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ABSTRACT

Purpose: The internal anal sphincter provides most of
the resting anal tone and is the main muscle response-
ble for continence. This study was designed to esti-
mate the prevalence of, and identify risk factors asso-
ciated with, internal anal sphincter dysfunction in
Japanese adults. Methods: Anorectal manometry was
performed in 1193 women and 1124 men aged 20
years or older. The maximal resting pressure, meas-
ured by a rapid pull-through technique, was defined
as the highest resting pressure recorded. Internal
anal sphincter dysfunction was defined as a maximal
resting pressure less than 30 mmHg. Potential risk
factors were assessed through self-reports, interviews,
physical examinations, and medical record reviews.
Multivariate logistic regression analysis was used to
identify independent risk factors for internal anal
sphincter dysfunction. Results: Significant differences
in maximal resting pressure were seen between women
(58.1 + 24.9 mmHg) and men (68.8 = 23.5 mmHg, P <
0.001). Maximal resting pressure decreased signifi-
cantly with increasing age in both sexes. The preva-
lence of internal anal sphincter dysfunction was 10.4%
(15.5% in women, 5.1% in men). In a multivariate
logistic regression model, age, mental disease, pelvic
organ prolapse repair, and fecal incontinence were
independently associated with a greater risk of inter-
nal anal sphincter dysfunction in women and men.
Conclusions: Internal anal sphincter dysfunction is a
common problem for women and men. Several of the
identified risk factors are preventable or modifiable,
and may direct future research in fecal incontinence
therapy.
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1. INTRODUCTION

Fecal incontinence (FI) is a common disorder with a sig-
nificant impact on quality of life. The prevalence of FI in
the general population increases with age in both women
and men [1]. Although the cause of FI is often multifac-
torial, FI is frequently caused by anal sphincter insuffi-
ciency [2]. The anal sphincter consist of the circular in-
ternal (IAS) and external (EAS) anal sphincter muscles
together with the sling-shaped puborectalis muscle. Al-
though both sphincter muscles are important for the main-
tenance of continence, the IAS, composed of smooth
muscle arranged in oblique bundles, provides most of the
resting anal tone and is the main muscle responsible for
preventing fecal leakage. The IAS contributes an esti-
mated 55% - 85% to maximal resting pressure (MRP)
[3,4]. Low MRP is the most important predictor of FI
and correlates with the Fecal Incontinence Severity Index
(FISI) [5].

Despite a number of studies on FI in western countries
[6-8], there has been a paucity of research about risk
factors associated with IAS dysfunction (IASD). Identi-
fying preventable or modifiable risk factors for IASD
may guide future research for the prevention or treatment
of FI.

The objective of this study was to provide a compre-
hensive description of IASD in Japanese adults and to
describe demographic and other risk factors associated
with IASD after multivariate adjustments.

2. MATERIALS AND METHODS

Between January 2006 and December 2008, 3190 con-
secutive subjects aged 20 years or older referred to our
hospital were enrolled.

Factors potentially associated with IASD or FI were
assessed by questionnaires, interviews, medical record
reviews, and physical examinations. Participants filled in
a structured questionnaire, which included questions
about demographic characteristics (age, sex, body mass
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index (BMI), employment), stool consistency, bowel
movements, presence of selected medical conditions,
previous anorectal surgeries, previous cholecystectomy,
current habits, laxative use, FI, and parity in women. All
medical conditions and medication use were determined
according to self-reports as well as in-person interviews
during which written responses were clarified. Patient
weight and height were measured, and BMI was catego-
rized according to the classification proposed for Japa-
nese adults. The validated Bristol Stool Scale was used to
describe the participant’s usual stool consistency [9].
This scale consists of 7 types of stool and includes pic-
tures of each stool type to aid participants in classifying
their stools. We combined stool type 1 and 2 (hard and
lumpy), 3 - 5 (normal consistencies), and 6 and 7 (mushy
and watery). Smoking status was categorized as non-
smoker and current smoker (=1 cigarettes per day). Al-
cohol intake was categorized as nondrinker and current
drinker (more than once a week). For this study, FI was
defined as any involuntary loss of mucus, liquid, or solid
stool during the last 30 days; this definition of FI did not
include gas.

Anorectal manometry (ARM) was performed by a sin-
gle experienced examiner using a 5 mm diameter, 1-
channel solid-state catheter with a microtipped trans-
ducer ARM system (P-31, Star Medical Co., Tokyo, Ja-
pan). All subjects were examined in the left lateral posi-
tion with the hips flexed to 90°. The lubricated catheter
was introduced into the rectum. The MRP measured by
means of a rapid pull-through technique was defined as
the highest resting pressure recorded. IASD was defined
as “low MRP” in cases where MRP was less than 30
mmHg [10].

Statistical analysis was performed using JMP version
9.0.2 (SAS Institute Inc, Cary, NC). MRP values were
expressed as means * standard deviation. The Mann-
Whitney U test was used to analyze for sex differences in
MRP, and regression analysis was used to search for as-
sociations with age. The chi-square test was used to test
the association between low MRP and each risk factor
individually. All risk factors found to be significantly
associated with low MRP in univariate analyses were
combined into separate multivariate logistic models for
women and men. Adjusted odds ratios (OR) and 95%
confidence intervals (CI) were used to describe associa-
tions between risk factors and low MRP in univariate
analyses and in multivariate analyses. P values < 0.05
were considered to indicate statistical significance for all
analyses.

This study was a retrospective review of existing
clinical data prospectively collected on a hospital anal
physiology unit computer database. This study was ap-
proved by the research and ethics committee of Kuni-
moto Hospital and informed consent for ARM and future
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use of their data was provided by all participants in the
study.

3. RESULTS

Data from 2317 subjects (1193 women and 1124 men)
who gave complete responses were analyzed. Mean age
was 56.0 = 17.9 years in women and 53.2 £ 16.1 years in
men. All participants were stratified into 10-year age
groups. The general characteristics of the participants are
shown in Table 1. The most common medical condition
was hypertension (26.8%). FI was reported by 15.1% of
women and 7.7% of men.

Significant differences in MRP were seen between
women (58.1 £ 24.9 mmHg) and men (68.8 + 23.5 mmHg;
P < 0.001). MRP decreased significantly with increasing
age in both sexes (Figure 1).

The prevalence of low MRP was 10.4% (15.5% in
women, 5.1% in men). Among women, prevalence in-
creased from 1.7% for 20 - 29 year-olds up to 52.4% for
80 years or older. For women and men combined, the
most common medical conditions associated with low
MRP were cognitive impairment and pelvic organ prolapse
repair (Tables 2 and 3).

In univariate analyses, variables associated with low
MRP in women and men were age, employment status,
hypertension, stroke, cognitive impairment, mental dis-
ease, ischemic heart disease, any history of cancer, pelvic
organ prolapse repair, laxative use, and FI. In addition,
parity, dyslipidemia, spinal cord injury, anal fistula sur-
gery, and hysterectomy were associated with low MRP in
women but not in men, while BMI, usual stool consis-
tency, diabetes mellitus, hemorrhoidectomy, and rectal
surgery were associated with low MRP in men alone.

In a multivariate logistic regression model, age, men
tal disease, pelvic organ prolapse repair, and FI were
independently associated with a greater risk of low MRP
in women and men. In addition, ischemic heart disease
was associated with low MRP in women alone. By con-
trast, smoking or alcohol intake and diabetes mellitus
were significantly negative associated with low MRP in
women (Tables 4 and 5).

4. DISCUSSION

The present study investigated the influence of age, sex,
and other possible risk factors for low MRP in a large
number of Japanese adults spanning a wide age range.
The main results are the following: 1) women had sig-
nificantly lower MRP than men; 2) MRP decreased with
increasing age in both sexes; 3) independent risk factors
for low MRP in both sexes include advancing age, FI,
mental disease, and pelvic organ prolapse repair.

FI is defined as either the involuntary passage of or the
inability to control the discharge of fecal matter through
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Table 1. General characteristics of study subjects.

Characteristic Overall Women Men
n=2317 n=1193 n=1124

Age (year) 20-29 201 (8.7) 117 9.8) 84 (7.5)
30-39 348 (15.0) 149 (12.5) 199 17.7)
40 - 49 339 (14.6) 157 (13.2) 182 (16.2)
50-59 470 (20.3) 216 (18.1) 254 (22.6)
60 - 69 421 (18.2) 231 (19.4) 190 (16.9)
70-179 391 (16.9) 220 (18.4) 171 (15.2)
>80 147 (6.3) 103 (8.6) 44 3.9
BMI Underweight (<18.5) 140 (6.0) 87 (7.3) 53 (4.7)
Normal (18.5 - 24.9) 1628 (70.3) 898 (75.3) 730 (64.9)
Overweight (>25) 549 (23.7) 208 (17.4) 341 (30.3)

Parity At least one vaginal 924 (77.4)
Employment status Employed/student 1281 (55.3) 470 (39.4) 811 (72.2)
Unemployed/other 1036 (44.7) 723 (60.6) 313 (27.8)
Usual stool consistency Normal stools 1403 (60.6) 635 (53.2) 768 (68.3)
Hard, lumpy stools 688 (29.7) 466 (39.1) 222 (19.8)
Loose, watery stools 150 6.5) 47 3.9) 103 9.2)
Other 76 3.3) 45 (3.3) 31 (2.8)
Frequency of bowel movements >21 BM/week 113 4.9) 49 4.1) 64 (5.7)
3-21 BM/week 2001 (86.4) 1001 (83.9) 1000 (89.0)
<3 BM/week 203 (8.8) 143 (12.0) 60 (5.3)
Comorbid conditions Hypertension 620 (26.8) 317 (26.6) 303 (27.0)
Diabetes mellitus 155 (6.7) 75 (6.3) 80 (7.1)
Dyslipidemia 257 (11.1) 154 (12.9) 103 (9.2)
Stroke 93 4.0) 44 3.7) 49 4.4)
Cognitive impairment 29 (1.3) 17 (1.4) 12 (1.1)
Mental disease 102 4.4) 60 (5.0) 42 (3.7
Ischemic heart disease 64 2.9) 27 (2.3) 37 (3.3)
Any history of cancer 108 4.7) 58 4.9) 50 4.4
Bronchial asthma 98 4.2) 57 (4.8) 41 (3.6)
Spinal cord injury 46 (2.0) 22 (1.8) 24 2.1)
Previous surgeries Hemorrhoidectomy 314 (13.6) 156 (13.1) 158 (14.1)
Anal fissure surgery 28 (1.2) 16 (1.3) 12 (1.1)
Anal fistula surgery 82 (3.5) 16 (1.3) 66 (5.9)

Hysterectomy 97 (8.1)
Pelvic organ prolapse repair 51 2.2) 43 (3.6) 8 (0.7)
Rectal surgery 16 (0.7) 7 (0.6) 9 (0.8)
Cholecystectomy 43 (1.9) 17 (1.4) 26 (2.3)
Current habits Smoking 572 (24.7) 194 (16.3) 378 (33.6)
Alcohol intake 979 (42.3) 293 (24.6) 686 (61.0)
Laxative use 471 (20.3) 347 (29.1) 124 (11.0)
Fecal incontinence 266 (11.5) 180 (15.1) 86 (7.7)

BMI = body mass index. BM = bowel movements. Data are numbers of subjects with percentages in parentheses. Percentages may not sum to 100 because of
rounding.
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Figure 1. Regression analysis on the influence of age on maximal resting pressure (MRP) in women (a) and men (b). MRP decreased
significantly with increasing age in both sexes (women, r =—0.721, P < 0.001; men, r =-0.583, P < 0.001).

the anal canal [1]. Clinically there are 3 subtypes: 1) pas-
sive incontinence—the involuntary discharge of rectal
contents without awareness; 2) urge incontinence—the
discharge of stool in spite of active attempts to retain
bowel contents; and 3) combined incontinence—both
passive and urge incontinence [2]. The majority of FI
patients have passive incontinence [11]. Passive inconti-
nence is generally associated with dysfunction of the
smooth muscle of the IAS, whereas urge incontinence is
related to dysfunction of the striated muscle of the EAS
[1,2]. At rest, the IAS is in a tonically contracted state,
and is innervated by the autonomic nervous system. The
IAS plays a key role in maintaining continence, provid-
ing 55% - 85% of MRP [3.,4].

Several studies have investigated the effect of sex on
resting pressure of the anal canal [12-15]. The data are
contradictory, with about half of the studies reporting
comparable resting pressures in women and men, and the
other half citing lower resting pressure in women. In
most of these studies, the number of male and female
subjects was rather low. Laurberg and Swash [12], who
studied a larger cohort of subjects (102 women and 19
men), observed a significantly lower resting pressure in
women. This is in accordance with the results of our
study on more than 1000 people of both sexes.

Reports on the effects of aging on MRP are also con-
flicting. Some studies observed a significant lowering of
MRP with age (more often in women than in men), while
others found only a small decrease in MRP that did not
reach statistical significance. Other studies did not see a
decreased MRP in their older subjects [12-15]. In addi-
tion to the aforementioned problem of small sample size,
most studies included patients of varying ages and grouped
them differently. In the present study, we divided the
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subjects into 7 age groups by decade, and used regres-
sion analysis to search for effects of age on MRP, and
found that MRP significantly decreases with age in
women as well as in men. This age-dependent decrease
in MRP is thought to be due to fibrosis of the IAS in eld-
erly patients [16,17].

Studies examining independent risk factors for FI have
implicated age, obstetric and gynecologic factors, several
medical conditions, and poor health. In particular, age,
parity, vaginal delivery, diabetes, diarrhea, and neurologic
conditions have notably been associated [6-8,18,19].

This study has several limitations that should be con-
sidered when interpreting the results. First, prevalence
estimates were limited to non-institutionalized individu-
als, and because the prevalence of FI in the nursing home
population is higher than in the community [1,2], the
overall prevalence of IASD is likely underestimated,
especially among older participants. Second, as in pre-
vious large epidemiological studies, comorbid conditions
were determined according to self-reports instead of
through clinician-derived methods.

Since women were found to have a higher prevalence
of FI than men, in some prior studies, it was hypothe-
sized that this sex difference is due to obstetrical injuries
being a major risk factor for FI [18,19]. In this survey of
the entire adult lifespan, there was a significant differ-
ence in the prevalence of low MRP between women and
men. In univariate analysis, vaginal delivery was associ-
ated with a higher prevalence of low MRP in women, but
this association was no longer significant after multivari-
ate adjustment. Whitehead et al. [7] did not find a sig-
nificant difference in the prevalence of FI between
women and men comprising the entire adult lifespan.
Other studies that included a broad range of ages have
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Table 2. Baseline characteristics of the risks for low MRP of women.

Risk factor rY\/:OE%g n I;OKSSM(ESI.DS) P
Age (year) 20-29 117 9.8) 2 (1.7) <0.001
30-39 149 (12.5) 4 2.7)
40 -49 157 (13.2) 5 @3.1)
50 - 59 216 (18.1) 9 (4.5)
60 - 69 231 (19.4) 42 (18.2)
70-79 220 (18.4) 69 (31.4)
>80 103 (8.6) 54 (52.4)
BMI Underweight (<18.5) 87 (7.3) 20 (23.0) 0.13
Normal (18.5 - 24.9) 898 (75.3) 135 (15.0)
Overweight (>25) 208 (17.4) 30 (14.4)
Parity At least one vaginal 924 (77.4) 173 (18.7) <0.001
None 269 (22.6) 12 (4.5)
Employment status Employed/student 470 (39.4) 33 (7.0) <0.001
Unemployed/other 723 (60.6) 152 (21.0)
Usual stool consistency Normal stools 635 (53.2) 102 (16.1) 0.41
Hard, lumpy stools 466 (39.1) 73 (15.7)
Loose, watery stools 47 3.9) 7 (14.9)
Other 45 (3.8) 3 6.7)
Frequency of bowel movements >21 BM/week 49 4.1) 12 (24.5) 0.06
3-21 BM/week 1001 (83.9) 145 (14.5)
<3 BM/weck 143 (12.0) 28 (19.6)
Comorbid conditions Hypertension 317 (26.6) 81 (25.6) <0.001
Diabetes mellitus 75 (6.3) 16 (21.3) 0.15
Dyslipidemia 154 (12.9) 34 (22.1) 0.01
Stroke 44 3.7) 13 (29.6) 0.009
Cognitive impairment 17 (1.4) 10 (58.8) <0.001
Mental disease 60 (5.0) 17 (28.3) 0.005
Ischemic heart disease 27 (2.3) 15 (55.6) <0.001
Any history of cancer 58 (4.9) 16 (27.6) 0.009
Bronchial asthma 57 4.8) 13 (22.8) 0.12
Spinal cord injury 22 (1.8) 11 (50.0) <0.001
Previous surgeries Hemorrhoidectomy 156 (13.1) 29 (18.6) 0.25
Anal fissure surgery 16 (1.3) 4 (25.0) 0.29
Anal fistula surgery 16 (1.3) 6 (37.5) 0.01
Hysterectomy 97 8.1) 25 (25.8) 0.004
Pelvic organ prolapse repair 43 (3.6) 25 (58.1) <0.001
Rectal surgery 7 (0.6) 3 (42.9) 0.08
Cholecystectomy 17 (1.4) 5 (29.4) 0.11
Current habits Smoking 194 (16.3) 5 (2.6) <0.001
Alcohol intake 293 (24.6) 7 (2.4) <0.001
Laxative use 347 (29.1) 77 (22.2) <0.001
Fecal incontinence 180 (15.1) 103 (57.2) <0.001

MRP = maximal resting pressure. BMI = body mass index. BM = bowel movements. Data are numbers of subjects with percentages in parentheses. Percentages
may not sum to 100 because of rounding.
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Table 3. Baseline characteristics of the risks for low MRP of men.

Risk factor n iﬂf?z 4 #SV;?M(SR 1P) P
Age (year) 20-29 84 (7.5) 1 (1.2) <0.001
30-39 199 (17.7) 2 (1.0)
40 - 49 182 (16.2) 1 (0.6)
50-59 254 (22.6) 3 (1.2)
60 - 69 190 (16.9) 11 (5.8)
70-79 171 (15.2) 26 (15.2)
>80 44 3.9) 13 (29.5)
BMI Underweight (<18.5) 53 (4.7) 5 9.4) 0.01
Normal (18.5 - 24.9) 730 (64.9) 44 (6.0)
Overweight (>25) 341 (30.3) 8 (2.3)
Employment status Employed/student 811 (72.2) 17 2.1) <0.001
Unemployed/other 313 (27.8) 40 (12.8)
Usual stool consistency Normal stools 768 (68.3) 27 (3.5) 0.005
Hard, lumpy stools 222 (19.8) 20 9.0)
Loose, watery stools 103 9.2) 7 (6.8)
Other 31 (2.8) 3 ©.7)
Frequency of bowel movements >21 BM/week 64 (5.7) 6 9.4) 0.27
3 -21 BM/week 1000 (89.0) 48 (4.8)
<3 BM/week 60 (5.3) 3 (5.0)
Comorbid conditions Hypertension 303 (27.0) 25 (8.6) 0.003
Diabetes mellitus 80 (7.1) 8 (10.0) 0.04
Dyslipidemia 103 9.2) 6 (5.8) 0.71
Stroke 49 (4.4) 6 (12.2) 0.02
Cognitive impairment 12 (1.1) 7 (58.3) <0.001
Mental disease 42 3.7) 8 (19.1) <0.001
Ischemic heart disease 37 (3.3) 5 (13.5) 0.02
Any history of cancer 50 4.4) 6 (12.0) 0.02
Bronchial asthma 41 (3.6) 3 (7.3) 0.50
Spinal cord injury 24 (2.0) 2 (8.3) 0.46
Previous surgeries Hemorrhoidectomy 158 (14.1) 19 (12.0) <0.001
Anal fissure surgery 12 (1.1) 1 (8.3) 0.61
Anal fistula surgery 66 (5.9 6 9.1) 0.13
Pelvic organ prolapse repair 8 0.7) 4 (50.0) <0.001
Rectal surgery 9 (0.8) 3 (33.3) <0.001
Cholecystectomy 26 (2.3) 1 (3.8) 0.77
Current habits Smoking 378 (33.6) 15 (4.0) 0.37
Alcohol intake 686 (61.0) 25 (3.6) 0.007
Laxative use 124 (11.0) 19 (15.3) <0.001
Fecal incontinence 86 (7.7) 26 (30.2) <0.001

MRP = maximal resting pressure. BMI = body mass index. BM = bowel movements. Data are numbers of subjects with percentages in parentheses. Percentages
may not sum to 100 because of rounding.
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Table 4. Odds ratios for variables associated with low MRP of women.

Univariate analysis

Multivariate analysis

Risk factor OR (95% Cl) P OR (95% Cl) P
Age (10-year interval) 2.34 (2.04,2.71) <0.001 1.74 (1.44,2.12) <0.001
BMI (vs. normal)
Underweight 1.69 (0.97,2.82) 0.06 2.05 (0.92,4.42) 0.08
Overweight 0.95 (0.61, 1.44) 0.82 0.70 (041, 1.16) 0.17
Parity (vs. none) 4.93 (2.82,9.49) <0.001 1.83 (0.87,4.17) 0.11
Employment status (vs. employed/student)
Unemployed/other 3.53 (2.40, 5.32) <0.001 1.49 (0.86,2.56) 0.15
Usual stool consistency (vs. normal stools)
Hard, lumpy stools 0.97 (0.70, 1.34) 0.86 0.75 (0.46, 1,23) 0.26
Loose, watery stools 091 (0.37,1.98) 0.83 0.93 (0.33,2.83) 0.89
Other 0.37 (0.09, 1.05) 0.06 0.81 (0.17,2.92) 0.77
Comorbid condition
Hypertension 2.55 (1.84,3.53) <0.001 0.74 (0.46, 1.16) 0.19
Diabetes mellitus 1.52 (0.85,2.71) 0.15 0.40 (0.18, 0.82) 0.01
Dyslipidemia 1.67 (1.10, 2.53) 0.01 1.41 (0.82,2.38) 0.21
Stroke 2.38 (1.22,4.64) 0.009 0.47 (0.19, 1.12) 0.09
Cognitive impairment 8.17 (3.07,21.8) <0.001 0.83 (0.24,3.07) 0.78
Mental disease 227 (1.27,4.08) 0.005 223 (1.00, 4.84) 0.049
Ischemic heart disease 7.32 (3.37,15.9) <0.001 3.14 (1.23,8.22) 0.02
Any history of cancer 2.18 (1.20, 3.96) 0.009 1.11 (0.47,2.50) 0.81
Spinal cord injury 5.73 (2.45,13.4) <0.001 2.51 (0.82,7.58) 0.10
Previous surgeries
Hemorrhoidectomy 1.29 (0.83,2.00) 0.25 0.97 (0.55, 1.65) 091
Anal fistula surgery 3.35 (1.20,9.32) 0.01 1.95 (0.48, 7.04) 0.33
Hysterectomy 2.03 (1.25,3.30) 0.004 1.57 (0.82,2.95) 0.17
Pelvic organ prolapse repair 8.59 (4.58, 16.1) <0.001 2.48 (1.07,5.84) 0.03
Rectal surgery 4.14 (0.80, 18.9) 0.08 1.11 (0.17, 6.75) 091
Current habits
Smoking 0.12 (0.04,0.27) <0.001 0.25 (0.10, 0.56) <0.001
Alcohol intake 0.10 (0.04, 0.20) <0.001 0.27 (0.08, 0.72) 0.007
Laxative use 1.95 (1.41,2.69) <0.001 1.29 (0.81, 2.05) 0.29
Fecal incontinence 15.17 (10.5, 22.1) <0.001 8.16 (5.20, 12.9) <0.001

also failed to find a sex difference in FI prevalence or an
effect of obstetrical injury [6,8,20]. This suggests that
obstetrical injuries are not the most common cause of FI
in women. Perineal tears are classified into 4 degrees. A
fourth-degree tear is defined as an injury that extends
through the fascia and musculature of the perineal body
and involves the anal sphincter complex (EAS and IAS)
and anal epithelium. Third-degree tears involve some or
all of the fibers of the EAS, but do not necessarily in-
volve the IAS. Faltin et al. [21] reported that clinically
undetected tears of the anal sphincter were diagnosed by

Copyright © 2013 SciRes.

anal endosonography in 42 of 150 women (28%). EAS
injury alone was observed in 30 women (20%), IAS in-
jury alone in 2 (1.3%), and both in 10 (7%). In a study of
62 women with FI related to obstetrical procedures, anal
endosonography revealed EAS defects in 90% and IAS
defects in 65% of the subjects [22]. Our data also sug-
gests that EAS injury is the predominant cause of FI after
vaginal delivery.

Previous studies have found diabetes mellitus to in-
crease the risk of FI [8,23]. Ward and Tunuguntla [23]
reported that 4% of diabetic patients suffered from FI.
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Table 5. Odds ratios for variables associated with low MRP of men.

Univariate analysis

Multivariate analysis

Risk factor OR (95% Cl) P OR (95% Cl) P
Age (10-year interval) 2.54 (2.02,3.29) <0.001 2.36 (1.68,3.41) <0.001
BMI (vs. Normal)
Underweight 1.62 (0.54,3.94) 0.35 1.15 (0.36, 4.55) 0.82
Overweight 0.37 (0.16, 0.76) 0.006 0.49 (0.19, 1.13) 0.10
Employment status (vs. Employed/student)
Unemployed/Other 6.84 (3.88,12.6) <0.001 1.10 (0.48,2.49) 0.81
Usual stool consistency (vs. normal stools)
Hard, lumpy stools 2.72 (1.48,4.93) 0.002 1.94 (0.59, 5.68) 0.27
Loose, watery stools 2.00 (0.79, 4.48) 0.14 1.57 (0.68, 3.52) 0.29
Other 2.94 (0.67, 8.99) 0.13 2.30 (0.37,10.3) 0.85
Comorbid condition
Hypertension 222 (1.29,3.81) 0.003 0.67 (031, 1.41) 0.30
Diabetes mellitus 2.26 (1.03,4.95) 0.04 0.97 (0.33,2.53) 0.96
Dyslipidemia 1.18 (0.49,2.81) 0.71 0.86 (0.27,2.29) 0.78
Stroke 2.80 (1.14, 6.89) 0.02 0.48 (0.13, 1.47) 0.21
Cognitive impairment 29.73 (9.11, 98.0) <0.001 437 (0.97,21.5) 0.06
Mental disease 4.96 (2.18,11.3) <0.001 7.29 (2.36,21.2) <0.001
Ischemic heart disease 3.11 (1.16, 8.31) 0.02 1.98 (0.53, 6.32) 0.29
Any history of cancer 2.74 (1.11, 6.72) 0.02 0.62 (0.16, 1.98) 0.44
Spinal cord injury 1.73 (0.40, 7.53) 0.46 1.40 (0.19,5.98) 0.70
Previous surgeries
Hemorrhoidectomy 3.34 (1.87,5.96) <0.001 1.55 (0.72,3.21) 0.26
Anal fistula surgery 1.97 (0.81,4.78) 0.13 2.02 (0.57, 6.02) 0.26
Pelvic organ prolapse repair 20.06 (4.88, 82.4) <0.001 11.87 (1.71, 88.9) 0.01
Rectal surgery 9.82 (2.39, 40.3) <0.001 5.94 (0.76,43.9) 0.09
Current habits
Smoking 0.69 (0.37,1.24) 0.37 0.79 (0.65,2.42) 0.50
Alcohol intake 0.47 (0.28, 0.82) 0.007 1.15 (0.53,2.40) 0.72
Laxative use 4.58 (2.55,8.23) <0.001 1.57 (0.68,3.51) 0.28
Fecal incontinence 14.08 (7.83,25.23) <0.001 5.13 (2.14,12.12) 0.001

MRP = maximal resting pressure. OR = odds ratio. CI = confidence interval. BMI = body mass index. Only variables found to be significant in univariate
analyses for women or men were included in the multivariate regressions and shown in the table. Multivariate odds ratios are adjusted for all other risk factors

in the table.

The underlying pathophysiology of anorectal dysfunction
in diabetic patients with FI is not well understood. Dia-
betes mellitus may contribute to FI through sphincter or
pelvic floor weakness from anatomic defects, nerve dam-
age, or microvascular complications. Schiller et al. [24]
found IASD secondary to autonomic neuropathy respon-
sible for FI in 16 diabetic patients. In contrast, Rogers
[25] reported that EAS dysfunction might play an im-
portant role. Other reports suggested that both IAS and
EAS dysfunction might be involved [26,27]. In the pre-
sent study, the univariate association between diabetes
mellitus and low MRP was significant for men, but after
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multivariate adjustment, this relationship did not hold.
On the contrary, in women low MRP was significantly
negatively associated with diabetes mellitus after multi-
variate adjustment. The lumbar sympathetic innervation
inhibits the colon and provides motor stimulation to the
IAS. The pudendal nerves, on the other hand, are somatic
nerves that innervate the EAS. Diabetic pudendal neu-
ropathy leads to delay of pudendal nerve terminal motor
latency, causes EAS damage, and may result in FI [28].
Our results suggest that somatic neuropathy plays a more
important role in FI in diabetic patients.

FI was significantly associated with low MRP after
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multivariate adjustment in both sexes. More treatment
options for FI makes a proper pretreatment evaluation
increasingly important, whether by means of subjective
severity questionnaires, such as the FISI, or by objective
measurements, such as ARM, anal endosonography,
electromyography, and defecography [1]. Bordeianou et
al. [5] reported MRP was the only objective measure-
ment that seems to correlate with both FISI and the
presence of sphincteric defects on anal endosonography,
while maximal squeeze pressure (MSP) generated by the
EAS was not correlated. Our results confirm a strong
association between low MRP and FI.

Mental disease was found to be independently associ-
ated with low MRP. The TAS has spontaneous myogenic
tone, but it also receives inputs from the sympathetic and
parasympathetic nervous systems, both of which exert
excitatory and inhibitory influences on the sphincteric
smooth muscle [29]. Yamato and Rattan [30] demon-
strated that stimulation of al-adrenoreceptors causes an
increase in the resting pressure developed by the IAS.
Multi-acting receptor targeted antipsychotics (MARTA)
have a high affinity for a number of receptors including
the dopaminergic D2, serotonergic 5-HT2A, al-adren-
ergic, and muscarinic receptors. Two cases of FI have
been reported in patients taking MARTA [31,32]. The
pathophysiology is thought to be related to its central
mechanism of action and inhibitory effects on the anal
sphincters. Siproudhis et al. [33] reported that a single
oral administration of 2 types of antidepressants (amitrip-
tyline and fluoxetine) reduced pressure in the upper anal
canal in 10 healthy male volunteers. Both drugs are
likely to decrease the contractile activity of smooth mus-
cle by inhibiting calcium channels.

Pelvic organ prolapse repair was also an independent
risk factor for low MRP. Most studies reported a greater
than 10% prevalence of FI in women with genital
prolapse, and more than a third of women and men with
rectal prolapse reported FI [34]. Internal rectal prolapse
is a circular infolding of the rectal wall that occurs on
straining to defecate. It descends into the rectum and
may reach into the anal canal. Harmston et al. [35] found
a significant reduction in MRP with progressive in-
creases in the grade of internal rectal prolapse without a
demonstrable effect on MSP. By contrast, external rectal
prolapse was associated with a significant reduction in
both MRP and MSP [36]. The underlying mechanism has
been postulated to result from nerve damage by stretch-
ing due to perineal descent or sphincter dilatation and
inappropriate stimulation of the recto-anal inhibitory re-
flex by the prolapsing rectum [37]. The finding of de-
creased MRP without a significant change in MSP sug-
gests that the predominant effect of internal rectal prolapse
is on reducing IAS tone without an effect on EAS.

Copyright © 2013 SciRes.

5. CONCLUSION

IASD has received little attention, and the results of this
study indicate that it is a major problem for elderly peo-
ple in Japan. In addition, the importance of IASD as a
public health problem is likely to increase in the near
future as the elderly population continues to grow. This
cross-sectional study offers evidence that IASD is corre-
lated with the presence of certain conditions such as age,
sex, FI, mental disease, and pelvic organ prolapse. Sev-
eral of these risk factors for IASD are potentially pre-
ventable or modifiable; for example, several studies have
shown a recovery in MRP after rectal prolapse repair
[35]. Improving our understanding of risk factors, par-
ticularly modifiable risk factors, is critical for developing
future prevention guidelines and improving the specific-
ity of FI treatment.
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