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The role of estrogen receptor α,  
COL3A1, and fibulin-5 genes 

polymorphisms as risk factors 
for pelvic organ prolapse  

in Balinese women

Introduction. Pelvic organ prolapse (POP) is a common problem in women, though not life-threatening, it gives negative 
impacts on the patient’s quality of life. Balinese women are known to have clinical risk factors for POP including multiple 
pregnancies and childbirth (multiparity). The existence of genetic variation, estrogen receptor α and extracellular matrix 
genes polymorphisms, are thought to be genetic risk factors. Methods. A paired case-control study on Balinese women 
was conducted in Sanglah Hospital, Prima Medika Hospital Denpasar, and Integrated Biomedical Laboratory to prove 
that estrogen receptor α, col3a1, and fibulin-5 genes polymorphisms as risk factors for POP. About 30 women with POP 
as the case group and 30 women without POP as a control group, matched according to parity and work variables. 
Three milliliters of venous blood sample was drawn for deoxyribonucleic acid isolation, polymerase chain reaction, and 
sequencing to determine the presence of genetic variation in the form of estrogen receptor α, col3a1, and/or fibulin-5 
genes polymorphism. Results. Estrogen receptor α gene polymorphism in Balinese women increased the risk of POP 
to 5.5 times higher (p= 0.022) and 3.25 times higher in Col3A1 gene polymorphism (p= 0.049). It was also found that 
fibulin-5 gene polymorphism was not represented a risk factor for POP (p = 0.774). Conclusions. It was concluded 
that estrogen receptor α and Col3A1 gene polymorphisms are represented risk factors for POP in Balinese women.
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Introduction
Pelvic organ prolapse (POP) has been a common public 

health problem in women during the last two decades. 
Its incidence is increasing along with the increasing life 
expectancy of a woman. Even though it’s not a non-life-
threatening condition, its impact on woman’s quality of 
life is detrimental(1).

From a hospital-based study, POP was found in ap-
proximately 43-76% of gynecologic patients, and 11% of 
the cases needed surgical intervention. Thirty percent of 
patients who underwent surgery suffered recurrence(1). 
One study in England in 2001 reported that 2 out of 
1000 adult women underwent prolapse repair surgery 
annually(2). Some other studies, using POP quantifica-
tion (POP-Q) as a standard diagnostic tool, reported 
POP prevalence as high as 23.5%-49.4%(3). The preva-
lence of POP, in general, imitates the iceberg phenom-
enon. The incidences reported by researchers and clini-
cians are only comprised of severe cases which come to 
the clinic, due to the need for treatment.

POP prevalence data in Indonesia has not been esta-
blished. Obstetrics and Gynecology Division of Medical 
Faculty of Udayana University/Sanglah General Hospital 
Denpasar in 2009, recorded 82 POP cases visit, of which 

34 cases underwent surgery. A total of 37.32% of those 
with POP experienced urinary incontinence(4). In 2015, 
the center recorded higher POP patient visit; total 91 
cases, 36 cases underwent surgery. Most cases of POP 
who visited Urogynecologic Reconstruction Clinic of 
Sanglah Hospital were of Balinese Tribe (83 patients, 
91.20%).

The exact cause of POP is unknown, but it is always 
associated with weakness of the pelvic floor support 
structure. Pregnancy and childbirth are considered as 
major risk factors for POP, although it is not clear how 
the disruption of pelvic floor function happens during 
pregnancy and childbirth. In fact, POP can also occur in 
women who have never been pregnant and do not always 
happen in multiparous women(5). Risk factors of POP are 
classified into extrinsic factors, such as pregnancy and 
childbirth, occupational history, diseases leading to a 
continuous increase in intra-abdominal pressure, and 
history of hysterectomy. Intrinsic factors include a ge-
netic factor, aging process, extracellular matrix changes 
in pelvic support and menopause.

Understanding the pathogenesis of POP can pro-
vide an overview of prevention and treatment of this 
female abnormality. The pathogenesis of POP has 
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been widely described, but there is little knowledge 
about the tissue histomorphology of pelvic floor. Sev-
eral studies have found an association between POP 
and low collagen expression, mainly type I collagen. 
Increased expression of type III collagen in POP is 
considered as a result of remodeling process after 
tissue trauma. In the Sacro uterine ligament of POP 
patients also found a decrease in the ratio of type I 
and type III collagen. There was also a decline in the 
expression of elastin and proteins involved in elastin 
metabolisms, such as fibulin-5 and lysyl oxidase-like 
1 (LOXL1). Decreased expression of estrogen receptor 
in the pelvic floor support tissue was also found to be 
associated with POP(6). 

The polymorphism of the type I collagen gene in the 
Col1A1 gene reported to be unrelated to the incidence 
of POP in Russian women(7). Similar result was also re-
ported in a Brazilian study(8). Studies in Korea, Taiwan, 
and the Netherlands have different results on collagen 
III gene polymorphism in the Col3A1 gene. The three 
studies reported an association between col3A1 gene 
polymorphism on POP(9). Huey et al. reported that type 
III collagen gene polymorphism, the GA type genotype 
Col3A1 rs1800255 has a significant relationship with 
the incidence of POP in Taiwan women(10).

In addition to collagen gene polymorphism, POP 
is also found to be associated with polymorphisms of 
proteins involved in elastin synthesis, i.e. fibulin-5. 
Research by Khadzieva and contributors found a sig-
nificant association between the polymorphisms of the 
fibers-5 gene pads (1818736 (C/A) with the incidence 
of POP(11). Estrogen a receptor gene polymorphism in 
Taiwanese women was also found to be associated with 
POP incidence, i.e. ESR1 rs2228480 gene (exon 8 G/A) 
with an odds ratio of 2.05(12).

These different results may be influenced by the eth-
nic factors of the subjects; there has been no research 
reporting on estrogen receptor, collagen, elastin gene 
polymorphisms or other protein-related polymorphisms 
in association with the risk of POP in Indonesian and 
Balinese women. The absence of research into the as-
sociation of these genes polymorphisms with the risk 
of POP in Indonesian and Balinese women has led to 
unsatisfactory progress on understanding the genetic 
pathology of POP. 

If the polymorphisms of the estrogen receptor, 
Col3A1, and the fibulin-5 gene and their association 
with the risk of POP incidence in Balinese women can 
be explained, it is highly expected that the prevention 
strategy on incidence and disease progression in Bali can 
be improved in the future.

Methods
This observational case-control study was achieved 

at Reconstructive Urogynecology clinic, Obstetric and 
Gynecology clinic of Sanglah Hospital, Prima Medika 
Public Hospital Denpasar, and Integrated Biomedical 
Laboratory of Medical Faculty of Udayana University, 
Denpasar. The study was conducted on 60 patients, 

30 women with POP as the case group and 30 women 
without POP as a control group, from July 2016 to 
January 2017. Samples were Balinese women aged 
30-75 years old, who visited Sanglah General Hos-
pital and Prima Medika Hospital Denpasar. Samples 
were diagnosed for POP or not by Obstetrics and Gy-
necologist specialized in Reconstructive Urogynecol-
ogy. Controls were other non-prolapse gynecologic 
patients. To decreased selection bias or confounding 
bias between cases and controls, variable matching 
on parity and occupation was done, resulting in 1:1 
ratio. Samples were selected consecutively from the 
reachable population. Patients who were pregnant 
and suffered malignancy excluded. POP in this study 
was POP grade II-IV according to POPQ standard, 
while non-prolapse was POP grade 0-1 according to 
POPQ standard. Polymorphisms studied were estro-
gen receptor α gene on rs2228480, Col3A1 gene on 
rs1800255, and fibulin-5 gene on rs2018736.

Samples for estrogen receptor α, Col3A1, and fibu-
lin-5 genes polymorphism examination were obtained 
from 3 ml venous blood collected in EDTA containing 
tubes and was sent to Integrated Biomedical Labora-
tory of Udayana University for deoxyribonucleic acid 
isolation and polymerase chain reaction (PCR). Estrogen 
receptor α gene with ESR1 rs2228480 (exon 8 G/A) poly-
morphism was amplified by PCR using forward primer: 
5’ GCTCTACTTCATCGCATTCC-3’ and reverse primer 
5’CCACTAAGAACTGAGCAAGC-3’. The Amplification 
of 238 bp long fragment by PCR was done using PCR kit 
from Promega. Type III collagen with COL3A1 rs1800255 
(exon 30 G>A) polymorphism was amplified by PCR, us-
ing forward primer: 5’ TCCTCTTTCTCCAGGCATTC-3’ 
and reverse primer 5’TTTGTTCACAGGGTGATGCTG-3’. 
Amplification of 270 bp long fragment was done with 
PCR using PCR kit from Promega. Fibulin-5 gene with 
polymorphism on rs2018736 (C/A) was amplified by PCR 
using forward primer: 5’CTGCCTTCCTCACTGGAGAC-3’ 
and reverse primer 5’GTCACACCCACAAACAGTGC-3’. 
Amplification of its 221 bp long fragment was done with 
PCR using PCR Kit from Promega. Electrophoresis using 
agarose gel 1% was done to evaluate PCR success. Se-
quential technique was used to assess ESR1 rs2228480 
(exon 8 G/A), Col3A1 rs1800255 (exon 30 G>A) and Fibu-
lin-5 (FBLN5) genes polymorphisms.

Statistical analysis in this study using SPSS version 
21.0 for windows, chi-square test was used to determine 
the association between gene polymorphism, and calcu-
lation of ORs and logistic regression to determine the 
magnitude of the risk arising from the polymorphism 
that occurred.

Results
In this case-control study, a comparison of study 

subject characteristics between case group (POP) and 
control group (non-prolapse) is presented in Table 1. 
Body mass index, age, menopausal status and history of 
hysterectomy variables between case and control groups 
were not significantly different. 
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Complete results of estrogen receptor α, Col3A1, and 
fibulin-5 genes polymorphisms found in this study are 
displayed in Table 2. 

Chi-square test was performed to determine the role 
of estrogen receptor α as a risk factor of POP. Estrogen 
receptor α gene polymorphism contributes as a risk fac-
tor for POP as much as 5.5 times (OR = 5.50; CI 95% = 
1.22-11.99; p = 0.022), see the results in Table 3. 

Table 4 shows that the estrogen receptor α gene poly-
morphism is a risk factor for POP after variables are con-
trolled by multivariate analysis using conditional logistic 
regression. Estrogen receptor gene polymorphism, after 
the four variables are controlled, presents 8.33 times 
greater risk for POP with this multivariate analysis (ad-
justed OR = 8.33; 95% CI = 1.84 -37.72; p = 0.006).

Table 5 shows that Col3A1 gene polymorphism ex-
poses to 3.25 times greater risk for POP (OR = 3.25; CI 
95%=1.06-9.97; p=0.049).

As shown in Table 6, Col3A1 gene polymorphism 
is still to be a risk factor for POP and are statistically 
significant (p=0.014), variables were controlled by 
multivariate analysis using conditional logistic regres-
sion. ColA31 gene polymorphism, after variables were 
controlled, pose 4.26 times greater risk for POP in 
multivariate analysis (OR=4.26; 95% CI=1.34-13.60; 
p=0.014).

The polymorphism of the Fibulin-5 gene poses a POP 
risk of 1.4 times greater (OR=1.40), though this result 
was not statistically significant (CI 95%=0.44-4.41; 
p=0.774; Table 7). 

Table 1 Characteristics distribution of study subjects

Table 2 ER α, Col3A1, and fibulin-5 genes polymorphisms distribution

Risk Factors

Case Group Control Group

(n= 30) (n= 30)

Frequency Frequency

n (%) n (%)

Body mass index

Lean 1( 3.33) 0(0)

Normal 20(66.67) 22(73.33)

Obese 9(30.00) 8(26.67)

Age (mean ± SD) 57.67±9.764 56.37±9.633

Menopausal status

Pre-menopause 6(20.00) 7(23.33)

Menopause 24(80.00) 23(76.67)

History of hysterectomy

Yes 1(3.33) 1(3.33)

Never 29(96.67) 29(96.67)

Genotype a b c d p-value

ER α(GG) Gene 11 4 11 4 1.000

ER α(AA) Gene 0 2 4 24 0.572

ER α(GA) Gene 2 11 2 15 0.022

Col3A1 (GG) Gene 15 5 7 3 0.774

Col3A1 (GA) Gene 5 13 4 18 0.049

Fib-5 (CC) Gene 3 3 9 18 0.583

Fib-5 (CA) Gene 3 7 5 15 0.774

Fib-5 (AA) Gene 3 3 6 18 0.240
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The polymorphism of the fibulin-5 gene was not 
a significant risk factor for the occurrence of POP 
(p=0.051) after being adjusted for controlled variables 
by multivariate analysis using conditional logistic re-
gression test. Polygenic polymorphism of fibulin-5, 
after controlled variables adjustment poses the risk 
for POP 1.48 times with this multivariate analysis 

(adjusted OR=1.48; 95% CI=0.47-4.63; p=0.051; Ta-
ble 8).

The polymorphism of estrogen receptor gene α 
rs2228480 and Col3A1 rs1800255 gene were risk fac-
tors for POP in Balinese women after chi-square test was 
performed and after adjustment of controlled variables 
(BMI, age, menopause, and history of hysterectomy). 

Table 3 Estrogen receptor α gene polymorphism as POP risk factor

Table 5 Col3A1 gene polymorphism as POP risk factor

Table 4 The relationship between estrogen receptor α gene polymorphism and POP  
after controlling variables (BMI, age, menopause, and history of hysterectomy)

Table 6 The relationship between Col3A1 gene polymorphism and POP after variable control 
(BMI, age, menopause, and history of hysterectomy)

Control Group

OR CI 95% p-valueER α Gene Polymorphism

(+) (-)

Case Group ER α Gene 
Polymorphism

(+) 2 11
5.50 1.22-11.99 0.022

(-) 2 15

Adjusted OR CI 95% p-value

ER α gene polymorphism 8.33 1.84-37.72 0.006

BMI (obese/normal/lean) 0.95 0.87-1.04 0.301

Age (year) 1.17 0.37-3.76 0.790

Menopause (yes/no) 0.80 0.09-6.75 0.837

History of hysterectomy (yes/never) 0.59 0.02-16.63 0.759

Control Group

OR CI 95% p-valueCo13A1 Gene Polymorphism

(+) (-)

Case Group Co13A1 Gene 
Polymorphism

(+) 5 13
3.25 1.06-9.97 0.049

(-) 4 8

Adjusted OR CI 95% p-value

Col3A1 gene polymorphism 4.26 1.34-13.60 0.014

BMI (obese/normal/lean) 1.14 0.36-3.60 0.823

Age (year) 0.98 0.89-1.07 0.601

Menopause (yes/no) 0.81 0.11-6.00 0.834

History of hysterectomy (yes/never) 0.42 0.02-8.26 0.565
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Other risk factors studied (fibulin-5 rs2018736 gene 
polymorphism) did not appear to be a risk factor for POP 
in Balinese women, using chi-square test and controlled 
variables adjustment. The OR of all three risk factors, 
before and after variables are controlled, can be seen 
in Table 9.

Discussion
In this study, the genotypes analyzed and discussed as 

risk factors were heterozygous genotypes, by the result 
that has been found in previous studies. From literature 
review conducted on similar studies, it was found that 
from the polymorphisms of the three genes, heterozy-
gote genotypes (GA genotypes in ER α and Col3A1 genes 
polymorphisms) had been proved to be a POP risk fac-
tor(10,12). Heterozygous genotype of CA in the fibular-5 
gene was found to be a risk factor for POP(11). A screen-
ing test for POP, by examining estrogen α rs2228480 
and Col3A1 rs1800255 genes polymorphisms on Ba-
linese women who have never suffered prolapse can be 
considered. Further research needs to be conducted to 
study the role of estrogen receptor α rs2228480, Col3A1 

rs1800255 and fibulin-5 rs2018736 gene polymorphism 
as risk factors for prolapse in another ethnicity in In-
donesia. Furthermore, more research needs to be con-
ducted to study the role of fibulin-5 gene polymorphism 
as a risk factor of POP using other SNPs labels.

Conclusions
Estrogen α rs2228480 gene polymorphism and Co-

l3A1 rs1800255 gene polymorphism (collagen III genes) 
were shown to be the risk factors for POP in Balinese 
women. Estrogen receptor α gene polymorphism repre-
sent the most dominant risk factor in the mechanism of 
genetic variations impact on POP incidence in Balinese 
women. However, Fibulin-5 rs2018736 gene polymor-
phism was not showed to be a risk factor for POP in 
Balinese women.   n
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Table 8 The relationship between Fibulin-5 gene polymorphism and POP after variable 
control (BMI, age, menopause, and history of hysterectomy)

Table 9 Comparison of OR for POP risk factors before and after controlled variables adjustment 
(BMI, age, menopause, and history of hysterectomy)

Table 7 Fibulin-5 gene polymorphism as POP risk factor

Control Group

OR CI 95% p-valueFibulin-5 Gene Polymorphism

(+) (-)

Case Group Fibulin-5 Gene 
Polymorphism

(+) 3 7
1.40 0.44-4.41 0.774

(-) 3 15

Adjusted OR CI 95% p-value

Fibulin-5 gene polymorphism 1.48 0.47-4.63 0.501

BMI (obese/normal/lean) 1.06 0.36-3.15 0.920

Age (year) 0.98 0.98-1.06 0.586

Menopause (yes/no) 1.16 0.18-7.55 0.880

History of hysterectomy (yes/never) 0.97 0.05-17.69 0.985

Adjusted OR Adjusted RO

ER α gene polymorphism 5.50 8.33

Col3A1 gene polymorphism 3.25 4.26

Fibulin-5 gene polymorphism 1.40 1.48
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