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Abstract
Background: This study aimed to compare the prevalence and symptoms of fecal in-
continence (FI) in relation to irritable bowel syndrome (IBS-associated FI), constipa-
tion (constipation-associated FI), and isolation (isolated FI).
Methods: Data were analyzed from 3145 respondents without organic comorbidities 
known to influence defecation function from the general Chinese population who 
filled in the online Groningen Defecation and Fecal Continence questionnaire. FI, IBS, 
and constipation were evaluated with the Rome IV criteria.
Key Results: The prevalence of FI was 10.5% (n = 329) in the non-comorbidity group. 
After multivariable logistic regression analysis, IBS (odds ratio [OR]: 12.55, 95% con-
fidence interval [CI]: 9.06–17.36) and constipation (OR: 4.38, 95% CI: 3.27–5.85) were 
the most significant factors contributing to FI. Based on this finding, 106/329 (32.2%) 
had IBS-associated FI, 119/329 (36.2%) had constipation-associated FI, and 104/329 
(31.6%) had isolated FI. Among the 329 FI respondents, there was a high prevalence 
of IBS and constipation-related symptoms, including abdominal pain (81.5%) and ab-
dominal bloating (77.8%) for IBS and straining during defecation (75.4%), incomplete 
defecation (72.3%), defecation blockage (63.2%), anal pain during defecation (59.3%), 
and hard stools (24%) for constipation. The patients with IBS-associated FI asked for 
specialists' help less frequently than those with isolated FI. Interestingly, among the 
patients with constipation-associated FI, 56.3% used anti-diarrhea medicine.
Conclusions and Inferences: The prevalence of IBS-associated FI, constipation-
associated FI, and isolated FI is comparably high. It is important to diagnose and target 
the cause of FI to provide personalized and cause-targeting care instead of treating 
only the FI symptoms.
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1  |  INTRODUC TION

Fecal incontinence (FI) is attributed to different factors, including or-
ganic and functional aspects. Multiple studies have comprehensively 
described the prevalence of FI associated with organic problems, 
such as rectocele,1 rectal prolapse, high-grade intussusception,2 or 
megarectum.3,4 Identification of the afore-described organic prob-
lems is rather straightforward with current diagnostic possibilities. 
In contrast, the diagnosis of functional FI, and especially its underly-
ing factors, is still challenging, which hampers treatment efficacy.5 
Different gastrointestinal dysfunctions have been reported to con-
tribute to FI development. For instance, FI can be secondary to ir-
ritable bowel syndrome (IBS), as patients with IBS who have chronic 
diarrhea are more susceptible to FI,6,7 while diarrhea is a known risk 
factor for FI.8 Also, constipation is often reported to be a risk factor 
for FI,9–19 as fecal impaction during constipation may lead to over-
flow FI.9–11 In addition, chronic constipation can lead to pudendal 
neuropathy and, consequently, urge FI.12,13,20

Surprisingly, although IBS and constipation are known causes 
of FI, patients reporting an involuntary loss of feces are not rou-
tinely examined for possible constipation or IBS by many clinicians, 
as indicated in the studies by Vollebregt et al.18 and Burgell et al.21 
As a result, these two possible causes of FI remain largely unrecog-
nized and untreated. The current treatment of functional FI mainly 
focuses on symptoms instead of the underlying causes, which may 
contribute to suboptimal outcomes or even worsen the outcomes. 
To our knowledge, the symptoms typical for constipation- and IBS-
associated FI, as well as the isolated form of FI, have not been com-
prehensively compared, which may hamper the distinction of these 
forms of FI. Of note, FI is frequently investigated in a patient popu-
lation. Importantly, the prevalence of FI, including its isolated forms 
and coexistence with constipation, has been shown to be relatively 
high in the non-patients population.15 This has, however, not been 
confirmed for the Chinese population yet.

This study aimed to determine how often functional FI coex-
ists with constipation or IBS in the non-patient population.22,23 
Secondarily, we aimed to compare symptoms demonstrating bowel 
dysfunction between respondents with constipation-  and IBS-
associated FI and the isolated form of FI. In addition, we also aimed 
to compare the severity of FI and how participants deal with the 
different forms of FI.

2  |  METHODS

2.1  |  Study design

This is a cross-sectional, prospective study for which the Chinese 
version of the Defecation and Fecal Continence (DeFeC) question-
naire was used (ref: Ge Sun et al., “Validation of the Chinese DeFeC 
questionnaire: A comprehensive screening tool for symptoms and 
causes of constipation and incontinence”, accepted for publication 
by Annals of Palliative Medicine). The original Dutch version of the 

Groningen DeFeC questionnaire was validated by Meinds et al.24 
Shortly, Meinds et al. used outcomes of the anorectal manometry as 
the gold standard to calculate the sensitivity and specificity of the 
outcomes of DeFeC for FI and constipation. Moreover, the DeFeC 
questionnaire contains questions that correspond to those defined 
by the validated Rome IV criteria for functional constipation, FI, and 
IBS.25 The validated Dutch version of the DeFeC questionnaire was 
translated into Chinese and then validated for the Chinese population 
according to the internationally acknowledged COnsensus-based 
Standards for the selection of health Measurement INstruments 
(COSMIN).26

2.2  |  Data collection

The survey was, at our request, conducted by the Dynata company, 
an international data platform (https://www.dynata.com).27 These 
Chinese citizens, that is, respondents who had registered them-
selves in the database of Dynata, were provided with the DeFeC 
questionnaire between May 2021 and November 2021. The re-
spondents logged into their accounts and filled in the question-
naire online, using their smartphone, tablet, or computer. A sample 
of completed DeFeC questionnaires was selected according to the 
population pyramid of age, demographic region, and sex, as reported 
by the National Statistics Bureau of China.28 Respondents who de-
cided to fill in the DeFeC questionnaire were offered different in-
centives. The reason for providing different incentives is to attract 
a more diverse population, increasing the representativeness of the 
sample and actually avoiding bias. Respondents did not see incen-
tives when clicking on an invitation to avoid selection bias. This 
study was approved by the ethics committee of University Medical 
Center Groningen (M22.298229).

The DeFeC questionnaire included questions about symptoms 
and defecation habits related to FI.29 According to Rome IV criteria, 
FI was diagnosed when the following two symptoms were present1: 
recurrent uncontrolled passage of fecal material at least twice a 
month; and2 onset of symptoms for at least 6 months.22 The sever-
ity of FI was evaluated according to the Wexner incontinence score 
(range 0–20, where 0 indicated perfect continence and 20 indicated 
the most severe form of FI).30 The Wexner incontinence score eval-
uated the incontinence severity based on five questions regarding 

Key points

•	 The prevalence of IBS-associated FI, constipation-
associated FI, and isolated FI is comparably high.

•	 Among the patients with constipation-associated FI, 
56.3% used anti-diarrhea medicine.

•	 It is important to diagnose and target the cause of FI to 
provide personalized and cause-targeting care instead 
of treating only the FI symptoms.
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solid stool incontinence, liquid stool incontinence, gas incontinence, 
wearing pads, and lifestyle alteration related to FI.

Respondents experiencing FI only, that is, those who did not 
meet the criteria for either constipation or IBS, were defined as 
having “isolated FI.” Respondents experiencing FI co-occurring with 
IBS or constipation were defined as having IBS-  or constipation-
associated FI, respectively.

IBS was evaluated based on Rome IV criteria1: recurrent abdomi-
nal pain, at least 1 day per week in the last 3 months, associated with 
two or more of the following criteria: (a) related to defecation, (b) 
associated with a change in stool frequency, and/or (c) associated 
with a change in the form of stool and2 the criteria were fulfilled 
for the last 3 months, with symptoms onset at least 6 months before 
diagnosis.23

Constipation was also evaluated based on the Rome IV criteria 
for functional constipation.23 The respondents were determined to 
be constipated when satisfying the following three criteria1: report-
ing at least two of the following six symptoms in the last 3 months: 
straining, hard stools or lumpy stools, the sensation of incomplete 
evacuation, the sensation of anorectal obstruction, manual defeca-
tion, and maximally two defecations per week2; loose stools were 
rarely present without laxatives; and3 do not follow the irritable 
bowel syndrome criteria.29

The severity of obstructive defecation symptoms was evaluated 
using the Renzi score (range, 0–20; 0 indicates no symptoms, and 20 
means very severe symptoms of obstructive defecation).31

Consistency of the stool was evaluated according to the Bristol 
stool chart, where 1–2 indicated hard or lumpy stool and 6–7 indi-
cated very soft/liquid stool.32

The self-perception of health concerning the ability to hold and 
pass stools was evaluated by asking, “In general, how would you de-
scribe your health in relation to the ability to hold and pass stools?” 
The answer had three choices “good,” “reasonable,” and “poor”.33 We 
deliberately positioned this question at the beginning of the DeFeC 
questionnaire before we continued with specific and detailed ques-
tions about defecation and continence. We did so because after 
reading all the questions about defecation and continence, respon-
dents who originally were unaware of their suboptimal condition 
could become aware of having a dysfunction after answering all 
the questions. Regarding the validation of this question (and other 
questions belonging to the DeFeC questionnaire) and the scale used 
for the evaluation of the outcome, the process has been compre-
hensively described first by Meinds et al.,24 and second by us when 
translating the questionnaire into Chinese language (Ge Sun et al., 
“Validation of the Chinese DeFeC questionnaire: A comprehensive 
screening tool for symptoms and causes of constipation and incon-
tinence,” accepted for publication by Annals of Palliative Medicine).

2.3  |  Data analysis

To constitute a non-comorbidity group, we have excluded respond-
ents who reported having organic diseases and had operations 

known to influence bowel outcomes. Information regarding organic 
causes and operations in the anorectal region was collected using the 
DeFeC questionnaire.24 Specifically, we excluded respondents who 
had reported at least one of the following1: anorectal, colorectal, or 
pelvic floor surgery, such as resection of the intestine (n = 39), opera-
tion for anal fistula (n = 31), hemorrhoids (n = 84), prostate (n = 17), or 
operation on the anal sphincter (n = 47)2; somatic diseases, such as 
inflammatory bowel disease (n = 50), diabetes (n = 78), neurological 
disorders (n = 14), spina bifida (n = 14), and cerebral hemorrhage and 
infarction (n = 31)3; rectal prolapse (n = 66); or4 congenital anorectal 
malformation (n = 30), Hirschsprung disease (n = 34), and sacrococ-
cygeal syndrome (n = 24). We further divided the non-comorbidity 
group into the following age groups: 18–34, 35–44, 45–54, 55–64, 
and 65–85 years. Body mass index (BMI) was calculated based on 
height (m) and weight (kg) and classified as underweight (<18.5 kg/
m2), normal (18.5–23.9 kg/m2), overweight (24.0–27.9 kg/m2), and 
obese (≥28 kg/m2) according to the Chinese population norms.34 For 
analysis, the respondents in the four provincial-level cities in China 
(Beijing, Shanghai, Chongqing, and Tianjin) were considered metro-
politan residents.

2.4  |  Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics, 
Version 23.0. Association analysis between categorical variables was 
performed using the chi-square test. Correlation analysis between 
two continuous variables was conducted by the Spearman test, de-
pending on non-normal distribution, and this was tested using the 
Q-Q plot. Univariable and multivariable backward stepwise logistic 
regression analyses were used to find the odds ratio (OR) for the 
factors associated with FI. We first conducted univariable analyses 
before multivariable analyses. As we found that most studies of FI 
often overlook IBS and constipation, we first performed a multivari-
able analysis wherein we did not add IBS and constipation as risk 
factors. Thereafter, we added IBS and constipation into the analysis 
to look for the difference in risk factors. A two-sided p-value of less 
than 0.05 was considered statistically significant. The receiver oper-
ating characteristic (ROC) curve was utilized to evaluate the model's 
predictive value by calculating the area under the curve (AUC) value.

3  |  RESULTS

3.1  |  Baseline characteristics

Originally, 6150 respondents logged into their online accounts to 
fill in the DeFeC questionnaire. Meanwhile, 1732 people dropped 
out (28.2% dropout rate), and 4418 finished the questionnaire. Out 
of the 4418 finished questionnaires, we excluded 968 respondents 
due to illogical answers. Finally, 3450 respondents were included 
for analysis. Of the 3450 respondents included in the study, 3145 
had no organic comorbidities that might contribute to defecation 
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disorders, and they constituted the non-comorbidity group used 
for analysis. The average age of the non-comorbidity group was 
40.5 ± 14.7 years, and 1607 (51.1%) men were in this group (Table 1).

3.2  |  Prevalence and severity of fecal incontinence 
in the non-comorbidity group

The prevalence of FI, IBS, and constipation in the non-comorbidity 
group was 10.5% (329/3145), 8.2% (256/3145), and 18.7% 
(588/3145), respectively (Figure 1). Furthermore, out of the FI re-
spondents, 106/329 (32.2%) had IBS-associated FI, 119/329 (36.2%) 
had constipation-associated FI, and 104/329 (31.6%) had isolated FI.

The median (interquartile range [IQR]) Wexner incontinence score 
was 0 (0–3) in the non-comorbidity respondents (n = 3145) and 75–10 
in the FI subgroup of the non-comorbidity respondents (329/3145).

Specifically, respondents with IBS-associated FI had higher 
Wexner incontinence scores than those with constipation-associated 
FI and those with isolated FI (9.3 ± 3.7 vs. 7.7 ± 2.8 vs. 5.3 ± 2.7, respec-
tively). Furthermore, in respondents with constipation-associated FI, 
the median Renzi score was 7.0 (6.0–8.5), and it was positively cor-
related with the Wexner incontinence score (r = 0.373, p < 0.001).

3.3  |  IBS and constipation are risk factors for fecal 
incontinence

Using univariable and multivariable logistic regression analy-
ses 1 (Tables 2 and 3), we found that factors such as age above 

55 years, underweight, overweight, or obesity, metropolitan resi-
dents, and eating spicy food (p < 0.05) significantly increased the 
OR for having FI.

Furthermore, using multivariable logistic regression analysis 2 
(Table 3), we found that respondents with IBS and constipation had 
the highest OR for FI (OR: 12.55, 95% confidence interval [CI]: 9.06–
17.36 and OR: 4.38, 95% CI: 3.27–5.85, respectively). Respondents 
who were underweight (OR: 1.99, 95% CI: 1.38–2.87), overweight 
(OR: 1.45, 95% CI: 1.07–1.98), obese (OR: 2.03, 95% CI: 1.37–3), and 
ate spicy food (p < 0.01) were still significantly more prone to be 
fecal incontinent in multivariable analysis 2 similar to multivariable 
analysis 1 (Table 3). However, FI was not significantly correlated with 
age and metropolitan residents in multivariable analysis 2 in contrast 
to multivariable analysis 1.

All the variables, including IBS and constipation in multivariable 
analysis 2 were utilized to calculate the ROC curve. The AUC value 
of multivariable analysis 2 was 0.971, which indicated a good predic-
tion value (Figure 2).

Different risk factors for the three types of FI have also been 
determined using multivariable analysis (Table S1).

3.4  |  Symptoms typical for IBS- and 
constipation-associated fecal incontinence and its 
isolated form

Of the 329 respondents with FI, liquid incontinence was experi-
enced by 57.8%, soiling incontinence by 52.6%, urge incontinence 
by 49.5%, and solid incontinence by 43.8%. In addition, 62.6% of 
the FI respondents reported accidental wind passage, 38.6% wore 
incontinence pads, and 36.8% admitted that they had adjusted daily 
activities because of FI. The prevalence of these FI symptoms was 
higher in IBS-associated FI than in constipation-associated FI or iso-
lated FI (Figure 3, Table S2).

Regarding symptoms typical for IBS, 77.8% of the FI respondents 
experienced abdominal bloating, and 81.5% had abdominal pain. In 
patients with FI with abdominal pain, abdominal pain was reported 
to be associated with stool consistency (85.1%), defecation fre-
quency (85.4%), and after defecation (91.8%).

We also found that the prevalence of constipation symptoms 
was high in all FI respondents, where 75.4% experienced straining 
during defecation, 63.2% felt blockage during defecation, 72.3% 
had incomplete defecation, and 59.3% had anal pain during defe-
cation. Only 24% of the FI respondents reported having lumpy or 
hard stools, and 21.3% reported less than three episodes of defe-
cation per week. Out of the constipated respondents, people with 
co-occurrence of FI reported a longer history of defecation difficulty 
than those without FI co-occurrence (p = 0.013).

Finally, in the 329 FI respondents, the IBS and constipation 
symptoms were more prevalent than FI-related symptoms, such 
as liquid incontinence, urge incontinence, and solid incontinence 
(Figure 3).

TA B L E  1 Respondent characteristics in the non-comorbidity 
group.

Number Percent

Overall 3145 100.0

Gender

Male 1607 51.1

Female 1538 48.9

Age (years)

18–34 1207 38.4

35–44 687 21.8

45–54 564 17.9

55–64 458 14.6

65–85 229 7.3

Highest education level

Primary 60 1.9

Secondary 935 29.7

Tertiary 2150 68.4

Residence

Rural 853 27.1

City 2292 72.9
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3.5  |  Self-perception regarding bowel function and 
treatment for its dysfunction

Among the 329 FI respondents in the non-comorbidity group, 33.1% 
evaluated their bowel habits as good. Respondents with IBS-associated 
FI evaluated the ability to hold and pass stools as poor four times more 
often than respondents experiencing isolated FI (Figure 4A).

FI respondents with good self-evaluation of health regarding 
the ability to hold and pass stools had significantly lower Wexner 
incontinence scores than those with poor self-evaluation of health 
concerning defecation (median [IQR]: 6 [4–8] vs. 7 [6–10], p < 0.001). 
Furthermore, 24.7% of fecal incontinent respondents did not seek 
any help for FI. FI respondents who did seek help had a significantly 
higher Wexner incontinence score than those who did not (median 
[IQR]: 8 [6–10] vs. 5.5 [4–7], p < 0.001).

The patients with IBS-associated FI asked for specialists' help 
less frequently than those with isolated FI (Figure 4B). We also found 
that 50.2% of FI respondents used anti-diarrhea medicine to solidify 
stools, 9.1% used an adapted diet to control their FI, and 7.3% used 
warm water to irrigate the rectum. Surprisingly, out of the patients 
with constipation-associated FI, 56.3% used anti-diarrhea medicine. 
Moreover, IBS-associated FI respondents used more anti-diarrhea 
medication and rectal irrigation than constipation-associated FI re-
spondents and respondents with isolated FI (Figure 4C).

4  |  DISCUSSION

This study shows three dominating forms of FI in the non-
comorbidity population: IBS-associated FI, constipation-associated 
FI, and isolated FI. The prevalence of these three forms of FI is com-
parable with each other and relatively high.

The overall prevalence of FI in this study is up to 10.5%, higher 
than that in a previous report on the Chinese population.35 This 
difference might result from different methods of data collection. 

In contrast to another study,18 we did not perform a face-to-face 
interview in the current study. Instead, we completed an online sur-
vey to increase the respondents' comfort and reduce intimidation 
when answering questions about defecation habits and problems.19 
Lowering the embarrassment level of the respondents might have 
resulted in more honest answers than in the previous survey, which 
could have contributed to the higher prevalence of FI observed in 
our study. Surprisingly, over one-third of FI respondents still per-
ceive themselves as having good bowel function. This may indicate 
that people might ignore mild FI symptoms. However, the quality 
of life was negatively correlated with FI severity in patients with 
FI, according to the literature.36–42 This is not contradictory to our 
current research because our research population consisted of non-
comorbidity people, who are different and have less severe symp-
toms than the patients with FI mentioned in the above literature. Our 
assumption is supported by the fact that the severity of FI expressed 
by the Wexner score was relatively low (six) in FI respondents with 
good self-evaluation of health regarding the ability to hold and pass 
stools. The Wexner score of six is also lower than the cutoff value 
for the Wexner score for clinically relevant FI being nine, proposed 
by Rothbarth et al.43

Commonly, subtypes of FI are being studied in terms of their 
symptomatic presentation, for instance, according to stool consis-
tency, such as liquid and solid. FI can also be categorized as urge 
incontinence44 or post-defecatory incontinence.45 With the findings 
of our study, we propose that to optimize the treatment of FI, dis-
tinguishing between the cause-based type of FI is clinically import-
ant, as only this enables us to provide patients with personalized 
treatment that targets the underlying cause of FI rather than just 
the FI symptoms. Consequently, we distinguish three types of FI: 
IBS-associated FI, constipation-associated FI, and isolated FI (FI pre-
senting without either constipation or IBS).

Our study shows that IBS respondents are highly prone to ex-
periencing FI. This finding corroborates recent studies of Bharucha 
et al. and Meness et al.,814 who showed that IBS is a strong risk factor 

F I G U R E  1 The prevalence of fecal 
incontinence, constipation, irritable bowel 
syndrome, and their overlap according to 
Rome IV criteria in the non-comorbidity 
group.

IBS
ConstipationFecal incontinence

3.4%

3.8%

3.3%

4.8% 14.9%

IBS Rome IV: 8.2%

Fecal incontinence Rome IV: 10.5%

Constipation Rome IV: 18.7%
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TA B L E  2 Prevalence of fecal incontinence (FI) in relation to demographic characteristics and risk factors influencing fecal incontinence.

Chi-square test Univariable analysis

Number Percentage p Value Odds ratio (95% CI) p Value

Overall 3145 10.5

Constipation

Yes 587 20.3 <0.001 2.84 (2.22–3.64) <0.001

No 2558 8.2 Reference

IBS

Yes 258 41.1 <0.001 8.33 (6.28–11.06) <0.001

No 2887 7.7 Reference

Age (years)

18–34 1207 12 <0.001 Reference

35–44 687 14 1.19 (0.90–1.57) 0.22

45–54 564 8.5 0.68 (0.48–0.96) 0.03

55–64 458 5.9 0.46 (0.30–0.70) <0.001

65–85 229 5.7 0.44 (0.25–0.79) 0.006

Gender

Male 1607 9.5 0.078 Reference

Female 1538 11.4 1.23 (0.98–1.54) 0.08

BMI (kg/m2)

<18.5 302 18.9 <0.001 2.726 (1.97–3.85) <0.001

18.5–23.9 1864 7.8 Reference

24–27.9 690 11.9 1.60 (1.2–2.13) 0.001

> = 28 289 15.6 2.19 (1.52–3.13) <0.001

Metropolitan residents

Yes 691 12 0.139 1.23 (0.94–1.60) 0.13

No 2454 10 Reference

Residence

Urban 2292 10.9 0.226 1.18 (0.90–1.54) 0.23

Rural 853 9.4 Reference

Area

West 937 9.7 0.342 0.84 (0.65–1.11) 0.22

Middle 703 9.7 0.84 (0.63–1.13) 0.25

East 1505 11.3 Reference

Highest education level

Non-tertiary 995 9.3 0.165 Reference

Tertiary 2150 11 1.20 (0.93–1.54) 0.17

Frequency of spicy food intake

Every day 587 12.9 <0.001 3.33 (2.06–5.39) <0.001

4–5 times a week 493 16.8 4.53 (2.81–7.32) <0.001

1–3 times a week 908 12.7 3.26 (2.05–5.16) <0.001

<1 time a week 621 5.2 1.22 (0.70–2.11) 0.484

Never 538 4.3 Reference

Eating at least two pieces of fruits a day

Yes 2038 10 0.262 0.87 (0.69–1.11) 0.262

No 1107 11.3 Reference

Eating cereals (daily)

Yes 1461 11.2 0.192 1.16 (0.93–1.46) 0.192

No 1684 9.8 Reference
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Chi-square test Univariable analysis

Number Percentage p Value Odds ratio (95% CI) p Value

Eating at least three spoons of vegetables a day

Yes 2291 9.5 0.003 0.69 (0.54–0.88) 0.003

No 854 13.1 Reference

Drinking at least 1.5 liter water a day

Yes 2067 10.9 0.282 1.14 (0.90–1.46) 0.282

No 1078 9.6 Reference

TA B L E  2 (Continued)

TA B L E  3 Analyses of association between risk factors and fecal incontinence.

Multivariable analysis 1 (without constipation and 
IBS as risk factors)

Multivariable analysis 2a (with constipation 
and IBS as risk factors)

Odds ratio (95% CI) p Value Odds ratio (95% CI) p Value

Constipation

Yes 4.38 (3.27–5.85) <0.001

No Reference

IBS

Yes 12.55 (9.06–17.36) <0.001

No Reference

Age (years)

18–34 Reference Reference

35–44 1.26 (0.94–1.68) 0.12 1.19 (0.87–1.62) 0.27

45–54 0.87 (0.61–1.24) 0.44 0.99 (0.68–1.45) 0.96

55–64 0.60 (0.38–0.93) 0.02 0.84 (0.53–1.34) 0.47

65–85 0.49 (0.27–0.89) 0.02 0.61 (0.33–1.13) 0.12

Gender

Female 1.12 (0.88–1.45) 0.36 0.93 (0.72–1.20) 0.58

Male Reference Reference

BMI (kg/m2)

<18.5 2.18 (1.55–3.08) <0.001 1.99 (1.38–2.87) <0.001

18.5–23.9 Reference Reference

24–27.9 1.55 (1.15–2.08) 0.004 1.45 (1.07–1.98) 0.018

> = 28 1.89 (1.31–2.74) <0.001 2.03 (1.37–3.00) <0.001

Metropolitan cities residence

Yes 1.33 (1.01–1.74) 0.04 1.07 (0.80–1.43) 0.64

No Reference Reference

Frequency of spicy food intake

Every day 3.09 (1.89–5.04) < 0.001 2.20 (1.32–3.67) 0.002

4–5 times a week 3.96 (2.43–6.45) < 0.001 2.54 (1.52–4.23) < 0.001

1–3 times a week 2.89 (1.81–4.61) < 0.001 1.94 (1.19–3.16) 0.008

<1 time a week 1.26 (0.73–2.20) 0.40 1.24 (0.70–2.19) 0.47

Never Reference Reference

Eat > = 3 spoons of vegetables a day

Yes 0.79 (0.61–1.01) 0.07 0.79 (0.61–1.02) 0.23

No Reference Reference

The bolded p-value signifies statistical significance, with two-sided p-value being less than 0.05.
a Stepwise backward regression analysis.
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for FI. Moreover, we found that IBS-associated FI respondents had a 
higher Wexner incontinence score than FI respondents without IBS, 
consistent with the study, which found IBS patients had higher FI 
severity.14 FI severity, defecation dysfunction symptoms, and self-
perception of health concerning defecation were also worse in IBS-
associated FI than in both constipation-associated FI and isolated FI. 
This observation is consistent with the findings of Atarodi et al.7 on 
the British population.

For the mechanism of IBS-associated FI, abnormal stool consis-
tency is often seen in IBS,46 which may be a causative factor.3,47–49 
Chronic diarrhea due to IBS is well-known to correlate with liquid 
stool leakage.47 At the same time, hard stools due to IBS can also 
cause overflow FI.3,48,49 Based on the diagnosis of the different 
subtypes of IBS, the treatment should be personalized, especially 
regarding the use of anti-diarrhea medicine. Although we could not 
distinguish the constipation-predominant, diarrhea-predominant, 
and mixed-IBS forms of IBS in our study, it is clinically relevant to 
diagnose these forms in patients with FI-associated IBS.

Furthermore, we also showed that in the non-patient popu-
lation, constipated respondents are more prone to FI than non-
constipated people. This is consistent with the previous findings of 
co-occurrence of constipation and FI in Western populations.14–17 
Specifically, 36% of the FI respondents experienced constipation, 
and this is comparable to the report that 38% of patients with FI 
in America had co-occurrence of constipation14 but slightly lower 
than the value of 44% in the Dutch population.15 In our study, 
the constipation-associated FI respondents frequently reported 
symptoms such as straining, defecation blockage, and anal pain,50 
that is, obstructive defecation symptoms. We have also shown 

that the Renzi score, used in evaluating obstructive defecation se-
verity, is positively correlated with FI severity in the respondents 
with constipation-associated FI. This is consistent with the study 
by Rajindrajith et al.,51 which also showed that most FI respon-
dents had obstructive defecation symptoms. Furthermore, Cauley 
et al. also showed that patients with constipation-associated FI 
had more difficulty with the balloon expulsion test and more par-
adoxical electromyography (EMG) than those with isolated FI,17 
indicating a possible higher incidence of obstructive defecation 
in constipation-associated FI. The possible association between 
obstructive defecation and FI in our study can be explained by the 
fact that these patients experience constipation, leading to fecal 
overflow incontinence. Untreated obstructive defecation results 
in severe, chronic constipation. It also contributes to the develop-
ment of megarectum and other anatomical or physiological impair-
ments, such as rectocele1 or even pudendal neuropathy.12,13,20,52 
These impairments are present and diagnosed in subjects who 
have already been referred to a medical specialist, as these cannot 
be diagnosed by the general practitioner. This, in turn, means that 
such patients suffer from severe forms of constipation-associated 
FI. Otherwise, they would not be subjected to MRI or other proce-
dures enabling the diagnosis of megarectum, rectocele, or pelvic 
organ prolapse.

This study also showed that respondents with constipation-
associated FI had a more extended history of constipation than 
constipated respondents without FI. This finding indicates that 
even mild constipation should not be considered a trivial problem. 
Instead, constipation should be treated in time as it can progress to 
more severe forms with irreversible consequences, such as pudendal 
nerve neuropathy and urge FI.

It is also important to note that more than 50% of the respon-
dents with constipation-associated FI used anti-diarrhea medicine in 
our study. It appears that more of the subjects were given inappro-
priate treatment. The anti-diarrhea medication solidified the stools 
in these subjects with constipation-associated FI, possibly making 
defecation even more difficult. This did not treat constipation and 
could have even increased its severity. In these respondents, FI was 
caused by constipation. In other words, more than 50% of patients 
with constipated FI seem to be brought into the vicious circle be-
cause of inappropriate treatment, which may lead to even more 
severe FI. For constipation-associated FI, cause-oriented treatment 
would be more efficient. For example, an enema or rectal irrigation 
program may indirectly relieve FI by treating the cause, that is, hard 
stools.53 Laxatives could also be used to treat FI by softening the 
hard stools, which might cause constipation. However, this effect 
still needs to be validated with clinical trials.54

This study provides several clinical implications. First, in the 
non-patient population, we observed that FI could occur with 
IBS and constipation, similar to FI in the patient population with 
pelvic organ prolapse,55,56 rectocele,1 rectal prolapse, high-grade 
intussusception,2 or megarectum.3,4 Second, we confirmed that 
FI coexists with urine incontinence and is significantly associated 
with this symptom (data not shown), which corroborates existing 

F I G U R E  2 Receiver operating characteristic curve of 
multivariable logistic regression models for risk factors of fecal 
incontinence after adjusting for constipation and irritable bowel 
syndrome.
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literature.55–57 Third, our findings indicate that before initiating 
treatment, doctors should comprehensively evaluate the defeca-
tion disorder and perform an anamnesis to know whether FI co-
exists with either IBS or constipation or is isolated in the patient 
with FI. Finally, we revealed that constipation-associated FI is also 
present in subjects with milder constipation-associated FI, with a 
Renzi score of seven and a Wexner score of 7.7, which are not 
recognized as clinically relevant.31,43 At the same time, diagnoses 
with the Rome IV criteria indicated that the subjects have coex-
isting FI and constipation. Therefore, we emphasize the need for 
awareness, as approximately 3.8% (119/3145) of subjects without 
organic problems or without already recognized anorectal alter-
ations experienced constipation-associated FI. Importantly, these 
subjects should be provided with treatment on time to prevent the 
development of more severe forms of constipation-associated FI, 
which, in some cases, can even be irreversible. Furthermore, con-
sultation might take much time to evaluate the defecation symp-
toms comprehensively. Since time is limited for each patient in 
the consulting room, patients are asked to fill in the digital DeFeC 

questionnaire before the consultation for FI or chronic consti-
pation at the anorectal physiology laboratory at the University 
Medical Center Groningen. Using the DeFeC questionnaire could 
help diagnose FI and comprehensively evaluate its symptoms and 
possible causes. Furthermore, in the case of an isolated FI, the 
questionnaire results could indicate a direction for further diag-
nostic steps aiming to point out the cause of FI.

The current study has some limitations. Some of the patients 
with FI had taken treatment for FI; as a result, the reported FI 
symptoms may not be accurate for the actual clinical situation. 
Thus, our study's FI prevalence and severity may have been under-
estimated. On the other hand, people with defecation problems 
were more interested in answering the questionnaire, which may 
have led to overestimating the FI prevalence. The data were col-
lected online, and one might doubt the data's accuracy, especially 
if compared to the face-to-face investigation performed by a med-
ical specialist. However, it is known that FI is a taboo subject, and 
a comprehensive face-to-face interview does not guarantee that 
a patient will honestly share all the embarrassing details with the 

F I G U R E  3 The defecation symptoms in fecal incontinent respondents included normal fecal incontinence symptoms as well as 
constipation and irritable bowel syndrome symptoms.
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doctor. We know that physical examination, particularly in combi-
nation with anorectal physiology tests, would provide objective 
information regarding anorectal physiology. However, it would be 
impossible to objectively test all the respondents from our study 
due to the large sample size we included. Such objective tests are, 
however, not required to meet the Rome IV criteria, as these are 
purely based on symptoms. Therefore, the digital method of data 
collection contributed to the comfort of the respondents and a 
higher level of honesty in their answers than in the case of a face-
to-face interview.

5  |  CONCLUSION

The prevalence of IBS-associated FI, constipation-associated FI, 
and isolated FI is comparably high. More than half of constipation-
associated FI respondents use anti-diarrheal medicines, indicating 
the importance of diagnosing and targeting the cause of FI to pro-
vide personalized care instead of addressing only the FI symptoms. 
This knowledge provides the fundament for future research on 
treatment efficacy when the cause of FI, instead of only the symp-
tom, is treated.
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