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Purpose: Diastasis recti abdominis (DRA) is a condition in which the linea alba is stretched and widened, and the abdominal muscles
are separated from each other. DRA typically occurs in pregnant and postpartum women. We aimed to determine the risk factors and
patient-reported outcomes (PROs) of DRA in Chinese postpartum women.

Methods: This observational study was conducted in Hangzhou Hospital of Traditional Chinese Medicine, and involved 534 women
who filled out the following risk-factor and PRO questionnaires: SF-MPQ-2, SF-ICIQ, LDQ, EPDS, MBIS, HerQles, and SF-36 (all
Chinese versions). The inter-recti distance was measured by palpation. Statistical analyses were performed using SPSS v25.0 software
and the Mann—Whitney U-test, chi-square test, binary logistic regression analysis (for risk factors of DRA), and the Kendall and
Spearman tests (for correlation analysis).

Results: After childbirth, 78.1% (417/534) of the enrolled women had DRA. Abdominal surgery (P = 0.002), number of pregnancies
(P =0.035), parity (P = 0.012), number of births (P = 0.02), fetal birth weight (P = 0.014), and waist-to-hip ratio in the supine position
(P = 0.045) significantly differed between the DRA and non-DRA groups. Caesarean delivery was an independent risk factor for DRA.
The PROs were significantly worse in the DRA group than in the non-DRA group.

Conclusion: Caesarean delivery was an independent risk factor for DRA. Women with DRA are more likely to have limited physical
activity or function after childbirth, lower self-confidence, and a decreased quality of life.

Keywords: risk factors, patient-reported outcome measures, diastasis recti abdominis, postpartum period

Introduction
Diastasis recti abdominis (DRA) is a condition in which the linea alba is stretched and widened, and the abdominal
muscles are separated from each other, typically due to pregnancy. DRA greatly affects patients’ quality of life (QoL)
during pregnancy and the postpartum period, and imposes a financial burden on patients and their families. Moreover,
DRA is not always reversible; the global prevalence of DRA is 70% in the final trimester, 60% at 6 weeks postpartum,
and more than 30% at 1 year after giving birth." A recent study found that postpartum DRA affects 28.4% of Chinese
women in the ages of 18 to 90 years (average age, 58 years).?

DRA can occur at the supraumbilical, umbilical, and sub-umbilical levels, and typically develops first at the umbilical
level; however, the normal ranges of inter-recti distance (IRD) vary from site to site.® Various approaches can be used to
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measure the IRD, including palpation,'* digital caliper,” ultrasonography,® and computed tomography,” of which the
palpation method is most commonly used in clinical practice.*

Although DRA has been extensively researched, the results obtained are conflicting. Some studies have found that
DRA is not associated with maternal age,'*’ ethnicity, height,'* preconception weight,'* gestational weight gain,'*
exercise habits,” or history of abdominal surgery.* However, other studies have reported that age,>® cesarean section,®
body mass index (BMI) before and after childbirth,*’ and parity’ are significant risk factors for DRA. Furthermore, no
specific indicators have been identified for the comprehensive evaluation of DRA. Therefore, the present study aimed to
determine the physiological, psychological, and social effects of maternal DRA after childbirth by investigating several
clinically relevant patient-reported outcomes (PROs) collected by administering multiple questionnaires. The objectives
of this study were two-fold: (1) to identify the potential risk factors for DRA and (2) to summarize the PROs of women
with postpartum DRA.

Materials and Methods

Ethics and Consent

This comparative, non-interventional, observational study was approved by the ethics committee of Hangzhou Hospital
of Traditional Chinese Medicine (approval code: 2020KY082). All study procedures were performed in accordance with
the Declaration of Helsinki (2008). Before formally entering the study, all subjects signed written informed consent

forms. None of the subjects received any financial compensation or other benefits for participating in this study.

Sample Size Estimation

According to a previous study,' an exercise frequency of >20 times/week is the main risk factor for DRA, and the
probability of this exercise frequency in postpartum women without DRA is 17.5%. The bilateral test was established
with an odds ratio of 2.18, an a level of 0.05, and test efficiency (1 — B) of 0.90, and a total of 2 subject groups were
required for this study. Using Power Analysis and Sample Size (PASS v11.0) software (NCSS), we estimated that
a sample size of 194 was required for each group. Assuming a loss to follow-up rate of 10%, we concluded that each
group should be no less than 210 subjects, which yielded a total sample size of no less than 420 subjects for this study.

Inclusion and Exclusion Criteria
Women who visited the Postpartum Clinic at the Department of Acupuncture and Rehabilitation, Hangzhou Hospital of
Traditional Chinese Medicine, Dinggiao District, between May 29", 2020 and December 9, 2022, were eligible for
enrollment in this study provided they met the following inclusion criteria:'® (1) they were between the ages of 20 and 55
years; (2) they had given birth at least 42 days prior to enrollment; and (3) they were not currently undergoing and had
not previously undergone treatment for DRA.

The exclusion criteria'® were suspected or diagnosed severe spinal lesions or neurological injuries (such as bone
fractures, metastases, inflammatory or infectious diseases, cauda equina syndrome, and widespread neurological dis-
order); motor contraindications; and severe infectious diseases (such as severe cardiovascular disease and cancer).

Diagnosis of DRA

All measurements were taken with the subject lying in a supine position, with the abdomen exposed. The women were
instructed to slightly flex the upper body through abdominal muscle contraction during expiration to keep the shoulder
blades lifted off the bed. According to a previous study,'' DRA was diagnosed if the IRD was more than 2 cm when
measured by palpation at the level of the umbilicus. Van de Water and Benjamin® have demonstrated that this
measurement method shows good intra-rater and inter-rater reliability (weighted kappa = 0.73-0.77 for test-retest
reliability; weighted kappa = 0.53 for validity). In the present study, all IRD measurements were performed by
a single physiotherapist (Li Sun, who has 5 years of clinical experience).
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Basic Information, Risk Factors, and PROs

We collected the following demographic and clinical data from the enrolled subjects: age, days after the end of childbirth,
disease history, medicine history, allergy history, education background, occupation, pelvic girdle pain (PGP), low back
pain (LBP), urinary incontinence (UI), frequent urination, sexual dysfunction, and chronic pelvic pain (CPP).

1M.7:12714 and consisted of the following:

Possible risk factors were selected by referring to the available literature
maternal height, weight, weight gain during pregnancy, body mass index (BMI), number of pregnancies, number of
births, number of cesarean deliveries, number of vaginal deliveries, number of gestational weeks at the time of delivery,
fetal birth weight, waist circumference at the umbilical level in the supine position, hip circumference in the supine
position, skinfold thickness at the umbilical level, waist-to-hip ratio (WHR, defined as the ratio of the waist circumfer-
ence at the umbilical level to the hip circumference, both measured with the subject lying in a supine position), history of
abdominal surgery, parity, delivery method, twin/multiple births, exercise frequency, and weight-bearing frequency. The
subjects’ height, waist and hip circumferences, and left and right skinfold thicknesses at the umbilical level were
recorded by physiotherapist Li Sun in the Rehabilitation Clinic.

All subjects were asked to complete the risk-factor questionnaires and PRO forms by themselves in the clinic. The
information collected was summarized in the form of fill-in-the-blanks style questionnaires, scanned, and uploaded as
a PDF by Ying Zhu and Lijuan Xiao. The completed questionnaires were checked by Jiayu Chen and Ting Wang, using
EpiData and Excel. The following questionnaires were used.

Short-Form McGill Pain Questionnaire-2

The Short-Form McGill Pain Questionnaire-2 (SF-MPQ-2) was used to assess LBP in the previous month during the
postpartum period.'> The Chinese version of this questionnaire was developed and verified by the Pain Branch of the
Chinese Medical Association, and its reliability and validity were found to be good (Cronbach a > 0.70).'® The
questionnaire is divided into 3 areas: pain rating index (PRI), visual analog scale (VAS), and present pain intensity (PPI).

Short-Form International Consultation on Incontinence Questionnaire

The Short-Form International Consultation on Incontinence Questionnaire (SF-ICIQ) is an easy-to-use tool for evaluating
the impact of Ul on QoL. This questionnaire can be applied to patients with different etiologies and types of Ul. The
Chinese version of the SF-ICIQ has good stability and internal consistency, and is consistent with the results of
urodynamic tests (kappa = 0.77)."” This questionnaire includes 3 scored items on UI frequency, diafiltration volume,
and impact on daily life and a 4™ non-scored item that evaluates UI types.

Leeds Dyspepsia Questionnaire

The Leeds Dyspepsia Questionnaire (LDQ) was modified with a 5-point system formulated by the Spleen and Stomach
Disease Professional Committee of the Chinese Association of Traditional Chinese Medicine.'®'* The main symptoms of
indigestion (epigastric pain, postprandial fullness and discomfort, early satiety, burning sensation in the upper abdomen,
postprandial nausea, and belching) are evaluated at 4 levels.'®' The LDQ has a sensitivity of 80% (95% confidence
interval [CI]: 65-91%), a specificity of 79% (95% CI: 66-89%), and good internal consistency (kappa = 0.90).%°

The 10-ltem Edinburgh Postnatal Depression Scale

The 10-item Edinburgh Postnatal Depression Scale (EPDS) was compiled by Cox et al to screen for postpartum
depression. This questionnaire is widely used, and has good reliability and validity.?' Guo et al revised the EPDS to
align with the language and culture of the people in Mainland China; the Chinese version of the EPDS was reported to
have an internal consistency of 0.76, a content validity of 0.93, and a recommended cutoff score of 9.5 points.”

Modified Body Image Scale

The original 10-item Body Image Scale was first used for women with breast cancer.””** This scale was modified for
patients with pelvic organ prolapse by Jelovsek and Barber,”® and its Chinese version was derived by Wang Xiaoqian.*® We
conducted a reliability and validity study of the Chinese version of the Modified Body Image Scale (MBIS) in 150
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postpartum women (Supplement 1). The Kaiser-Meyer-Olkin value of this questionnaire was 0.897 (Cronbach o = 0.906),
and the test-retest reliability was 0.841 (95% CI: 0.784-0.881).

Hernia-Related Quality-of-Life Survey

The 12-question Hernia-Related Quality-of-Life Survey (HerQles-12) is a modified version of the original HerQles,?’
and was first used to evaluate disease-specific QoL by evaluating abdominal wall function.*?*° The Chinese version of
this questionnaire came from Professor Huang Yonggang,®' and we obtained approval from Professor Huang to use the
Chinese version by e-mail. Similar to the MBIS, the Chinese version of the HerQles showed a Kaiser-Meyer-Olkin value
of 0.802 (Cronbach o = 0.872), and a test-retest reliability of 0.758 (95% CI: 0.681-0.819).

The 36-Item Short-Form Health Survey

The 36-item Short-Form Health Survey (SF-36) is regarded as the universal standard among QoL assessments. The total
score of the SF-36 corresponds to the sum of the scores of its 8§ dimensions. Zhejiang University translated the SF-36 into
Chinese, and the translated version has shown good reliability and validity (Cronbach a = 0.838, Spearman-Brown
coefficient = 0.828).3%33

Blinding

The evaluators of this study were blinded to the clinical group. The assessment to detect the presence of DRA was
performed by a physiotherapist in a private office. The recruitment of the patients, and the collection, entry, and
verification of the questionnaires were all done by other doctors and medical students, who were not in the same office
as the one used for the DRA assessments. Data analysis was performed by personnel from other colleges of the same
university, and was independent of the medical staff of Hangzhou Hospital of Traditional Chinese Medicine in order to
ensure complete blinding with no overlap between the evaluators.

Statistical Analysis

Yan Liu and Tiantian Ye performed all the statistical analyses with the SPSS v25.0 software (SPSS Inc., Chicago, IL,
USA). Continuous quantitative variables that conformed to normality were expressed as mean =+ standard deviation, and
skewed quantitative data were described as median and interquartile range. Continuous variables were compared using
the independent-samples ¢-test when normally distributed and the Mann—Whitney U-test when non-normally distributed.
The chi-square test was used to analyze dichotomous qualitative data, and the appropriate x> and P values were selected
according to the n and T values. Binary logistic regression analysis was performed to identify variables that were
significantly associated with DRA. The selected variables included parameters that showed statistically significant
differences in the univariate analysis and well-known clinical factors. The Spearman test was used to perform correlation
analysis to determine the correlations between continuous variables and ordinal data. The Kendall test was used to
determine the correlations between ordinal data. P < 0.05 was considered to indicate statistical significance.

Results

Demographic and Clinical Characteristics of the Participants

A flowchart of patient selection is shown in Figure 1. A total of 666 postpartum women met the selection criteria and
participated in this study. Of them, 132 women were excluded for not completing the questionnaires; the remaining 534
women were included in this analysis. DRA was diagnosed in 417 of the 534 women (78.1%); the remaining 117 (21.9%)
women did not have DRA. We found no differences in age, days after the end of childbirth, disease history, medicine history,
allergy history, education background, and occupation between the DRA and non-DRA groups, which indicated good
comparability of the groups at the baseline (Table 1). During the IRD measurement, no adverse events occurred in the patients.

Risk Factors
Abdominal surgery (P = 0.002), number of pregnancies (P = 0.035), parity (P = 0.012), number of births (P = 0.02),
number of fetuses delivered by cesarean section (P = 0), number of vaginal births (P = 0.015), delivery mode (P = 0),
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No information on LDQ (n = 19)
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No information on MBIS (z = 16)
No information on SF-ICIQ (= 17)
No information on HerQles (n = 12)
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n=1534

DRA
n=417

v

Analysis

Figure | Flow chart of subject selection.

fetal birth weight (P = 0.014), and WHR (P = 0.045) all significantly differed between the DRA and non-DRA groups.
Exercise frequency (P = 0.058) was also a possible risk factor for DRA. Height, weight, weight gain during pregnancy,
BMI, number of gestational weeks at delivery, waist circumference in the supine position, hip circumference in the
supine position, skinfold thickness at the umbilical level, twin/multiple births, and weight-bearing frequency did not
significantly differ between the DRA and non-DRA groups (P > 0.05; Table 2).

The Kendall rank correlation analysis showed that exercise frequency was related to postpartum weight-bearing
frequency (» = 0.134, P = 0.002; Table S1 in Supplement 2).

Relationships Between DRA, Pelvic Symptoms, and LBP

Pre-Pregnancy to 42 Days Postpartum
The rate of severe PGP, which was defined as PGP that limits mobility, during pregnancy significantly differed between
the DRA and non-DRA groups (P = 0.041). The rates of PGP before pregnancy and postpartum periods did not differ
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Table 1 Demographic and Clinical Characteristics of the Study Subjects

Basic Information Non-DRA Group | DRA Group | P
Participants, n (%) 117 (21.9%) 417 (78.1%)
IRD (cm), median (IQR) 1.50 (0) 3.00 (0.50)
Age (years) 31.53 (6) 31.78 (5) 0.951
<35 years 92 (21.9%) 329 (78.1%)
>35 years 25 (22.1%) 88 (77.9%)
Days after childbirth 141.00 (166) 91 (110) 0.421
<365 days 105 (21.5%) 384 (78.5%)
>365 days 12 (26.7%) 33 (73.3%)
Disease history 20 (28.6%) 50 (71.4%) 0.149
Medicine history 10 (29.4%) 24 (70.6%) 0.275
Allergy history 5 (18.5%) 22 (81.5%) 0.662
Education background 0.446
Higher education 86 (22.8%) 292 (77.2%)
Secondary education 28 (21.4%) 103 (78.6%)
Primary education 3 (12%) 22 (88%)
Occupation 0.761
Professional and technical staff | 87 (21.5%) 318 (78.5%)
General services 13 (21%) 49 (79%)
Other/unemployed 17 (25.4%) 50 (74.6%)

Notes: The data for the IRD at the umbilical level, age, and days after childbirth were skewed
quantitative data and are expressed as median (IQR). The data for age group, groups based on days
after childbirth, disease history, medicine history, and allergy history are dichotomous data, and are
represented as n (%); the Pearson chi-square (XZ) test and progressive significance P were used.
Education background and occupation are ordinal data, and are represented as n (%); the Mann—
Whitney U-test was used. P < 0.05 is considered statistically significant.

Abbreviations: DRA, diastasis recti abdominis; IRD, inter-recti distance; IQR, interquartile range.

Table 2 Possible Risk Factors for DRA in the Study Subjects

Basic information Non-DRA Group DRA Group v ZF | P
Height (m) 1.61 (0.075) 1.60 (0.065) —0.943 0.346
Weight (kg)

Pre-pregnancy 52.50 (10) 53.00 (10) —-0.789 0.43

Pregnancy 67.00 (12.3) 67.00 (10.5) —0.226 0.821

Postpartum 60.00 (11.5) 60.00 (11.2) —0.251 0.802
Weight gain during pregnancy (kg) 14.00 (6) 14.00 (6.5) —-0.502 0.615
BMI (kg/m?)

Pre-pregnancy 20.03 (3.02) 20.55 (3.55) —1.503 0.133

Pregnancy 25.65 (3.78) 26.04 (4.09) —0.882 0.378

Postpartum 23.05 (3.98) 23.11 (3.79) —-0.114 0.909
Number of pregnancies 1.00 (1) 2.00 (2) -2.105 0.035
Number of births 1.00 (1) 1.00 (1) —2.324 0.02*
Number of cesarean deliveries 0.00 (0) 0.00 (1) -3.977 0
Number of vaginal deliveries 1.00 (0) 1.00 (1) —2.437 0.015%
Gestational weeks at delivery 39.00 (2) 39.00 (2) —0.115 0.909
Fetal birth weight (kg) 3.23 (0.65) 3.40 (0.50) —2.45 0.014%*
Waist circumference in supine position (cm)

Supraumbilical level 78.00 (9.5) 78.00 (8.7) —0.762 0.446

Umbilical level 80.5 (9.0) 81.5 (10.5) —1.421 0.155

Sub-umbilical level 83.8 (9.5) 85.00 (9.7) —-1.397 0.162
Hip circumference in supine position (cm) 91.50 (8.0) 91.20 (8.5) —0.238 0.812

(Continued)
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Table 2 (Continued).

Basic information Non-DRA Group DRA Group »ZF | P
Skinfold thickness at umbilical level (mm)
Left 39.00 (15.5) 37.00 (20) —1.806 0.071
Right 40.00 (17) 38.00 (18) -1.78 0.075
Average 38.5 (16) 37.5 (18.5) —1.805 0.071
Waist-to-hip circumference ratio 0.89 + 0.04 (0.88-0.89) | 0.89 + 0.05 (0.89-0.90) | 7.458 0.045*
History of abdominal surgery' 13.744 0.003**
None 83 (27.2%) 222 (72.8%)
Cesarean section 25 (13.4%) 161 (86.6%)
Gynecological or abdominal visceral surgery | 8 (22.2%) 28 (77.8%)
Both | (14.3%) 6 (85.7%)
Parity™ 6.264 0.012%*
Primiparas 86 (25.3%) 254 (74.7%)
Multiparas 31 (16%) 163 (84%)
Delivery method” 14519 0**
Cesarean delivery 27 (13.2%) 177 (86.8%)
Vaginal delivery 90 (27.3%) 240 (72.7%)
Twin/multiple births' | (20.0%) 4 (80.0%) 0.000 1.000
Exercise frequency” 3.59 0.058
Moderate 91 (20.4%) 355 (79.6%)
High 26 (29.5%) 62 (70.5%)
Pre-pregnancy weight-bearing frequency’ 0.236 0.627
Moderate 114 (22.2%) 400 (77.8%)
High 3 (15.0%) 17 (85%)
Weight-bearing frequency during pregnancy' 0.000 1.000
Moderate 115 (21.8%) 412 (78.2%)
High 2 (28.6%) 5 (71.4%)
Postpartum weight-bearing frequency” 0.087 0.768
Moderate 96 (21.7%) 347 (78.3%)
High 21 (23.1%) 70 (76.9%)

Notes: Quantitative data that conformed to normality are expressed as mean * standard deviation (95% confidence interval), and were evaluated using
the independent-samples t-test. Skewed quantitative data are expressed as median (interquartile range), and were assessed using the Mann—Whitney
U-test. The remaining data are dichotomous, and were examined using the chi-square test. According to the n and T values, “Represents the Pearson
chi-square test asymptotic significance P, and 'Represents the chi-square test progressive P *P < 0.05. **P < 0.01. Moderate exercise frequency was
defined as <20 min of high-intensity exercise 3 times per week or <30 min of low-intensity exercise 5 times per week, whereas high exercise frequency
was defined as 220 min of high-intensity exercise 3 times per week or 230 min of low-intensity exercise 5 times per week. The weight-bearing
frequency was categorized as moderate in women who performed weight-bearing (25 kg) activities <20 times per week and as high in women who
performed weight-bearing (25 kg) activities 220 times per week.

Abbreviations: DRA, diastasis recti abdominis; BMI, body mass index.

between the DRA and non-DRA groups (P > 0.05). The frequency of LBP did not differ between the DRA and non-DRA
groups during the pre-pregnancy, pregnancy, and postpartum periods (P > 0.05). Pelvic floor symptoms, including UI,
frequent urination, sexual dysfunction, and CPP, from the pregnancy to the postpartum period, did not differ between the
DRA and non-DRA groups (P > 0.05; Table 3).

The Kendall rank correlation test showed that LBP was significantly correlated with severe PGP in the same period as
well as with pelvic symptoms such as Ul, frequent urination, sexual dysfunction, and CPP (0 < |r| < 0.4, P < 0.05). This
suggests that severe LBP may be correlated with severe PGP during the same puerperal period and other pelvic floor
symptoms (Table S2 in Supplement 2).

In the Past Month During the Postpartum Period
The SF-MPQ-2, especially the VAS, can evaluate current LBP. The VAS and PPI scores were significantly higher in the
DRA group than in the non-DRA group (P < 0.05), whereas the PRI was not different (P > 0.05). This indicates that
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Table 3 Comparison of Pelvic Symptoms, Low Back Pain, and SF-MPQ-2 and SF-ICIQ Scores

Item Non-DRA Group DRA Group Iz P
Pelvic girdle pain
Pre-pregnancy’ 0.000 1.000
None/mild 115 (21.9%) 410 (78.1%)
Severe 2 (22.2%) 7 (77.8%)
During pregnancy” 4.187 0.041%
None/mild 107 (23.4%) 350 (76.6%)
Severe 10 (13%) 67 (87%)
Postpartum® 3.114 0.078
None/mild 109 (23%) 364 (77%)
Severe 8 (13.1%) 53 (86.9%)
Low back pain
Pre-pregnancy! 0.018 0.893
None/mild 114 (22.1%) 403 (77.9%)
Severe 3 (17.6%) 14 (82.4%)
During pregnancy” 0.241 0515
None/mild 105 (22.3%) 365 (77.7%)
Severe 12 (18.8%) 52 (81.3%)
Postpartum® 0.794 0.373
None/mild 98 (22.7%) 334 (77.3%)
Severe 19 (18.6%) 83 (81.4%)
Urine leakage™ 60 (22.1%) 211 (77.9%) 0.017 0.896
Frequent urination” 54 (24.1%) 170 (75.9%) 1.089 0.297
Sexual dysfunction” 28 (25.9%) 80 (74.1%) 1.276 0.259
Chronic pelvic pain® 8 (25%) 24 (75%) 0.190 0.663
SF-MPQ-2 (current)
PRI 2(3) 2 (3) -1.36 0.174
VAS 2 (3) 3(2) -3.313 0.00**
PPI* 15.469 | 0.001%*
0 70 (27.7%) 183 (72.3%)
| 40 (20.2%) 158 (79.8%)
2 7 (10.3%) 61 (89.7%)
3 0 (0%) 15 (100%)
4 0 (0%) 0 (0%)
5 0 (0%) 0 (0%)
SF-ICIQ (in the past | month)
Total score 04 04 —2212 0.027*
Occurrence of urine leakage® 5.502 0.471
Never 83 (22.6%) 284 (77.4%)
Before reaching toilet 7 (19.4%) 29 (80.6%)
While coughing or sneezing 23 (17.2%) 111 (82.8%)
While asleep 0 (0%) I (100%)
During activity or exercise 9 (18.4%) 40 (81.6%)
After urinating and getting dressed 3 (25.0%) 9 (75.0%)
No obvious reason 3 (50.0%) 3 (50.0%)
All the time 0 (0%) 0 (0%)

Notes: The PRI, VAS, and SF-ICIQ scores were skewed quantitative data and were assessed using the Mann—Whitney U-test;
the rest of the items were dichotomous data and assessed using the chi-square test. According to the n and T values,
#Represents the Pearson chi-square test asymptotic significance P, 'Represents the chi-square test progressive P and *
represents the Fisher exact test (bilateral) P *P < 0.05. **P < 0.01.

Abbreviations: SF-MPQ-2, Short-Form McGill Pain Questionnaire-2; SF-ICIQ, Short-Form International Consultation on
Incontinence Questionnaire; VAS, Visual Analog Scale; PPI, Present Pain Intensity; PRI, Pain Rating Index; DRA, diastasis recti
abdominis.
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patients with postpartum DRA are more likely to have postpartum LBP. The SF-ICIQ was used to assess Ul over the past
month. The DRA group had higher overall scores in the 3 scored items of the SF-ICIQ (P = 0.027); in the fourth
question, the occurrence of urine leakage did not significantly differ between the 2 groups (P > 0.05; Table 3).

Spearman correlation analysis of LBP and SF-ICIQ scores showed that the PRI and PPI of current LBP were
significantly correlated with the SF-ICIQ scores (0.1 < |r| < 0.2, P <0.05), which indicated a positive correlation between
LBP and UI after puerperium (Table S3 in Supplement 2).

Binary Logistic Regression Model

We established a binary logistic regression model based on the risk factors that showed significant differences in the
univariate analysis, the related symptoms of DRA, as well as previously considered clinical risk factors. Cesarean delivery
and the PPI of the SF-MPQ-2 were found to be independent risk factors for DRA. The incidence of DRA was 2.297 times
higher in women who had undergone a caesarean section than in women who had never undergone a caesarean section, and
the probability of DRA increased by 0.455 times for each increment in the PPI score for LBP (Table 4).

Other PROs

Among the PROs, higher scores on the MBIS, HerQles, LDQ, and EPDS and lower scores on the SF-36 indicated more
severe symptoms. The MBIS and HerQles scores were significantly higher in the DRA group than in the non-DRA group
(P < 0.05). Compared to the women without DRA, those with DRA had worse scores in the self-image and abdominal
wall function assessments. Regarding QoL, every dimension score of the SF-36 was lower in the DRA group than in the
non-DRA group, and the scores in the Physical Functioning (PF), Role-Physical (RP), Bodily Pain (BP), Vitality (VT),
and Health Transition (HT) subscales were significantly lower in the DRA group than in non-DRA group (P < 0.05). The

Table 4 Binary Logistic Regression Model for DRA

Variable OR (95% CI) P
Age 0.678 (0.383-1.202) 0.184
Pre-pregnancy BMI 0.995 (0.91-1.089) 0917
Number of pregnancies 0.922 (0.686—1.24) 0.592
Number of births 0.752(0.19-2.975) 0.685
Gestational weeks at delivery 0.969 (0.825-1.137) 0.696
Fetal birth weight 1.479 (0.926-2.36) 0.101
Waist-to-hip circumference ratio 2.547 (0.018-369.476) 0.713
History of abdominal surgery 0.028*
Cesarean delivery 2.297 (1.327-3.978) 0.003*
Other abdominal operation 1.304 (0.55-3.092) 0.547
Both 2.483 (0.282-21.858) 0.412
Parity 2.27 (0.491-10.485) 0.294
Twin/multiple births 0.584 (0.037-9.243) 0.703
Exercise frequency 0.635 (0.365-1.107) 0.11
Pre-pregnancy weight-bearing frequency 3.21 (0.338-30.499) 0.31
Weight-bearing frequency during pregnancy | 0.355 (0.022-5.795) 0.467
Postpartum weight-bearing frequency 1.051 (0.575-1.92) 0.872
SF-MPQ-2 VAS I.116 (0.955-1.305) 0.169
SF-MPQ-2 PPI 1.455 (1.02-2.076) 0.038*
PGP during pregnancy 1.7 (0.82-3.526) 0.154
SF-ICIQ total score 1.036 (0.962—1.114) 0.35
Constant 0.86 0.972

Note: *P < 0.05.

Abbreviations: DRA, diastasis recti abdominis; OR, odds ratio; Cl, confidence interval; BMI, body
mass index; VAS, visual analog scale; PPI, present pain intensity; SF-MPQ, Short-Form McGill Pain
Questionnaire; PGP, pelvic girdle pain; SF-ICIQ, Short-Form International Consultation on

Incontinence Questionnaire.
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Table 5 Comparison of PROs of DRA

Score Non-DRA Group DRA Group z P
LDQ 6 (0) 6 (0) —0.537 0.592
EPDS 6 (8) 6 (6) —0.344 0.731
MBIS 6 (7) 8(9) -3.573 0%
HerQles 14 (9) 18 (16) -3.45 0.00|**
SF-36
PF 85.71 (28.57) 78.57 (28.57) —2.086 0.037*
RP 80 (20) 60 (60) —-3.756 0
BP 76.81 (14.49) 62.32 (28.99) —3.475 0.00**
GH 67 (27) 65 (30) —1.548 0.122
vT 72.22 (27.78) 66.67 (25) —2.306 0.021*
SF 88.89 (22.22) 88.89 (33.33) —1.186 0.236
RE 100 (33.33) 100 (66.67) —-1.316 0.188
MH 69.57 (26.09) 69.57 (21.74) —1.188 0.235
HT 25 (25) 25 (25) -1.993 0.046*

Notes: The above skewed quantitative data are expressed as median (interquartile range) and
were evaluated using the Mann—Whitney U-test. *P < 0.05. **P < 0.01.

Abbreviations: PRO, patient-reported outcome; DRA, diastasis recti abdominis; LDQ, Leeds
Dyspepsia Questionnaire; EPDS, the 10-item Edinburgh Postnatal Depression Scale; MBIS, the
Modified Body Image Scale; HerQles, Hernia-Related Quality-of-Life Survey; SF-36, the 36-
Item Short-Form Health Survey; PF, physical functioning; RP, role-physical; BP, bodily pain; GH,
general health; VT, vitality; SF, social functioning; RE, role-emotional; MH, mental health; HT,
health transition.

LDQ and EPDS scores did not differ between the 2 groups, indicating that there were no between-group differences in
gastrointestinal symptoms and postpartum depression, respectively (Table 5).

The Spearman correlation test showed that the PF, RP, and BP subscale scores were moderately related (0.4 < || <
0.6, P < 0.05) with each other, and the VT, Role-Emotional (RE), Social Functioning (SF), and Mental Health (MH)
subscale scores were strongly associated with each other (0.4 <|r| < 0.8, P <0.05). The VT score was correlated with the
PF, RP, and BP scores (0 <|r| < 0.2, P <0.05). Similarly, the HT score was correlated with the PF, RP, and BP scores (0.3
<|r| < 0.4, P <0.05). The LDQ score was negatively correlated with the PF, RP, BP, and VT scores (0 < |r| < 0.2, P <
0.05), and the EPDS and MBIS scores were negatively correlated with the PF, RP, BP, and HT scores (0.2 < |r| < 0.4, P <
0.05). The HerQles score was correlated with the PF, RP, BP, and HT scores on the SF-36 (0.2 < |r| < 0.6, P < 0.05). In
addition, the LDQ, EPDS, MBIS, and HerQles scores were all correlated with each other (0.2 < |r| < 0.6, P < 0.05).
These associations showed that postpartum abdominal wall function mildly affected self-image and physiological
functional activity, and negatively impacted digestion, depression, and QoL. The PRI and VAS scores for current LBP
were correlated with the PF, RP, BP, and HT scores of the SF-36 as well as with the LDQ, EPDS, MBIS, and HerQles
scores (0.2 < |r| < 0.6, P <0.05). The SF-ICIQ score was not correlated with the SF-36 scores, but was correlated with
the MBIS and HerQles scores (0 < || < 0.2, P < 0.05; Table S3 in Supplement 2).

Discussion

To the best of our knowledge, this is the first study to investigate the risk factors for DRA and its related PROs in China.
The study showed that compared to women without DRA, women with DRA had poorer abdominal wall function, self-
image perception, and QoL. It also showed that DRA is closely associated with severe PGP during pregnancy, severe

LBP, and urinary leakage during the postpartum period.

2,12,13 12,13

parity,
number of births,'? fetal birth weight,® and WHR were risk factors for DRA. Interestingly, we observed that in some

Consistent with earlier studies, we discovered that abdominal surgery,'* number of pregnancies,

women, the waist and hip circumferences changed due to gravity after switching from a supine to a standing position.
Therefore, we suggest that postural differences in the waist and hip circumferences be investigated in future studies.
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As univariate analysis does not account for confounding factors, we conducted a binary regression analysis, which
yielded results that were consistent with those of previous studies;''* however, we found a greater effect of cesarean
delivery on DRA and a less pronounced effect of other abdominal procedures. The PPI for LBP was closely correlated
with DRA in this study, which has not been reported previously.

According to the findings of our study, the imbalance in the myofascial stress of the anterior abdominal wall caused
by DRA can change the overall abdominal fascial tone. Without intervention, the process of normalization of the
abdominal wall myofascial tone may fail or take longer than expected in some DRA patients. Therefore, we recommend
that DRA should be promptly managed.

Using a previously reported cutoff for exercise frequency,' we found that women who performed moderate-intensity
general exercises had a lower incidence of DRA (14.9%), demonstrating that maintaining a regular exercise routine is
advantageous. However, we found no increase in the likelihood of postpartum DRA in women who performed weight-
bearing activities (=5 kg) >20 times per week, which might be related to recall bias.

Women with DRA were more likely to experience severe PGP during pregnancy, and had higher VAS and PPI scores,
which is consistent with a previous study.>* Thus, the incidence of these types of pain during pregnancy may indicate
a higher risk of postpartum DRA. Our study demonstrated a limited but positive correlation between severe painful
diseases and other PFD symptoms from pre-pregnancy to the postpartum period. We also discovered that LBP was more
likely to be physiologically triggered and was closely related to the psychological subscales in the QoL assessment. In
addition, the VAS score, unlike the PPI and PRI subtotals for painful diseases, could more subjectively indicate the
degree of pain and distress in patients. Unfortunately, we did not conduct real-time monitoring and could not observe
dynamic changes in the PROs.

PFD is common in the postpartum period, and thus far, there is no consensus over whether DRA is related to PFD.®
Given the timelines of the PRO questionnaires, we gathered descriptions of symptoms from preconception to 1 month
postpartum, and analyzed PROs from the past month to the present postpartum period. Our findings showed that DRA
patients had higher SF-ICIQ scores, supporting the abdominal tank theory about abdominal and pelvic floor coordination
and unity.”> Correlation analysis showed an association between pain and other pelvic floor symptoms, which is
consistent with previous results.>®

Our results indicated that DRA was unlikely to lead to a digestive tract response. Functional dyspepsia is associated
with diaphragm contraction and anterior abdominal wall protrusion. One study®’ has demonstrated that the muscle
contraction strongly affected the intra-abdominal oblique muscles (P = 0.037) and not the rectus abdominis muscles (P =
0.140-0.695). Our results showed no correlation between the SF-ICIQ and LDQ scores (» = —0.001, P = 0.977), which is
consistent with a previous report that PFD is not associated with dietary irregularities.®®

To verify that DRA harms the abdominal, physical, and mental health of postpartum women, we investigated the
applicability of MBIS and HerQles among 150 postpartum women (Supplement 1). We found that the DRA group
showed current PROs (MBIS and HerQles) that were comparable to those in the non-DRA group, which is consistent
with an earlier study.4 Furthermore, the PF, RP, BP, VT, and HT scores of the SF-36 indicated that the mental and
psychological effects were greater in the DRA group than in the non-DRA group, which is consistent with previous
studies.®® We also performed a correlation analysis of these PROs, and the results showed that most aspects of the SF-36
were correlated with each other. Since other physical discomforts may accompany DRA, we analyzed the MBIS and
HerQles scores, which were moderately associated with which each other.”> Among the remaining PROs, we observed
correlations between low back pain, digestion, abdominal function, Ul, psychological symptoms, and physiological
factors (PF, RP, BP, and VT; Table S3 in Supplement 2). Digestion (LDQ score) was strongly correlated with
physiological factors (PF, RP, BP, and VT); abdominal function (HerQles score) was strongly correlated with physio-
logical factors (PF, RP, and BP), digestion (LDQ score), and emotion (EPDS and HT scores); and Ul (SF-ICIQ score)
was strongly correlated with self-image (MBIS score) and low back pain (SF-MPQ PRI and PPI). These findings serve as

reminders that despite the theory that the body returns to its pre-pregnancy state after puerperium, numerous physiolo-
gical issues and discomforts continue to have an impact on the mental and physical well-being of women long after
puerperium.
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In this study, we identified the risk factors associated with postpartum DRA, analyzed its symptoms, and clarified the
relationships between PROs. Our findings support the assessment of low body image satisfaction and are in line with
those of previous studies. This research study shows that it is critical to increase the awareness of DRA and educate
people about DRA-related symptoms, particularly in light of the introduction of the three-child policy in the Chinese
mainland. The prevention of DRA and the examination, treatment, and management of DRA and its related symptoms
should be urgently improved for the sake of the well-being of women who are planning to become pregnant and those in
the postpartum period.

Strengths and Limitations

To the best of our knowledge, this is the first study to investigate multi-dimensional PROs in Chinese postpartum women.
The limitations of this study are as follows: (1) The questionnaires were very long, and the respondent needed to be
patient. The answers to some questions needed to be recalled by the patient, which took a long time. (2) Although the
IRD measurements were straightforward and performed by a trained professional, their accuracy was not as high as that
of objective instruments, so we recommend the use of ultrasonography for more accurate measurements. In addition, the
measurements can be evaluated in multiple postures, such as the standing and supine positions. (3) Some information,
such as weight-bearing, was not very accurate, and we need to improve the data on weight-bearing type, duration, and
frequency. (4) Some indicators (eg, time since delivery) were evaluated in a time-sensitive manner, but subsequent
assessments of the same symptoms need to be uniform. (5) The study was conducted during the COVID-19 pandemic,
and was subject to the associated limitations of collecting population-based information. The non-DRA group consisted
of less than 210 subjects. We had no follow-up with the participants, and the number of days after delivery recorded in
this study was inconsistent. To collect accurate information, it is necessary to optimize data-collection methods and better
collaborate with sonologists and other investigators.

Conclusion

The prevalence of DRA is as high as 78.1%. Risk factors for DRA include abdominal surgery, number of pregnancies,
parity, number of births, fetal birth weight, WHR, and exercise frequency. Caesarean delivery is an independent risk
factor for DRA. Women with DRA are more likely to experience physical limitations, have lower self-image scores, poor
abdominal wall functioning, and decreased QoL, especially psychological QoL.
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