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Abstract

BACKGROUND

The prevalence of pelvic organ prolapse (POP) increases with age and parity.
Specifically, the prevalence of POP among women aged 20 to 39 is 9.7%, while it
rises to 49% among women over 80 years old. Additionally, as the number of
deliveries increases, the prevalence of POP also rises accordingly, with a rate of
12.8% for women with one delivery history, 18.7% for those with two deliveries,
and 24.6% for women with three or more deliveries. It causes immense suffering
for pregnant women.

AIM

To evaluate the relationship between the levator ani muscle’s hiatus (LH) area and
POP in patients with gestational diabetes mellitus (GDM) using perineal ultra-
sound.

METHODS

The study cohort comprised 104 patients aged 29.8 + 3.7 years who sought
medical care at our institution between January 2021 and June 2023. All were
singleton pregnancies consisting of 75 primiparas and 29 multiparas, with an
average parity of 1.7 £ 0.5. According to the POP diagnostic criteria, the 104
subjects were divided into two groups with 52 members each: POP group
(patients with GDM combined with POP) and non-POP group (patients with
GDM without POP). Perineal ultrasound was used to measure differences in the
anteroposterior diameter, transverse diameter, and LH area. Receiver operating
characteristic curves were drawn to determine the optimal cutoff values for the
LH anteroposterior diameter, transverse diameter, and area for diagnosing POP.
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RESULTS

Statistically significant increase in the LH area, anteroposterior diameter, and lateral diameter were observed in the
POP group compared with the non-POP group (P < 0.05). Both groups exhibited markedly elevated incidence rates
of macrosomia and stress urinary incontinence. For the POP group, the area under the curve (AUC) for the LH area
was 0.906 with a 95% confidence interval (CI): 0.824-0.988. The optimal cutoff was 13.54cm?, demonstrating a
sensitivity of 83.2% and a specificity of 64.4%. The AUC for the anteroposterior diameter reached 0.836 with a
95%ClI: 0.729-0.943. The optimal cutoff was 5.53 cm with a sensitivity of 64.2% and a specificity of 73.4%. For the
lateral diameter, its AUC was 0.568 with a 95%ClI: 0.407-0.729. The optimal cutoff was 4.67 cm, displaying a
sensitivity of 65.9% and a specificity of 69.3%. Logistic regression analysis unveiled that age, body weight, number
of childbirths, total number of pregnancies, and gestational weight gain constituted the independent risk factors for
the cooccurrence of GDM and POP.

CONCLUSION

Three-dimensional perineal ultrasonography of LH size and shape changes can effectively diagnose POP. Age,
weight, number of births, number of pregnancies, and weight gain during pregnancy are independent risk factors
affecting the cooccurrence of GDM and POP. GDM can increase the LH area in patients, and an enlarged LH leads
to an increased incidence of POP.

Key Words: Ultrasound; Levator ani muscle hiatus; Gestational diabetes mellitus; Pelvic organ prolapse
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Core Tip: This study aimed to evaluate the relationship between the levator ani muscle’s hiatus (LH) area and pelvic organ
prolapse (POP) in patients with gestational diabetes mellitus using perineal ultrasound. Conclusion: Three-dimensional
perineal ultrasonography of LH size and shape changes can effectively diagnose POP.
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INTRODUCTION

The levator ani muscle is the most robust layer of the female pelvic floor and plays the most important supportive role
[1]. Each side of the levator ani muscle is composed of three parts: Pubococcygeus, iliococcygeus, and ischiococcygeus.
The fibers of the pubococcygeus on both sides extend posteriorly, downward, and inward to form an elliptical gap known
as the “levator ani muscle’s hiatus” (LH). The LH is the herniation pathway for organ prolapse, with the urethra, vagina,
and rectum sequentially passing through it from front to back. To a certain extent, the size of the LH can reflect the
support provided by the pelvic floor structure to the pelvic organs[2,3].

Gestational diabetes mellitus (GDM) is a disease unique to female pregnancy and its incidence shows an annually
increasing trend[4,5]. GDM increases the incidence of complications in mothers and fetuses and the risk of pelvic floor
functional disorders in patients. It is one of the high-risk factors affecting female pelvic floor function[6,7]. Inadequate
glycemic control escalates the likelihood of substantial weight gain among expectant mothers and the probability of
giving birth to infants with a birth weight above average for their gestational age, thereby imposing pronounced stress on
the integrity of the pelvic floor structure. Furthermore, suboptimal glycemic management may result in significant
diminishments in the levator ani muscle's thickness, constrictions in ligamentous width, and a diminution in collagen
concentration within both the pelvic floor and the rectus abdominis muscular fibers, resulting in varying degrees of
muscle weakness[8,9]. The incidence of pelvic organ prolapse (POP) is steadily rising, making it a significant health
burden for women worldwide[10]. In patients with POP, the pelvic support structures are damaged and their supporting
strength is weakened, leading to the displacement of the uterus, bladder, vagina, and surrounding tissues from their
normal anatomical positions and causing damage to the functional state of these pelvic organs. This condition poses a
considerable threat to the female reproductive system and affects the patients” psychological health and quality of life. In
this study, a comparative analysis was conducted to investigate the correlation between the LH area and POP in
individuals diagnosed with GDM. By utilizing transperineal ultrasound as the primary diagnostic tool, 52 patients with
GDM and concurrent POP were compared with another group of 52 patients diagnosed with GDM but without POP. The
findings are presented below.
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MATERIALS AND METHODS

General information

This study was approved by the Ethics Committee of People's Hospital Affiliated to Shandong First Medical University,
who agreed to waive the informed consent. A total of 104 patients who sought medical care at our institution between
January 2021 and June 2023 were meticulously chosen as the study cohort. Their ages spanned 21-42 years with a mean
age of 29.8 £ 3.7 years. All the participants experienced singleton pregnancies. Among them, 75 were primiparous and 29
had previously given birth, resulting in an average parity of 1.7 + 0.5. According to the diagnostic criteria for POP, the
participants were categorically divided into two distinct groups with 52 individuals each: POP group and non-POP
group. The inclusion criteria were as follows: (1) Met the diagnostic criteria for GDM; (2) Met the diagnostic criteria for
POP according to “Practical Pelvic Floor Ultrasonography”; (3) No history of POP before pregnancy; (4) No history of
chronic cough or urinary incontinence before pregnancy; and (5) Was informed and voluntarily joined the study. An oral
glucose tolerance test was conducted between 23 and 25 weeks of pregnancy and involved the intake of 250-300 mL of
sugar water containing 75 g of glucose powder. The normal blood glucose levels at fasting and 1 and 2 hours post
consumption were < 5.1, 10.0, and 8.5 mmol/L, respectively. A diagnosis of GDM was made if any blood glucose value
reached or exceeded these standards. The exclusion criteria were as follows: (1) Not meeting the diagnostic criteria for
GDM; (2) Preexisting diabetes before pregnancy; and (3) History of chronic cough or urinary incontinence before
pregnancy. No statistically significant distinctions in the demographic characteristics were found between the two
cohorts of patients (P > 0.05), affirming their comparability. For detailed data, please refer to Tables 1 and 2.

Methods

Detection method: Following enrollment into the study, the patients in the POP group underwent POP Quantification
(POP-Q) staging[11]. All patients were subjected to fasting ultrasonography. The GE Voluson E8 color Doppler
ultrasound diagnostic system with a RAB4-8-D three-dimensional (3D) volume probe was utilized at a frequency of 2-8
MHz. Prior to the examination, the patients were instructed to empty their rectum and bladder (with appropriate bladder
filling, residual urine < 50 mL) and then assisted into the lithotomy position. A disposable condom was used to cover the
probe, which was then placed at the perineum for two-dimensional ultrasound imaging. This imaging captured the mid-
sagittal plane of the patient’s pelvic floor, measuring the position and movement of pelvic organs, checking for funnel
formation at the internal urethral orifice, and assessing the openness of the posterior angle of the bladder and urethra.
Afterward, the 3D imaging acquisition mode was activated to capture standard 3D volume images for the LH. After
image collection, a four-dimensional volume offline analysis software was used for postprocessing and data analysis. All
ultrasound examinations were conducted by the same physician with extensive clinical experience in the relevant
department.

Observational indicators: The anteroposterior and transverse dimensions of the LH in the patients were quantified by
utilizing the two-point distance method, and the LH area was determined by employing the area tracing method.

POP assessment: According to the POP-Q staging criteria[12], prolapse was categorized into stage 0, I-II (mild prolapse),
and III-IV (severe prolapse). The stage of prolapse for each parturient was recorded based on the organ with the
maximum prolapse.

Statistical analysis

All data were subjected to rigorous statistical analysis using SPSS software version 26.0. Quantitative data were presented
as mean * SD. Prior to intergroup comparisons, assessments for normality and homogeneity of variances were executed.
For group comparisons, independent samples t-tests were employed, and statistical significance was denoted by P < 0.05.
Receiver operating characteristic (ROC) curves were meticulously constructed to delineate the incidence rates of POP
within both cohorts and scrutinize its correlation with the anteroposterior and lateral dimensions of the LH. The area
under the curve (AUC) was also computed to quantify these associations.

RESULTS

Comparison was performed between the two study groups. The following notable findings were observed in the POP
group: 47 cases of stress urinary incontinence, 36 cases of bladder prolapse, 12 cases of uterine prolapse, 4 cases of rectal
prolapse, 23 cases of macrosomia, and 35 cases of diminished pelvic floor muscle strength. Meanwhile, the non-POP
group exhibited 45 instances of stress urinary incontinence, 27 cases of macrosomia, and 35 cases of reduced pelvic floor
muscle strength. The LH area, anteroposterior diameter, and lateral diameter in the POP group were significantly
enlarged compared with those in the non-POP group (P < 0.05). In particular, the AUC for the LH area within the POP
group was 0.906 with a 95%CI: 0.824-0.988. The optimal cutoff was 13.54 cm?, showcasing a sensitivity of 83.2% and a
specificity of 64.4%. The AUC for the anteroposterior diameter of the LH reached 0.836 with a 95%CI: 0.729-0.943. The
optimal cutoff was 5.53 cm, displaying a sensitivity of 64.2% and a specificity of 73.4%. For the lateral diameter of the LH,
the AUC was 0.568 with a 95%CI: 0.407-0.729. The optimal cutoff was at 4.67 cm, exhibiting a sensitivity of 65.9% and a
specificity of 69.3%. During examinations, attention should be paid to discerning the occurrence of POP. Logistic
regression analysis indicated that age, weight, number of births, number of pregnancies, and weight gain during
pregnancy are independent risk factors for the cooccurrence of GDM and POP. The incidence rates of macrosomia and
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Table 1 Comparison of general information between the two groups of patients (mean * SD)

Height Age Weight  Primiparas Multiparas Pregnant once Pregnant 2 2 Weight gain during

Grou .

P (cm) (years) (kg) (cases) (cases) (cases) times (cases) pregnancy (kg)
POPgroup (n 16374+ 2828+ 5988+ 39 13 35 17 20.05 +2.78
=52) 6.11 3.15 8.41
Non-POP 16539+ 2836+ 5844t 36 16 37 15 19.98 +2.59
group (n=>52) 6.53 2.64 9.59

In the comparison of two groups, P > 0.05. POP: Pelvic organ prolapse.

Table 2 Comparison of levator ani muscle’s hiatus area, anteroposterior diameter, and lateral diameter between two groups of pelvic

organ prolapse patients, mean £ SD

Group Number LH area (cm?) LH anteroposterior diameter (cm) LH lateral diameter (cm)
POP group 52 14.94 £1.58 6.69 £0.72 418+0.56
Non-POP group 52 13.65 £ 0.97 5.15+0.45 4.04+0.17

LH: Levator ani muscle’s hiatus; POP: Pelvic organ prolapse.

stress urinary incontinence were relatively high in both groups, indicating that GDM can increase the LH area. An
enlarged LH increases the incidence of POP and the risk of pelvic organ dysfunction and fetal complications.

Sonographic characteristics of LH

In the non-POP group, the LH appeared diamond-shaped with a compact and orderly internal structure. In the POP
group, the LH morphology was primarily diamond shape, “V”-shape, or “U”-shape with a loosely arranged and
disordered internal structure. The anteroposterior diameter, transverse diameter, and area of the LH in the POP group
were significantly larger than those in the control group.

Area and anteroposterior and lateral diameters of LH

The LH in the POP group had an area of 14.94 + 1.58 cm?, anteroposterior diameter of 6.69 + 0.72 cm, and lateral diameter
of 4.18 £ 0.56 cm, all of which were significantly greater than those in the non-POP group (13.65 + 0.97, 5.15 + 0.45, and
4.04 £ 0.17 cm, respectively; P < 0.05) as indicated in Table 2.

POP-Q staging
Among the 52 patients in the POP group, 35 (34.61%) were in POP-Q stage I, 8 (15.38%) in stage II, 7 (13.46%) in stage 111,

and 2 (3.84%) in stage IV. The LH area, anteroposterior diameter, and lateral diameter for each stage are presented in
Table 3.

Incidence of macrosomia and stress urinary incontinence in both groups

In the POP group of 52 patients, 23 (44.23%) had macrosomia and 47 (90.38%) showed stress urinary incontinence. In the
non-POP group of 52 patients, 27 (52.93%) had macrosomia and 45 (86.54%) showed stress urinary incontinence.
However, the disparity was not significant (P > 0.05) as illustrated in Table 4.

ROC curves for LH area and anteroposterior and lateral diameters

In the POP group, the LH area yielded an AUC of 0.906 with a 95%CI: 0.824-0.988. The optimal cutoff was 13.54 cm?, with
an associated sensitivity of 83.2% and specificity of 64.4%. For the anteroposterior diameter of the LH in the same group,
the AUC was 0.836 with a 95%CI: 0.729-0.943. The optimal cutoff was 5.53 cm, demonstrating a sensitivity of 64.2% and a
specificity of 73.4%. For the lateral diameter of the LH within the POP group, the AUC was 0.568 with a 95%CI: 0.407-
0.729. The optimal cutoff was 4.67 cm, with a sensitivity of 65.9% and a specificity of 69.3%. These significant findings are
visually represented in Figure 1.

Analysis of risk factors for GDM
Logistic regression analysis revealed that age, weight, number of births, number of pregnancies, and weight gain during
pregnancy are independent risk factors influencing the cooccurrence of GDM and POP as shown in Table 5.
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Table 3 Pelvic organ prolapse quantification staging, anteroposterior diameter, and lateral diameter, mean * SD

POP-Q stage Number LH area (cm?) LH anteroposterior diameter (cm) LH lateral diameter (cm)
I 35 14.58 + 0.54 5.86 +0.41 3.57 055

11 8 15.73 £ 0.50 6.86 £ 0.62 4284023

11 7 16.23 +0.29 7.23+0.18 4.75+011

v 0 0 0 0

LH: Levator ani muscle’s hiatus; POP-Q: Pelvic organ prolapse quantification.

Table 4 Incidence of macrosomia and stress urinary incontinence in two groups of pelvic organ prolapse patients, n (%)

Group Number Macrosomia Stress urinary incontinence Pelvic floor muscle weakness
POP group 52 23 (44.23) 47 (90.38) 35 (67.31)
Non-POP Group 52 27 (52.93) 45 (86.54) 26 (50.00)

Comparison between the two groups, P > 0.05. POP: Pelvic organ prolapse.

Table 5 Multifactorial logistic regression analysis

Factor B SE Wald statistic 95%Cl
Age 3.005 0.570 4.698 1.542-14.399
Weight 2.819 0.799 6.112 1.778-40.774
Parity (number of births) 1.052 0.501 3.301 1.737-4.721
Gravidity (number of pregnancies) 2.318 0.452 3.686 2.467-3.741
Gestational weight gain 1.401 0.672 3.500 3.418-3.895
ROC curve
— Area
— Anteroposterior
— Transverse
Reference line
06 | #
= /
"é // ;
&
0.4 y
/ /
0.2 i
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-specificity

Figure 1 Levator ani muscle’s hiatus area, anteroposterior diameter, and lateral diameter in the pelvic organ prolapse group. ROC: Receiver
operating characteristic.
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DISCUSSION

GDM is a distinct condition among pregnant women, occurring exclusively during pregnancy. Its incidence has gradually
increased in recent years. According to literature, the incidence of GDM in the Asian population is approximately 11.5%
[13]. Poor glycemic control during pregnancy heightens the risk of complications for the mother and fetus and the
likelihood of macrosomia. The majority of women with GDM experience weight gain. Gomes et al[14] showed that
maternal overweight or obesity can lead to an increased risk of the same condition in children. Skrypnik et al[15] argued
that persistent hyperglycemia in utero raises the risk of macrosomia, resulting in severe strain on the maternal pelvic
floor. Pinheiro et al[16] found that women with GDM experience varying degrees of muscle weakness in the pelvic floor
and rectus abdominis during pregnancy, along with a reduction in type I/II collagen in fast and slow muscle fibers.
Marini et al[17] noted a significant increase in the incidence of urinary incontinence 2 years post-cesarean section in
women with GDM; this phenomenon can be attributed to long-term hyperglycemia damaging the extracellular matrix
and striated muscles of the urethra. A retrospective study by Sangsawang[18] suggested that the most common type of
urinary incontinence during pregnancy is stress urinary incontinence. Physiological changes during pregnancy, such as
the increased weight of the uterus and fetus, exert pressure on the pelvic floor muscles. GDM exacerbates this risk by
increasing the weight of the uterus and fetus, thus raising the incidence of POP in women.

POP has a high incidence rate. In our study involving 104 patients, the POP group had significantly larger LH area and
anteroposterior and transverse diameters than the non-POP group. In addition, the number of women with stress urinary
incontinence in both groups was higher than the general incidence rate[19]. The levator ani muscle, a major muscle of the
pelvic floor, attaches bilaterally to the inner side of the pelvic wall, is symmetrically arranged, and forms a downward
funnel shape. It is divided into two parts based on the arrangement of its muscle fibers: Iliococcygeus and pubococ-
cygeus. Both are integral to the levator ani and play a supportive role in maintaining the normal position of pelvic organs.
The LH, formed by the bilateral levator ani and the pubic bone in front, is the largest portal in the peritoneum and a
primary pathway for the descent of pelvic organs. The integrity of the levator ani and the morphology of the LH reflect
the position and structural changes of the pelvic organs. An increased LH size is a significant factor in the increased risk
of POP. This study compared the size of the LH area in women with GDM with or without POP using perineal ultrasono-
graphy. The findings revealed that the anteroposterior diameter, transverse diameter, and area of LH were significantly
enlarged in the POP group (P < 0.05). A possible reason is the prolonged high glucose state during pregnancy that affects
the uterine environment and increases the fetal weight, consequently stretching the pelvic floor muscles and enlarging the
LH. As a result, the incidence of POP increases.

This study established cutoff values for the LH area and anteroposterior and lateral diameters for the early screening
and treatment of POP in GDM using ROC curve analysis. In the POP group, the LH area demonstrated an AUC of 0.906
with a 95%ClI: 0.824-0.988. The optimal cutoff was 13.54 cm?, showcasing a sensitivity of 83.2% and a specificity of 64.4%.
For the anteroposterior diameter, the AUC was 0.836 with a 95%CI: 0.729-0.943. The optimal cutoff was 5.53 cm, revealing
a sensitivity of 64.2% and a specificity of 73.4%. For the lateral diameter, the calculated AUC was 0.568 with a 95%CI:
0.407-0.729. The optimal cutoff was 4.67 cm, displaying a sensitivity of 65.9% and a specificity of 69.3%. Dietz[20]
suggested that an LH area exceeding 25 cm? serves as a diagnostic criterion for abnormal expansion, which is contra-
dictory with our study findings. This discrepancy may be attributed to potential variations in race and geographical
region. Logistic regression analysis showed that age, weight, number of births, number of pregnancies, and weight
gained during pregnancy are independent risk factors for the cooccurrence of GDM and POP.

CONCLUSION

Women diagnosed with GDM face an elevated probability of experiencing diminished pelvic floor muscle strength, POP,
postpartum stress urinary incontinence, and macrosomia subsequent to childbirth. GDM stands as a substantial risk
factor for the development of postpartum pelvic floor dysfunction.
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