal Caucasian women (136 osteoporotic and 116 non-
osteoporotic). They found no signi�cant difference in allele frequencies between osteoporotic and non-
osteoporotic women (Costa et al, 2009). In the previous study conducted in our country with PMOP and
VEGF 935C/T-, 2578C/A variants, no signi�cant difference was found between osteoporotic and non-
osteoporotic women in terms of frequencies of genotypes and alleles of two variants (Deveci et al, 2016).
Chung et al. investigated whether or not there was an association between VEGF − 2578C/A, -1154G/A,
-634G/C, and 936C/T variants and haplotypes and osteoporotic vertebral compression fractures (OVCF)
in postmenopausal women in Korea (Chung et al, 2010). They found that the A-G-G-C haplotype tended to
be related to OVCF in postmenopausal women in Korea.

A functional 18-bp I/D polymorphism, found gene expression was affected at position − 2549 in the
promoter region of VEGF, whereby the deletion (D) allele results in a 1.95-fold elevation of transcriptional
activity in comparison with the insertion (I) allele (Yang et al, 2003). This study found the possible
relationship between the 18-bp I/D variant in the promoter region of VEGF and the PMOP risk for the �rst
time in a sample of the Turkish population. The �ndings showed no association between VEGF I/D
variant in Turkish women.

The studies on case-control association can signi�cantly help understand the role of genes in the
osteoporosis. This study has some limitations. First, our focus was on only one variant in the VEGF
pathway, and the pathogenesis of PMOP may be also affected by other regulatory genes in the VEGF
family signaling pathway. Second, since the sample size was rather small, the frequencies of some
homozygous variants were low in groups, decreasing the statistical power. In the end, another limitation
is that expression levels and blood levels of VEGF have not been evaluated.

The incidences of osteoporosis and its potentially devastating sequalae due to increasing fractures
associated with disability, morbidity, and decreased quality of life. Consequently, prevention and
management of osteoporosis is very important. Findings in terms of the effect of VEGF gene variants on
osteoporosis pathogenesis are con�icting; however there may be clari�cation of data difference in terms
of the genetic variability of populations. In this study, no signi�cant association was found between
VEGF I/D variant and PMOP, but the �rst result about this variant and PMOP in a Turkish cohort was
shown. Studies with a larger population should be performed with other ethnic groups or different
subjects to illuminate the effects of these variants on PMOP susceptibility.
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Figure 1

Interactions of VEGFA protein, according to STRING database predictions:

a) this network represents the types of evidences for the association

b) con�dence network: stronger associations are represented by thicker lines
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