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Background: The diagnosis of postpartum pelvic organ prolapse (POP) relies on symptoms
combined with pelvic organ prolapse-quantification (POP-Q) and lacks serological indica-
tors. The objective of this study was to assess serum elastin, type I collagen, miRNA-30d,
and miRNA-181a in the early postpartum period to identify hematologic predictors of POP.
Material and Methods: The study included 1013 42- to 60-day-postpartum women who had
delivered at Quanzhou Women's and Children's Hospital from October 1, 2016, to October 31,
2017. This study was performed in accordance with the Declaration of Helsinki. The pregnancy
and childbirth characteristics and pelvic floor function were evaluated. Forty cases with and
without POP were matched, and serum elastin and type I collagen were determined by enzyme-
linked immunosorbent assay (ELISA). Reverse-transcription polymerase chain reaction (RT-
PCR) was used to detect miRNA-30d and miRNA-181a in 15 pairs.

Results: Of the 1013 women recruited, 699 (69.00%) were diagnosed with POP. The mean age
was 29.00 years old, and the mean body mass index (BMI) was 22.6 kg/m?. In the univariate
analysis, age >35 years (OR, 1.449; 95% CI, 0.965, 2.298), postpartum BMI > 24 (OR, 4.402;
95% CI, 2.657, 6.148), neonatal weight >4 kg (OR, 4.832; 95% CI, 1.373, 17.290) and vaginal
delivery (OR, 2.751; 95% CI, 1.855, 4.081) were risk factors for postpartum POP. There were
no significant differences in the concentrations of serum elastin and type I collagen between the
groups (P=0.52; P=0.26). There were significant differences in the concentrations of miRNA-
30d and miRNA-181a between the groups (P=0.004; P=0.003).

Conclusion: miRNA-30d and miRNA-181a tended to be increased in women with POP and
could be potential clinical predictors.
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Introduction
Pelvic organ prolapse (POP) is the downward displacement of pelvic organs that results
in vaginal anterior wall bulging, vaginal posterior wall bulging and uterine prolapse.
POP is the most common complication after childbirth, affecting up to 94% of women,;
the mean prevalence of POP is 19.7% in developing countries.' Approximately 42%
of women over the age of 50 have different degrees of POP.” It has been suggested that
women have an 11% risk of having a single operation due to POP in their lifetime.*
POP seriously affects the health and quality of life of women.” However, few studies
have investigated the incidence and risk factors of postpartum POP.

A POP diagnosis relies on symptoms combined with POP quantification (POP-
Q); however, hand measurements of muscle strength are subjective. Thus, an
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objective serological index is urgently needed. Pelvic floor
muscles, pelvic ligaments, endopelvic fascia, the fibromus-
cular wall of the vagina and the pelvic bone support the
pelvic organs and protect them from prolapse.® Type
I collagen and elastin are the two most important compo-
nents in the pelvic floor supporting ligament and fascia
(type I collagen accounts for 80-99% of total collagen).
Decreased collagen content, altered ratios of collagen
types and altered morphologic collagen features in the
supportive tissue of the pelvic floor among women with
POP have been documented.” Homeobox A1l (HOXAI11)
plays an important role in the development and mainte-
nance of uterine ligaments by regulating collagen metabo-
lism. Damage or abnormal and elastin
metabolism can lead to POP.*'°

Studies have shown that mature miRNAs degrade or

collagen

repress target mRNA translation, with an apparent regula-
tory effect.'""'? There is increasing evidence that abnor-
mally expressed miRNAs may promote the development
of POP by regulating the expression of HOXAI11."
Microarray analysis showed that the expression of
microRNA-30d and microRNA-181a were negatively cor-
related with HOXA11 expression, and microRNA-30d and
microRNA-181a in uterine ligaments were over-expressed
in patients with POP."* Various basic studies have shown
a correlation between POP and collagen, elastin and
genetic material in tissue specimens, but few studies
have investigated correlations in blood specimens.

POP results in a significant economic burden to women
and healthcare systems. How to detect and prevent the
occurrence and development of POP in the early stage
and delay the progression of disease is particularly impor-
tant. The objective of this study was to assess the risk
factors involved in POP in the early postpartum period and
investigate the potential role of serum elastin, type
I collagen, miRNA-30d and miRNA-181a in the early
postpartum period to identify clinical hematologic predic-
tors of POP.

Materials and Methods

Study Population and Procedures

The study group included 42- to 60-day-postpartum
women who underwent postpartum examination at
Quanzhou Women's and Children's Hospital from
October 1st, 2016, to October 31st, 2017 (Figure 1). All
women provided informed consent for participation. The
ethics committee of this hospital approved the study

protocol. The inclusion criteria were as follows: (1)
women with clean lochia at 42-60 days after delivery;
and (2) women with no serious pregnancy complications.
The exclusion criteria were as follows: (1) women with
identified POP before pregnancy; (2) women with stress
urinary incontinence (SUI) before pregnancy; (3) women
who underwent previous pelvic floor function rehabilita-
tion; (4) women with a history of pelvic surgery; and (5)
women with severe urinary tract infection or tumor.

Data regarding maternal age, height, weight, past his-
tory (including constipation, chronic cough, history of
pelvic surgery or pelvic floor rehabilitation, etc.), prepreg-
nancy POP status, pregnancy and postpartum SUI, number
of pregnancies and births, mode of delivery, neonatal
weight, time of first and second stage of labor, history of
vaginal midwifery and perineal injury were collected.

Pelvic organ support was assessed by the POP-Q sys-
tem at 42—-60 days postpartum. The examination was per-
formed with the women in the lithotomy position exerting
maximum strain. Each distance was measured using
a wooden spatula marked at 0.5-cm intervals. The POP-
Q stage was established on the basis of the most prolapsed
compartment, and the proportion of women with each
POP-Q stage was calculated. Stage I was defined as pro-
truding within 1 cm above the level of the hymen; stage 11
was defined as protruding within 1 cm proximal or distal
to the plane of the hymen; stage III was defined as pro-
truding more than 1 cm below the plane of the hymen with
the vaginal length less than 2 cm; and stage IV was
defined as the total protrusion of the uterus. POP-Q
stages -1V were recognized as POP. All the women who
participated were fully informed about the study before
enrollment and gave their consent. This study was per-
formed in accordance with the Declaration of Helsinki.
The study was approved by the Ethics Committee of
Fujian Provincial Maternity and Children’s Hospital,
Affiliated Hospital of Fujian Medical University, and all
patients provided written informed consent.

Measurement of Serum Elastin and Type |
Collagen

Three milliliters of whole blood samples were collected in
biochemical tubes from participants. The samples were
centrifuged at 1000xg for 20 minutes, and the supernatant
was taken and stored it at —80°C. The total protein content
was measured with the Lowry method. Serum elastin and
type 1 collagen concentrations were measured using
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42-60 days postpartum females
for postpartum examination
Oct 2016 - Oct 2017(n=1013)

According to
POP-Q

POP patients
(n=699)

non-POP patients

(n=314)

Age and BMI matched
with POP group

experimental group to
test elastin and type I
collagen(n=40)

Control Group to test
elastin and type

1(n=40)

experimental group to
test miR-30d and
miR-181a (n=15)

Control Group to test
miR-30d and miR-
181a (n=15)

Figure | Flow chart of the patients included.

commercially available human-specific enzyme-linked
immunosorbent assay (ELISA) (Elastin: Connetics Corp,
Wuhan, China, SEB337Hu-96; Type 1 collagen: Connetics
Corp, Wuhan, SEA571Hu-96T) kits according to the man-
ufacturer’s protocol. Elastin standard curve, ranging from
0.25 to 2.5 ng/mL, type 1 collagen standard curve, ranging
from 500 to 1500 pg/mL (supplement data).

Measurement of miRNA-30d and
miRNA-181a

Total RNA was extracted by TRIzol reagent (Invitrogen).
Add ImL QIAzol lysate, 200uL chloroform (Sangon,
Shanghai, China) to serum, and mix by inversion for 15s.
Centrifuge at 12,000 x g for 15 minutes at 4°C. Add
700uL Buffer RWT (Sangon, Shanghai, China) and
500uL Buffer RPE (Sangon, Shanghai, China). Pipette
the upper transparent liquid into a new tube, add 80%
ethanol (Tiangen, Beijing, China) to the spin column,
and centrifuge at 8000 x g for 2 minutes. Add 14pL of
nucleic acid-free water and store it at —80°C. One micro-
gram of DNase I-treated RNA samples was reverse tran-
scribed to cDNA using a reverse transcription kit (Qiagen,
Germany). The PCR primer sets were as follows: miRNA-

30d:3'-GAAGGUCAGCCCCUACAAAUGU-5"; miRNA-
181a:3'-UGAGUGGCUGU CGCAACUUACAA-5"; and
B-actin sense 5'- CGT ACC ACT GGC ATC TGA T-3'.
The reaction mixtures were preincubated at 95°C for 5
sec., followed by 40 cycles of denaturation at 95°C for 5
sec, annealing at 60°C for 34 sec. extension and at 95°C
for 15 sec.; and final extension at 60°C for 1 min. and
95°C for 15 sec. The quantification of miRNAs was car-
ried out using TagMan miRNA assays (Qiagen, Germany)
according to the manufacturer’s protocol. The samples
were analyzed with a Roche LC 480 PCR system
(Roche, Switzerland). All PCRs were performed in tripli-
cate, and the specificity of each reaction was determined
by melting curve analysis at the dissociation stage. The
threshold cycle (Ct) method was used for quantification.
Relative quantification of the genes was performed by

using the 2724“T method.

Statistical Analysis of the Data

All statistical analyses were performed using SPSS v 20.0.
Statistical significance was set at P=0.05. Pearson’s chi-
squared test was used to compare obstetrical categorical
variables between groups, while Student’s #-test or the
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rank-sum test were used to compare the investigated mar-
kers. Logistic regression analysis was performed to clarify
the impacts of the investigated markers on the prediction
of POP.

Results

Demographic Characteristics

Patients were recruited from October 1, 2016, to
October 31, 2017, and basic information about pregnancy
and childbirth was collected. Of the 1013 recruited
women, 699 (69%) were diagnosed with POP (Figure 1).
The mean age was 29.69 (4.55) years, and the mean body
mass index (BMI) was 23.19 (3.02) kg/m?. Table 1 shows

the main characteristics of the 1013 included patients.

Obstetrical Characteristics Between the

POP and Non-POP Groups

Tables 1 and 2 show older age (age >35 years) (OR, 1.449;
95% CI, 0.965, 2.298) and postpartum overweight (post-
partum BMI > 24) (OR, 4.402; 95% CI, 2.657, 6.148)
were risk factors for postpartum POP. Normal pelvic
floor muscle strength (pelvic floor muscle strength >3)
was a protective factor for postpartum POP (OR, 0.051;
95% CI, 0.034, 0.076). Urinary incontinence (OR, 1.920;
95% CI, 1.248, 2.953), neonatal weight >4 kg (OR, 4.832;
95% CI, 1.373, 17.290) and vaginal delivery (OR, 2.751;
95% CI, 1.855, 4.081) were risk factor for postpar-
tum POP.

Comparisons of the Investigated Markers
Between the POP and Non-POP Groups

The range of elastin in the non-POP group was 2.28ng/mL
to 2.88ng/mL, while that in the POP group was 2.35ng/mL
to 2.28ng/mL. Nevertheless, the difference was not sig-
nificant (P>0.05) (Table 3) (Figure 2).

The range of type I collagen in the non-POP group was
232.00 pg/mL to 599.68 pg/mL, while that in the POP
group was 163.41 pg/mL to 756.40 pg/mL. According to
the rank-sum test, the median (interquartile range) of type
I collagen in the non-POP group was 350.28 (300.21,
400.20) pg/mL, and the median (interquartile range) of
type I collagen in the POP group was 352.85 (290.24,
375.13) pg/mL. The difference was not statistically sig-
nificant (P>0.05) (Figure 3).

The serum miRNA-30d levels between the groups
showed significant differences (P = 0.004), with miRNA-

Table | Characteristics of Study Population

POP Group | Non-POP P
(N=699) Group (N=314)

Age (years)
<35 604(86.40%) 284(90.40%) 0.042*
235 95(13.60%) 30(9.60%)

Constipation
yes 60((8.6%) 9(2.9%) <0.001*
no 639(91.4%) 305(97.1%)

Chronic cough
yes 15(2.2%) 3(0.9%) 0.184
no 684(97.8%) 311(99.1%)

Pregnancy
<2 215(30.80%) 146(46.50%) <0.001*
>2 484(69.20%) 168(53.50%)

Number of deliveries
<2 320(45.80%) 197(62.70%) <0.001*
>2 379(54.20%) 117(37.30%)

Delivery route
Vaginal 574(82.10%) 188(59.90%) <0.001*
Cesarean section 114(16.30%) 117(37.30%)
Vaginal delivery to 11(1.60%) 9(2.90%)
cesarean section

Episiotomy
yes 87(12.4%) 21(6.7%) 0.006*
no 612(87.6%) 293(93.3%)

Perineal tear
yes 413(59.1%) 79(25.2%) <0.001*
no 286(40.9%) 235(74.8%)

Birthweight (kg)
<4.0 665(95.10%) 310(98.07%) 0.003*
240 34(4.90%) 4(1.3%)

Postnatal BMI (kg/m?)
<24 425(60.80%) 251(79.90%) <0.001*
224 274(39.20%) 63(20.10%)

Pelvic floor muscle

strength
<3 645(92.30%) 130(41.40%) <0.001*
23 54(7.7%) 184(58.60%)

Second stage of labor
<30min 134(54.92%) 81(67.50%) 0.006*
31-60min 78(31.97%) 35(29.17%)
>60min 32(13.11%) 4(3.33%)

Postpartum SUI
yes 196(28.04%) 52(16.40%) <0.001*
no 503(71.95%) 262(83.60%)

Notes: Results are presented as number (percent) using chi-square or Student’s
t-test.*Statistically significant difference with p < 0.05
Abbreviations: POP, pelvic organ prolapse; BMI, body mass index.
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Table 2 Logistic Regression Analysis of Association Between
Possible Risk Factors and Anatomic Pelvic Organ Prolapse
(aPOP) at 6 Weeks Postpartum

OR 95% CI P
Age (years) 1.489 | 0.965 | 2.298 0.015%
Pregnancy 1.956 | 1.488 | 2.573 <0.001*
Constipation 1.572 | 1.370 | 1.984 0.018%*
Number of deliveries 1.994 | 1.518 | 2.620 <0.001*
Delivery route 2.751 1.855 | 4.081 <0.001*
Birthweight (kg) 4832 | 1.373 | 17.290 | 0.014%*
Postnatal BMI (kg/m?) 4402 | 2.657 | 6.148 <0.001*
Pelvic floor muscle strength | 0.051 0.034 | 0.076 <0.001*
SuUl 1.920 | 1.248 | 2.953 0.003*

Note: *Statistically significant difference with p < 0.05
Abbreviations: BMI, body mass index; SUI, stress urinary incontinence; OR, odds
ratio; Cl, confidence interval.

Table 3 Comparison of Elastin, Type | Collagen, miRNA-30d and
miRNA-[81a Expression Between POP and No POP Group at 6
Weeks Postpartum

Variables POP Group No POP Group t'Z p
X+S/Median X+S/Median
(Interquartile (Interquartile
Range) Range)
Elastin (ng/mL) 2.63+0.09 2.60x0.11 1.28 0.26
type | collagen 352.85 350.28 (300.21, -0.65 | 051
(pg/mL) (290.24, 375.13) | 400.20)
miR-30d (pg/mL) | 3.63 (2.71, 5.18) | 2.05 (1.80, 3.33) —-2.88 | 0.004*
miR-181a (pg/mL) | 3.36 (2.62, 4.80) | 2.08 (2.00, 2.93) —2.96 | 0.003*

Notes: Quantitative

data are mean *

SD or median (25th; 75th percentile);

Student’s t-test or F-test was used according variable distribution. *Statistically
significant difference with p < 0.05
Abbreviation: POP, pelvic organ prolapse.

30d tending to be higher in the POP group (2.05
(1.80,3.33)) pg/mL than in the non-POP group (3.63
(2.71, 5.18)) pg/mL. Serum miRNA-181a levels were
increased in the POP (3.36 (2.62, 4.80)) pg/mL group
compared with those in the non-POP group (2.08 (2.00,
2.93)) pg/mL. Significant differences in the serum
miRNA-30d and miRNA-181a levels between the groups
were noted (P = 0.003).

Discussion

POP is the most common complication of childbirth and
can seriously affect the health and quality of life of
women. The results of this study showed that the incidence
of POP was 69.0%; the prevalence of anterior wall pro-
lapse was 63.9% (highest), of posterior wall prolapse was
28.7%, of uterine prolapse was 26.6%, and of POP com-
bined SUI was 28.0%. Related reports showed that the

incidence of POP in developing countries was approxi-
mately 3.4%-56.7%,">"'7 and the incidence increased to
33%-79% from 6 weeks to 1 year after delivery.'® The
prevalence in this study was higher than the rates reported
in the literature. One possible reason is that other studies
assessing POP post-delivery at 3—6 months post-delivery.
In China, the postpartum follow-up time is in 42—60 days.
Postpartum POP could be self-improvement over time.
Another reason is that in China, a postpartum physical
examination is not included in the medical insurance pol-
icy, so women without symptoms generally do not visit
hospitals, leading to an increasing proportion of women
with POP. According to the three zones anatomical theory,
the pelvic floor structure is divided into 3 compartments,
anterior compartment, middle compartment, and posterior
compartment. In 1990, Petros proposed Integral Theory,
that is, different chambers and different vaginal support
axes together constitute an anatomical and functional
whole. The anterior vaginal wall belongs to the anterior
pelvic cavity, which is closely related to the urethra and
bladder. Therefore, POP is often associated with SUI. The
posterior pelvic organs are fixed by the posterior levator
ani muscle plate and bilateral puborectalis muscles. The
posterior pelvic organs have less activity than the anterior
and middle pelvis, and the risk of pregnancy and childbirth
injury is decreased. In summary, the incidence of vaginal
posterior wall bulging is decreased. Although pregnancy
and childbirth are natural physiological processes, some
postpartum injuries can be actively healed. However, some
injuries are gradually aggravated with age and lifestyle
changes, which may affect the quality of life.

The present study indicated that age, postpartum BMI,
neonatal weight, and vaginal delivery were independently
associated with an increased risk of POP after vaginal
birth. Vaginal delivery and high neonatal weight involve
excessive stretching of the muscles during vaginal birth to
allow the passage of the newborn. Vaginal delivery also
involves the fetal head descending rapidly through the
birth canal, and spontaneous vaginal delivery does not
allow time for the normal accommodation of the muscles.
The pelvic floor structure and tissue relaxation can lead to
avulsion of the pelvic floor neuromuscular junction, which
can disrupt pelvic floor function and thus lead to postpar-
tum POP and SUIL. These mechanisms may lead to an
increase in injury and could explain why both factors are
associated with POP after delivery.

Pelvic floor muscle injury caused by vaginal delivery
mainly occurs in the second stage of labor.'” The pelvic
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floor muscles and surrounding soft tissues are exposed
during the whole process. Continuous mechanical com-
pression and expansion and connective tissue fractures
may occur in severe cases.”’ Cesarean section can avoid
injuries associated with vaginal delivery, especially those
caused by midwifery instruments and perineal incision,
which can result in irreversible damage to the pelvic
floor support tissue. Selective cesarean section can prevent
the loss of certain pelvic floor functions, but cesarean
this
effect.?'?? The two different modes of delivery have

section after trial production does not have
effects on pelvic floor muscle strength. The effect of

vaginal delivery on pelvic floor muscle strength is greater

than that of selective cesarean section, but cesarean section
does not reduce the risk of SUI. Although the results of
this study indicated that cesarean section was a protective
factor for POP, the results of the study were limited to the
analysis of the incidence of POP in 42- to 60-day-
postpartum women. Vaginal delivery may mask other fac-
tors’ effects on POP occurrence; thus, it is not possible to
recommend cesarean section to reduce the occurrence of
POP.”

Decreased collagen content, altered ratios of collagen
types and altered morphologic collagen features in the
supportive tissue of the pelvic floor among women with
POP have also been documented. In summary, collagen
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amounts, elastin amounts, structural characteristics, meta-
bolic abnormalities, etc., can lead to POP, but the experi-
mental materials in previous studies included tissue
specimens to study collagen or elastin in the lesion®*
Serum relaxin and pelvic floor function are the most clo-
sely related factors.'® Type I collagen has a relatively large
diameter and a high antitension effect. Type III collagen
has a fine diameter and is related to elasticity.”> The lack
of studies on the use of blood specimens may be related to
the distribution of collagen and elastin in the blood. Serum
samples were used in this study. The results showed that
there was no significant difference in the serum elastin and
type I collagen concentrations between the case group and
the control group. The reason may be that the distribution
level and metabolism of these two proteins in blood and
tissues are inconsistent. Another reason may be that the
endocrine level changed postpartum. Therefore, it is
necessary to expand the sample size, eliminate interfering
factors and increase the time of detection (eg, 3 months, 6
months, and 12 months after delivery) for dynamic obser-
vation to clearly understand postpartum changes and pro-
vide new methods for predicting pelvic dysfunction.

The levels of miRNA-30d and miRNA-181a in the
case group were higher than those in the control group,
consistent with the results of Myung Jae, Jeon et al
miRNAs are a class of endogenous noncoding RNAs that
are approximately 20-25 nucleotides in length. They are
immediately encapsulated by proteins and are not easily
degraded by RNase. They can be consistently present in
body fluids, such as blood and urine, so they are easily
removed from fresh tissue. They are ideal biomarkers in
paraffin-embedded tissues and serum samples. The target
of the miRNA-30 family is connective tissue growth factor
(a powerful inducer of extracellular matrix synthesis).”
Therefore, excessive levels of miRNA-30d may inhibit
the expression of connective tissue growth factor and
HOXAT1l. Limiting the synthesis of collagen, which
affects the homeostasis of collagen in uterosacral liga-
ments (USLs), promotes the occurrence of POP.’ In addi-
tion, miRNA-30d and 181a are known to play important
roles in apoptosis, and miRNA-30d acts as a proapoptotic
inducer.'® miRNA-181a directly inhibits B-cell lym-
phoma-2 (a type of mitochondria) interaction with antia-
poptotic proteins,?® thereby promoting apoptosis. Studies
have shown that increased mitochondrial apoptosis and
decreased expression of B-cell lymphoma-2 have been
reported in pelvic support tissues in POP patients.'>'
Therefore, the detection of levels of these two miRNAs

in the early postpartum period may be beneficial to prevent
or promptly intervene in POP progression in women.
Reducing the treatment of miRNA-30d and 181a may be
beneficial to prevent or restore the reduction in collagen in
the USLs."

In conclusion, this study provides preliminary evidence
of an association between POP and the following obstetric
factors: serum elastin, type I collagen, miRNA-30d, and
miRNA-181a. The detection of risk factors during preg-
nancy and the detection of miRNA levels may help estab-
lish a prediction model for postpartum POP, providing
a theoretical basis for early prevention and treatment of
POP. Women should avoid the above-mentioned risk fac-
tors during the perinatal period, and postpartum pelvic
floor screening should prolong for follow-up, such as
reassessment after 3 or 6 months to follow up the dynamic
changes, and commit to maternal health. Further studies
are required to investigate the significance of this finding
and improve the prognosis of symptomatic prolapse later
in life in women with support defects in the postpartum
period.
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