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Abstract

Background

The collagen 3 alpha 1 (COL3A1) rs1800255 polymorphism has been reported to be associ-
ated with women pelvic organ prolapse (POP) susceptibility, but the results of these previ-
ous studies have been contradictory. The objective of current study is to explore whether
COL3A1 rs1800255 polymorphism confers risk to POP.

Methods

Relevant literatures were searched by searching databases including Pubmed, Embase,
Google academic, the Cochrane library, China National Knowledge Infrastructure (CNKI).
Search time is from database foundation to March 2021.

Results

A total of seven literatures were enrolled in the present meta-analysis, including 1642 partic-
ipants. Overall, no significant association was found by any genetic models. In subgroup
analysis based on ethnicity, significant associations were demonstrated in Caucasians by
allele contrast (A vs. G: OR = 1.34, 95%CI = 1.03-1.74,), homozygote comparison (AA vs.
GG: OR = 3.25, 95%ClI = 1.39-7.59), and recessive genetic model (AA vs. GG/GA: OR =
3.22, 95%Cl = 1.40-7.42).

Conclusions

The present meta-analysis suggests that the COL3A1 is a candidate gene for POP suscep-
tibility. Caucasian individuals with A allele and AA genotype have a higher risk of POP. The
COL3A1 rs1800255 polymorphism may be risk factor for POP in Caucasian population.
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Introduction

Pelvic organ prolapse (POP) is a phenomenon that pelvic organs such as uterus, vagina, bowel
and bladder leave out of their normal anatomical location, resulting in a serious of functional
disorders [1]. It is a very frequent disease in postmenopausal women, especially in senile
females [2]. In recent years, the incidence of United States has increased to 39.8% in postmen-
opausal women [3]. However, only approximately 3% women have symptoms of vaginal bulg-
ing in some developed countries [4]. This wide discrepancy occurs as the majority of POP is
symptomless. At present, the treatment of POP is mainly through pelvic floor muscle function
exercise and surgery, but the effect is not very ideal. If the occurrence and pathology process of
POP can be clearly defined, the fundamental treatment will bring great benefits to the patients.

Many people attributed it to some risk factors including aging, obesity, vaginal delivery,
hypoestrogenism, preoperative hysterectomy, nutrition, an many other environmental factors
[5-9]; however, these factors are not acting as a necessary role for POP progression. Approxi-
mate 50% POP patients do not embrace vaginal delivery or hypoestrogenism, and not every-
one who is old or has preoperative hysterectomy will acquire POP. In addition, this disease
can occur in young, non-pregnant women, and even virgins. People with a family history of
POP might be at increased risk [10], suggesting the significance of predisposing hereditary fac-
tors. Many studies found that the majority of genetic variations relative with POP were located
in genes encoding elements of connective tissue fibers or proteins associated with their compo-
sition and degradation [11, 12]. Therefore, genetic changes or variations in tissue structure,
abnormal expression of the corresponding proteins might alter the pelvic organs supportive
structures, leading to prolapse.

As is well known, the occurrence of POP is closely related to the integrity of pelvic floor
support structure. The supportive structure of the pelvic floor depends largely on the extracel-
lular matrix collagen. Of all the collagen, type I and type III are foremost structural fibers,
which are closely associated with sidewalls of uterus, vagina and pelvic. The increased level of
type III collagen is found in women who were suffering from POP [13]. During the process of
delivery or other processes which lead to increasing intra-abdominal pressure, type III collagen
is the first to play a role in the healing process [14]. To date, type III collagen has been the
most widely investigated collagen type in pelvic connective structures, which plays an impor-
tant role in the formation of vaginal wall.

Type III collagen, encoded by COL3A1 gene, consists of three identical a1 (IIT) chains [15].
The genetic polymorphisms of COL3A1 gene lead to amino acid change of the a1 (III) chain.
Consequently, the mechanical functions of type III collagen may be influenced and pelvic floor
supportive structures may be interfered. The collagen 3 alpha 1(COL3A1) gene which encodes
the ol chains of type IIT is located on chromosome 2q24.3-q31. Single nucleotide polymorphism
is a helpful tool for mapping genes for variety of diseases. Of all the polymorphisms, collagen
type Il alpha 1 (COL3A1) rs1800255 polymorphism has been mostly investigated [16-22]. How-
ever, many studies have shown inconsistent or conflicting findings [16-22]. Additionally, the
association between COL3A1 rs1800255 polymorphism and POP risk has not been investigated
in large genome-wide association studies (GWASs). Therefore, we conducted a meta-analysis for
the first time to estimate whether COL3A1 rs1800255 polymorphism confers risk to POP.

Materials and methods
Data collection

Two independent authors systematically and comprehensively searched Pubmed (https://
www.ncbi.nlm.nih.gov/pubmed/), EMBASE (https://www.embase.com/), the Cochrane
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library(https://www.cochranelibrary.com/), Google academic (https://scholar.google.com/),
and Chinese national knowledge internet (https://www.cnki.net/). Search time is from data-
base foundation to March 2021. The keywords applied in the search process were as follows:
“polymorphism” or “polymorphisms” or “genome wide association study” or “genome-wide
association studies” or “GWAS” or “rs1800255”, “Pelvic organ prolapse” or “POP”. The litera-
ture language was limited to English language and Chinese language. Additionally, in order to
avoid the omission of relevant literatures, we searched the references as much as possible.

Inclusion and exclusion criteria

The inclusion criteria must meet a series of conditions: (a) a case-control study; (b) making an
assessment of association between COL3A1 rs1800255 polymorphism and POP risk; (c) offer-
ing sufficient data or information to count OR and 95%CI. The literatures are excluded when
they fit one or more of these factors of exclusion criteria: (a) case reports, reviews, meta-analy-
sis, letters, and editorials; (b) not offering sufficient data for the present meta-analysis. (c) its
experiment objective was pig, rat or other animals.

Data extraction and methodological quality assessment

All the necessary information was independently searched, reviewed and assessed by two
authors (Ke Niu; Xu Chen;). Then this contradictory data or information was reassessed by
the corresponding author (Yongxian Lu). The extracted data consisted of author name, publi-
cation year, genotyping methods, sample size, ethnicity, matching criteria, source of control,
HWE conformity; Newcastle-Ottawa Scale (NOS) score [23]. If the similar opinion could

not reach in the course of data extraction, suggestion was offered by another experienced
researcher (Yongxian Lu) to determine the correct selection. The similar method was applied
equally to evaluation of literature quality. In the present meta-analysis, we applied the risk
assessment criteria of Newcastle-Ottawa Scale (NOS) bias to evaluate the quality of each litera-
ture. It should be noted that the ethics approval of our study was waived by Ethics Committee
of Fourth Medical Center, Chinese PLA General Hospital as no human or animal was directly
enrolled in our study and meta-analysis is the statistical analysis of large collection of analysis
results from individual studies for the purpose of integrating the findings.

Statistical analysis

The association power was assessed through the corresponding indexes including OR and 95%
CI And both the Q-statistic and I? statistics would be applied [24]. Four genetic models were
applied in the present meta-analysis including allele contrast (A versus. G), homozygote com-
parison (AA vs. GG), recessive genetic model (AA versus. GA/GG) and dominate genetic
model (AA/GA versus. GG). The model of fixed-effects and random-effects would be put into
use on the basis of heterogeneity degree [25, 26]. I* <50% was considered to low heterogeneity,
50 <I” <75% was considered to moderate heterogeneity and I >75was considered to signifi-
cant heterogeneity. Furthermore, the Galbraith plot was used to spot the outliers to find out
the potential heterogeneity as much as possible. Sensitive analysis was applied to detect the
influential studies which might contribute obvious bias to final results. The funnel plot and
Egger’s test were put into use to recognize the existence of publication bias [27]. The Stata 12.0
would be responsible for the whole statistics. The present meta-analysis was performed and
reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) 2009 checklist (S1 Table) [28].
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Table 1. General information of eligible studies enrolled in the meta-analysis.

Study Ethnics (Country) Genotyping method | Control Origin | Sample capacity | Matching standard | HWE conformity | NOS
Teixeira etal (19) Brazilian(Brazil) PCR-RFLP HB 112/180 sex, ethnicity Yes 8
Kasyan etal (22) Caucasian(Russia) Sanger squence HB 53/21 Age, sex, ethnicity Yes 7
Sabrina etal (21) Caucasian(Netherlands) PCR-RFLP PB 272/82 Age, sex, ethnicity Yes 7
Martins etal (18) Brazilian(Brazil) PCR-RFLP HB 107/206 Age, sex, ethnicity Yes 8
Kluivers etal (16) | Caucasian(Netherlands) PCR-RFLP PB 204/102 Age, sex, ethnicity Yes 8

Jeon etal (17) Asian (Korea) PCR-RFLP PB 36/36 Age, sex, ethnicity Yes 6
Chen etal (20) Asian (Taiwan) PCR-RFLP HB 84/147 sex, ethnicity Yes 7

PB: Population-based; HB: Hospital-based; HWE: Hardy-Weinberg equilibrium; RFLP: Restricted fragment length ploymorphism; NOS: Newcastle-Ottawa Scale.

https://doi.org/10.1371/journal.pone.0250943.t001

Results

General information

The flow chart of meta-analysis search course was shown in PRISMA 2009 Flow Diagram (S1
File). Based on the search strategy, seven literatures were satisfactory [16-22]. Table 1 shows
the detailed information of all literatures.

Allele and genotype-wide meta-analysis

The meta-analysis results between COL3A1 rs1800255 polymorphism and POP susceptibility
are shown in Table 2. Generally, positive finding between pelvic organ prolapse and COL3A1
rs1800255 polymorphism was only found in Caucasian population by allele contrast (A vs. G:
OR =1.34, 95%CI = 1.03-1.74, P = 0.030, Fig 1), homozygote comparison (AA vs. GG:
OR =3.25,95%CI = 1.39-7.59, P = 0.006, Fig 2), and recessive genetic model (AA vs. GG/GA:
OR = 3.22, 95%CI = 1.40-7.42, P = 0.006, Fig 3).

Table 2. Meta-analysis of the COL3A1 rs1800255 polymorphism and POP risk.

Comparison Population N Test of association Mode Test of heterogeneity
OR 95%CI P x2 P r
A versus. G Overall 7 1.03 0.78-1.37 0.827 Random 14.89 0.021 59.7
Brazilian 2 0.95 0.72-1.25 0.689 Fixed 0.05 0.817 0
Caucasian 3 1.34 1.03-1.74 0.030 Fixed 0.76 0.995 0
Asian 2 0.63 0.17-2.43 0.506 Random 9.10 0.004 89.0
AA versus. GG Overall 7 1.46 0.59-3.66 0.414 Random 16.40 0.012 63.4
Brazilian 2 0.68 0.32-1.46 0.324 Fixed 0 0.983 0
Caucasian 3 3.25 1.39-7.59 0.006 Fixed 1.19 0.551 0
Asian 2 0.54 0-63.11 0.800 Random 8.48 0.004 88.2
AA versus. GA/GG Overall 7 1.52 0.62-3.71 0.355 Random 16.04 0.171 62.6
Brazilian 2 0.66 0.31-1.41 0.285 Fixed 0 0.788 0
Caucasian 3 3.22 1.40-7.42 0.006 Fixed 1.74 0.956 0
Asian 2 0.76 0.01-56.04 0.901 Random 7.14 0.171 86.0
AA/GA versus. GG Overall 7 0.98 0.75-1.29 0.901 Random 9.04 0.014 33.6
Brazilian 2 1.00 0.72-1.41 0.979 Fixed 0.07 0.975 0
Caucasian 3 1.20 0.86-1.66 0.283 Fixed 0.09 0.511 0
Asian 2 0.52 0.14-1.93 0.329 Random 5.46 0.008 81.7
POP, pelvic organ prolapse; OR, odds ratio; CI, confidence interval.
https://doi.org/10.1371/journal.pone.0250943.t002
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Fig 1. Forest plot of COL3A1 rs1800255 polymorphism on POP risk (allele contrast A vs. G). POP, pelvic organ
prolapse; OR, odds ratio; CI, confidence interval.
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Low-Moderate heterogeneity was found under all the allele contrast (x> = 14.89, P = 0.021, I* =
59.7, Table 2), homozygote comparison (3* = 16.4, P = 0.012, I* = 63.4, Table 2), recessive
genetic model (x2 =16.04, P =0.171,1* = 62.6, Table 2), and dominate genetic model (x2 =
9.04, P = 0.014, I” = 33.6, Table 2). To detect the possible source of heterogeneity, we conduct

Fig 2. Forest plot of COL3A1 rs1800255 polymorphism on POP risk (homozygote comparison: AA vs. GG). POP,
pelvic organ prolapse; OR, odds ratio; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0250943.g002
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Fig 3. Forest plot of COL3A1 rs1800255 polymorphism on POP risk (recessive genetic model: AA vs. GG/GA).
POP, pelvic organ prolapse; OR, odds ratio; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0250943.g003

meta-regression and subgroup analysis. Meta-regression revealed that ethnicity was the main
source of heterogeneity which contributed substantial heterogeneity to the final results. Then
we conduct subgroup analyses stratified by ethnicity. Subsequently, the heterogeneity obvi-
ously reduced because there was no heterogeneity under all genetic models in Brazilian popu-
lation and Caucasian population (all the I* = 0, 0, 0, 0). However, there was still significant
heterogeneity in Asian population under all genetic models (I* = 89.0%, 88.2%, 86.0%, 89.0%).
In order to further detect the source of heterogeneity, we conduct Galbraith plots to find out
the outliers which might influence the heterogeneity. Consequently, we found that all the stud-
ies were within reasonable limits except Jeon et al (Fig 4). At last, we considered that the study
Jeon et al might the reason which might contribute to the heterogeneity because its sample size
was relatively too small. The small sample size might bring some bias to the final results.

Sensitivity analysis and publication bias

To verify the reliability and stability of meta-analysis results, sensitive analysis was applied to
detect the influential studies which might contribute obvious bias to final results. The final
results were not altered by removing any single literature, suggesting that the results of our
meta-analysis were stable and reliable (Fig 5). We did not find obvious asymmetrical by funnel
plot (P = 0.506) (Fig 6). And we also did not find any evident publication bias by Egger’s test in
recessive genetic model (P = 0.820).

Discussion

Population ageing is now a universal trend, affecting rich and poor countries in every region
of the world. POP, as a common disease of elderly women, is becoming more and more preva-
lent. The incidence of POP is increasing in the United States. It was reported that about 40% of
postmenopausal women suffered from POP with different degrees in the United States [3, 29].
The individual pelvic organ moving down from its original place not only brings about
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Fig 4. Galbraith plot of COL3A1 rs1800255 polymorphism and POP risk by allele contrast: A vs. G.
https://doi.org/10.1371/journal.pone.0250943.g004

physical discomfort to patients but also brings so much inconvenience to the patient’s work
and life. The patient’s work and life is affected seriously, and the quality of life decreased obvi-
ously. However, as POP has no obvious clinical symptoms, so it is easy to be ignored, leading
to delay the disease treatment and bring more challenges to the work of medical workers. A
random survey of Swedish women showed that only 8.3% of Swedish women had noticeable

Martins

Fig 5. Sensitive analysis of COL3A1 rs1800255 polymorphism on POP risk (recessive genetic model: AA vs. GG/
GA). POP, pelvic organ prolapse; OR, odds ratio; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0250943.g005
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Fig 6. Funnel plot on publication bias for the associations between COL3A1 rs1800255 polymorphism and POP
risk by allele contrast: A vs. G.
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clinical symptoms of POP [30]. Some clinical symptoms seriously affect the work and life of
patients, so they need surgical treatment. With the development and progress of medicine,
although the surgical operation of pelvic organ prolapse is always performed by laparoscopy or
vaginal operation and the trauma to patients is less than that of open surgery. However, the
majority of POP patients are elderly women and the trauma has an impact on the operation
tolerance and postoperative recovery ability. According to the survey, approximately 15%-18%
American women needed to conduct hysterectomy because of POP, and the majority of these
patients are postmenopausal women [31, 32]. Around 29,000 cases of POP in the United King-
dom required surgery each year, at a cost of 6 Million francs [33]. All of the above evidence
suggests that exploring the etiology of POP contributes greatly to its diagnosis and treatment.
It is well-established that the etiology of POP is awfully complicated and the role of etiology
remains to be elucidated. It is well-accepted that age is a non-negligible risk factor for POP.
With age, the organs of our bodies decline and degeneration with different rates. It was
reported that the incidence of POP was 9.7% in women whose age is between 20~39 years old
[34]. Nevertheless, the incidence considerably increased to 26.5%, 36.8% and 47.9% in women
whose age is between (20~39, 40~49, 60~79) years old [34]. The results of Italian scholar indi-
cated that with each ten-year increase in age, the POP incidence rose by about 40% [35]. It is
ubiquitous that the increase by weight contributes harmful influence on health of females and
it also contributes to POP pathogenesis. The studies of Bradley and Kudish suggested that obe-
sity was risky for POP and increase of BMI bring higher morbidity [36, 37]. Another important
risk factor is vaginal delivery. The literature of Luthander demonstrated that pelvic floor dys-
function is a prevalent phenomenon for women who go through vaginal delivery [38]. Some
scholars from the United Arab Emirates have even suggested that POP is associated with the
degree of education, income and job category [35].

If we can find the reason of pelvic floor tissue weakening, it is possible to treat the disease
fundamentally. The pelvic floor tissue that supports the pelvic organs is made up of bones,
muscles, fascia, and ligaments. Damage to any one of these branches can lead to POP. It is
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these connective tissues that play a major role in keeping all the pelvic organs in their normal
anatomical positions. The elastic and retraction forces of these tissues are mainly dependent
on the elastic fibers of collagen and are mainly found in the pelvic fascia. In normal adult tis-
sues, the remodeling due to the deposition of elastic fibers is minimal, but the reproductive
system has different elastic fibers, and the remodeling after childbirth is very obvious due to
the overstretching of elastic fibers during pregnancy and childbirth [39]. Thus, changes in col-
lagen content and structure will eventually lead to POP.

Apart from these non-genetic risk factors, genetic factors play a vital role in pathogenesis of
POP. Compared with African-American women, the POP morbidity of Latinos and whites is
4~5 times greater. Moreover, the white race suffers from a higher morbidity than the black
race and Spanish characters. These results indicate that genetic factors are crucial for POP
pathogenesis. It should be noted that Cartwright et al published a literature in 2014 that also
investigates the association between COL3A1 rs1800255 polymorphism and POP risk [12].
Regrettably, only two studies were included in their meta-analysis. They concluded that
COL3A1 rs1800255 polymorphism was not associated with POP risk. Their result was incon-
sistent with ours. The results of our meta-analysis showed COL3A1 rs1800255 polymorphism
contributes no risk to POP of Brazilian and Asian population but contributes increased risk to
POP of Caucasian population. There is no doubt that our study reduces the bias and the result
is more reliable.

It is important to emphasize the importance of collagen. Collagen is the main component
of extracellular matrix and plays an important role in pelvic floor supporting tissue. No matter
what mechanism causes pelvic organ prolapse, the ultimate reason will be attributed to the
decrease of collagen, which causes the occurrence of pelvic organ prolapse. So far, type III col-
lagen is the most widely investigated collagen type in pelvic connective structures, which plays
an important role in the formation of vaginal wall. Type III collagen, encoded by COL3A1
gene, consists of three identical ol (III) chains. The genetic polymorphisms of COL3A1 gene
lead to amino acid change of the a1 (III) chain. This COL3A1 rs1800255 polymorphism is a
G/A variation and located in position 2209 (exon 30). The above exchange leads to change of
protein-level expression (alanine/threonine). And threonine has a larger and more hydrophilic
side chain than alanine, leading to disturb the triple helical conformation of type III collagen.
In recent years, N4-acetylcytidine (ac4C) has become a research hotspot and has been paid
wide attention. Recent studies have shown extensive ac4C modifications in human and yeast
mRNAs [40]. And ac4C helps to correctly read codons during translation and improves trans-
lation efficiency and the stability of mRNA [40]. Also, ac4C is associated with the development,
progression, and prognosis of a variety of human diseases including metabolic diseases,
inflammatory diseases, autoimmune diseases and cancer [40]. It can be studied in the future
whether ac4C could influence on COL3A1 mRNA expression.

This is, to our knowledge, the first meta-analysis of genetic studies on the association
between POP risk and COL3A1 rs1800255 polymorphism. We found that COL3A1 rs1800255
polymorphism contributes no risk to POP of Brazilian and Asian population but contributes
increased risk to POP of Caucasian population. To be specific, the A allele and AA genotype
were risk factors and they contribute a increased risk to POP risk in Caucasian population.
Eliminating the source of bias is of vital importance for gene polymorphism association meta-
analysis. Hence, we have attempted to conduct all the three patterns in the present meta-analy-
sis. Firstly, allele contrast was used to find out the high risk or low risk allele. Secondly, homo-
zygote comparison was used to find out the high risk or low risk genotype. The last pattern is
comparing homozygote genotype versus allele carriers. In the present study, the low-moderate
heterogeneity between studies occurred in the overall population. Common reasons for het-
erogeneity consist of differences in the investigated populations or in genotyping methods or
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in sample size or it may be derived from other risk factors. By performing meta-regression,
subgroup analysis and Galbraith plot analysis, we found that ethnicity and sample size might
contribute substantial heterogeneity to final results. In the present study, we successfully find
out the source of heterogeneity. And the results of sensitive analysis and publication bias dem-
onstrated that the results of our meta-analysis were stable and reliable.

Some limitations should be pointed out. Firstly, variable confounding factors including
aging, obesity, vaginal delivery, hypoestrogenism and preoperative hysterectomy are not fully
considered due to limited dataset [41, 42], therefore, further investigations on this gene taking
these factors into consideration for these possible confounding factors should be conducted
for subgroup analysis the future [43, 44]. Secondly, although we know that only one SNP
within COL3A1 is not enough to elucidate the role of this gene on the susceptibility to POP,
however, the number of literatures investigating the association between other COL3A1 SNP
sites and POP susceptibility is considerably rare. For example, only one literature investigates
the association between COL3A1 rs1801184 polymorphism and POP susceptibility. Thirdly,
the association between COL3A1 rs1800255 polymorphism and POP risk has not been investi-
gated in GWAS. So that well-designed GWAS should be included for further trans-ethnic and
trans-trait meta-analysis [45]. If multiple independent SNPs within other genomic regions
along with this COL3A1 rs1801184 polymorphism and environmental factors can be well
investigated in large GWAS data, we may construct a machine-learning prediction model for
early diagnosis of the disease in the framework of precision medicine [46, 47]. Lastly, we did
not conduct functional investigation to disclose the causal effect of this potential risk genetic
variant on the development of POP, but a very useful strategy named mendelian randomiza-
tion, to integrating the COL3A1 genotype data with eQTL from GTEX or pQTLs, may explore
the statistical causality of the genetic variant rs1801184 in the development of POP [48, 49].
Due to the lack of the gene expression in specific tissues, it is hard to test if the COL3A1
rs180025 polymorphism or other SNPs in this gene are causally triggering the development of
POP through mediating the expression of this gene in specific tissues.

In summary, the present meta-analysis suggests that the COL3A1 is a potential risk gene for
POP. Caucasian individuals with COL3A1 rs1800255 A allele and AA genotype have a higher
risk of POP. The COL3A1 rs1800255 polymorphism may be a risk factor for POP in Caucasian
population. Further studies investigating other confirmed genetic factors and possible gene-
gene and gene-environmental interactions for COL3A1 rs1800255 polymorphism in a large
GWAS data should be warranted.
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