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and socioeconomic status for pelvic organ
prolapse: a Mendelian randomization study
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Abstract

Background Previous observational studies have reported that lifestyle factors, metabolic factors and socioeco-
nomic status are associated with the development of female pelvic organ prolapse (POP); however, whether these
associations are causal remains unclear. The current study aimed to assess the causal effect of lifestyle factors, meta-
bolic factors and socioeconomic status on POP risk.

Methods We conducted a two-sample Mendelian randomization (MR) study based on summary-level data from the
largest available genome-wide association studies (GWAS) to evaluate whether lifestyle factors, metabolic factors and
socioeconomic status are causally related to POP. We used single nucleotide polymorphisms that are strongly associ-
ated with exposure at the genome-wide significance level (P<5x 1078) as instrumental variables from genome-wide
association studies. The method of random-effect inverse-variance weighting (IVW) was used as the primary analysis
method, supplemented with the weighted median, MR-Egger and the MR pleiotropy residual sum and outlier applied
to verify the MR assumptions. Two-step MR was conducted to investigate potential intermediate factors that are on
the causal pathway from exposure to POP.

Results There were associations with POP for genetically predicted waist-to-hip ratio (WHR) (odds ratio (OR) 1.02,
95% confidence interval (Cl) 1.01-1.03 per SD-increase, P<0.001), WHR adjusted for body mass index (WHRadjBM!I)
(OR 1.017,95% CI 1.01-1.025 per SD-increase, P<0.001) and education attainment (OR 0.986, 95% Cl 0.98-0.991 per
SD-increase) in the meta-analysis. Additionally, genetically predicted coffee consumption (OR per 50% increase 0.67,
95% C10.47-0.96, P=0.03), vigorous physical activity (OR 0.83, 95% Cl 0.69-0.98, P=0.043) and high-density lipopro-
tein cholesterol (HDL-C) (OR 0.91, 95% Cl 0.84-0.98 per SD-increase, P=0.049) were inversely associated with POP in
the FinnGen Consortium. The mediation analysis showed that the indirect effects of education attainment on POP
were partly mediated by WHR and WHRadjBMI, with a mediated proportion of 27% and 13% in the UK Biobank study,
respectively.

Conclusions Our study provides MR evidence of a robust causal association of WHR, WHRadjBMI and education
attainment with POP.
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some combination and thus, it involves the descent of
pelvic organs such as the womb (uterus), bladder, bowel
and vagina within and outside of the vaginal opening [1].
Loss of vaginal or uterine support in women present-
ing for routine gynecological care is seen in 43-76% of
patients, with 3—-6% having descent beyond the hymen
[2]. Women in the United States have a 13% lifetime risk
of undergoing surgery for POP and it is anticipated that
the number of women experiencing POP will increase by
approximately 50% by 2050 [3]. In addition, the disorder
accounts for 20% of women on the waiting list for major
gynecological surgery in the UK [4]. Although POP rarely
results in severe morbidity or mortality, it causes vaginal
bulge and pressure, voiding dysfunction, defecatory dys-
function and sexual dysfunction, which may adversely
affect a woman’s daily activities and quality of life [5]. It
has been reported that POP is the leading indication for
hysterectomy in postmenopausal women and accounts
for 15-18% of procedures in all age-groups [6]. There-
fore, identifying the potential causal factors for POP
and the direction of their impact could be beneficial for
informing prevention strategies.

Epidemiological and observational studies have
revealed several possible risk factors for POP, including
obesity [7-10], diabetes [9, 10], alcohol consumption
[11], coffee consumption [12], smoking [13], physical
activity [14], labor [15], education level [13] and hyper-
tension [9, 10]. However, most associations between risk
factors and POP are equivocal with inconsistent or con-
tradictory findings across studies [4, 6, 7]. In addition,
owing to potential reverse causation and residual con-
founding issues in observational studies, whether there is
an association of the above lifestyle and metabolic factors
with POP risk remains undermined. Notwithstanding
the perfect performance of randomized controlled trials
(RCTs) in causal inference in etiology, it is neither ethi-
cal nor feasible to employ RCTs to investigate the influ-
ences of lifestyle and metabolic factors on POP. There
is a strong demand for alternative methods to infer the
potential causality of exposure on outcome.

The Mendelian randomization (MR) design is an
emerging genetic method that can strengthen causal
inference regarding an exposure—outcome association
by leveraging genetic variants as instrumental variables
for exposure [16]. The design can minimize residual con-
founding since genetic variants are randomly allocated
during meiosis and therefore not influenced by self-
adopted factors or environmental factors that are usually
considered as confounders in the association between the
exposure and the outcome [17]. Moreover, this method
can theoretically diminish reverse causality because the
genesis and development of disease cannot modify the
germline genotype [17].
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Herein, we conducted a two-sample MR investigation
to explore the potential causal associations of genetic
liability for lifestyle and metabolic factors with POP
risk based on the most recent and largest genome-wide
association studies (GWAS). Given that education level
is strongly correlated with the onset of obesity [18, 19],
we performed a two-step MR analysis to investigate the
mediating pathway from education attainment to POP
via obesity-related phenotypes.

Methods

MR design

As a genetic variant is usually deemed a proxy for a risk
factor in an MR design, the choice of a genetic instru-
ment variable (IV) is particularly important for a success-
ful MR study. MR requires three basic IV assumptions
to validate a genetic variant as valid IVs for causal infer-
ence: (1) the genetic variant should be robustly associated
with the exposure; (2) the genetic variant is not related
to potential confounders of the exposure—outcome asso-
ciation; and (3) the genetic variant should have no effect
on the outcome other than through the exposure. Addi-
tional file 1: Figure S1 shows the three key assumptions of
MR analysis. A schematic overview of the present study
design is presented in Fig. 1.

Genetic instrument selection

We mainly selected single-nucleotide polymorphisms
(SNPs) associated with metabolic traits and lifestyle fac-
tors from the latest and largest sex-specific GWAS stud-
ies. SNPs associated with exposures except for vigorous
physical activity and heavy physical work (P<5x107)
were identified at the genome-wide significance level
(P<5x107%) and without linkage disequilibrium (* < 0.01
and clumping window>10,000 kb). Linkage disequi-
librium among the SNPs was estimated using the 1000
Genomes European panel as the reference population.
We harmonized all variants serving as IVs between the
exposure and outcome data by effect allele. Given that a
few SNPs were unavailable in the outcome data, we did
not find proxies to replace missing single nucleotide
polymorphisms. The F-statistic was used to assess the
strength of IVs. It is a measure of instrument strength
that is related to the proportion of variance in the phe-
notype explained by the genetic variants (R%), sample size
(N) and the number of instruments (k) by the formula
F=R*(N—-k—1)/k(1—R?). Generally, an F-statistic of >10
suggests a relatively low risk of bias caused by weak IVs
in MR analysis. SNPs associated with body mass index
(BMI) [20], waist-to-hip ratio (WHR) [21], waist-to-hip
ratio adjusted for BMI (WHRadjBMI) [21], type 2 dia-
betes [22], smoking initiation [23], alcohol drinking [23],
coffee consumption [24], vigorous physical activity [25],
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Instrumental Variables (SNPs) for Exposure:

Exposure-lifestyle factor

WHR

WHR adjusted for BMI
Type 2 diabetes

Systolic blood pressure
Diastolic blood pressure

Smoking initiation
Alcohol drinking

Coffee consumption
Vigorous physical activity
Heavy physical work

LDL-C
HDL-C

Triglycerides

Exposure-Metabolic factor
Body mass index

Exposure-socioeconomic status

« Education attainment

Gene-Outcome Associations from Two Databases Which are Presented in the Gene-Exposure Associations

UK Biobank

« POP cases: 4840
« Controls: 332359
« European ancestry (British)

MR analysis for each exposure:
. VW

Sensitivity analysis for each
exposure:

« Weighted-Median estimator
« MR-Egger regression

« MR-PRESSO

FinnGen consortium

« POP cases: 13420
« Controls: 94394
« European ancestry (Finnish)

MR analysis for each exposure:
. IVW

Sensitivity analysis for each
exposure:

« Weighted-Median estimator
« MR-Egger regression

« MR-PRESSO

Meta-analysis from two outcome databases for each exposure

Fig. 1 Overview of the Mendelian randomization study design. BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; VW,
inverse-variance weighted; LDL-C, low-density lipoprotein cholesterol; MR, Mendelian randomization; MR-PRESSO, MR-pleiotropy residual sum and
outlier; POP, pelvic organ prolapse; SNP, single nucleotide polymorphism; WHR, waist-to-hip ratio

heavy physical work, systolic blood pressure (SBP) [26],
diastolic blood pressure (DBP) [26], low-density lipopro-
tein cholesterol (LDL-C) [27], high-density lipoprotein
cholesterol (HDL-C) [27] and triglycerides [27] were
obtained from corresponding GWAS (Table 1). Smok-
ing initiation was defined as a binary phenotype, which
referred to whether an individual had ever smoked cig-
arettes regularly (current or past smoker) [23]. SNPs
associated with WHRadjBMI was used to investigate
the BMlI-independent effect of WHR [21]. Detailed

information about genetic instruments is displayed in
Additional file 5: Table S1.

Outcome data sources

We obtained summary-level data for genetic associa-
tion with POP from the UK Biobank consortium and
the FinnGen consortium [DATA FREEZE 7 released on
June 1, 2022]. The UK Biobank consortium is an ongoing
cohort containing over 500,000 adults at the baseline of
recruitment between 2006 and 2010. The study included
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Table 1 Detailed information on used studies
Lifestyle factor Unit Participants included in Adjustments IVs Sample  PubMed ID
analysis overlap
(%)
Smoking initiation SD in prevalence of smoking 1,232,091 European-descent  Age, sex, and the first ten 1 25 30643251
initiation individuals genetic principal compo-
nents
Alcohol drinking SD increase of log-trans- 941,280 European-descent  Age, sex, and the first ten 6 33 30643251
formed alcoholic drinks/ individuals genetic principal compo-
week nents
Coffee consumption 50% change 375,833 European-descent  Age, sex, body mass index, 32 62 31046077
individuals total energy, proportion of
typical food intake, and 20
genetic principal compo-
nents
Vigorous physical activity >3 versus 0 day/week 98,060 cases and 162,995 Age, sex, genotyping chip, 15 118 29899525
controls of European first ten genomic principal
descent components, and center
Heavy physical work Never or rarely; sometimes; 288,477 European-descent  — 22 96
usually; always; do not know individuals
Metabolic factor
Body mass index SD 224,459 European-descent  Age, sex, genotyping chip 42 29 25673412
individuals
WHR SD 224,459 European-descent  Age, sex, genotyping chip 25 31 25673412
individuals
WHR adjusted for BMI SD 224,459 European-descent  Age, sex, genotyping chip 34 33 25673412
individuals
Type 2 diabetes One-unit in log-transformed 898,130 European-descent  Age, sex, and the first ten 231 00 30297969
odds individuals genetic principal compo-
nents
Systolic blood pressure 10 mm Hg Up to 1,006,863 European-  Age, sex, BMI, genotyping 444 34 30224653
descent individuals chips
Diastolic blood pressure 10 mm Hg Up to 1,006,863 European- Age, sex, BMI, genotyping 448 36 30224653
descent individuals chips
LDL-C SD 188,577 European-ancestry  Age, sex, BMI, genotyping % 78 24097068
individuals chips
HDL-C SD 188,577 European-ancestry  Age, sex, BMI, genotyping 122 78 24097068
individuals chips
Triglycerides SD 188,577 European-ancestry  Age, sex, BMI, genotyping 71 69 24097068
individuals chips
Socioeconomic status
Education attainment  SD change of education 765,283 European-ancestry  Age, sex, genotyping chip 404 13 35361970

years

individuals

WHR: waist-to-hip ratio; BMI: body mass index; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; SD: standard deviation; IVs:

instrumental variables

up to 337,199 individuals (4840 cases and 332,359 con-
trols), after excluding those with sex mismatch, non-Cau-
casian ethnicity, excess heterozygosity, a low genotype
call rate and high relatedness. The seventh release of
FinnGen consortium data contains integrated genetic
data and disease trajectories from up to 309,154 Finnish
biobank participants, 16,962,023 variants and 3095 dis-
ease endpoints [28]. For the FinnGen study, we collected
data from the R7 release that includes 107,814 Finn-
ish individuals (13,420 cases and 94,394 controls) after
removal of those with non-Finnish ancestry, ambiguous

gender, excess heterozygosity (+4 standard deviations)
and high genotype missingness (>5%) [28]. The correla-
tion test was adjusted for sex, age and 10 genetic princi-
pal components in both data sources.

Potential mediators

We included GWAS data sources of potential media-
tors (obesity-related phenotypes) to investigate potential
intermediate factors that are on the causal pathway from
exposure to POP. The potential mediators included the
following information: BMI from the GIANT consortium
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with 322,154 individuals of European ancestry [20];
WHR and WHRadjBMI from the GIANT consortium
with 210,088 individuals of European ancestry [21]; type
2 diabetes from a meta-analysis of GWAS with 1,339,889
(180,834 cases and 1,159,055 controls) individuals of
multi-ancestries (~51.1% of European individuals) [22].
Two-step MR was used to investigate the direct and indi-
rect effect of exposure on outcome. First, the effect of
exposure on mediator is obtained in a univariable model
through regression of the mediator on the exposure. Sec-
ond, the effect of mediator on outcome is estimated in a
univariable model through regression of the outcome on
the mediator. Multiplying the two regression estimates
from the second stage regression gives the indirect effect
of the exposure on the outcome. The mediation propor-
tion can be calculated as the “indirect effect/total effect”
using the product of coefficients method [29, 30]. Total
effect refers to the causal effect of an exposure on an out-
come of interest, including any effect through potential
mediators [29, 30].

Statistical analysis

We used the method of inverse-variance weighting
(IVW) with random effects to estimate MR associations
between genetic liability to lifestyle factors, metabolic
factors and the risk of POP. The IVW method assumes
that all SNPs are valid instrumental variables and that
the estimates can be interpreted to reflect the total effect
of the exposure [16]. It was the primary analysis used
to assess causality in this study. Given that the IVW
approach only generates an unbiased estimate under the
MR assumptions that there is no invalid instrument and
horizontal pleiotropy, three sensitivity analysis meth-
ods, MR-Egger [31], Mendelian randomization pleiot-
ropy residual sum and outlier (MR-PRESSO) [32] and
the weighted median [33], were carried out to examine
the robustness of the results and detect horizontal plei-
otropy, if any. The heterogeneity of independent SNP
effects was assessed by Cochrane Q statistics; a P value
0f<0.05 would be regarded as indicative of significant
heterogeneity. The weighted median method specifies
that the MR estimates are robust even when up to 50%
of the information comes from invalid instrumental vari-
ables [33]. MR-Egger regression analysis can detect and
correct for directional pleiotropy whereas it compro-
mises power. The P-value of the MR-Egger intercept was
used to examine the existence of directional pleiotropy.
We performed MR-PRESSO analysis to identify possi-
ble outliers and generate estimates corrected for outliers
[32]. Distortion test results can determine the differ-
ences between estimates before and after the removal of
outliers. In addition, we used the leave-one-out method
to determine which IVs had a significant impact on the
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estimates. Odds ratios (ORs) and corresponding confi-
dence intervals (CIs) of POP were scaled to a one-stand-
ard deviation (SD) increase in prevalence of smoking
initiation, a 1-SD increase in WHR, WHRadjBMI and
BMI, a 1-unit increase in log OR of type 2 diabetes, a
50% increase in coffee consumption and a 1-SD increase
of log-transformed alcoholic drinks/wk. Estimates from
the UK Biobank and FinnGen were combined using the
fixed-effect meta-analysis method. We selected the I*
statistic for the assessment of heterogeneity in the meta-
analysis. I* values of 25%, 50% and 75% were defined as
low, medium and high heterogeneity, respectively [34].
All analyses were conducted using R version 4.2.1 and
MR analysis was performed using the TwoSampleMR,
Mendelian Randomization and MR-PRESSO packages in
the R software.

Results
MR estimates
Sample overlap was 0—11.8% between the exposures and
the outcome data source. Among lifestyle factors, in the
primary analyses using IVW, no significant evidence
showed that smoking initiation, alcohol drinking and
heavy physical work were associated with an increased
risk of POP in the UK Biobank study consortium and
FinnGen consortium. Univariable MR analysis result
from the FinnGen consortium showed a protective causal
relationship between coffee consumption and POP. The
odds ratio (OR) of POP was 0.67 (95% confidence inter-
val (CI) 0.47, 0.96; P=0.03) for genetically predicted
50% increase in coffee consumption. Nonetheless, this
observed association between coffee consumption and
POP did not remain in the UK Biobank data and meta-
analysis result. Vigorous physical activity was suggestively
inversely associated with the risk of POP in the FinnGen
consortium. The OR of POP was 0.83 (95% CI 0.69, 0.98;
P=0.043) for genetic predisposition to vigorous physical
activity. Likewise, we have still not observed the consist-
ent association between vigorous physical activity and
POP in the UK Biobank data and meta-analysis result.
Genetically predicted higher WHR and WHRad-
jBMI was associated with an increased risk of POP in
FinnGen consortium data, UK Biobank data and meta-
analysis (P<0.05) (Fig. 2). The combined ORs of POP
were 1.02 (95% CI 1.01, 1.03; P<0.001) per 1-SD increase
in WHR and 1.017 (95% CI 1.01, 1.025; P<0.001) per
1-SD increase in WHRadjBMI. Higher genetically pre-
dicted BMI seemed not to be associated with POP in the
FinnGen consortium data and the UK Biobank data. It is
worth noting that although pooled OR of POP was 1.007
(95% CI 1.000, 1.014; P=0.047) for genetically predicted
1-SD increase in BMI, we should be cautious about inter-
preting this result. In addition, there was suggestive
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Exposure and data source OR (95% Cl) P value
Smoking initiation |
FinnGen . - 1.010 (0.780, 1.310) 0.937
UKBB 1.005 (0.991, 1.020) 0.474
Meta-analysis (I? =0.0%) 1.005 (0.991, 1.020) 0.779
Alcohol drinking
FinnGen " 0.890 (0.480, 1.650) 0.733
UKBB 1.015 (0.992, 1.038) 0.196
Meta-analysis (1> =0.0%) 1.015 (0.992, 1.038) 0.203
Coffee consumption
FinnGen 0.670 (0.470, 0.960) 0.03
UKBB 1.002 (0.983, 1.023) 0.804
Meta-analysis (1> =79.4%) 1.001 (0.981, 1.021) 0.941
Vigorous physical activity
FinnGen —— 0.830 (0.690, 0.980) 0.043
UKBB 0.995 (0.988, 1.003) 0.214
Meta-analysis (I? =75.6%) 0.995 (0.987, 1.002) 0.164
Heavy physical work
FinnGen - 1.120 (0.750, 1.680) 0.588
UKBB 1.014 (0.997, 1.032) 0.129
Meta-analysis (12 =0.0%) 1.014 (0.997, 1.032) 0.109
Body mass index
FinnGen —_— 1.040 (0.880, 1.220) 0.316
UKBB 1.007 (0.999, 1.013) 0.058
Meta-analysis (12 =0.0%) ) 1.007 (1.000, 1.014) 0.047
WHR
FinnGen —_—— 1.310 (1.080, 1.600) 0.006
UKBB F 1.019 (1.009, 1.029) 6.15x10°
Meta-analysis (12 = 84.0%) N 1.020 (1.010, 1.030) <0.001
WHR adjusted for BMI
FinnGen —_—— 1.310 (1.060, 1.620) 0.023
UKBB 1.017 (1.009, 1.024) 7.75%10¢
Meta-analysis (12 =81.7%) N 1.017 (1.010, 1.025) <0.001
Type 2 diabetes
FinnGen 1.030 (0.990, 1.070) 0.092
UKBB 1.001 (0.999, 1.003) 0.059
Meta-analysis (12 =51.7%) 1.001 (0.999, 1.003) 0.291
Systolic blood pressure
FinnGen 1.000 (0.990, 1.010) 0.978
UKBB 1.000 (0.999, 1.000) 0.351
Meta-analysis (I? = 0.0%) 1.000 (0.999, 1.001) 1.000
Diastolic blood pressure
FinnGen 1.000 (0.990, 1.010) 0.578
UKBB 1.000 (0.999, 1.000) 0.745
Meta-analysis (I*=0.0%) 1.000 (0.999, 1.001) 1.000
LDL-C
FinnGen 0.980 (0.910, 1.050) 0.539
UKBB 0.999 (0.997, 1.003) 0.796
Meta-analysis (I*=0.0%) 0.999 (0.996, 1.002) 0.499
HDL-C
FinnGen —— 0.910 (0.840, 0.980) 0.049
UKBB [ ] 0.997 (0.994, 1.001) 0.146
Meta-analysis (I* = 81.4%) 0.997 (0.993, 1.000) 0.074
Triglycerides
FinnGen +—— 1.110 (0.980, 1.260) 0.11
UKBB [ | 1.001 (0.997, 1.005) 0.573
Meta-analysis (12 =61.5%) 1.001 (0.997, 1.005) 0.588
Education attainment
FinnGen —{— 0.810 (0.710, 0.910) 0.001
UKBB R 0.986 (0.981, 0.992) 1.14x107
Meta-analysis (12 = 89.6%) [ 0.986 (0.980, 0.991) <0.001
| I
0.5 1.5
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Fig. 2 Estimates for the association of genetic liability for lifestyle factors, metabolic factors, and socioeconomic status with risk of pelvic organ
prolapse. BMI, body mass index; Cl, confidence interval; OR, odds ratio; SNP, single nucleotide polymorphism; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; WHR, waist-to-hip ratio
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evidence for the potential benefits of genetically higher
HDL-C (OR per 1-SD increase, 0.91, 95% CI 0.84, 0.98;
P=0.049) on the risk of POP in the FinnGen consortium
data, but not in the UK Biobank data and meta-analysis.
No significant associations of POP risk were observed for
genetically determined type 2 diabetes, SBP, DBP, LDL-C
and triglycerides. We observed a strong protective causal
relationship between education attainment and POP in
FinnGen consortium data, UK Biobank data and meta-
analysis (P<0.05). The ORs of POP were 0.81 (95% CI
0.71, 0.91; P=0.001) in the FinnGen consortium, 0.986
(95% CI 0.981, 0.992; P=1.14x1077) in the UK Biobank
consortium and 0.986 (95% CI 0.98, 0.991; P<0.001) in
the meta-analysis for genetically predicted 1-SD change
of education attainment.

Sensitivity analyses

The observed associations were consistent across sensi-
tivity analyses and between FinnGen consortium data
and UK Biobank data overall (Table 2). Moderate-to-high
heterogeneity was observed in the analyses for WHR-
adjBMI, SBP, DBP, HDL-C and triglycerides. We only
detected directional pleiotropy for the associations of
HDL-C in the UK Biobank consortium and WHR in the
FinnGen consortium based on the intercept of the MR-
Egger regression model. After removing outlier variants
in MR-PRESSO analysis, these associations remained
consistent. Additionally, according to the results of leave-
one-out analyses, no significant SNPs were driving the
relationship between WHR, WHRadjBMI and education
attainment and POP (Additional file 2: Figure S2, Addi-
tional file 3: Figure S3, and Additional file 4: Figure S4).

Mediation analyses

We conducted a two-step MR analysis to examine the
mediating pathway from education attainment to POP via
four obesity-related phenotypes, including BMI, WHR,
WHRadjBMI and type 2 diabetes. In the first step, IVs for
education attainment were used to estimate the causal
effect of the exposure on the potential mediators. Among
the four potential mediators, we found that high educa-
tion level was associated with decreased WHR (IVW
B=-0.196, 95% CI —0.268 to —0.125, P=7.43x107%)
and decreased WHRadjBMI (IVW B=-0.111, 95%
Cl —0.175 to —0.047, P=7.33%x107%. In the second
step, we estimated the causal effect of the mediators on
POP risk. We identified causal evidence for effects of
WHR (FinnGen: IVW S=0.273, 95% CI 0.077 to 0.469,
P=0.006; UK Biobank: IVW 5=0.019, 95% CI 0.009 to
0.028, P=6.15x107°) and WHRadjBMI (FinnGen: IVW
B=0.269, 95% CI 0.054 to 0.485, P=0.023; UK Biobank:
IVW 5=0.017, 95% CI 0.009 to 0.024, P=7.75x107°) on
POP in both the FinnGen consortium and UK Biobank
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study (Table 3). Finally, we investigated the indirect effect
of education attainment on POP via WHR and found that
the mediation effects of BMI were —0.054 in the FinnGen
consortium and —0.004 in the UK Biobank study, with
a mediated proportion of 25% and 27%, respectively.
The indirect effects of education attainment on POP by
WHRadjBMI were —0.03 in the FinnGen consortium and
—0.002 in the UK Biobank study, with a mediated pro-
portion of 14% and 13%, respectively (Table 3).

Discussion

The present MR study provided genetic evidence of cau-
sality between some lifestyle behaviors and metabolic risk
factors and POP, showing that WHR and WHRadjBMI in
meta-analysis, coffee consumption and vigorous physical
activity in the FinnGen consortium, are independently
and causally associated with the risk of POP, while edu-
cation attainment in meta-analysis and HDL-C in the
FinnGen consortium are inversely related to the risk of
POP. There is no evidence that smoking initiation, alco-
hol drinking, heavy physical work, type 2 diabetes, SBP,
DBP, LDL-C and triglycerides causally associated with
POP. Additionally, we also conducted a mediation analy-
sis to estimate potential mediators and showed that the
effect of education attainment on POP risk was partially
mediated by WHR and WHRadjBMI.

The association between smoking and risk of POP
has not been consistent in observational studies. An
observational study involving 906 participants showed
that smoking was an independent risk factor for POP,
while another case—control study including 662 women
referred for pelvic floor dysfunction revealed that smok-
ing was not a significant risk factor for POP [35, 36]. A
recent meta-analysis including 14 observational stud-
ies observed that smoking was found to be a protective
factor for POP [37]. Our study found no MR association
of smoking with POP risk in two independent datasets.
Theoretically, routinely involved in heavy lifting would
result in increases in abdominal pressure and may there-
fore cause progressive pelvic floor damage over time and
accelerate the onset of POP [38]. This had been confirmed
in an observational study by Gillor et al. [36], which con-
cluded that heavy lifting was significantly associated with
POP (OR 1.71; 95% CI 1.2, 2.4; P=0.046). Nevertheless,
our findings were not in line with this cohort, suggesting
no causal association between heavy physical work and
POP in the FinnGen consortium, the UK Biobank study
and the meta-analysis. Evidence from epidemiological
and observational studies illustrated that most physical
activity would not harm the pelvic floor and facilitate the
genesis of POP [14, 39, 40]. Similarly, we found no causal
effect of genetically predicted vigorous physical activity
(>3 days/week) on POP in the present study.
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Table 3 The mediation effect of education attainment on POP via WHR and WHR adjusted for BMI
Mediator Total effect Direct effect A Direct effect B Mediation effect Mediated
B (95% Cl) B (95% CI) B (95% Cl) B 5;‘)’P°’t'°“
(J
Primary analysis using POP associated SNPs from the UK Biobank
WHR —0.014 (- 0.066, —0.008) —0.196 (= 0.268,—0.125)  0.019(0.009, 0.028) —0.004 27
WHR adjusted for BMI —0.014 (- 0.066, —0.008) —0.111(=0.175,-0.047) 0.017 (0.009, 0.024) —0.002 13
Primary analysis using POP associated SNPs from the FinnGen consortium
WHR —0.215(-0.338,—-0.091) —0.196 (—0.268, —0.125) 0.273 (0.077, 0.469) —-0.054 25
WHR adjusted for BMI —0.215(=0.338,—0.091) —0.111(=0.175,-0.047)  0.269 (0.054, 0.485) —0.03 14

‘Total effect’indicates the effect of education attainment on POP, direct effect A'indicates the effect of education attainment on WHR and WHR adjusted for BMI, ‘direct
effect B'indicates the effects of WHR and WHR adjusted for BMI on POP and ‘mediation effect’indicates the effect of education attainment on POP through WHR and
WHR adjusted for BMI. Total effect, direct effect A and direct effect B were derived by IVW; mediation effect was derived by using the product of coefficients method.

All statistical tests were two-sided. P < 0.05 was considered significant

BMI, body mass index; Cl, confidence interval; WHR, waist-to-hip ratio

Review articles concerning the association between
obesity and POP have revealed consistent evidence that
obesity was significantly related to an elevated risk of
POP [7-10, 41]. Additionally, we also found that most
patients with POP in our medical center were over-
weight. The most probable pathogenesis theory of POP
among overweight and obese women is that the increase
in intra-abdominal pressure induced by high weight
would harm the pelvic floor fascia and muscles [42].
BMI, representing overall obesity, has demonstrated
that a one-unit increase would result in a 3% increase
of symptomatic POP (OR 1.03; 95% CI 1.01, 1.05) in the
SWEPOP study [43]. With the risk ratio calculated for
categories of BMI that conform to the WHO definitions,
a recent meta-analysis pooling 22 observational studies
investigated the association between degrees of obesity
and POP and reported a risk ratio of at least 1.36 (95% CI
1.20, 1.53) in overweight women and at least 1.47 (95%
CI 1.35, 1.59) in obese women [44]. Intriguingly, we did
not find the causal effect of BMI on POP in the FinnGen
consortium and the UK Biobank study, while the meta-
analysis result illustrated that pooled OR of POP was
1.007 (95% CI 1.000, 1.014; P=0.047) for a genetically
predicted 1-SD increase in BMI in this study. WHR, rep-
resenting abdominal obesity, can be used to estimate the
fat distribution of our body and help indicate a person’s
overall health. We also observed suggestive positive asso-
ciations between genetically determined WHR and the
predisposition to POP. The combined OR of POP was
1.02 (95% CI 1.01, 1.03; P<0.001) per 1-SD increase in
WHR. WHRadjBMI is a surrogate measure of abdominal
adiposity and can also be used to indicate a person’s over-
all health [45]. In the present study, IVW MR analysis
showed that pooled OR of POP was 1.017 (95% CI 1.01,
1.025; P<0.001) per 1-SD increase in WHRadjBMI, indi-
cating that WHRadjBMI was a possible causal risk factor

of POP. Other metabolic traits, including type 2 diabetes,
SBP, DBP, HDL-C, LDL-C and triglycerides, are usually
closely related to overweight and obesity [46]. We also
examined whether these metabolic traits’ play a causal
role in the genesis and development of POP. It is note-
worthy that only genetically predicted higher HDL-C
appears to be associated with POP in the FinnGen con-
sortium (OR per 1-SD increase, 0.91, 95% CI 0.84, 0.98;
P=0.049).

Epidemiological studies have concluded that obvi-
ous regional differences regarding the prevalence of
POP and rural areas exist and seem to be correlated
with a high prevalence of POP [13, 47, 48]. In addi-
tion, we also observed that most POP patients in our
center were from deprived regions and had had low
education attainments. Education attainment, an
important common socioeconomic trait, determines
the level of economic development of an area to a large
extent. Therefore, we hypothesized that there must be
potent causal relationship between education level and
POP. Not surprisingly, IVW MR analysis showed evi-
dence indicating a protective causal effect of education
attainment on POP risk (OR 0.986, 95% CI 0.98, 0.991;
P<0.001). Considering that education level is tightly
correlated with obesity [18, 49, 50], we conducted
mediation analysis to investigate whether obesity-
related phenotypes played a role between education
attainment and POP. In the first MR step, univari-
able MR suggested inverse causal association between
genetically determined education level and WHR or
WHRadjBMI. A recent study by Béckerman et al. [51]
reported an inverse causal effect of education on WHR
(IVW B=-0.004, 95% CI —0.005 to —0.003), which is
aligned with our findings in the first step with regard
to direction and magnitude. The second MR step dem-
onstrated that genetically predicted higher WHR and
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WHRadjBMI were associated with higher odds of POP.
In the FinnGen consortium, we found that an estimated
25% and 14% of the total effect was mediated by WHR
and WHRadjBMI, respectively. Similarly, in the UK
Biobank study, we found that an estimated 27% and 13%
of the total effect was mediated by WHR and WHRad-
jBMLI, respectively. These results indicated that the indi-
rect effects of education attainment on POP were partly
mediated by WHR and WHRadjBMIL

Our study has several strengths. The major one lies
in the use of an MR design based on large-scale GWAS
summary datasets to avoid possible bias caused by
residual confounders and reverse causality, which are
difficult to exclude completely in traditional obser-
vational studies. In addition, we combined data from
two independent study populations including a huge
number of cases with POP, which strengthened the
power of the analysis. The current study was confined
to subjects of European ancestry, which diminished the
population structure bias, so the findings may be spe-
cifically generalizable to the European population. Our
study has several limitations. First, differences existed
regarding the quality control criteria of GWAS for POP
between the UK Biobank and FinnGen. We observed
high heterogeneity in the combined effects of education
attainment, WHR and WHRadjBMI on POP risk; this
difference may result in heterogeneity between causal
estimates of association. Second, the limitation of our
analyses to populations of European ancestry may lead
to reduced reliability when extrapolating our findings
to individuals of non-European descent. Finally, the
major issue for any MR approach is horizontal pleiot-
ropy that means selected genetic instrument variables
influence the risk of outcome not via the exposure
but confounders. Although we incorporated a range
of sensitivity analyses to prevent confounding affect-
ing our conclusions, this possibility cannot be entirely
excluded. Lifestyle factors, metabolic factors and soci-
oeconomic status may influence the risk of POP via
other pathways. It will be of great significance to iden-
tify potential confounders that can detect and predict
clinical outcomes among patients with POP.

In summary, our MR study provided robust genetic
evidence for the causal role of education attainment,
WHR and WHRadjBMI in the risk of POP develop-
ment. Mediation effects of WHR and WHRadjBMI
in the association between education attainment and
POP suggest the important role of the management of
overweight and obesity in POP prevention. The inverse
associations for genetically predicted coffee consump-
tion, vigorous physical activity and HDL-C warrant val-
idation in well-powered studies.

Page 11 of 13

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540001-023-01148-w.

Additional file 1: Figure S1. Directed acyclic graph and key assumptions
of MR design. For details of assumptions, please refer to the MR design
part in the manuscript.

Additional file 2: Figure S2. Forest maps of each SNP's effect for WHR on
POP.

Additional file 3: Figure S3. Forest maps of each SNP’s effect for WHRad-
jBMI on POP.

Additional file 4: Figure S4. Forest maps of each SNP’s effect for educa-
tion attainment on POP.

Additional file 5: Table S1. Genetic instruments in relation to pelvic
organ prolapse.

Additional file 6: Table S2. Characteristics of the genetic instrument vari-
ables for exposures in both the FinnGen consortium and UK Biobank.

Acknowledgements
We thank all the participants and investigators of the UK Biobank study, the
FinnGen consortium, the GIANT consortium, the GLGC consortium, and the
DIAGRAM consortium.

Author contributions

Conception and design: HLL and JDY; administrative support: JDY; provision of
study materials or patients: WW and WX; collection and assembly of data: HLL
and WW; data analysis and interpretation: HLL and WX; manuscript writing: all
authors. All authors read and approved the final manuscript.

Funding
This work is supported by no funding.

Availability of data and materials

Summary statistics of GWAS studies were used in this study. The access of
data on the pelvic organ prolapse can be obtained by application to the UK
Biobank (https://broad-ukb-sumstats-us-east-1.s3.amazonaws.com/round2/
additive-tsvs/N81.gwas.imputed_v3.both_sexes.tsv.bgz) and FinnGen consor-
tium (https:/storage.googleapis.com/finngen-public-data-r7/summary_stats/
finngen_R7_N14_FEMGENPROL.gz). The GWASs for obesity were provided by
the GIANT consortium (https://portals.broadinstitute.org/collaboration/giant/
index.php/GIANT_consortium_data_files). The GWASs for type 2 diabetes
were provided by the DIAGRAM consortium (http://diagram-consortium.org/).
The GWASs for lipid profile were provided by the GLGC consortium (http://
www.lipidgenetics.org/). Download links for all public datasets are available in
Table 1.

Declarations

Ethics approval and consent to participate

All data used in this study were publicly available and no ethical approval
was required. Written informed consent for participation was not required
for this study in accordance with the national legislation and the institutional
requirements.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing interests.

Received: 12 November 2022 Accepted: 29 May 2023
Published online: 07 June 2023


https://doi.org/10.1186/s40001-023-01148-w
https://doi.org/10.1186/s40001-023-01148-w
https://broad-ukb-sumstats-us-east-1.s3.amazonaws.com/round2/additive-tsvs/N81.gwas.imputed_v3.both_sexes.tsv.bgz
https://broad-ukb-sumstats-us-east-1.s3.amazonaws.com/round2/additive-tsvs/N81.gwas.imputed_v3.both_sexes.tsv.bgz
https://storage.googleapis.com/finngen-public-data-r7/summary_stats/finngen_R7_N14_FEMGENPROL.gz
https://storage.googleapis.com/finngen-public-data-r7/summary_stats/finngen_R7_N14_FEMGENPROL.gz
https://portals.broadinstitute.org/collaboration/giant/index.php/GIANT_consortium_data_files
https://portals.broadinstitute.org/collaboration/giant/index.php/GIANT_consortium_data_files
http://diagram-consortium.org/
http://www.lipidgenetics.org/
http://www.lipidgenetics.org/

Liu et al. European Journal of Medical Research

(2023) 28:183

References

1.

20.

21.

22.

23.

Abrams P, Cardozo L, Fall M, Griffiths D, Rosier P, UImsten U, et al. The
standardisation of terminology of lower urinary tract function: report
from the Standardisation Sub-committee of the International Continence
Society. Am J Obstet Gynecol. 2002;187(1):116-26.

Swift S, Woodman P, O'Boyle A, Kahn M, Valley M, Bland D, et al. Pelvic
Organ Support Study (POSST): the distribution, clinical definition, and
epidemiologic condition of pelvic organ support defects. Am J Obstet
Gynecol. 2005;192(3):795-806.

Wu JM, Matthews CA, Conover MM, Pate V, Funk MJ. Lifetime risk of stress
urinary incontinence or pelvic organ prolapse surgery. Obstet Gynecol.
2014;123(6):1201-6.

Jelovsek JE, Maher C, Barber MD. Pelvic organ prolapse. Lancet.
2007,369(9566):1027-38.

Jelovsek JE, Barber MD. Women seeking treatment for advanced pelvic
organ prolapse have decreased body image and quality of life. Am J
Obstet Gynecol. 2006;194(5):1455-61.

Barber MD. Pelvic organ prolapse. BMJ. 2016;354:13853.

American College of Obstetricians and Gynecologists and the American
Urogynecologic Society. Pelvic organ prolapse. Female Pelvic Med Recon-
str Surg. 2019;25(6):397-408.

Hage-Fransen MA, Wiezer M, Otto A, Wieffer-Platvoet MS, Slotman MH,
Nijhuis-van der Sanden MW, et al. Pregnancy-and obstetric-related risk
factors for urinary incontinence, fecal incontinence, or pelvic organ
prolapse later in life: a systematic review and meta-analysis. Acta Obstet
Gynecol Scand. 2021;100(3):373-82.

Rogowski A, Bienkowski P, Tarwacki D, Dziech E, Samochowiec J, Jerzak
M, et al. Association between metabolic syndrome and pelvic organ
prolapse severity. Int Urogynecol J. 2015;26(4):563-8.

Gava G, Alvisi S, Mancini |, Seracchioli R, Meriggiola MC. Prevalence of
metabolic syndrome and its components in women with and without
pelvic organ prolapse and its association with prolapse severity accord-
ing to the Pelvic Organ Prolapse Quantification system. Int Urogynecol J.
2019;30(11):1911-7.

. Hendrix SL, Clark A, Nygaard |, Aragaki A, Barnabei V, McTiernan A. Pelvic

organ prolapse in the Women'’s Health Initiative: gravity and gravidity. Am
J Obstet Gynecol. 2002;186(6):1160-6.

Kato J, Nagata C, Miwa K, Ito N, Morishige K-I. Pelvic organ prolapse and
Japanese lifestyle: prevalence and risk factors in Japan. Int Urogynecol J.
2022,33(1):47-51.

Li Z, XuT, Li Z, Gong J, Liu Q, Zhu L. An epidemiologic study of pelvic
organ prolapse in rural Chinese women: a population-based sample in
China. Int Urogynecol J. 2019;30(11):1925-32.

Nygaard IE, Shaw JM. Physical activity and the pelvic floor. Am J Obstet
Gynecol. 2016;214(2):164-71.

Cattani L, Decoene J, Page A-S, Weeg N, Deprest J, Dietz HP. Pregnancy,
labour and delivery as risk factors for pelvic organ prolapse: a systematic
review. Int Urogynecol J. 2021;32(7):1623-31.

Burgess S, Butterworth A, Thompson SG. Mendelian randomization
analysis with multiple genetic variants using summarized data. Genet
Epidemiol. 2013;37(7):658-65.

Emdin CA, Khera AV, Kathiresan S. Mendelian randomization. JAMA.
2017;318(19):1925-6.

Cohen AK, Rai M, Rehkopf DH, Abrams B. Educational attainment and
obesity: a systematic review. Obes Rev. 2013;14(12):989-1005.

Assari S. Education attainment and obesity: differential returns based on
sexual orientation. Behav Sci (Basel). 2019;9(2):16.

Locke AE, Kahali B, Berndt SI, Justice AE, Pers TH, Day FR, et al. Genetic
studies of body mass index yield new insights for obesity biology. Nature.
2015;518(7538):197-206.

Shungin D, Winkler TW, Croteau-Chonka DC, Ferreira T, Locke AE, Magi
R, et al. New genetic loci link adipose and insulin biology to body fat
distribution. Nature. 2015;518(7538):187-96.

Mahajan A, Spracklen CN, Zhang W, Ng MC, Petty LE, Kitajima H,

et al. Multi-ancestry genetic study of type 2 diabetes highlights the
power of diverse populations for discovery and translation. Nat Genet.
2022;54(5):560-72.

Liu M, Jiang Y, Wedow R, Li Y, Brazel DM, Chen F, et al. Association studies
of up to 1.2 million individuals yield new insights into the genetic etiol-
ogy of tobacco and alcohol use. Nat Genet. 2019;51(2):237-44.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Page 12 of 13

Zhong VW, Kuang A, Danning RD, Kraft P, Van Dam RM, Chasman D,

et al. A genome-wide association study of bitter and sweet beverage
consumption. Hum Mol Genet. 2019;28(14):2449-57.

Klimentidis YC, Raichlen DA, Bea J, Garcia DO, Wineinger NE, Mandarino
LJ, et al. Genome-wide association study of habitual physical activity in
over 377,000 UK Biobank participants identifies multiple variants includ-
ing CADM2 and APOE. Int J Obes (Lond). 2018;42(6):1161-76.

Evangelou E, Warren HR, Mosen-Ansorena D, Mifsud B, Pazoki R, Gao H,
et al. Genetic analysis of over 1 million people identifies 535 new loci
associated with blood pressure traits. Nat Genet. 2018;50(10):1412-25.
Willer CJ, Schmidt EM, Sengupta S, Peloso GM, Gustafsson S, Kanoni S,

et al. Discovery and refinement of loci associated with lipid levels. Nat
Genet. 2013;45(11):1274-83.

Kurki MI, Karjalainen J, Palta P, Sipild TP, Kristiansson K, Donner K, et al.
FinnGen: Unique genetic insights from combining isolated population
and national health register data. medRxiv; 2022.

Sanderson E. Multivariable Mendelian randomization and mediation.
Cold Spring Harb Perspect Med. 2021;11(2):a038984.

Carter AR, Sanderson E, Hammerton G, Richmond RC, Davey Smith

G, Heron J, et al. Mendelian randomisation for mediation analysis:
current methods and challenges for implementation. Eur J Epidemiol.
2021,36(5):465-78.

Bowden J, Davey Smith G, Burgess S. Mendelian randomization with
invalid instruments: effect estimation and bias detection through Egger
regression. Int J Epidemiol. 2015;44(2):512-25.

Verbanck M, Chen C-Y, Neale B, Do R. Detection of widespread horizontal
pleiotropy in causal relationships inferred from Mendelian randomization
between complex traits and diseases. Nat Genet. 2018;50(5):693-8.
Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estima-
tion in Mendelian randomization with some invalid instruments using a
weighted median estimator. Genet Epidemiol. 2016;40(4):304-14.
Higgins JP. Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med. 2002;21(11):1539-58.

Wieslander CK, Word RA, Schaffer JI, McIntire DD, Woodman P, O'Boyle A,
et al. Paper 34: smoking is a risk factor for pelvic organ prolapse. Female
Pelvic Med Reconstr Surg. 2005;11:516-7.

Gillor M, Saens P, Dietz HP. Demographic risk factors for pelvic organ
prolapse: do smoking, asthma, heavy lifting or family history matter? Eur J
Obstet Gynecol Reprod Biol. 2021;261:25-8.

Schulten SF, Claas-Quax MJ, Weemhoff M, van Eijndhoven HW, van
Leijsen SA, Vergeldt TF, et al. Risk factors for primary pelvic organ prolapse
and prolapse recurrence: an updated systematic review and meta-analy-
sis. Am J Obstet Gynecol. 2022;227(2):192-208.

Majumdar A, Saleh S, Hill M, Hill S. The impact of strenuous physical
activity on the development of pelvic organ prolapse. J Obstet Gynaecol.
2013;33(2):115-9.

Nygaard IE, Shaw JM, Bardsley T, Egger MJ. Lifetime physical activity and
pelvic organ prolapse in middle-aged women. Am J Obstet Gynecol.
2014;210(5):477.e1-12.

Bo K, Nygaard IE. Is physical activity good or bad for the female pelvic
floor? A narrative review. Sports Med. 2020;50(3):471-84.

Lee UJ, Kerkhof MH, Van Leijsen SA, Heesakkers JP. Obesity and pelvic
organ prolapse. Curr Opin Urol. 2017;27(5):428-34.

Hunskaar S. A systematic review of overweight and obesity as risk factors
and targets for clinical intervention for urinary incontinence in women.
Neurourol Urodyn. 2008;27(8):749-57.

Gyhagen M, Bullarbo M, Nielsen T, Milsom I. Prevalence and risk factors
for pelvic organ prolapse 20 years after childbirth: a national cohort
study in singleton primiparae after vaginal or caesarean delivery. BJOG.
2013;120(2):152-60.

Giri A, Hartmann KE, Hellwege JN, Edwards DRV, Edwards TL. Obesity and
pelvic organ prolapse: a systematic review and meta-analysis of observa-
tional studies. Am J Obstet Gynecol. 2017,217(1):11-26.e13.

Seidell J, Bjorntorp P, Sjostrom L, Sannerstedt R, Krotkiewski M, Kvist H.
Regional distribution of muscle and fat mass in men—-new insight into
the risk of abdominal obesity using computed tomography. Int J Obes.
1989;13(3):289-303.

Yuan S, Chen J, Li X, Fan R, Arsenault B, Gill D, et al. Lifestyle and metabolic
factors for nonalcoholic fatty liver disease: Mendelian randomization
study. Eur J Epidemiol. 2022,37(7):1-11.



Liu et al. European Journal of Medical Research

47.

48.

49.

50.

(2023) 28:183

Mou T, Warner K, Brown O, Yeh C, Beestrum M, Kenton K, et al. Prevalence
of pelvic organ prolapse among US racial populations: a systematic
review and meta-analysis of population-based screening studies. Neuro-
urol Urodyn. 2021;40(5):1098-106.

Pang H, Zhang L, Han S, Li Z, Gong J, Liu Q, et al. A nationwide popula-
tion-based survey on the prevalence and risk factors of symptomatic
pelvic organ prolapse in adult women in China—a pelvic organ prolapse
quantification system-based study. BJOG. 2021;128(8):1313-23.

Hagman E, Danielsson P, Brandt L, Svensson V, Ekbom A, Marcus C. Child-
hood obesity, obesity treatment outcome, and achieved education: a
prospective cohort study. J Adolesc Health. 2017;61(4):508-13.

Kim T-J, Roesler N, von dem Knesebeck O. Causation or selection-examin-
ing the relation between education and overweight/obesity in prospec-
tive observational studies: a meta-analysis. Obes Rev. 2017;18(6):660-72.

51. Bockerman P, Viinikainen J, Pulkki-Raback L, Hakulinen C, Pitkdnen N,
LehtimakiT, et al. Does higher education protect against obesity? Evi-
dence using Mendelian randomization. Prev Med. 2017;101:195-8.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Lifestyle factors, metabolic factors and socioeconomic status for pelvic organ prolapse: a Mendelian randomization study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	MR design
	Genetic instrument selection
	Outcome data sources
	Potential mediators
	Statistical analysis

	Results
	MR estimates
	Sensitivity analyses
	Mediation analyses

	Discussion
	Anchor 19
	Acknowledgements
	References


