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Abstract
Introduction and hypothesis COLIA1 polymorphism is
associated with increased risk for stress urinary inconti-
nence. We hypothesize that a similar association exists with
pelvic organ prolapse (POP).
Methods Patients with advanced prolapse and healthy
controls were evaluated by interview, validated question-
naires, and pelvic examination. DNA was extracted from
peripheral blood, and polymerase chain reaction was
performed to determine the presence or absence of the
polymorphism. Power calculation indicated the need for
36 patients in each arm.
Results The prevalence of the polymorphic heterozygous
genotype (GT) in the study and control groups was
33.3% and 19.4%, respectively, leading to an odds ratio
of 1.75. This difference, however, did not reach
statistical significance (p=0.27).

Conclusions The COLIA1 polymorphism was not signifi-
cantly associated with increased risk for POP.
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Introduction

Pelvic organ prolapse (POP) is a common and often
debilitating group of conditions which frequently affect
post-reproductive aged women, with considerable medical,
social, and economical implications. The overall lifetime
prevalence of this phenomenon ranges between 30% and
50% [1, 2], with the majority of women having stage 1 or 2
disease. In the elderly, stage 2 prolapse is as prevalent as
63% of all women [3]. Severe (stages 3 or 4) prolapse is
less common, with a prevalence of around 2% in the adult
female population [3, 4]. More than 11% of all American
women will undergo at least one operation for POP or
urinary incontinence during their lifetime, with a re-
operation rate of 29% [5]. The annual cost of prolapse
surgery in the USA is estimated to exceed one billion
dollars [2]. There are certain recognized risk factors for
developing POP including age, obesity, multiparity,
increased weight of vaginally delivered babies, instrumental
deliveries (especially forceps), extended second stage of
labor, increased intra-abdominal pressure (such with
chronic constipation and chronic obstructive lung disease),
smoking, and various connective tissue disorders [4–8].
Ethnic and racial variations in the incidence of POP have
also been described. Women of European and Hispanic
ancestry may be at increased risk for developing POP and
urinary incontinence as compared to women of Asian,
African, and Native American ethnicity [6, 8, 9].
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Since most multiparous women do not develop an
advanced stage of prolapse [3, 4], and since this disorder
has been reported in nulliparous women as well [10], one
may hypothesize that genetic predisposition plays a role in
the pathophysiology of POP. Jack et al. [11] studied ten
patients younger than 55 years with a family history of
prolapse. A genetic analysis of the inheritance pattern
within these families demonstrated that POP segregated in a
dominant fashion with incomplete penetrance. The relative
risk for siblings of affected patients was found to be five
times higher than that in the general population. In the last
few years, several studies reported on variations in the
expression of certain genes that could hypothetically lead to
POP. Visco and Yuan [12] compared differential gene
expressions in the pubococcygeus muscle in patients with
advanced POP using a microarray analysis on 12,626 genes.
They concluded that differences between patients with
advanced POP and controls may be related to differential
gene expression of structural proteins that are related to actin
and myosin as well as extracellular matrix proteins in the
pubococcygeus muscle. On the basis of this study, the same
group then compared gene expression of two specific genes
previously identified by the microarray analysis (skeletal
muscle heavy chain polypeptide 3 and myosin binding
protein H) in the pubococcygeus muscle of 17 patients with
POP and 23 controls, using real-time quantitative reverse
transcriptase polymerase chain reaction (RT-PCR) analysis
[13]. Significant differences in gene expression were
observed for both genes between the two groups.

Another approach is to look for “errors” or polymorphism
in the genetic code that might dictate alterations in the
physical properties of tissue proteins. The only association
was reported by Nikolova et al. [14], who found an increased
prevalence of a single-nucleotide polymorphism (SNP) in
the promoter to the gene LAMC1, encoding the γ1 chain of
laminin, among women with an early onset and a family
history of POP. Type I collagen is a major structural protein
of connective tissue throughout the body. It is involved in
innumerable essential processes within the cell apart from its
role in providing support to the tissues. Its molecular
structure is a heterotrimer, comprised of two α-1 chains
and one α-2 chain which are encoded by the genes COLIA1
and COLIA2, respectively [15]. A thoroughly studied SNP
in the COLIA1 gene is located at the regulatory region of the
gene, affecting a transcription factor Sp1 binding site. It is
caused by a substitution of guanidine for thymidine within
its first intron, resulting in the occurrence of three different
genotypes (homozygote G/G, heterozygote G/T, and homo-
zygote T/T). As a consequence, the expression of the
COLIA1 gene is altered, leading to abnormal production of
the α-1 collagen chain relative to α-2 [15, 16]. An
association between the COLIA1 polymorphism and osteo-
porosis was demonstrated in several studies within the last

decade [16, 17]. Skorupski et al. [15] investigated the
association between COLIA1 Sp1 polymorphism and stress
urinary incontinence (SUI) in women and found that the
odds ratio for developing SUI was 4.98 in subjects
presenting the GT genotype and 2.23 for the TT genotype.
Since it is believed that POP and SUI share a common
etiologic basis, we aimed to assess the prevalence of
COLIA1 Sp1 polymorphism among women with POP.

Materials and methods

The study protocol was approved by the institutional review
board committee for human subjects, and all participants
gave their written informed consent upon enrollment. This
was a case–control study, and patients’ evaluations and
genetic analysis occurred prospectively.

Subjects included in the study were women of Caucasian
or Ashkenazi-Jewish origin who visited our gynecology
outpatient clinic at Carmel and Lin Medical Centers, Haifa,
Israel. Women with known connective tissue disorders (such
as Marfan syndrome and Ehlers–Danlos syndrome), ongoing
pregnancy, cancer involving reproductive or pelvic organs,
or SUI were excluded. The study group consisted of women
with advanced (stage 3 or 4) POP, and the control group
consisted of women with no or mild (stage 0 or 1) prolapse.
The diagnosis of advanced POP was based on physical
examination of the external genitalia and vaginal canal,
according to the POP quantification system (POPQ), as
advocated by the International Continence Society, the
American Urogynecologic Society, and the Society of Gyne-
cologic Surgeons [18]. SUI was ruled out based on medical
history, the results of a cough stress test, and two validated
symptom-impact questionnaires-the urogenital distress inven-
tory and the incontinence impact questionnaire [19, 20].

Blood samples were obtained from all subjects in tubes
containing ethylenediaminetetraacetic acid. Genomic DNA
was extracted from whole-blood leukocytes using a
commercially available kit (high pure PCR template
preparation kit, Roche, Mannheim, Germany). DNA was
stored at −20°C until used. Determination of the COLIA1
polymorphism was performed by 2-step PCR (Eppendorf,
Hamburg, Germany; Thermocycler) using 500 ng DNA as
template. For amplification, the Taq DNA polymerase
(Sigma, St. Louis, MO, USA) and commercially obtained
oligonucleotide primers were used. The first step of PCR
was carried out with the following primer sets: P1, 5′-
GGAAGACCCGGGTTATTGCT-3′ (forward) and P2, 5′-
CGCTGAAGCCAAGTGAAATA-3′ (reverse) [15, 21].
The 35 amplification cycles were preceded by denaturation
at 94°C for 5 min. The repeated denaturations were
performed at 94°C for 1 min, the annealing at 57°C for
1 min, and the elongation at 72°C for 1 min. A final primer
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extension was carried out at 72°C for 10 min. Undiluted
PCR product (598 bp) from this reaction was used as
template in nested PCR. The primers that were used for this
reaction were P3, 5′- TAACTTCTGGACTATTTGCG
GACTTTTTGG-3′ (forward) [15, 22] and P4, 5′-GTCCA
GCCCTCATCCTGGCC-3′ (reverse) [15, 23].

The conditions of nested PCR were as follows: first
denaturation at 94°C for 5 min and then 35 cycles of
repeated denaturations at 94°C for 1 min, annealing at 58°C
for 1 min, extension at 72°C for 45 s, and final extension at
72°C for 5 min.

Reverse P4 primer was designed to introduce a restric-
tion site for the enzyme BalI (MscI) only in alleles in which
G is substituted by T [22, 23]. PCR products were digested
with BalI according to manufacturer instructions (New
England Biolabs, Beverly, MA, USA) and separated on 4%
low-melting agarose gel. A single band (260 bp) corre-
sponds to homozygote G/G, two bands (260 and 242 bp) to
heterozygote G/T, and a single band (242 bp) enables the
identification of homozygote T/T.

Power calculations (SPSS Inc. Chicago, IL, USA) were
performed prior to recruitment, based on a previous report
on genetic polymorphism and SUI [15], which found an
increased prevalence of the GT genotype in the transcrip-
tion factor Sp1-binding site in the gene encoding the alpha-
1 chain of type I collagen among women with SUI as
compared to healthy controls (58% versus 26%, respec-
tively; p=0.0023). Assuming a common etiology of POP
and SUI, a sample size of 36 women in each group would
be required in order to detect an absolute difference of 32%
or higher in the prevalence of the mutant genotype (G/T or
T/T), with power of 80% and a p value <0.05. The χ2 test
was used to compare the prevalence of various genotypes
among patients from the study and control groups. The
association between each genotype and the risk to develop
advanced POP was calculated using odds ratios and 95%
confidence intervals. A p value <0.05 was considered
statistically significant for all comparisons.

Results

There were 36 participants in each group. The two groups
were matched with respect to age, bodymass index, and parity
(overall parity, spontaneous vaginal deliveries, instrumentally
assisted vaginal deliveries, and fetal macrosomy), as well as
non-obstetric risk factors for POP including menopause,
smoking, and chronic constipation (Table 1). All patients in
the study group had POPQ St. 3 or 4 prolapse (most
prolapsed component at more than +1 cm), and all patients
in the control group had no more than St. 1 prolapse (most
prolapsed component −1 cm or less; Table 2).

Genetic analysis of the entire studied population
revealed the following distribution of genotypes at the
SP1-binding site of the COLIA1 gene: GG, 72.2%; GT,
26.4%; and TT, 1.4%. There was a higher prevalence of the
heterozygous state (GT) in the study group when compared
to the control group (Table 3). Based on this finding, the
calculated odds ratio for POP was 1.75 (2.0 when corrected
for age) times higher for patients carrying any genotype
other than GG compared to those who had the native GG
genotype (Table 4). However, this difference in the
prevalence of GT genotype did not reach statistical
significance (p=0.27). Moreover, the only participant who
was found to carry the homozygous state (TT) was in the

Characteristic Study group (n=36) Control group (n=36) p value

Mean age±SD 61.8±10.1 58.2±8.7 0.11a

Mean BMI (kg/m2)±SD 26.3±3.0 26.5±5.0 0.84b

Mean overall parity±SD 2.4±0.8 2.5±0.8 0.66b

Mean vaginal parity±SD 2.3±0.8 2.4±0.8 0.49b

Total instrumental deliveries (%) 7 (8.5) 7 (8.0) 0.91c

Total macrosomic babies (%) 5 (6.1) 7 (8.0) 0.62c

Menopause rate, n (%) 30 (83.3) 30 (83.3) 1.0c

Smoking rate, n (%) 6 (16.7) 11 (30.6) 0.17c

Chronic constipation rate, n (%) 4 (11.1) 6 (16.7) 0.50c

Table 1 Demographic and clin-
ical characteristics of the study
and control groups

a p value was calculated using t
test
b p value was calculated using
Mann–Whitney U test
c p value was calculated using
chi-square test

Table 2 Distribution of pelvic organ prolapse quantification stages

POPQ stage Study group (n=36) (%) Control group (n=36) (%)

0 0 4 (11.1)

1 0 32 (88.9)

2 0 0

3 33 (91.7) 0

4 3 (8.3) 0
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control group. The prevalence of a T allele at the Sp1-
binding site of the COLIA1 gene did not differ significantly
between the two groups (Table 3).

Discussion

Our results demonstrated a higher, albeit not statistically
significant, prevalence of the COLIA1 polymorphism
among patients with advanced POP over healthy controls.
Genetic polymorphism in the genes encoding α-1 and α-2
chains of type I collagen and its influence on various
pathological conditions have been thoroughly investigated.
Yoneyama et al. [24] demonstrated a significantly higher
prevalence of an exonic SNP in the COLIA2 gene among
patients with intracranial aneurysms. During the last
decade, several studies have reported the influence of the
COLIA1 Sp1 polymorphism on bone density and osteopo-
rosis. Recently, Suuriniemi et al. [16] found significantly
reduced bone mineral density as well as reduction in other
indices in association with COLIA1 polymorphism. Ralston
et al. [17] reported results from a collaborative study
involving 26,242 individuals from several European
countries within the GENOMOS (Genetic Markers for
Osteoporosis consortium) framework project. COLIA1 Sp1
polymorphism was found to be associated with reduced bone
mineral density and increased risk for incidental fractures in
women. While collagen is known as the major glycoprotein
component of the extracellular matrix in the pelvic floor
support system [25, 26], there is increasing evidence in the
literature to connect impairments in collagen content and
metabolism to POP [27–29]. Furthermore, the specific
polymorphism explored in this study was found to be
significantly more prevalent among women with SUI [15],
a condition which is believed to share a common etiologic
basis with POP, involving weakening of the tissues that
normally provide support to the pelvic organs. Despite this

assumption, a recent study by Rodrigues et al. [30] failed to
demonstrate a significant association between the COLIA1
polymorphism and prolapse. This finding might be attributed
to genetic heterogeneity between the Brazilian population
(Rodrigues et al.) and the Polish population (Skorupski et
al.) in the distribution of various mutations. However,
although our study population consisted of Caucasian and
Ashkenazi-Jewish Israeli women, who typically originate
from Central or Eastern Europe, the higher prevalence of the
polymorphic heterozygous genotype (GT) found in women
with advanced POP did not reach statistical significance.
Another possible explanation for the lack of statistical
significance is that the association between the COLIA1
polymorphism and POP might not be as intense as between
this polymorphism and SUI. Goepel et al. [27] showed a
decreased immunohistochemical staining of types I, III, and
VI collagen in periurethral tissue of patients with both SUI
and POP over patients with POP alone, suggesting that
deficiency in these subtypes of collagen is more pronounced
in SUI than in POP. Of particular interest was the finding
that the only case of polymorphic homozygosity (TT) was
found in the control group (i.e., women without POP),
suggesting that the GT genotype has a stronger association
with POP than the TT genotype. A similar finding was
reported in the study on COLIA1 polymorphism in SUI [15].
To determine whether this is mainly a result of a too small
sample size or a true “protective effect” of the homozygous
TT genotype for both SUI and POP, further research
involving larger populations would be required.
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Table 4 Odds ratios (95% confidence intervals) for pelvic organ
prolapse

Genotype/allele Odds ratio (95% CI)

GG 1

GT and/or TT 1.75 (0.55, 5.79), p=0.29

GT and/or TT (corrected for age) 2.0 (0.68, 5.89), p=0.21

G allele 1

T allele 1.40 (0.50, 4.05), p=0.48

GG the native genotype, GT the mutant heterozygous genotype, TT
the mutant homozygous genotype

Table 3 Distribution of genotypes and alleles

Genotype/allele Study group
(n=36) (%)

Control group
(n=36) (%)

p value

GG 24 (66.7) 28 (77.8) 0.27
GT 12 (33.3) 7 (19.4)

TT – 1 (2.8)

G allele 60 (83.3) 63 (87.5) 0.48
T allele 12 (16.7) 9 (12.5)

p value was calculated using chi-square test

GG the native genotype, GT the mutant heterozygous genotype,
TT the mutant homozygous genotype
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