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Abstract

Introduction and Hypothesis: Numerous analytic observational studies assess family history
as a risk factor for POP and report a wide range of associations. This review aims to systematically
evaluate the role of family history of POP in relation to POP risk and its recurrence.

Methods: A review was performed of the PubMed/MEDLINE database with search criteria
specifying family history, risk factors, POP, and their synonyms as title/abstract keywords, as well
as MESH terms, up to March 2020. We aggregated evidence across studies with fixed effects (FE)
and random effects (RE) meta-analysis.

Results: Forty-three articles underwent full-text review. Eighteen independent studies evaluating
the relationship between family history of POP and POP risk in 3,639 POP cases and 10,912
controls were eligible for meta-analysis. Four studies evaluating family history and POP
recurrence in 224 recurrent cases and 400 non-recurrent cases were eligible for inclusion into
another meta-analyses. A positive family history of POP is on average associated with 2.3 to 2.7-
fold increased risk for POP (RE OR = 2.64; 95% CI = 2.07, 3.35), as well as a 1.4-fold increased
risk for POP recurrence (FE OR = 1.44; 95% CI = 1.00, 2.08). Meta-analysis estimates of POP
risk varied by study design, definition of family history and model adjustment status. We found
evidence for publication bias and recall bias is a possibility.

Conclusions: Family history of POP is a risk factor for both POP presence and recurrence.

However, reported magnitudes may be overestimates due to confounding, recall bias and
publication bias.

Corresponding author: Ayush Giri, 2525 West End Avenue, Suite 631, Nashville, TN 37221, Phone: (615)-343-4553,
ayush.giri@vumc.org.

Authors’ Contribution to the Manuscript:

« P Samimi: Project development, data collection, manuscript writing, revision and final approval

« S Jones: Project development, data collection, manuscript writing, revision and final approval

« A Giri: Conception, project development, data collection, data analysis, manuscript writing, revision and final approval

Conflict of Interest: The authors declare that they have no conflict of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Samimi et al. Page 2

Brief Summary:

Synthesizing evidence from 24 independent studies, a positive family history of POP is associated
with an increased risk of having both primary and recurrent POP.

Keywords

pelvic organ prolapse; primary prolapse; prolapse recurrence; family history; systematic review;
meta-analysis

INTRODUCTION:

Pelvic organ prolapse (POP) is defined as the descent of one or more pelvic organs into the
vaginal space due to lack of support of the anterior or posterior vaginal wall, vaginal cuff, or
the uterus [1,2]. Up to 50% of post-menopausal women may have POP on clinical
examination, and the lifetime risk of undergoing surgery for POP is estimated at 12.6% in
the US [3,4]. Prolapse can result in discomfort, obstructive defecation, increased risk of
urinary tract infections, and more rarely, urinary retention. Treatment for POP can involve
pelvic floor physical therapy, pessary, and surgical management. With an aging population,
the economic and public health burden of POP is likely to increase [5].

Reproducible predictive models based on clearly defined risk factors and outcomes offer
opportunities for accurate risk prediction and effective management strategies. Aging,
vaginal birth, and obesity are well defined risk factors for POP [6,7]. Family history is an
important risk factor for POP and until clinically meaningful genetic variants are discovered,
family history remains the closest proxy for understanding a patient’s inherent risk for POP.
Accurate estimation of the magnitude of association between clearly defined family history
variables and POP can provide high predictive utility. However, family history is often
broadly defined and may be inclusive of mother, sister, second-degree relatives and beyond.
In 2012, a meta-analysis of eight studies reported that having a positive family history of
POP is associated with 2.5-fold increased odds of having POP [8]. Multiple independent
studies have since examined and reported on family history as a risk factor in relation to
POP status and repeat surgery for POP. A recent study reported family history of POP as one
of the strongest predictors of POP at 12 years and 20 years after delivery [9]. Collectively,
the literature harbors a broad range of associations derived from studies that are
heterogeneous in the populations sampled, study sample size and design, definition of family
history and analytic strategy.

Here we perform a systematic review and report quantitative summaries from meta-analyses
of the relationships between 1) family history of POP and POP status in women with and
without POP and 2) family history of POP and POP recurrence in women who had surgical
correction for POP. We hypothesize that family history is associated with a woman’s
likelihood of both having primary and recurrent POP. We also evaluate study-level
characteristics to identify sources of heterogeneity in effect estimates across studies. Finally,
we discuss the need to clearly define family history to improve relevance, prediction and
interpretation of findings.
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MATERIALS AND METHODS:

Search term

We used the PubMed/MEDLINE database to perform a systematic search for articles
providing adequate information to evaluate if family history of POP is associated with
having POP. We used an inclusive search criterion that included a combination of search
terms, family history, risk factors, POP, and their synonyms as title/abstract keywords and
MESH terms to maximize article selection. Full search criteria are listed below. We
implemented search criteria on March 31, 2020, and this yielded 1,019 titles and abstracts
(Figure 1). We exported titles and abstracts from PubMed and uploaded into Zotero [10] for
review by two independent reviewers (AG and PS). Exclusion criteria were formed a priori,
and at this stage consisted of excluding articles not published in English (105 titles), not
related to POP and not original research — ie. letters and reviews (609). Three hundred five
articles were eligible for digital keyword review of full-text articles. Digital keyword review
consisted searching for the following terms: “family history,” “mother,” “sister,” “aunt,”
“grandmother,” “family,” and “history.” Full-text was not available for 13 articles and 225
articles were excluded for not including any of the keywords. A total of 43 articles were
considered for full-text manual review by three reviewers (AG, PS and SJ) to determine
further eligibility for systematic review and meta-analysis using a structured questionnaire
implemented in a Research Electronic Data Capture (REDCap) application (SJ) hosted at
Vanderbilt University Medical Center.[11,12]

((((((“Medical History Taking”[Mesh] OR “family history”[tiab] OR “family medical
history”[tiab] OR “family medical histories”[tiab] OR “family health history”[tiab] OR
“Risk factors”[Mesh] OR “Risk factors”[tiab]) AND (“Pelvic Organ Prolapse”[Mesh] OR
“pelvic organ prolapse”[tiab])))) AND (“1800/01/01”[Date - Publication] : “2020/03/31"
[Date - Publication])))

Our general strategy was to maximize the number of studies evaluating the relationship
between family history of POP and participant POP status and use pre-planned sub-group
analyses to explain observed estimates. All studies evaluating family history as a risk factor
for POP in adult women (age 18 or older) were eligible for inclusion into meta-analysis.
Two specific population types are distinguished for the purpose of this review. One consists
of a population of women with and without POP at the time of assessment to allow for
evaluation of the relationship between family history and POP status. The other consists of
only women who underwent surgical correction for POP to allow evaluation of the
relationship between family history of POP and POP recurrence. When two or more journal
articles used the same or overlapping populations, we preferred the eligible study with the
larger sample size. When a given article mentioned family history of POP in relation to POP
status or recurrence but did not provide adequate information to compute effect estimates,
the corresponding authors of the articles were contacted to request information relevant for
meta-analysis.

We did not impose any inclusion restrictions for method of POP assessment. Studies
reporting POP based on the POP-Quantification (POP-Q) system, Baden-Walker Halfway
system, clinical assessment, chart review, treatment for POP, and surgical codes were all
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eligible, as were studies based on self-reported symptoms. Based on preliminary review of
the literature, an a priori decision was made to evaluate POP as a dichotomous outcome
using the definition of POP provided by the study investigators. We included all studies that
reported on any type of POP regardless of anatomical location within the pelvis, including
cystocele, rectocele, uterine prolapse, or vaginal wall prolapse in isolation or in combination.
Studies evaluating rectal prolapse were not eligible as this may include both men and
women.

Three components of family history were pre-defined: method of assessment (self-report,
chart review of linked records), whose history was being collected (first, second or third
degree relative), and history of which condition(s) (POP, connective tissue disorder, hernia)
recorded. Information regarding these components were collected but not used as criteria for
exclusion from meta-analysis to allow for downstream assessment of heterogeneity by type
of family history collected.

Analytic observational studies including cohort (prospective and retrospective), case-control
and cross-sectional study designs reporting on the relationship between family history of
POP as a dichotomous independent variable and participant POP status were considered in
the meta-analysis. Studies with less than 30 POP cases were excluded from meta-analysis
because of possible unstable effect estimates. Studies needed to report appropriate effect
estimate (odds ratio [OR], relative risk [RR], hazard ratio [HR]) or provide enough
information for meta-analysts to calculate relevant effect estimates for either POP status or
POP recurrence. Studies computing risk ratios using expected values from population rates
for comparison groups were not included. Only analytic designs with appropriate internal
comparison groups were eligible to be included in the primary meta-analysis sets.

After full text review and determination of eligibility for inclusion into meta-analysis, the
following fields were abstracted from each article: study title, first author, publication date,
study design, central measure of age (mean/median) or percentage of post-menopausal
women if available, ethnicity or country of study, method of POP assessment (self-report/
symptomatic, POP-Q, Baden-Walker, clinical assessment, treatment or surgical codes),
components of family history (collection method, relation [mother, sister], disease history),
whether analysis was adjusted for confounders (yes/no), and relevant data for effect
estimates. We collected multiple types of data to maximize inclusion of each study into
meta-analysis sets including multivariable adjusted effect estimates, unadjusted effect
estimates, and raw numbers to compute effect estimates. For studies reporting two or more
effect estimates for varying definitions of POP or family history, all relevant estimates were
abstracted as separate entries and flagged as overlapping to allow for sensitivity analyses
while avoiding aggregation of correlated data during analysis. The quality of evidence in
each of the studies was assessed using the NewCastle-Ottawa scale [13] by two of the
authors (PS and AG). As the original scale was designed to be used for case-control and
cohort studies, cross-sectional studies were assessed using the case-control scale. Scores for
individual studies are reported in Tables 1 and 2. These quality scores were constructed for
the reader’s benefit. We did not perform any weighting of articles based on quality scores or
stratification of articles by quality to avoid the potential for inducing bias in meta-analysis
[14,15].
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Two main categories of meta-analyses were undertaken: one evaluating association between
family history and POP status (yes/no), another evaluating association between family
history and POP recurrence (yes/no) among women who had corrective surgery for POP. A
priori, effect-estimates from non-overlapping studies were aggregated together using
random-effects models if there were ten or more studies in a given meta-analysis set and
inverse variance-weighted fixed-effects models otherwise. For completeness and
transparency, meta-analysis estimates from fixed-effects and random-effects models were
computed and reported. We used OR as the primary measure of association for both
categories of meta-analyses as this measure of association was most commonly reported.
With the exception of one study that reported a relative risk and another that reported a
hazard ratio, all other studies reported odds ratios. When possible, ORs were computed,
otherwise the given effect estimate was treated as an OR and meta-analyzed together. Meta-
analysis effect estimates will be referred to as meta-analysis ORs hereafter.

When two or more estimates were provided or could be computed from a given study, an
effect-estimate was preferentially chosen in the following order: multivariable adjusted OR,
unadjusted OR given by the authors, and unadjusted OR computed by meta-analyst based on
raw numbers that were provided. When two or more effect estimates were provided by a
given study either due to different definitions of POP or family history, two sets of were
analyses were completed: one considering the smallest of the two or more effect estimates
analyzed in one meta-analysis set (referred to hereafter as the minimum set) and another
considering the largest of the two or more effect estimates analyzed in another meta-analysis
set (referred to hereafter as maximum set). In all analyses no positive family history of POP
was considered as the referent group. Heterogeneity for each meta-analysis was reported
using the Q-statistic and the 12 statistic. Evidence for small-study bias/publication bias was
evaluated through visual inspection of funnel plots and the Egger test.

Finally, we investigated whether the relationship between family history of POP and POP
status evaluated in the primary analyses varied by key study characteristics. These included
POP assessment type (clinical assessment or self-report/symptomatic), study design (case-
control, cohort, cross-sectional), multivariable adjustment (yes or no), family history of
disorder(s) (POP only, connective tissue disorders, or unspecified family history), and
relation (first/second degree relatives or unspecified). Sub-group analyses were performed
using inverse variance weighted fixed effects and random effects meta-analytic approaches
for completeness. All meta-analysis estimates from primary analyses are presented as ORS
and corresponding 95% confidence intervals (95% CI). A secondary meta-analysis was
conducted with two registry-based genealogical studies not eligible for primary meta-
analysis reporting risk ratios estimated from POP cases and population-based expectations
for controls [16,17]. All analyses were performed with STATA/MP (College Station, TX)
[18]. This review was performed in adherence to the Preferred Reporting Items for
Systematic Review and Meta-analysis (PRISMA) guidelines, and results are reported in
adherence to the Meta-analysis of Observational Studies in Epidemiology (MOOSE)
criteria.
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RESULTS:

Full text review of 43 articles found 18 independent studies [19-37] were eligible for
inclusion into meta-analyses evaluating the relationship between family history of POP and
participant POP risk (Table 1). These studies reported a total of 21 effect estimates. One
study reported separate estimates for mother’s history and sister’s history of POP [19].
Another reported three estimates by severity of POP, overall, and by strata of severity (mild
and moderate severity) (McLennan et al.) [22]. Jelovsek et al. [36] reported as graphs the
relationship between family history and POP-status evaluated in two independent
populations [38,39]. Dr. Jelovsek provided adjusted ORs, confidence intervals and raw
numbers for both of the independent studies upon request. These were included as separate
entries the meta-analysis [36]. Fifteen effect estimates were presented in articles as
multivariable adjusted. Thirteen were reported as case-control studies, three as cohort and
two as cross-sectional. Of the 18 studies evaluating primary risk of POP, the NewCastle-
Ottawa Quality Assessment Scale (NOS) scores ranged from 3-7, with a median score of 5.
The largest meta-analysis set included a total of 19 independent effect estimates from a total
of 3,639 POP cases and 10,912 controls.

Two genealogical studies [16,17] linked to electronic health records reported risk ratios for
family history of POP. These studies computed unadjusted risk ratios based on observed
proband POP cases and expected controls estimated from population rates. Due to lack of an
internal comparison group, these studies did not meet a priori criteria and were ineligible for
primary meta-analysis. A separate meta-analysis set was constructed for this class of studies.

Four studies provided adequate information to evaluate the relationship between family
history of POP and POP recurrence (Table 2) [40-42]. The median NOS score of the four
studies was 5. Vergeldt et. al evaluated risk factors for POP recurrence using data from two
independent studies originally described by Weembhoff et al. [42] and Notten et al. [43]. Dr.
Vergeldt was contacted for study-specific effect estimates relating to family history of POP
and POP recurrence for the Weemhoff and Notten databases. Four effect estimates were
available for this meta-analysis in a total of 224 recurrent cases and 400 controls (no
recurrence). Three of these effect estimates were from cohort studies [40-42].

Meta-analysis: Family history and risk of having POP

Women reporting a positive family history of POP were more likely to have POP themselves
compared to women who did not report a positive family history of POP, with a random-
effects OR of 2.64 (95% CI = 2.07, 3.35) for the minimum analysis set, and 2.68 (95% CI =
2.12, 3.39) in the maximum analysis set (Figure 2 and Supplementary Table 1). Estimates
from fixed effects models were slightly attenuated in magnitude (Supplementary Table 1).
Both the minimum and maximum models showed evidence of heterogeneity across studies
owing to factors other than chance (12 estimates: 71% — 73%) (Supplementary Table 1).
Visual inspection of funnel plots showed asymmetry contributed by a few studies suggesting
some evidence of small study bias in minimum and maximum scenarios (Figure 3a-b). The
Egger test also showed evidence for small study bias particularly for the maximum analysis
set (Bias coefficient = 1.80; P = 0.031). In sensitivity analyses, removing Wang et. al [33]
from analyses attenuated the bias (Bias coefficient = 1.68; P = 0.064).
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We further investigated sources of heterogeneity by performing sub-group analyses based on
key study characteristics that could alter effect estimates, chosen a priori (Table 3 — fixed
effects; Supplementary Table 2 — random effects; Figures 4 and 5). Studies evaluating family
history in first and/or second-degree relatives on average reported stronger effect estimates
(OR =2.37; 95% CI = 2.04, 2.75) than studies that did not clearly specify family history
(OR =1.97; 95% CI = 1.72, 2.25). Studies evaluating history of connective tissue disorders
(including POP, hernia or connective tissue disorders) on average had smaller effect
estimates (OR = 1.86; 95% C: 1.55, 2.32) than studies that specifically reported evaluating
POP (OR =2.23; 95% CI = 1.97, 2.52) or those studies that did not clearly define family
history (OR = 3.55; 95% CI = 1.93, 6.52). Case-control studies were more likely to report
stronger estimates (OR = 3.55; 95% CI = 2.89, 4.36) than cohort/cross-sectional studies (OR
=1.82; 95% CI = 1.65, 2.05). Studies that did not adjust for confounding and risk factors
had higher effect estimates on average (OR = 3.55; 95% CI = 2.02, 6.22) than studies that
performed multivariable-adjusted regression (OR = 2.10, 95% CI = 1.90, 2.33). Meta-
analysis of risk ratios from two genealogical studies showed mother’s history of POP was
associated with a 2.5 fold increased risk of POP (FE RR = 2.50; 95% CI = 2.36, 2.65), and
sisters history of POP was associated with 5.8 fold increased risk of POP (FE RR = 5.88;
95% Cl = 5.66, 6.12).

Meta-analysis: Family history and risk of POP recurrence

Women who had surgical correction for POP and reported a positive family history of POP
were on average 1.4 times as likely to have recurrent POP than women with surgical
correction for POP but no family history of POP (Supplementary Table 1). Although ORs
were similar between fixed (OR = 1.44; 95% CI = 1.00, 2.08) and random effects (OR =
1.43; 95% CI = 0.85, 2.39), the CI for the latter included unity. Evidence for heterogeneity
between estimates was moderate (12 = 50%) and due to the fewer number of studies, tests for
small study bias, and sub-group analyses by strata of key study characteristics were not
performed.

DISCUSSION:

We performed a systematic review and meta-analysis of peer-reviewed journal articles
published in English to evaluate observational studies that reported associations for family
history of POP in relation to POP risk and POP recurrence. Meta-analysis of eighteen
estimates showed a positive family history of POP is associated with 2.3 to 2.7-fold
increased risk for POP. In a smaller set of four studies consisting of women who had surgical
correction for POP (224 recurrent cases and 400 POP cases without recurrence), having a
positive family history of POP was associated with a 1.4-fold increased risk for POP
recurrence.

In a published meta-analysis from 2012, Lince et. al reported a 2.6-fold increased odds of
POP in women with a positive family history of POP compared to women without a positive
family history of POP [8]. This informative study reported these estimates based on raw
numbers from eight studies to perform a Mantel-Haenzel weighted meta-analysis, which is
equivalent to performing a fixed-effects inverse variance weighted meta-analysis of
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unadjusted ORs. Our study extends findings from this previous meta-analysis and improves
the quality of evidence in the following ways: 1) increases number of effect estimates from
eight to 18 in the largest meta-analysis set, 2) prioritizes multivariable-adjusted effect
estimates over unadjusted estimates using a method that requires only effect estimates and
standard errors, 3) presents results under fixed effects and random effects assumptions to
provide a range of estimates rather than a single number, 4) assesses evidence for small-
study bias/publication bias, and 5) performs sub-group analyses to identify sources of
heterogeneity.

Our analysis suggests that the reported effect estimates of the association between family
history and POP status may be overestimated for several reasons. We found studies only
reporting raw numbers or associations unadjusted for confounders tended to yield larger
effect estimates (OR = 3.55) than studies that performed multivariable adjustment for
confounding (OR = 2.10). Meta-analysis effect-estimates of studies identifying as case-
control tended to be larger in magnitude than of studies identifying as cohort or cross-
sectional. It is worth noting that studies identifying as cohort and cross-sectional had larger
sample sizes than case-control studies. Recognizing that studies measure POP using variable
definitions, we performed meta-analysis of studies that measured POP via clinical
assessment separately from studies that measured POP through self-report. Although we did
not find meaningful differences on average across these two categories of studies, we found
heterogeneity was much larger in studies with clinical assessment for POP (I-squared
81.1%; Fig 4c). POP was measured using various different systems including surgical codes,
the Baden-Walker system and POP-Q staging, and thresholds for what was considered POP
within each system was also variable. For example, three of the examined studies excluded
participants with measured Stage 11 prolapse and on average report large effect estimates.
The varying definitions of POP within this group of studies may have in-part contributed to
the breadth of associations observed. In addition to variability in POP measurement, all of
the studies have two common limitations; assessment of family history of POP was based on
self-report and this assessment did not precede assessment of POP status.

Results of this study should be interpreted in light of two important sources of bias: small
study/publication bias and recall bias. We assessed evidence of small study/publication bias
in our meta-analysis. One of our analysis sets (maximum scenario), showed some evidence
of bias suggesting that smaller studies with larger effect estimates (likely with statistically
significant p-values) were more likely to publish their findings than smaller studies with
statistically non-significant p-values. While the magnitude of the bias is not fully quantified,
detection of this bias in one of our estimates between family history and POP status suggests
an over-estimation of the true association.

POP is often viewed as a private matter and is less openly discussed with family members
than conditions such as cancer or cardiovascular disease. Thus, if individuals who have POP
are more likely to inquire about their family members’ history of POP than individuals
without POP, recall bias is a possibility. All of the studies evaluated in the meta-analysis
assessed family history through self-report at the time of POP assessment. The observed
association between family history and POP status is likely overestimated due to this
potential bias. The magnitude of the bias remains unknown as we have no sub-group/
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comparator studies that verified or validated self-reported family history through another
mechanism such as health record review. However, we also found that a positive family
history of POP was associated with increased risk of POP recurrence in women who had
POP surgery. The mechanism of recall bias is diminished in this scenario and suggests that
the observed association between family history and POP status may not be entirely due to
recall bias. The smaller effect size observed for family history and recurrent POP versus that
observed for POP risk is also intuitive. Since the comparator group for the recurrent POP
studies includes individuals with POP — individuals who already have an increased risk of
POP associated with family history — the observed association for recurrent POP could be
interpreted as excess risk beyond that observed for POP risk.

Two large genealogical studies estimated relative risks based on linked electronic health
records also reported increased risk of POP with mother’s history and sister’s history of POP
[16,17]. Limitations of this methodology include a reliance on surgical coding for the
presence of POP. Errors in coding may exist and often cannot be corrected from historical
records. A notable strength of the genealogic studies is their size and analysis of a
homogenous population. Although not influenced by recall bias, the magnitude of estimates
from these studies could be over-estimated due to lack of control of correlated factors such
as parity, obesity, and obstetric factors, as also suggested by the comparison of adjusted and
unadjusted estimates in our primary meta-analysis sets. Assessments made in this review for
genealogical studies, survey-based studies and those performed by Lince et al. converge
towards an estimate of 2.6-fold increased risk on average. However, we cannot rule out the
possibility that all three of these assessments are likely overestimates due to lack of/
inadequate adjustment of confounding, recall bias, publication bias or some combination of
these factors.

Only three out of the 19 eligible studies from 18 articles were conducted in predominantly
diverse populations, two small studies in China [33,34] and one in Ethiopia [35]. We were
not able to perform meta-analyses by strata of race/ethnic groups. The results of this study
may predominantly apply to individuals of European ancestry. Race/ethnicity is potentially
linked to POP, however, there is no evidence to suggest that the positive association between
family history and POP would not be present in diverse populations. The three studies in
non-white populations report positive associations for family history and POP, although with
large standard errors due to small sample sizes.

With the exception of a twin-study that estimated a heritable component of POP at 40%
[44], to our knowledge, the majority of evidence for POP heritability is inferred from family
history studies. Several candidate gene studies and a few genome-wide association studies
(GWAS) have investigated genetic variants in relation to POP [45-47], and with the lack of
large scale GWAS on POP the search for genetic variants continues. Until we discover
clinically meaningful genetic variants that reliably predict POP outcomes, family history of
POP remains the closest proxy for understanding a patient’s inherent risk for POP. It is
worth noting that in the absence of adjustment for social, and life-style factors shared by
family structures, family history acts as a composite construct that encompasses genetic, and
social and life-style similarities and has utility as a predictor for POP risk. To use family
history as a meaningful predictor for POP in patients wanting to understand their individual
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risk, alone or in combination with other predictors, there is a need to consistently define
family history with attention to two specific components: history of which condition(s) and
in whom this history is being measured. Combining estimates of family history from mother,
sister, and/or grandmother averages risk estimates and reduces accuracy of prediction if
these estimates are different. For this average estimate to be accurate for everyone we would
need to assume that the risk of POP associated with having one or more relatives with a
history of POP (mother, sister and/or grandmother) alone or in combination is similar if not
the same. This is an over simplified and unlikely assumption. We present evidence of this in
our sub-group analysis where we find studies explicitly asking about family history of POP
in first- and second-degree relatives showed stronger effect estimates on average than studies
that did not clearly define family history.

Similarly, studies evaluating family history do not consistently assess the type of disease/
condition measured for history. Studies evaluated in this meta-analysis included history of
POP, connective tissue disorders, and hernia, and many do not clearly define the history of
disease being measured. We found studies reporting a broader umbrella for history such as
connective tissue disorders (inclusive of POP) tended to have estimates closer to the null
than studies specifically evaluating history of POP. Studies that simply reported ‘family
history’ without an explicit definition tended to yield the largest meta-analysis association. It
is possible that these studies measured history of POP only. We encourage future studies
evaluating family history of POP based on self-report to collect information on history of a
defined condition explicitly and separately in mother, sister, grandmother, and aunt, and to
report these estimates separately at the very least, and in combination if necessary.
Alternatively, use of genealogic cohorts to conduct well-controlled analytic observational
studies based on internally constructed controls would mitigate concerns regarding recall
bias and also provide opportunity to estimate associations controlled for confounding.

Our review of the literature suggests that a positive family history of POP is associated with
increased risk of having POP and POP recurrence. The accuracy of these estimates is likely
affected by recall bias, publication bias and heterogeneous definitions of family history. If
the primary goal is to use family history as a component in a predictive algorithm for POP
risk or recurrence, future studies should focus on standardized and clear definitions of family
history with external verification.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Title & abstract review (1019)
-Not relevant to POP, not original research,

letters, reviews, rectal prolapse only (609)
-In a foreign language (105).

Full-text keyword review (305)

-Did not report on family history (249)
-No full text available (13)

-Review paper (3)
-Duplicate/overlapping populations (2)
-Fam hist-> POP association not reported/un-calculable (9)
-Outcome is not POP (2)
Eligible for Family Eligible for Family ~Family history too broad (1)
History and POP History and POP -No internal control group; expected history calculated (2)
Risk (18) Recurrence (4) -N < 30 POP cases (2)

Figure 1.
Flow chart summarizing systematic review process

Int Urogynecol J. Author manuscript; available in PMC 2022 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Samimi et al.

a
%
Authors Year ES (95% CI) Weight
McLennan et al. 2008 - 5 1.14 (0.70, 1.86) 6.61
Jelovsek et al. (1) 2018 -+ 1.53 (1.17, 1.99) 8.25
Forsgren et al. 2008 e 1.60 (0.62, 4.13) 3.76
Slieker-ten et al. 2009 Rl 1.67 (1.10, 2.54) 7.15
Braekken et al. 2009 ——0:— 2.20 (0.60, 8.08) 247
Lukanovic et al. 2010 == 2.20(1.16, 4.16) 5.55
Forner et al. 2019 - 221 (1.72, 2.84) 8.32
Rodrigues et al. 2008 [ 2.27 (1.05, 4.93) 4.67
Chiaffarino et al. 1999 —0:— 2.40 (1.01, 5.68) 4.19
Jelovsek et al. (2) 2018 + 2.56 (1.92, 3.40) 8.10
Altman et al. 2005 —— 2.90 (1.33, 6.34) 4.63
Delancey et al. 2007 —:9— 2.94 (1.61, 5.39) 5.78
Miedel et al. 2009 —;0— 3.26 (1.67, 6.36) 5.35
Levin et al. 2012 ol 3.74 (2.16, 6.47) 6.19
Rodriguez-Mias et al 2015 g 3.91 (2.20, 6.95) 5.99
Asresie et al. 2016 -?—0— 4.90 (1.92, 12.50) 3.81
Heetal. 2016 T 5.64 (0.65, 48.62) 1.09
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Figures 2a-h.

Forest plots showing (a) minimum and (b) maximum meta-analysis odds ratios for the

association between family history of POP and POP in participants.
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Figure 3a-b.

Funnel plots of studies included in the (a) minimum and (b) maximum meta-analysis sets for
the association between family history of POP and POP in participants*

*Funnel plots suggest potential for small study bias as demonstrated by asymmetry in the
plots. Statistical evidence for small study bias was also detected for the maximum analysis
sets.
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Figure 4a-c.
Forest plots of sensitivity analyses showing associations between family history of POP and
participant POP status by study design (a), adjustment of confounders (b) and method of
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outcome assessment (c)
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a
%
Authors Year ES (95% ClI) Weight
History of POP
Jelovsek et al. (1) 2018 i 1.53 (1.17, 1.99) 21.69
Slieker-ten et al. 2009 nal 1.67 (1.10, 2.54) 8.56
Lukanovic et al. 2010 —— 2.20 (1.16, 4.16) 3.68
Forner et al. 2019 * 2.21(1.72,2.84) 23.83
Rodrigues et al. 2008 —— 2.27 (1.05, 4.93) 2.49
Chiaffarino et al. 1999 —— 2.40 (1.01, 5.68) 2.02
Jelovsek et al. (2) 2018 -* 2.56 (1.92, 3.40) 18.31
Altman et al. 2005 — 2.90 (1.33, 6.34) 245
DelLancey et al. 2007 - 2.94 (1.61,5.39) 410
Miedel et al. 2009 == 3.26 (1.67, 6.36) 3.36
Levin et al. 2012 - 3.74 (2.16, 6.47) 4.99
Rodriguez-Mias etal 2015 —— 3.91 (2.20, 6.95) 4.52
Subtotal (I-squared = 45.8%, p = 0.042) 0 2.23(1.97,2.52) 100.00
History of Connective Tissue Disorders
McLennan et al. 2008 A 1.40 (1.14,1.71) 81.36
Braekken et al. 2009 - 2.20 (0.60, 8.08) 1.97
Mothes et al. 2016 - 7.28 (4.65, 11.40) 16.66
Subtotal (I-squared = 95.4%, p = 0.000) 0 1.86 (1.55, 2.23) 100.00
History Not Specified
Forsgren et al. 2008 - 1.60 (0.62, 4.13) 41.17
Asresie et al. 2016 — 4.90 (1.92, 12.50) 4222
Heetal. 2016 ] B Sa— 5.64 (0.65, 48.62) 7.98
Wang et al. 2015 —¢—> 21.11 (2.66, 167.73) 8.62
Subtotal (I-squared = 51.5%, p =0.103) < 3.55 (1.93, 6.52) 100.00
T T
.00596 1 168
Decreased odds  Increased odds
b
%
Authors Year ES (95% Cl) Weight
1st or 2nd Degree Relative
Jelovsek et al. (1) 2018 - 1.53 (1.17, 1.99) 32,68
Slieker-ten et al. 2009 el 1.67 (1.10, 2.54) 12.90
Braekken et al. 2009 -1 2.20 (0.60, 8.08) 1.33
Chiaffarino et al. 1999 —— 2.40 (1.01, 5.68) 3.04
Jelovsek et al. (2) 2018 hd 2.56 (1.92, 3.40) 27.59
Altman et al. 2005 — 2.90 (1.33, 6.34) 3.68
Levin et al. 2012 - 3.74 (2.16, 6.47) 7.52
Mothes et al. 2016 - 7.28 (4.65, 11.40) 11.25
Subtotal (I-squared = 82.8%, p = 0.000) 0 2.37 (2.04, 2.75) 100.00
Family History
McLennan et al. 2008 * 1.40 (1.14,1.71) 44.20
Forsgren et al. 2008 o 1.60 (0.62, 4.13) 2.02
Lukanovic et al. 2010 = 2.20 (1.16, 4.16) 4.46
Forner et al. 2019 * 2.21(1.72, 2.84) 28.89
Rodrigues et al. 2008 [~ 2.27 (1.05, 4.93) 3.02
DelLancey et al. 2007 —— 2.94 (1.61, 5.39) 4.97
Miedel et al. 2009 - 3.26 (1.67, 6.36) 4.07
Rodriguez-Mias etal 2015 —— 3.91 (2.20, 6.95) 5.48
Asresie et al. 2016 —_—— 490 (1.92,1250) 2.07
He etal. 2016 - 5.64 (0.65, 48.62) 0.39
Wang et al. 2015 ————> 21.11 (2.66, 167.73) 0.42
Subtotal (I-squared = 67.8%, p = 0.001) 0 1.97 (1.72, 2.25) 100.00

Decreased odds Increased odds

T T
.00596 1 168

Figure 5a-b.

Page 18

Sensitivity analysis of the association between family history of POP and participant POP
status by type of family history that was assessed (a) and in whom (b)
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Samimi et al.

Sensitivity analysis of associations between family history of POP and participant POP status by study design,

Table 3.

adjustment of confounders and method of outcome assessment

Sensitivity Analysis N-estimates’ OR 95% ClI P-value Q-statistic 12
POP assessment type:

Clinical assessment 13 223 (1.93,258) 2.77x10°% 63.39 81.1%

Symptomatic/self-reported 6 205 (1.79,2.36) 2.44x107% 10.99 54.5%
History in whom:

1st/2nd Degree Relatives 8 237 (2.04,2.75) 2.32x107% 40.75 82.8%

Family History 11 1.97 (1.72,2.25) 7.57x10°2 3104  67.8%
History of what:

POP only 12 223 (1.97,252) 1.11x107% 20.28 45.8%

Connective tissue disorder 3 1.86 (1.55,2.32) 2.93x1071 43.26 95.4%

History not specified 4 355 (1.93,6.52) 4.50x1075 6.19 51.5%
Study Design:

Case-control 13 355 (2.89,4.36) 1.35x10733 21.54 44.3%

Cohort or cross-sectional 6 1.82 (1.65,2.05) 1.31x107% 22.81 78.1%
Multivariable adjusted:

Yes 16 210 (1.90,2.33) 3.37x10746 68.41 78.1%

No 3 355 (2.02,6.22) 9.42x1076 3.39 41.0%

*
Represents independent effect estimates from studies; OR = Odds Ratio 95% CI = 95% Confidence interval; 12 = Heterogeneity statistic; ORs are

based on inverse variance fixed effects analyses
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