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Objectives: Hernias are very common in patients with rectus abdominis diastasis (RAD).
This study aimed to identify and compare the risk factors and patterns of hernia between
men and women with RAD.

Method: We included patients with BAD from six hospitals within the Partners
Healthcare System in Massachusetts, USA between 2009 and 2018. Univariate and
multivariable binary logistic regression analyses were used to identify risk factors
associated with hernia.

Results: Of the 1,294 RAD cases, 866 (67%) were women. The risk of RAD in women
was 1.9 times greater than that of men. There were 240 men (56.1%) and 310 women
(85.8%) having one or more hernia (P < 0.001). Of the 550 hernia cases, 278 men and
175 women had umbilical hernia (28.1 vs. 38.3%, P = 0.085). The distribution of hernia
type differed between the two groups (P < 0.0001). Multivariate analysis identified that
alcohol use [odd ratio (OR) 1.74 (1.17-2.59); P = 0.006] and depressive disorder [OR
1.90 (1.209-2.998); P = 0.005] were risk factors of coexisting hernia for men with RAD;
age [OR 1.51 (1.33-1.72); P = 0.000] and smoking/tobacco use [OR 1.66 (1.13-2.44);
P = 0.010] were risk factors of hernia for women.

Conclusion: The prevalence and risk factors of hernia in women with RAD significantly
differed from that in men with RAD. Umbilical hernia is an important type of hernia. Alcohol
use and depressive disorder in men, and age and smoking in women were risk factors
of hernias in patients with RAD.

Keywords: rectus abdominis diastasis, hernia, depressive disorder, chronic pain, risk factors

INTRODUCTION

Rectus abdominis diastasis (RAD) is characterized by the thinning and widening of the linea
alba, which is also defined as an interrectus distance of or more than 22 mm at 3 cm above the
umbilicus when measured in a relaxed state (1). Patients usually present with a protruding midline
following an increase in intraabdominal pressure. It is more common in obese middle-aged and
older men and in women of reproductive age (2, 3). A high prevalence is found among women who
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underwent abdominal hysterectomies or hernia repair (38-52%)
and among women during their third trimester of pregnancy
(66-100%) (4-6). More attention has been drawn to RAD in
the past decade. It was reported that patients with symptomatic
umbilical and/or epigastric hernia all had concomitant RAD
(7). Abdominal aortic aneurysm, muscular imbalance, low
back pain, and lower extremity injury were all reported as

coexisting symptoms of RAD. Among all, hernias were the most
common (8-12).

Quality of life will decrease, and the burden of diseases will
increase in patients living with RAD combined with hernia
(13). To avoid the recurrence of RAD and hernia, numerous
innovative and minimally invasive techniques were reported for
the treatment of RAD with hernias, such as endoscopic-assisted

TABLE 1 | Characteristics of patients with RAD.

Characteristics No. (%) P-value
Male group Female group Total

(n = 428) (n = 866) (n =1,294)
Demographic characteristics
Age (the age at onset of RAD, y)
Median (Percentiles), y 64 (66-71) 41 (36-52) 51 (39-65) <0.001 !
<30 28 6.5) 31 (3.6) 59 (4.6) <0.001
30 to <40 2.8) 362 (41.8) 374 (28.9)
40 to <50 8.4) 309 (35.7) 345 (26.6)
50 to <60 113 (26.4) 68 (7.9) 181 (14.0)
60 to <70 127 (29.7) 54 (6.2) 181 (14.0)
>70 112 (26.2) 42 (4.8) 154 (11.9)
Race or ethnic group
Non-Hispanic Black 20 (4.7) 42 (4.8) 62 (4.8) 0.964
Hispanic 19 (4.4) 36 (4.2) 55 (4.3)
Other 389 (90.9) 788 (91.0) 1177 (91.0)
Body mass index
Mean (kg/m?) 31.9+5.0 28.6 + 6.8 299+64 <0.001 !
Category
<18.5 13(3.1) 4(1.7) 7(2.1) <0.001
18.5t0 <25 30(7.2) 304 (35.9) 334 (26.4)
25to <30 115 (27.4) 263 (31.1) 378 (29.9)
30 to <40 230 (54.9) 217 (25.6) 447 (35.3)
>40 31 (7.4) 49 (5.8) 80 (6.3)
Missing data 9(2.1) 9(2.2) 28 (2.2)
Abdominal surgery history (before the age at onset of RAD) 48 (11.2) 265 (30.6) 313 (24.2)
Social history
Smoking/tobacco use 150 (35.0) 141 (16.3) 291 (22.5) <0.001
Alcohol use 190 (44.4) 326 (37.6) 516 (39.9) 0.022
Depressive disorder 116 (27.1) 223 (25.8) 339 (26.2) 0.638
Maijor depressive disorder 84 (19.6) 152 (17.6) 236 (18.2) 0.360
Coexisting conditions
Hernia 240 (56.1) 310 (35.8) 550 (42.5) <0.001
Diaphragmatic hernia 42 (11.5) 46 (10.1) 88 (10.7) <0.001
Ventral hernia 131 (35.8) 167 (36.5) 298 (36.2)
Inguinal hernia 50 (13.7) 21(4.6) 71(8.6)
Incisional hernia 40 (10.9) 48 (10.5) 88 (10.7)
Umbilical hernia 103 (28.1) 175 (38.3) 278 (33.8)
Low back pain 151 (35.3) 211 (24.4) 362 (28.0) <0.001
Pelvic and perineal pain 43 (10.0) 144 (16.6) 187 (14 5) 0.001
Incontinence 8(1.9) 5 (4.0) 3 (38.3) 0.040
Strain of muscle, fascial, and tendon 50 (11.7) 7 (8.9) 127 (9.8) 0.113
Strain of muscle, fascial and tendon of lower back 7 (1.6) (1 6) 21 (1.6) 1

T Witcoxon W non-parametric test.
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linea alba reconstruction, liposuction abdominoplasty, and
laparoscopic linea alba stapler repair (1, 7). Surgeons have
also tried innovative suture techniques (such as the triangular
mattress suture) or materials (such as smooth running absorbable
polydioxanone suture, nylon, or polydioxanone) and/or have
implemented different meshes (such as composite mesh,
polypropylene mesh, or resorbable vinyl mesh) (1, 7, 13-15).
However, the outcomes of these technical innovations are not
very satisfactory, and the risk factors and patterns of concomitant
hernia between men and women are unclear based on the
current literature.

The incidence of RAD is increasing alongside the aging
population and the growing obesity epidemic worldwide,
providing a greater insight into the characteristics of this special
population. Therefore, we conducted this retrospective study to
explore the characteristics of hernia in patients with RAD. We
hypothesized that the prevalence, patterns, and risk factors of
hernia in women with RAD differ from that in men with RAD.

MATERIALS AND METHODS
Study Design and Data Source

This retrospective study analyzed coexisting conditions of
patients with RAD from six hospitals within the Partners
Healthcare System in Massachusetts, USA. The institutional
review board of the research of Partners approved the study
protocol. Patient data were extracted from Partners research
patient data registry (RPDR). Medical records of patients with
a diagnosis of RAD (International Classification of Diseases,
Ninth Revision Clinical Modification, ICD-9-CM: 728.84; ICD-
10-CM: M62.08) from the hospitals of the Partners HealthCare
System between January 1, 2009 to December 31, 2018 were

reviewed. Individual-level data including diagnosis, primary
source ultrasound (when available), demographic information,
health history, open surgery history (open abdominal operations
were included, but laparoscopic operations were excluded),
operative notes, imaging reports, and procedures were extracted
from RPDR.

Data Collection

The demographic and health history variables included in this
study were age, race or ethnicity, body mass index (BMI),
abdominal surgery history, smoking status, and alcohol use.
Except for hernia, other coexisting conditions of the patients
were identified and they included low back pain; pelvic and
perineal pain; incontinence; strain of muscle, fascial, and tendon
(SMFT); and depressive disorder. The diagnoses above were
defined by ICD-9-CM and ICD-10-CM diagnoses codes. We
reviewed the trend of hernia. The cumulative composition ratio
of hernia was defined as the percentage of patients who were
diagnosed with the disease in the past or current year to account
for all patients. Age at the onset of the disease was defined
as the age for the first time when the patients were diagnosed
with this disease. Abdominal wall hernia, in this study, mainly
included incisional hernias (which occur along incisions from a
prior surgery), diaphragmatic hernias, ventral hernias, inguinal
hernias (femoral hernias), and umbilical hernias, unilaterally
or bilaterally, referring to the definition of abdominal wall
hernia (16).

Statistical Analyses

All statistical analyses were performed using SPSS Statistics
version 20 (IBM Corp., Armonk, NY, USA). Data are
summarized as mean and standard deviation or frequencies
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and percentages where applicable. Pearson’s and continuity
correction chi-square test was used to test the differences between
groups for counting data and Wilcoxon’s W non-parametric test
was used for continuous variables with non-normal distribution.
Univariate and multivariable binary logistic regression analyses
were used to identify the independent risk factors of hernia. The
odd ratio (OR) and 95% confidence interval (CI) were estimated
from the multivariate regression analysis. To reduce confounding
bias, we adopted a forward stepwise regression analysis (o
entry = 0.10, o removal = 0.10). A P < 0.05 was considered
statistically significant; P-values were two-sided except for two
that were one-sided. Risk ratio formulation was used to calculate

the relative risk. Missing data was treated as system-missing
values automatically.

RESULTS

Prevalence of Concomitant Hernia in
Patients With RAD

Clinical characteristics, including demographics, social history,
abdominal surgery history, and coexisting conditions at
presentation, are outlined for all patients (Table1). Of the
1,294 cases, 866 were women (66.9%) and 313 had a history of
one or more open abdominal surgery (24.2%). Female subjects
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FIGURE 2 | Cumulative composition ratio of hernia.
TABLE 2 | Characteristics of RAD men depending on BMI category.
Characteristics No. (%) P
BMI <30 (N = 158) BMI >30 (N = 261)
Yes No Yes No
Coexisting hernia
Hernia 84 (53.2) 74 (46.8) 154 (59.0) 107 (41.0) 0.242
Diaphragmatic hernia 11 (7.0) 147 (93.0) 31(11.9) 230 (88.1) 0.104
Ventral hernia 46 (29.1) 112 (70.9) 85 (32.6) 176 (67.4) 0.460
Inguinal hernia 19 (12.0) 139 (88.0) 31 (11.9) 230 (88.1) 0.964
Incisional hernia 15(9.5) 143 (90.5) 25 (9.6) 236 (90.4) 0.977
Umbilical hernia 31 (19.6) 127 (80.4) 70 (26.8) 191 (73.2) 0.095
Social history
Smoking/tobacco use 47 (29.7) 111 (70.3) 103 (39.5) 158 (60.5) 0.044
Alcohol use 67 (42.4) 91 (57.6) 123 (47.1) 138 (52.9) 0.347
Depressive disorder 39 (24.7) 119 (75.3) 77 (29.5) 184 (70.5) 0.285
Major depressive disorder 28 (17.7) 130 (82.3) 56 (21.5) 205 (78.5) 0.355
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TABLE 3 | Characteristics of RAD women depending on BMI category.

Characteristics

No. (%) P

BMI <30 (N = 581)

BMI >30 (N = 266)

Yes No Yes No

Coexisting hernia

Hernia 185 (31.8) 396 (68.2) 121 (45.5) 145 (54.5) <0.001
Diaphragmatic hernia 16 (2.8) 565 (97.2) 30 (11.3) 236 (88.7) <0.001
Ventral hernia 89 (15.3) 492 (84.7) 77 (28.9) 189 (71.1) <0.001
Inguinal hernia 15 (2.6) 566 (97.4) 6 (2.3) 260 (97.7) 0.777
Incisional hernia 25 (4.3) 556 (95.7) 22 (8.9) 244 (91.7) 0.019
Umbilical hernia 117 (20.1) 464 (79.9) 55 (20.7) 211 (79.3) 0.856
Social history

Smoking/tobacco use 77 (13.2) 507 (86.8) 64 (24.1) 202 (75.9) <0.001
Alcohol use 219 (37.5) 365 (62.5) 107 (40.2) 159 (59.8) 0.449
Depressive disorder 118(20.2) 466 (79.8) 105 (39.5) 161 (60.5) <0.001
Major depressive disorder 80 (13.7) 504 (86.3) 72 (27.1) 194 (72.9) <0.001

(1) One ventral hernia cases with missing BMI value.

demonstrated a 1.9 times greater risk of developing RAD than
male subjects in this geographical area. It is worth noting that
women account for 51.5% of the population in Massachusetts
(17). The mean age at the onset of RAD in the male group was
significantly higher than the female group (41 vs. 64 years old,
P < 0.001), and the age in the female group was concentrated
in the 30-40 years old age group, which was earlier than that in
the male group (50-70 years old age group) (P for trend <0.001,
Table 1 and Figure 1). The mean BMI in the female group was
significantly lower than that of the male group (28.6 + 6.8 kg/m?
vs. 31.9 £ 5.0 kg/m?, P < 0.0001, Table 1). Of the 1,294 cases,
37 patients were younger than 10 years and 24 of them were
men (64.9%). The top three concomitant disorders with RAD
we identified were hernia (42.5%), low back pain (28.0%), and
depressive disorders (26.2%) (Table 1). Both smoking/tobacco
and alcohol use in the male group were significantly higher than
that in the female group (35.0 vs. 16.3%, P < 0.0001; 44.4 vs.
37.6%, P = 0.0022; respectively). Of the 1,294 cases, 550 of them
(42.5%) had one or more hernia with a total of 823 hernia, 366
for men and 457 for women. The most common types of hernia
(unilateral or bilateral) in patients with RAD were ventral hernia
(35.8%) for men and umbilical hernia (38.4%) for women, and
the distribution of hernia type differed between the two groups
(P < 0.0001, Table 1). There were 278 subjects (33.8%) having
umbilical hernia in this study, 103 of them in the male group
and 175 in the female group (28.1 vs. 38.3%, P = 0.085). The
cumulative composition ratio of hernia in women before the
age of 60 was higher than in men; however, this trend begins to
rapidly increase in men over the age of 60 (P for trend <0.001,
Table 1 and Figure 2).

Patterns of Concomitant Hernia With BMI

Tables 2, 3 show the prevalence of concomitant hernias and
social history that were evaluated using BMI = 30 kg/m? as the
cutoft value. For the women in this study, patients with BMI of 30

kg/m? or higher had higher concomitant hernias (45.5 vs. 31.8%,
P < 0.001), especially diaphragmatic hernia (11.3 vs. 2.8%, P <
0.001), ventral hernias (28.9 vs. 15.3%, P < 0.001), and incisional
hernia (8.3 vs. 4.3%, P = 0.019). Women with BMI of 30 kg/m?
or higher had higher concomitant depressive disorder (39.5 vs.
20.2%, P < 0.001) and major depressive disorder (27.1 vs. 13.7%,
P < 0.001) as well (Table 3). There was no difference in the
prevalence of hernias in the male group when compared with
the two groups based on BMI category. Significantly differences
in terms of smoking statuses were noted in both the male (39.5
vs. 29.7%, P = 0.046) and the female group (24.1 vs. 13.2%,
P < 0.001, Table 2).

Risk Factors of Hernia

Based on gender classification, we further categorized these
data into two subgroups depending on the presence of the
concomitant hernia. The mean age in the hernia subgroup
was significantly higher than that in the non-hernia subgroup,
both in the male group (6.5 + 15.4 years old vs. 56.3 £2.5
years old, P = 0.028 [1-tailed], Table4) and in the female
group (469 + 13.8 years old vs. 4.6 £ 11.1 years old, P
< 0.001, Table5). Women with concomitant hernia had
significantly higher mean BMI compared to those without
hernia (29.2 &+ 7.1 kg/m? vs. 27.4 + 6.3 kg/m?, P =0.001,
Table 5). Univariate and multivariate binary logistic regression
analysis predicted coexisting hernia occurrence in patients
with RAD. For men with RAD, multivariate analysis identified
that alcohol use (OR, 1.74; 95% CI, 1.17-2.59; P = 0.006)
and depressive disorder (OR, 1.90; 95% CI, 1.209-2.998; P
= 0.005) were risk factors of coexisting hernia (Table 4);
for women with RAD, age (OR, 1.51; 95% CI, 1.33-1.72;

P = 0.000) and smoking/tobacco use (OR, 1.66; 95%
CIL, 1.13-2.44; P = 0.010) were risk factors of coexisting
hernia (Table 5).

Frontiers in Surgery | www.frontiersin.org 5

September 2021 | Volume 8 | Article 730875


https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Yuan et al.

Hernia Risk in Rectus Abdominis Diastasis

TABLE 4 | Characteristics of RAD men with or without hernia.

Variable No. (%) Univariate Multivariate

Non-hernia subgroup Hernia subgroup P-value OR (95% CI)  P-value OR (95% CI)
(N = 188) (N = 240)

DEMOGRAPHIC

Age, mean (SD), y 56.3 + 20.5 60.5+15.4 0.028 (1—tai|ed)f

<30 18 (9.6) 10 (4.2) 0.128 1 0.107 NS

30 to <40 8 (4.9 4(1.7) 0.885 0.90[0.22-3.75]

40 to <50 14 (7.4) 22(9.2) 0.046 2.83[1.02-7.87]

50 to <60 49 (26.01) 64 (26.7) 0.051 2.35 [1.00-5.54]

60 to <70 56 (29.8) 71 (29.6) 0.057 2.280.98-5.33]

>70 43 (22.9) 69 (28.8) 0.016 2.89 [1.22-6.84]

Body mass index — Mean (kg/m?) 31.1+64 31.8+54 O.243f

<185 73.7) 6 (2.5) 0.222 1 0.594 NS

18.5t0 <25 19 (10.1) 11 (4.6) 0.560 0.68[0.18-2.53]

25to <30 48 (25.5) 67 (27.9) 0.407 1.63[0.52-5.15]

30 to <40 95 (50.5) 135 (56.3) 0.377 1.66 [0.54-5.09]

>40 12 (6.4) 15 (6.3) 0.578 1.46 [0.39-5.51]

Missing data 7 (38.7) 6 (2.5)

Race or ethnic group

Non-Hispanic Black 11 (5.9) 9(3.9) 0.570 1 0.341 NS

Hispanic 8(4.3) 12 (5.0) 0.344 1.83[0.52-6.43]  0.756 NS

Other 169 (89.9) 219 (91.9) 0.319 1.58 [0.64-3.91]

Abdominal surgery history 14 (7.4) 34 (14.2) 0.031 1.76[1.17-2.65]  0.051 NS

Social history

Smoking/tobacco use 60 (31.9) 90 (37.5) 0.230 1.28[0.86-1.92]  0.982 NS

Alcohol use 68 (36.2) 122 (50.8) 0.003 1.83[1.24-2.70] 0.006 1.74 (1.17-2.59)

Depressive disorder 37 (19.7) 79 (32.9) 0.002 2.03[1.28-3.14]  0.005 1.90 (1.21-3.00)

Major depressive disorder 27 (14.4) 57 (23.8) 0.016 1.86[1.12-3.08] 0.884 NS

Coexisting conditions

Incontinence 2(1.1) 6 (2.5) 0.291 2.39[0.48-11.95] 0.380 NS

Pelvic and perineal pain 16 (8.5) 27 (11.3) 0.351 1.36 [0.71-2.61]  0.620 NS

Strain of muscle, fascial and tendon 17 (9.0) 33 (13.8) 0.135 1.60[0.86-2.98] 0.333 NS

Strain of muscle, fascial and tendon of lower back 3(1.6) 4(1.7) 0.954 1.05[0.23-4.723]  0.603 NS

Low back pain 53 (28.2) 98 (40.8) 0.007 1.76 [1.17-2.65] 0.116 NS

(1 )TW/'/coxon W non-parametric Test; (2) NS, not significant.

DISCUSSION

In this large multicenter retrospective study, significant gender
differences with regards to RAD were demonstrated. Firstly,
women had an approximately two-fold greater risk of developing
RAD compared with men, and the age at onset in women was
found to be two decades earlier than that in men. Secondly, men
with RAD had higher BMI value than women with RAD. Thirdly,
women with RAD underwent more than double the number of
abdominal surgeries compared with men. In a previous study,
we noted that the risk of RAD in women who underwent
cesarean delivery (CD) was 4.7 times greater than those who
delivered vaginally (18). This finding was consistent with the
studies by Reinpold et al. (4), Werner and Dayan (19), and
Hills et al. (20). It was also reported that pregnancy related

to the number of pregnancies and multiple births increase the
risk of developing RAD during the course of pregnancy (3).
Given the characteristics mentioned above and the data presented
in previous findings, it is reasonable to infer that pregnancy,
delivery, and CD might be important factors leading to the
development of RAD in female population, but the precise
mechanism has not been well-recognized yet.

In our study, abdominal wall hernia was the most common
complaint in patients with RAD, with rates higher than 40%. It
was more common in men than in women. Approximately five
million Americans have abdominal wall hernias, the majority
of which are inguinal hernias (16, 21). This implies that RAD
cases have over 20 times more abdominal hernia compared
with the general population. The most common type of hernia
in men was ventral hernia (35.8%), whereas umbilical hernia
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TABLE 5 | Characteristics of RAD women with or without hernia.

Variable No. (%) Univariate Multivariate

Non-hernia subgroup Hernia subgroup P-value OR (95% CI) P-value OR (95% CI)
(N = 566) (N =310)

DEMOGRAPHIC

Age, mean (SD), y 406 + 111 46.9 +13.8 O.OOOT

<30 27 (4.9) 4(1.9) 0.000 1 0.000 1.51(1.83-1.72)

30 to <40 259 (46.6) 103 (33.2) 0.072 2.68 [0.92-7.86]

40 to <50 198 (35.6) 111(35.8) 0.015 3.78 [1.29-11.09]

50 to <60 38 (6.8) 30 (9.7) 0.004 5.33 [1.68-16.90]

60 to <70 21(3.9) 33(10.6) 0.000 10.61 [3.25-34.66]

>70 13 (2.3 29 (9.4) 0.000 15.06 [4.37-51.89)]

Body mass index — Mean (kg/m?) 274 +£6.3 202+741 0.001 !

<18.5 10(1.8) 4(1.9) 0.001 1 0.235 NS

18.5t0 <25 204 (36.7) 100 (32.3) 0.736 1.23 [0.38-4.00]

25to <30 182 (32.7) 81 (26.1) 0.860 1.11 [0.34-3.65]

30 to <40 124 (22.3) 93 (30.0) 0.301 1.88[0.57-6.17]

>40 21(3.9) 28 (9.0) 0.067 3.33[0.92-12.11]

Missing data 5(2.7) 4(1.3)

Race or ethnic group

Non-Hispanic Black 23 (4.1) 19 (6.1) 0.427 1 0.128 NS

Hispanic 23 (4.1) 13 (4.2) 0.415 0.68 [0.28-1.70] 0.810 NS

Other 510 (91.7) 278 (89.7) 0.192 0.66 [0.35-1.23]

Abdominal surgery history 175 (31.5) 90 (29.0) 0.455 0.89 [0.66-1.21] 0.590 NS

Social history

Smoking/tobacco use 69 (12.4) 72 (23.2) 0.000 2.14[1.48-3.08] 0.010 1.66 (1.13-2.44)

Alcohol use 202 (36.6) 124 (40.0) 0.286 1.17 [0.88-1.55] 0.863 NS

Depressive disorder 127 (22.8) 96 (31.0) 0.009 1.52 [1.11-2.07] 0.223 NS

Major depressive disorder 86 (15.5) 66 (21.3) 0.031 1.48 [1.04-2.11] 0.307 NS

Coexisting conditions

Incontinence 20 (3.6) 15 (4.8) 0.375 1.36 [0.69-2.70] 0.861 NS

Pelvic and perineal pain 94 (16.9) 50 (16.1) 0.768 0.95 [0.65-1.38] 0.773 NS

Strain of muscle, fascial and tendon 10(1.8) 4(1.3) 0.571 0.71[0.22-2.30] 0.181 NS

Strain of muscle, fascial and tendon of lower back 126 (22.7) 85 (27.4) 0.118 1.29 [0.94-1.77] 0.940 NS

Low back pain 175 (31.5) 90 (29.0) 0.455 0.89 [0.66-1.21] 0.590 NS

(1 )TW/'/coxon W non-parametric Test; (2) NS, not significant.

(33.8%) was the most common in women. Umbilical hernia in
this set of subjects was a prominent condition with an over one-
third occurrence, which was also higher than the rate of 23—
25% in individuals, detected by high-resolution ultrasonography
imaging (22). Therefore, in both men and women in the RAD
population, the rate of abdominal wall hernia was significantly
higher than that in the general population in USA, and the
distribution of hernia type in RAD individuals differed from
the general population as well. Interestingly, the cumulative
composition ratio of hernia before 50 years of age was higher
in women than in men, but, eventually, the men had a higher
incidence of hernia. This might relate to that women had a
pregnancy history and underwent more than double the number
of abdominal surgeries than men before the age at onset of RAD.

Additionally, we demonstrated that smoking and age might
be risk factors contributing to coexisting hernias in women
with RAD. Smoking is a modifiable risk factor impacting

outcomes in patients undergoing hernia repair and is the
risk factor for the development of inguinal hernia in the
general population (23, 24). Our study also confirmed that a
woman with RAD who is a smoker/tobacco user is 1.66 times
more likely to develop a concomitant hernia than those who
are non-smokers/tobacco users. The development of hernia
from smoking/tobacco use might be explained by the decrease
of collagen synthesis and tissue oxygenation, which lead to
lowering of the function of abdominal wall tissue repair,
especially for those patients who undergo open abdominal
wall surgery (25). Furthermore, for women with RAD, the
risk of coexisting hernia increases 1.51 times with the age
increasing per decade. This is consistent with a study that
found the prevalence of femoral hernias increases steadily
throughout life (26).

Alcohol use and depressive disorder contribute to the
development of coexisting hernias in men with RAD. It was
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reported that men who take >20 g/day of alcohol are more
likely to develop a hiatal hernia (27). We also confirmed this
positive association between alcohol use and the occurrence of
hernia in men with RAD; men with RAD who used alcohol
have 1.74 times the risk of development of hernia than non-
alcohol users. However, this is in contrast to some other studies
(28, 29). Therefore, further prospective study with large samples
on hernias is worth carrying out to identify whether alcohol use
is associated with hernias. To our knowledge, it has never been
reported about the relationship between depressive disorder and
hernia. We found that over one-quarter subjects in our study
had depressive disorder, and men with the depressive disorder
had 1.90 greater risks of coexisting hernia than those without
the depressive disorder in the RAD population. It was reported
that physical pain symptoms are associated with some subjective
feelings of depression (30). In our study, there were ~30% cases
with low back pain and 15% cases with pelvic perineal pain in
these RAD samples. Whether or not hernia, low back pain, pelvic
and perineal pain, and depressive disorder interact with each
other is unclear. This finding also suggests that further research
to explore the underlying mechanisms of the association between
depressive disorder, hernias, and chronic pain in patients with
RAD are warranted.

Obesity has been reported as the risk factor for the
development of hernia (16). In our study, women with BMI
greater or equal to 30 kg/m? indeed had a higher prevalence
of hernia, including diaphragmatic hernia, ventral hernia, and
incisional hernia compared with those whose BMI is <30
kg/m2. However, this phenomenon did not appear in the male
group, and BMI as an independent variable failed to enter the
multivariable binary logistic regression analysis model when
using hernia as the dependent variable in both the male and the
female group. Thus, in RAD population, the impact of obesity on
the development of hernia deserves further evaluation.

Although RAD is not a hernia, the concomitant hernia is an
important factor for RAD patients to seek medical attention.
However, to date, it remains to be said if there is indeed a
relationship between RAD and hernia and if surgical repair
techniques to correct the hernia have any cosmetic or functional
advantage in terms of the reinforcement of the ventral abdominal
wall. Therefore, understanding the patterns and risk factors of
hernia in patients with RAD is important, and further study of
this issue is warranted as well.

LIMITATIONS

This investigation has several limitations. Given the retrospective
nature of the study, selection and measurement bias may have

REFERENCES

1. Gilleard WL, Brown JMM. Structure and function of the abdominal muscles
in primigravid subjects during pregnancy and the immediate postbirth period.
Phys Ther. (1996) 76:750-62. doi: 10.1093/ptj/76.7.750

2. Nahabedian MY. Management strategies for diastasis recti. Semin Plast Surg.
(2018) 32:147-54. doi: 10.1055/s-0038-1661380

occurred. We also did not subcategorize the types of RAD due to
the misinformation. Furthermore, we relied on ICD-9-CM and
ICD-10-CM diagnosis codes for RAD and coexisting conditions,
which could be under-diagnosed due to coding conditions
and record keeping within the RPDR system. Nevertheless,
we acknowledge the biases that could be introduced by the
retrospective study. Fortunately, we are confident that the sample
size of our study is reasonable for analysis.

CONCLUSIONS

In conclusion, this study showed that the demographic
characteristics, the prevalence and the risk factors of hernia
in women with RAD significantly differed from that in men
with RAD. Female subjects demonstrated a 1.9 times greater
risk of developing RAD than male subjects, both mean age
at onset of RAD and mean BMI in women were significantly
lower than that in men. Over 40% of the subjects had one
or more hernia, and it was more common in men with RAD
than that in women. Umbilical hernia is an important type of
hernia with one-third occurrence in this population. Alcohol
use and depressive disorder in men and age and smoking
in women were risk factors of coexisting hernias in patients
with RAD.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article, further inquiries can be directed to the
corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Partners’ institutional review board of the Research.
Written informed consent for participation was not required for
this study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

SY helped to develop ideas for study, collected the data,
analyzed the data, and prepared the manuscript draft. HW
helped to develop ideas for study and reviewed the manuscript.
JZ contributed to development of ideas, the study design, and
manuscript preparation for publication. All authors contributed
to the article and approved the submitted version.

3. Nahabedian, M., Brooks, D. Rectus Abdominis Diastasis. (2019). Available
online at: https://www.uptodate.com/contents/rectus-abdominis-diastasis
(accessed May 19, 2019).

4. Reinpold W, Kockerling F, Bittner R, Conze J, Fortelny R, Koch A, et al.
Classification of rectus diastasis-a proposal by the German Hernia Society
(DHG) and the International Endohernia Society (IEHS). Front Surg. (2019)
6:1. doi: 10.3389/fsurg.2019.00001

Frontiers in Surgery | www.frontiersin.org

September 2021 | Volume 8 | Article 730875


https://doi.org/10.1093/ptj/76.7.750
https://doi.org/10.1055/s-0038-1661380
https://www.uptodate.com/contents/rectus-abdominis-diastasis
https://doi.org/10.3389/fsurg.2019.00001
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Yuan et al.

Hernia Risk in Rectus Abdominis Diastasis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Fernandes da Mota PG, Pascoal AG, Carita Al, Bo K. Prevalence and

risk factors of diastasis recti abdominis from late pregnancy to 6 months
postpartum, and relationship with lumbo-pelvic pain. Man Ther. (2015)
20:200-5. doi: 10.1016/j.math.2014.09.002

. Carrara A, Lauro E, Fabris L, Frisini M, Rizzo S. Endo-laparoscopic

reconstruction of the abdominal wall midline with linear stapler, the THT
technique. Early results of the first case series. Ann Med Surg. (2019) 38:1-
7. doi: 10.1016/j.amsu.2018.12.002

. Emanuelsson P, Gunnarsson U, Dahlstrand U, Strigard K, Stark B. Operative

correction of abdominal rectus diastasis (ARD) reduces pain and improves
abdominal wall muscle strength: A randomized, prospective trial comparing
retromuscular mesh repair to double-row, self-retaining sutures. Surgery.
(2016) 160:1367-75. doi: 10.1016/j.surg.2016.05.035

. Bellido Luque J, Bellido Luque A, Valdivia ], Suarez Grau JM, Gomez

Menchero ], Garcia Moreno ], et al. Totally endoscopic surgery on
diastasis recti associated with midline hernias. The advantages of a
minimally invasive approach Prospective cohort study. Hernia. (2015)
19:493-501. doi: 10.1007/510029-014-1300-2

. Gutowski KA. Evidence-based medicine: abdominoplasty. Plast Reconstr Surg.

(2018) 141:286-99¢. doi: 10.1097/PRS.0000000000004232

LiY, Li S, Jiang J, Yuan S. Effects of yoga on patients with chronic nonspecific
neck pain: a PRISMA systematic review and meta-analysis. Medicine. (2019)
98:e14649. doi: 10.1097/MD.0000000000014649

TuZ,Wang B, LiL, LiY, Dai Y, Lv G, et al. Early experience of full-endoscopic
interlaminar discectomy for adolescent lumbar disc herniation with sciatic
scoliosis. Pain Physician. (2018) 21:E63-7.

Benjamin DR, Frawley HC, Shields N, van de Water ATM, Taylor NF.
Relationship between diastasis of the rectus abdominis muscle (DRAM) and
musculoskeletal dysfunctions, pain and quality of life: a systematic review.
Physiotherapy. (2019) 105:24-34. doi: 10.1016/j.physio.2018.07.002

Wu X, Zhang ], Zhang H, Xie Z, Fan R, Liu Y, et al. Endoscopic surgery for
congenital basal meningoencephaloceles in children. Acta Otolaryngol. (2016)
136:613-9. doi: 10.3109/00016489.2015.1133930

Kockerling F, Botsinis MD, Rohde C, Reinpold W. Endoscopic-assisted linea
alba reconstruction plus mesh augmentation for treatment of umbilical and/or
epigastric hernias and rectus abdominis diastasis - early results. Front Surg.
(2016) 3:27. doi: 10.3389/fsurg.2016.00027

Dudai M, Gilboa Ittah K. Intraoperative hypertonic saline irrigation
preventing seroma formation and reducing drain secretion in extended
endoscopic hernia and linea alba reconstruction glue. Hernia. (2019) 23:1291-
6. doi: 10.1007/s10029-019-01956-2

Brooks D. Overview of Abdominal Wall Hernia in Adults. (2019). Available
online at: https://www.uptodate.com/contents/overview- of-abdominal-wall-
hernias-in-adults (accessed June 14, 2019).

QuickFacts. (2019). Available online at: https://www.census.gov/quickfacts/
fact/table/ma (accessed April 27, 2019).

Zhou J, Yuan S. Delivery Mode Is Associated With Rectus Abdominis Diastasis:
A Retrospective Cohort Study. Phoenix, AZ: Society for Obstetric Anesthesia
and Perinatology (2019).

Werner LA, Dayan M. Diastasis recti abdominis-diagnosis, risk
factors, effect on musculoskeletal function, framework for treatment
and implications for the pelvic floor. Curr Wom Health Rev. (2019)
15:86-101. doi: 10.2174/1573404814666180222152952

Hills NE Graham RB, McLean L. Comparison of trunk muscle function
between women with and without diastasis recti abdominis at 1 year
postpartum. Phys Ther. (2018) 98:891-901. doi: 10.1093/ptj/pzy083

21. QuickFacts United States. United States Census Bureau. (2019). Available
online at:  https://www.census.gov/quickfacts/fact/table/US/PST045218#
PST045218 (accessed June 14, 2019).

22. Bedewi MA, El-Sharkawy MS, Al Boukai AA, Al-Nakshabandi N. Prevalence
of adult paraumbilical hernia. Assessment by high-resolution sonography:
a hospital-based study. Hernia. (2012) 16:59-62. doi: 10.1007/s10029-011-0
863-4

23. Fitzgibbons R] Jr., Forse RA. Clinical practice. Groin hernias in adults. N Engl
J Med. (2015) 372:756-63. doi: 10.1056/NEJMcp1404068

24. Borad NP, Merchant AM. The effect of smoking on surgical
outcomes in ventral hernia repair: a propensity score matched
analysis of the National Surgical Quality Improvement Program
data. Hernia. (2017) 21:855-67. doi: 10.1007/510029-017-1
664-1

25. Landin M, Kubasiak JC, Schimpke S, Poirier J, Myers JA, Millikan
KW. The effect of tobacco use on outcomes of laparoscopic
and open inguinal hernia repairs: a review of the NSQIP
dataset. Surg Endosc. (2017) 31:917-21. doi: 10.1007/s00464-016-5
055-y

26. Burcharth ], Pedersen M, Bisgaard T, Pedersen C, Rosenberg J.
Nationwide prevalence of groin hernia repair. PLoS ONE. (2013)
8:¢54367. doi: 10.1371/journal.pone.0054367

27. Masuda A, Fujita T, Murakami M, Yamazaki Y, Kobayashi M, Terao §,
et al. Influence of hiatal hernia and male sex on the relationship between
alcohol intake and occurrence of Barretts esophagus. PLoS ONE. (2018)
13:0192951. doi: 10.1371/journal.pone.0192951

28. Thrift AP, Kramer JR, Richardson PA, El-Serag HB. No significant effects of
smoking or alcohol consumption on risk of Barrett’s esophagus. Dig Dis Sci.
(2014) 59:108-16. doi: 10.1007/s10620-013-2892-6

29. Thrift AP, Cook MB, Vaughan TL, Anderson LA, Murray L], Whiteman
DC, et al. Alcohol and the risk of Barrett’s esophagus: a pooled analysis
from the International BEACON Consortium. Am ] Gastroenterol. (2014)
109:1586-94. doi: 10.1038/ajg.2014.206

30. Oon-Arom A, Likhitsathian S, Maneeton B, Sulaiman AH, Shih-Yen EC,
Udomratn P, et al. Subjective depressive symptoms associated with pain
in patients with major depressive disorder: findings from the study on
the aspect of Asian depression. Perspect Psychiatr Care. (2019) 56:188-
93. doi: 10.1111/ppc.12403

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Yuan, Wang and Zhou. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Surgery | www.frontiersin.org

September 2021 | Volume 8 | Article 730875


https://doi.org/10.1016/j.math.2014.09.002
https://doi.org/10.1016/j.amsu.2018.12.002
https://doi.org/10.1016/j.surg.2016.05.035
https://doi.org/10.1007/s10029-014-1300-2
https://doi.org/10.1097/PRS.0000000000004232
https://doi.org/10.1097/MD.0000000000014649
https://doi.org/10.1016/j.physio.2018.07.002
https://doi.org/10.3109/00016489.2015.1133930
https://doi.org/10.3389/fsurg.2016.00027
https://doi.org/10.1007/s10029-019-01956-2
https://www.uptodate.com/contents/overview-of-abdominal-wall-hernias-in-adults
https://www.uptodate.com/contents/overview-of-abdominal-wall-hernias-in-adults
https://www.census.gov/quickfacts/fact/table/ma
https://www.census.gov/quickfacts/fact/table/ma
https://doi.org/10.2174/1573404814666180222152952
https://doi.org/10.1093/ptj/pzy083
https://www.census.gov/quickfacts/fact/table/US/PST045218#PST045218
https://www.census.gov/quickfacts/fact/table/US/PST045218#PST045218
https://doi.org/10.1007/s10029-011-0863-4
https://doi.org/10.1056/NEJMcp1404068
https://doi.org/10.1007/s10029-017-1664-1
https://doi.org/10.1007/s00464-016-5055-y
https://doi.org/10.1371/journal.pone.0054367
https://doi.org/10.1371/journal.pone.0192951
https://doi.org/10.1007/s10620-013-2892-6
https://doi.org/10.1038/ajg.2014.206
https://doi.org/10.1111/ppc.12403
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

	Prevalence and Risk Factors of Hernia in Patients With Rectus Abdominis Diastasis: A 10-Year Multicenter Retrospective Study
	Introduction
	Materials and Methods
	Study Design and Data Source
	Data Collection
	Statistical Analyses

	Results
	Prevalence of Concomitant Hernia in Patients With RAD
	Patterns of Concomitant Hernia With BMI
	Risk Factors of Hernia

	Discussion
	Limitations
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


