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Abstract

Given current evidence supporting a genetic predisposition for pelvic organ prolapse (POP), we 

conducted a systematic review of published literature on the genetic epidemiology of POP. 

Inclusion criteria were linkage studies, candidate gene association and genome-wide association 

studies (GWAS) in adult women published in English and indexed in PubMed through December 

2012, with no limit on date of publication. Methodology adhered to the PRISMA guidelines. Data 

were systematically extracted by two reviewers and graded by the Venice criteria for studies of 

genetic associations. A meta-analysis was performed on all single nucleotide polymorphisms 

(SNPs) evaluated by two or more studies with similar methodology. The meta-analysis suggests 

that collagen type 3 alpha 1 (COL3A1) rs1800255 genotype AA is associated with POP, OR 4.79 

(95% CI 1.91 to 11.98, p= 0.001) compared to the reference genotype GG in populations of Asian 

and Dutch women. There was little evidence of heterogeneity for rs1800255 (p-value for 

heterogeneity= 0.94; proportion of variance due to heterogeneity, I2= 0.00%). There was 

insufficient evidence to determine whether other SNPs evaluated by two or more papers were 

associated with POP. An association with POP was seen in individual studies for estrogen receptor 

alpha (ER-α) rs2228480 GA, COL3A1 exon 31, chromosome 9q21 (HLOD score 3.41) as well as 
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six SNPs identified by a GWAS. Overall, individual studies were of small sample size and often 

of poor quality. Future studies would benefit from more rigorous study design as outlined in the 

Venice recommendations.
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genetic epidemiology; genome wide association study; pelvic organ prolapse; single nucleotide 
polymorphism

Introduction

Pelvic organ prolapse affects 40% of postmenopausal women and directly impacts bladder 

and bowel function, as well as quality of life(1,2). Surgical correction of pelvic organ 

prolapse (POP) is anticipated to increase 48% from 2010 to 2050 given the aging population 

in the United States(3). The pathophysiology of this prevalent disorder is believed to be 

multifactorial, involving vaginal parity and other obstetric risk factors(4,5), as well as 

advanced age, increased body-mass index, smoking, constipation and vaginal 

hysterectomy(6–8). Yet, even with multiple risk factors, there is a large component of risk 

that is not understood. This is exemplified by the fact that nulliparous women can develop 

prolapse, and conversely, most parous women do not develop prolapse(1). It is plausible that 

genetics contribute significantly to the development of prolapse. Studies show a five-fold 

increased risk of prolapse among siblings of women with severe prolapse as compared to the 

general population(9) and a high concordance of prolapse in twins(10) as well as, in 

nulliparous and parous sister pairs(11).

The interrelationship of epidemiologic, environmental and genetic risk factors for POP 

constitutes the genetic epidemiology of prolapse. With improved understanding of these 

relationships, there may be a role for individual risk assessment in future. Perhaps, women at 

high risk for prolapse may choose to prophylactically perform pelvic muscle strengthening 

exercises; or, following the development of prolapse, potentially opt for a primary 

sacrocolpopexy with mesh instead of pelvic reconstruction with native tissue. Currently, 

both our understanding of the genetic epidemiology of POP as well as our knowledge about 

the efficacy and longevity of treatment options is too limited to make definitive 

recommendations; but, as our knowledge advances, this information may be incorporated 

into patient counseling and treatment decisions. This type of personalized medicine is 

becoming a reality in other fields, such as cardiology and oncology, in which genetic risk 

stratification is more advanced(12–14). Given the preliminary data supporting a genetic 

component to the etiology of prolapse, this study aimed to systematically review and 

highlight current research in this area. We focused on genome-wide association studies 

(GWAS), linkage and candidate gene association studies in adult women with pelvic organ 

prolapse.

Methods for Review

We initially conducted a broad search on the genetics and genetic epidemiology of POP and 

urinary incontinence. For the analysis presented here, only those papers pertaining to the 
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genetic epidemiology of pelvic organ prolapse were included. Methodology adhered to the 

PRISMA Statement guidelines(15). The search was limited to publications in English with 

an adult female population that were indexed in PubMed through December 2012. There 

were no limitations on date of publication. Controlled vocabulary terms served as the 

foundation of our search with one clinical term (pelvic organ prolapse, cystocele, rectocele, 

urinary incontinence, urge incontinence, stress incontinence, mixed incontinence, pelvic 

floor, uterus/uterine/vaginal/vault, urogenital/bladder/pelvic organ/genitourinary and 

prolapse, vaginal and defect, or enterocele) and one genetic term (genetic phenomena, 

genetics, genetic models, genetic techniques, polymorphism, genome, phenotype, genotype, 

gene, genes, variant, exome, exon, gene expression, microarray, sequencing, protein 

biosynthesis, protein, protein, proteomic, hereditary, familial or inherited). We excluded all 

newspaper articles, letters, comments, case reports, reviews, practice guidelines, news, 

historical articles, meta-analyses, legal cases, published erratum and congresses. References 

from key articles were hand-searched to identify additional studies.

We defined POP as anatomic prolapse of the vaginal walls and/or uterus and defined genetic 

epidemiology to include linkage studies, candidate gene association studies and GWAS. For 

GWAS and candidate gene studies, studies needed to include a comparator of women 

without prolapse. Outcomes of interest were single nucleotide polymorphisms (SNPs) 

associated with pelvic organ prolapse.

We utilized four reviewers: two MD clinicians and two PhD genetic epidemiologists. All 

reviewers evaluated the first 50 abstracts in order to ensure consistency. The remaining 

abstracts underwent dual review to determine inclusion or exclusion, followed by dual full-

text review of all articles selected for inclusion. Discordance was resolved by third-party 

adjudication. Data from included articles was extracted using a standardized form and a 

second team member ensured the extraction was accurate, complete and consistent. Given 

the translational nature of the project, dual review and data extraction involved a clinician 

and a genetic epidemiologist at each step in the process. Individual reviewers recused 

themselves from the evaluation and data extraction of any study they were involved in or 

had co-authorship. This study did not involve human subjects and was exempt from 

Institutional Board Review.

We graded the quality of the GWAS and candidate gene studies using the Venice 

guidelines(16). These guidelines grade the cumulative evidence in support of a genetic 

association based on three criteria: (1) the amount of evidence, (2) whether replication was 

performed and (3) protection from bias. Each category can receive a grade of “A”, “B” or 

“C”. Studies graded AAA have the strongest evidence, “A” and “B” studies indicate 

moderate evidence and any study with a category “C” represents only weak evidence.

A meta-analysis was performed of all SNPs evaluated by two or more studies with similar 

methodology. We used odds ratios (ORs) as the effect measure of choice to report the 

weighted associations between SNPs of interest and pelvic organ prolapse. If any study in a 

meta-analysis set reported only crude numbers and a chi-square test, then crude odds ratios 

were calculated and reported for all studies in the set, when possible, to ensure 

comparability. Similarly, when studies within a meta-analysis set presented different types 
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of ORs (dominant model vs. additive model), ORs were recalculated to accommodate the 

measure that was common to all studies or calculable in a set. If a study reported only 

adjusted ORs without reporting crude numbers to recalculate ORs, adjusted ORs were used. 

The ORs for the meta-analysis were estimated using inverse variance weighted fixed effect 

models. All analyses were performed with STATA/SE 12.0, StataCorp LP, College Station, 

Texas.

Results

For the overarching topic of genetics and the genetic epidemiology of pelvic floor disorders, 

our literature search identified 423 non-duplicate articles, of which 125 met inclusion 

criteria based on the abstract, and 93 met inclusion after full-text review. Of these articles, 

21 pertained to the genetic epidemiology of POP (Figure 1). This included one GWAS(17), 

two linkage analyses(18,19) and 18 case-control candidate gene association studies(20–37) 

involving 10 candidate genes (collagen type 1 alpha 1 (COL1A1) (n=5)(26–28,33,35), 

collagen type 3 alpha 1 (COL3A1) (n=4)(20,30–32), laminin gamma-1 (LAMC1) (n=3) 

(19,23,36), matrix metalloproteinase 9 (MMP9) (n=3)(24,28,37), matrix metalloproteinases 

1 and 3 (MMP1 & 3) (n=2)(28,34), lysyl oxidase-like 1 (LOXL1) (n=1)(29), estrogen 

receptor alpha (ERα)(n=1)(21), estrogen receptor beta (ERβ)(n=1)(22), progesterone 

receptor (PGR) (n=1)(25) (Table 1). All studies were published in 2007 or later. Most had 

government(17,18,20,21,23,25,29,32–37) and/or university grant funding(20–22,24,25), 

71% (15/21).

The prolapse phenotype was most commonly defined by POP-Q stages II-IV(20–

25,28,29,33,37), although some studies were more stringent(17,18,26–28,30,32–36), and 

two studies did not define the prolapse phenotype(19,31). All of the case-control studies 

defined the control as POP-Q stage 0 or 0-I. Many excluded women with connective tissue 

diseases(17,23,27,29,31,34,36,37). The GWAS(17) and both linkage analyses(18,19) were 

performed in families with a high rate of POP. All other studies were population based(20–

25,28,30,31,36,37). Studies looked at Asian (33.3%, 7/21) (20–22,24–26,30), European 

(23.8%, 5/21) (27,28,31,33,34) and U.S. Caucasian populations (23.8%, 5/21(17–19,36,37); 

two studies included sub-analyses of African Americans(23,29) and Brazilian white and 

non-white (9.5%, 2/21)(32,35) populations (Table 1). When reported, the mean or median 

age of prolapse cases ranged from 48 to 66 years(17,18,21–24,27–37) and mean or median 

age of controls ranged from 49 to 69 years (17,21–24,27–37). Age was similar between 

cases and controls for nine studies(17,26–31,33), had a discrepancy of ≥ 5 years for six 

studies (23,32,34–37), a discrepancy of ≥ 10 years for three studies(21,22,24) and markedly 

disparate proportions of younger and older women in two studies (study did not report mean 

or median ages)(20,25). Two studies preferentially recruited controls from an older 

population(36,37); all other studies with an age discrepancy had controls that were younger 

than the prolapse cases.

Sample sizes were small across all of the studies (Venice category C, Table I). The GWAS 

included 115 cases of pelvic organ prolapse and 2,976 white controls from Illumina 

550K(17). The linkage analysis showing a predisposition for pelvic floor disorders on 

chromosome 9q21 involved 70 affected women from 32 families and mostly evaluated sister 
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pairs(18). The linkage analysis showing an association with LAMC1 involved genotyping of 

9 individuals from one family, 6 of whom had prolapse. Prolapse cases spanned three 

generations(19). Of the 18 candidate gene studies, sample sizes ranged from 15(26) to 

239(36,37), with 9 studies having fewer than 100 cases(20–22,24–27,30,33). Control 

populations for these studies ranged from 15(26) to 246(23), with 5 studies having fewer 

than 100 controls(26–28,30,33). Only the GWAS had replication of its findings(17) (Venice 

category B, Table I). Methodology was strong for two papers (36,37) and moderate for eight 

studies(28,33,34) (20–22,24,25) (Venice categories A and B, Table 1)1.

A meta-analysis was performed on all SNPs evaluated by two or more studies and included 

type III collagen (a key component of connective tissue), matrix metalloproteinases 

(enzymes which degrade extracellular matrix proteins and likely play a role in tissue 

remodeling) and laminins (a component of the basement membrane involved in the 

structural scaffolding of tissue). By convention, each SNP is reported by its gene and a 

reference SNP identification number (rs#). If an identifier has not yet been assigned, then 

the location of the allele is listed. The reference and effect alleles have different nucleotide 

sequences which can be specifically stated (adenine (A), cytosine (C), guanine(G), thymine 

(T)).

Two studies evaluated each of the following genetic variants

COL3A1 rs1800255, MMP9 rs17576, MMP1 position −1607/8, and LAMC1 rs20563. 

Three studies assessed LAMC1 rs10911193. The meta-analysis suggests that COL3A1 
rs1800255 genotype AA is associated with POP, OR 4.79 (95% CI 1.91 to 11.98, p= 0.001) 

compared to the reference genotype GG in populations of Asian and Dutch women. There 

was little evidence of heterogeneity for rs1800255 (p-value for heterogeneity= 0.94; 

proportion of variance due to heterogeneity, I2= 0.00%). There was insufficient evidence to 

determine whether the following SNPs were associated with POP: MMP1 −1607/−1608 

2G/2G (OR 1.41, 95% CI 0.85 to 2.33, p=0.18) and MMP9 rs17576 GG/AG (OR 0.87, 95% 

CI 0.57 to 1.31, p=0.50), LAMC1 rs10911193 TT/TG (OR 1.16, 95% CI 0.80 to 1.68, 

p=0.43) and LAMC1 rs20563 AA/AG (OR 1.22, 95% CI 0.88 to 1.68, p=0.43) (Table 2).

An association with POP was seen in individual studies for ERα rs2228480 GA, PGR 
rs484389 CT and COL3A1 exon 31, six SNPs from the GWAS and chromosome 9q21 

(HLOD score 3.41), (Table 3).

Comment

Our systematic review and meta-analysis suggest that there is a 4.79 increased odds of 

developing POP when the COL3A1 rs1800255 genotype AA is present. Other potential 

genes or SNPs of interest include MMP1, MMP9, LAMC1, ER-α rs2228480 GA and 

COL3A1 exon 31, but current data are either insufficient or have not been independently 

replicated to confirm an association with POP. There is one study showing genome-wide 

evidence for linkage with chromosome 9q21; no candidate gene studies have been 

performed from this genetic region.
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It is hypothesized that alterations in the connective tissue and extracellular matrix of the 

pelvic organs may play a role in the development of POP. Thus genetic mutations in the 

components of the extracellular matrix are of particular interest, and several candidate-gene 

studies have focused on this area. Collagen types I and III are the two main components of 

pelvic connective tissue. Laminins are glycoproteins involved in the structural scaffolding of 

tissues and matrix metalloproteinases are involved in degradation of the extracellular matrix 

and likely have a role in tissue remodeling. Our review found very preliminary evidence that 

polymorphisms in the genes coding for these proteins may have an association with POP. 

Interest in the role of hormone receptors is also biologically plausible. This review found 

one study looking at ER-α, which suggested a role in POP.

Collagen is the main component in pelvic connective tissue. Type I fibers are well-organized 

and are present in the uterosacral ligaments which provide DeLancey level I support of the 

cervix and vaginal apex(38). Type III fibers are more prominent in the loose areolar tissue 

surrounding the vagina and pelvic organs. Evaluation of the expression of collagen types I 

and III in women with and without POP has yielded varying results, with some studies 

showing increased expression and others showing decreased expression(39,40). Many 

variables may contribute to this: different tissues being studied (such as the uterosacral 

ligaments versus the vaginal wall), harvesting and extraction methods, patient characteristics 

and the molecular makeup of the collagen. For example, uterosacral ligament resilience is 

four-fold less in women with prolapse compared to controls, but resilience also decreases 

with age, highlighting the need for age-equivalent controls (41). If there are genetic variants 

in the collagen, it may be the molecular structure and not the amount of collagen that is 

related to the development of prolapse.

Two studies found a strong association between COL3A1 rs1800255 genotype AA and 

POP. Polymorphisms with a strong disease association often are seen across different 

genetic populations; the similar finding in both Asian and Dutch populations increases the 

likelihood that this is a true association. Both studies were limited by potential 

misclassification bias. In the Chen paper, the control population was significantly younger 

than the cases, 30.6% of non-prolapse controls were ≥54 years of age compared to 72.6% of 

the prolapse cases(20). Given the widespread prevalence of POP, with most cases presenting 

after menopause, the relatively young age of the controls increases the risk for 

misclassification of women who have not yet manifested prolapse. This was successfully 

minimized in the Kluivers paper by having a similar median age and age distribution among 

cases and controls. The main potential for misclassification in the Kluivers paper was the 

lack of a defined prolapse phenotype(31). Additionally, women with stage II prolapse were 

categorized as controls (17%) and women with stage I prolapse were categorized as cases 

(5%). Stage I is rarely symptomatic and may represent physiologic changes associated with 

aging. Controls with stage II prolapse, even if not symptomatic, are certainly at risk for 

progression of the prolapse in the future. Using the Venice guidelines, both papers had 

significant limitations in methodologic quality with small sample sizes (category C), no 

replication performed in the original study (category C) and moderate (category B, Chen 

study) or weak (category C, Kluivers study) protection from bias (Table 1). These guidelines 

are designed to evaluate cumulative evidence and set a very high bar for “A” grade quality. 
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Our meta-analysis validates these results and increases the quality of data regarding 

replication for this genetic association to a category B.

The COL3A1 rs1800255 genotype AA mutation results in an alanine to threonine amino 

acid substitution at position 698 in all 3 chains of the type III collagen helix. The threonine 

side chain is more hydrophilic and may alter the structure and function of the collagen helix. 

Biologically, it is plausible that this type of mutation could impact the strength of the pelvic 

floor.

Among the published literature, there was relative consistency in defining the POP 

phenotype, except for the Kluivers study, as noted above. The remaining candidate gene 

case-control studies restricted cases to ≥Stage II prolapse and controls to Stage 0-I prolapse. 

Some studies were more restrictive with POP-Q staging(26,27,35,36) and others excluded 

Ehlers Danlos, Marfan syndrome(17,23), Steinert disease(17), multiple sclerosis or prior 

stroke(17). Excluding women with rare conditions which may exacerbate prolapse, such as 

connective tissue disorders, optimizes the ability of a genetic study to detect alleles 

associated with the most common and prevalent forms of POP. Defining the phenotype of 

controls is just as critical as defining cases. A recent opinion piece highlights the importance 

of this when considering study design(42). The most common bias seen was the inclusion of 

controls that were younger than cases and may not yet manifest the prolapse phenotype(20–

25,32,34,35). Only two studies preferentially recruited controls from an older population, 

thus minimizing the risk of misclassification bias related to future, as-of -yet not manifested 

prolapse, among controls(36,37). One study used controls from a database which did not 

comment on the presence of pelvic floor disorders(17).

In this review, none of the SNPs evaluated in candidate gene studies were among the 

significant associations observed on the GWAS. This may be a reflection of the limited 

number of candidate gene studies, as well as findings in other fields that GWAS may not 

solely predict associated genes.

As additional studies are performed, the increased volume of data will allow more 

sophisticated analyses evaluating the likelihood and validity of specific genetic associations 

with POP. In order to detect genetic associations, large numbers of subjects are needed. 

None of the current work in this field meets Venice level A for the amount of evidence; this 

requires sample sizes of over 1000 (cases and controls together, 1:1 ratio)(43). The use of 

DNA databanks can facilitate this process, but only if information about pelvic floor 

disorders is obtained when establishing the databank. Given the prevalence and impact of 

pelvic floor disorders on women's health, and preliminary evidence suggesting a genetic 

contribution, we believe this should be a priority. Additional work is needed to identify 

candidate genes, in addition to studies looking at the impact of non-coding regions of the 

genome. Studies also need to replicate their findings. Of the current literature, only the 

GWAS published results from replication of their findings(17); this meta-analysis provides 

validation for COL3A1 rs1800255.
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Figure 1. 
Flowchart of reviewed and included studies

Flowchart of studies that were reviewed and included in this manuscript.
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Table 2

Meta-analysis of odds ratios for COL3A1 (rs1800255), MMP1 (1607/1608) and MMP9 (rs17576)

COL3A1 (rs1800255)

Study Effect Ref OR 95% CI Weight p-value† Het p-value‡

Chen (2008) AG GG 0.74 (0.41, 1.26) 40.38%

Kluivers(2009) AG GG 0.96 (0.59, 1.58) 59.62%

Meta-analysis AG GG 0.87 (0.59, 1.27) 100% 0.46 0.52 0.00%

Chen (2008) AA GG 4.59 (1.17, 18.05) 44.98%

Kluivers (2009) AA GG 4.95 (1.44, 17.06) 55.02%

Meta-analysis AA GG 4.79 (1.91, 11.98) 100% 0.001 0.94 0.00%

MMP1 (1607/1608)

Study Effect Ref OR 95% CI Weight p-value† Het p-value‡

Ferrari (2012) 1G/2G 1G/1G 2.24 (1.16, 4.30) 42.05%

Skorupski(2012) 1G/2G 1G/1G 0.96 (0.55, 1.67) 57.95%

Meta-analysis 1G/2G 1G/1G 1.39 (0.90, 2.09) 100% 0.15 0.05 73.40%

Ferrari (2012) 2G/2G 1G/1G 2.81 (1.25, 6.33) 44.98%

Skorupski(2012) 2G/2G 1G/1G 0.93 (0.49, 1.75) 55.02%

Meta-analysis 2G/2G 1G/1G 1.41 (0.86, 2.33) 100% 0.18 0.04 77.50%

MMP9 (rs17576)**

Study Effect Ref OR 95% CI Weight p-value† Het p-value‡

Chen (2010) GG/AG AA 5.67 (1.28, 25.12) 7.78%

Wu (2012) GG/AG AA 0.74 (0.48, 1.14) 92.22%

Meta-analysis GG/AG AA 0.87 (0.57, 1.31) 100% 0.5 0.01 84.90%

LAMC1 (rs10911193)**

Study Effect Ref OR 95% CI Weight p-value† Het p-value†

Chen (2010) African Americans TT/TG GG 1.83 (0.59, 5.65) 10.85%

Chen (2010) Caucasians TT/TG GG 0.88 (0.48, 1.62) 37.68%

Wu (2012) TT/TG GG 1.29 (0.77, 1.68) 51.47%

Meta-analysis TT/TG GG 1.16 (0.80, 1.68) 100% 0.43 0.46 0.00%

LAMC1 (rs20563)*

Study Effect Ref OR 95% CI Weight p-value† Het p-value†

Chen (2010) African Americans AA/AG GG 1.43 (0.56, 3.65) 11.78%

Chen (2010) Caucasians AA/AG GG 0.8 (0.45, 1.46) 29.19%

Wu (2012) AA/AG GG 1.44 (0.95, 2.19) 59.03%

Meta-analysis AA/AG GG 1.22 (0.88, 1.68) 100% 0.23 0.28 22.30%

Abbreviations: OR = Odds ratio; SNP = Single NuCleotide Polymorphism; pos = position; Het = Heterogeneity;

CI = Confidence Interval
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All ORs reported in table are re-calculated crude odds ratios, with the exception of Wu et al (2012), who provided adjusted odds ratios only.

†
p-value that tests the null hypothesis that the overall odds ratio = 1.

‡
Het p-value tests if the odds ratios for the individual studies are heterogeneous.

*
I2 Explains the percentage of variation in the odds ratios attributable to heterogeneity.

**
Odds ratios for SNP rs17576 are based on a dominant model.
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Table 3

Individual studies with significant findings (not included in meta-analysis):

Study Gene or chromosome SNP Allele frequencies Odds (HLOD or 
OR)

p-value

Allen-Brady, 2009(18) Chromosome 9q21 HLOD score 3.41;
Chr9: 80.35Mb–
88.81Mb with 
HLOD>=1.86

Allen-Brady, 2011(17) 4q21.21 rs1455311 OR 2.58
EMMAX: 7.65 × 
10exp-12; Genie <1 
× 10exp-9

8q24.22 rs1036819 OR 4.03
EMMAX: 3.57 × 
10exp-21; Genie <1 
× 10exp-9

9q22.2 rs430794 OR 0.35
EMMAX: 6.74 × 
10exp-5; Genie 8 × 
10exp-8(Only 
significant by 
Genie)

15q11.2 rs8027714 OR 9.04
EMMAX: 5.65 × 
10exp-43; Genie <1 
× 10exp-9

20p13 rs1810636 OR 2.3
EMMAX: 6.06 × 
10exp-8; Genie 3.3 
× 10exp-7

21q22.3 rs2236479 OR 2.2
EMMAX: 6.61 × 
10exp-9; Genie 2.8 
× 10exp-7

Chen H, 2008 (21) ERα rs2228480 
(exon 8 G/A)

GG GA AA GA:OR2.05(95%CI: 
1.05 to 4.02), p = 
0.036
AA:OR0.52(95%CI: 
0.05 to 5.03), p = 
0.571

0.015

Cases 45 (51.1%) 41 (46.6%) 2 (2.3%)

Controls
102 (66.6%) 44 (28.8%) 7 (4.6%)

Chen H, 2009(25) PGR rs484389 (3' 
untranslated 
region C/T)

TT CT CC CT: OR 4.77 (95% 
CI: 1.93–11.79), 
p=0.0007 CC: OR 
1.06 (95% CI: 0.28–
5.07), p=0.9276 0.013

Cases 63 (72.4%) 19 (21.8%) 5 (5.7%)

Controls 130 (86.7%) 13(8.7%) 7 (4.7%)

Jeon, 2009(30) COL3A1 Exol 31 2092 
5'-
AAGTATA 
CAAATTTC 
TAGATTG-3' 
(forward)/5'-
ATAAATG 
ATCAGAA 
GGACAAT 
CA-3' 
(reverse)

AA GA GG OR 4.3 (95% CI: 
1.4 to 13.3)

0.005

Cases 0 13 (36%) 23 (64%)

Controls 5 (14%) 20 (55%) 11 (31%)
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