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Abstract

Background: The Japanese Ministry of Health, Labour and Welfare
reported that the overall constipation complaint rates among men and
women are 2.5% and 4.6%, respectively. To evaluate the impact of
constipation on patients with cardiovascular diseases, we investigated
the association between constipation and frailty components in pa-
tients undergoing cardiac rehabilitation (CR).

Methods: We enrolled 102 consecutive patients undergoing late
phase II CR (mean age: 62.7 + 13.4 years; 68 (67%) were men). We
investigated clinical characteristics, observed defecation status and
evaluated frailty components assessed by the Kihon checklist. Ac-
cording to the Clinical Guidelines for Chronic Constipation, the sub-
jects were divided into constipation and non-constipation groups.

Results: Constipation was noted in 33 patients (32%). Interestingly,
the constipation complaint rate was only 15%. Age was significantly
higher in the constipation group than in the non-constipation group;
however, no differences in sex, underlying diseases and prevalence
rates of coronary risk factors were observed between the two groups.
Body mass index, hemoglobin level, albumin level and estimated
glomerular filtration rate were significantly lower in the constipation
group than in the non-constipation group. The prevalence of frailty
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was significantly higher in the constipation group than in the non-
constipation group. Physical ability, seclusion and depression scores
were significantly higher in the constipation group than the non-con-
stipation group.

Conclusions: Constipation was associated with physical function and
depression score as components of frailty in patients undergoing CR.

Keywords: Constipation; Defecation; Cardiovascular disease; Frail-
ty; Cardiac rehabilitation

Introduction

Constipation is one of the most common gastrointestinal dis-
orders, with a reported prevalence of about 20%, ranging from
2% to 28% globally, depending on diagnostic criteria [1]. Ac-
cording to the 2016 comprehensive survey of living conditions
conducted by the Japanese Ministry of Health, Labour and
Welfare, the prevalence of constipation in Japan was 2-5%,
with more women being affected than men (4.6% vs. 2.5%)
[2]. Breath-holding methods like Valsalva maneuver as a result
of straining associated with defecation can cause changes in
circulation and increase rupture risks of intracranial aneurysms
[3]. However, the prevalence of constipation in patients with
cardiovascular disease (CVD) is not known.

In 2017, the Clinical Guidelines for Chronic Constipation
was prepared by the Constipation Diagnosis and Treatment
Study Group of the Japan Society of Gastroenterology [4],
and constipation was defined as a decrease in the frequency of
bowel movements, having hard stools and a defecation disor-
der. According to the diagnostic criteria, constipation cannot
be diagnosed simply by the single factor of infrequent bowel
movements but requires other symptoms such as straining dur-
ing bowel movement and the consistency of the stools. Even
if an individual has a sufficient number of bowel movements,
there are multiple symptoms of defecation disorders that would
be diagnosed as constipation.

This study investigated the complaints and prevalence of
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constipation according to the Clinical Guidelines for Chron-
ic Constipation in patients undergoing cardiac rehabilitation
(CR). Further, we also investigated the association between
constipation and frailty components.

Materials and Methods

Study protocol and subjects

In 2012, the Japanese Circulation Society described the can-
didates for CR as being patients with CVD who have had a
coronary artery disease such as acute myocardial infarction
and angina pectoris, open-heart surgery, chronic heart failure,
major vessel disease such as that occurring after aortic dis-
section, macrovascular surgery, stent graft insertion, peripheral
artery disease and transcatheter aortic valve implantation [5].
CR is a comprehensive secondary prevention program that in-
cludes not only exercise therapy but also education for patients
and their families, guidance for proper nutrition, medication,
lifestyle, and smoking cessation, support for psychosocial fac-
tors, and reinstatement training [5]. The effectiveness of CR
for patients with CVD has been proven [6].

Two hundred and ninety-eight consecutive patients par-
ticipated in late phase II CR at Juntendo University Hospi-
tal, Tokyo, Japan, between June 2018 and June 2019. The
present study enrolled 121 consecutive patients with acute
myocardial infarction, chronic heart failure and major ves-
sel disease undergoing late phase II CR. After excluding
five patients who did not provide written informed consent
and 14 patients with missing clinical data, we enrolled 102
patients for this analysis. The purpose of the study was ex-
plained in writing to the patients and consent was obtained in
accordance with the Declaration of Helsinki. Approval was
obtained for research involving patients from the Institution-
al Review Board of Juntendo University Hospital (approval
number 17-307).

Diagnostic criteria for functional constipation

Our constipation questionnaire was prepared according to the
Clinical Guidelines for Chronic Constipation [4]. We surveyed
patients using six questions on defecation status based on the
Clinical Guidelines for Chronic Constipation, and four ques-
tions on defecation status (constipation, diarrhea, normal, con-
stipation and diarrhea) using a questionnaire [7]. According to
the Clinical Guidelines for Chronic Constipation, constipation
was diagnosed if two or more of the following symptoms have
been present for at least 3 months (with symptom onset at least
6 months prior to diagnosis) [4].

The severity of constipation was determined using the
Bristol Stool Form Scale (BSFS) [8], which classifies stools
into seven morphologic types based on appearance. These
seven morphologic types are divided into three categories.
Stools associated with constipation are type 1 (separate hard
lumps, like nuts and hard to pass) and type 2 (sausage-shaped,
but lumpy); the ideal stools are type 3 (like sausage, but with
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cracks on surface), type 4 (like sausage or snake, smooth and
soft), and type 5 (soft blobs with clear cut edges, passed ear-
ly); stools associated with diarrhea are type 6 (fluffy pieces
with ragged edges, mushy stool) and type 7 (watery, no solid
pieces).

The Kihon checklist (KCL) for frailty

The KCL is a 25-item self-administered questionnaire devel-
oped by the Japanese Ministry of Health, Labour and Welfare
for older individuals to evaluate their own life and health con-
dition and check whether their physical and mental functions
are impaired. It helps in preventing the deterioration of the
condition by identifying at an early stage those older individu-
als who may experience decline in living function and con-
necting it to the prevention of long-term care [9]. It consists
of 25 simple “yes” or “no” questions of seven types that focus
on social and psychological aspects in addition to the physi-
cal aspects of frailty and evaluates instrumental activities of
daily living, physical function, nutritional status, oral function,
social activities of daily living, cognitive function and depres-
sion. The KCL is considered to be an effective screening tool
as it can evaluate frailty on the basis of multiple domains [9,
10]. The response to each “yes” or “no” question will receive
a respective score of 1 point or 0 point, with a score range of
4 - 7 suggesting pre-frailty and a score of more than 8 points
suggesting frailty [9].

Data collection

The patients’ clinical characteristics (age, gender, comorbidi-
ties and medical history) were obtained from medical records.
Laboratory test results, dosage of medications and echocar-
diographic data were used from the time closest to the initia-
tion of CR when multiple data were available for one patient.
Blood samples were taken in the early morning after fasting
overnight. Chronic kidney disease was defined as an estimated
glomerular filtration rate < 60 mL/min/1.73 m? and was calcu-
lated by the renal disease equation using baseline serum creati-
nine level as assessed by sex and age [11].

We used the Geriatric Nutritional Risk Index (GNRI) data
[12] and assessed the body composition at the beginning of the
CR, as described previously [6]. Anthropometric parameters,
including the percentages of body fat, and lean body weight
were measured by bioelectrical impedance analysis (MC-
780A; TANITA, Tokyo, Japan).

Statistical analysis

The results were expressed as mean + standard deviation and
were analyzed using JMP software (Version 14 for Windows,
SAS Institute, Inc., Cary, NC, USA). We performed compara-
tive analyses between the constipation and non-constipation
groups using a two-tailed Student’s #-test. A P-value of less
than 0.05 was considered significant.
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Figure 1. The number of applicable items for functional constipation
diagnosis criteria. Subjects were classified into constipation (n = 33,
32%) and non-constipation (n = 69, 68%) groups according to the
Chronic Constipation Treatment Guidelines.

Results

Study population and the complaint and prevalence rates
of constipation

The average age of the patients was 62.7 + 13.4 years, and 68
(67%) were men. Sixty-four (63%) had chronic heart failure,
22 (21%) had aortic disease, 16 (16%) had acute myocardial
infarction, 59 (58%) had hypertension, 12 (12%) had diabetes
mellitus and 30 (29%) had dyslipidemia.

Complaint rates

Of the 102 subjects, the so-called “complaint rate” in-
cluded only 15 patients (15%) who answered to the question
“I think I have constipation”, but the prevalence rate of con-
stipation included 33 patients (32%), based on responses to
our questionnaire (Figs. 1, 2). The constipation prevalence rate
was significantly higher than that of the complaint rate (P <
0.0001). Twenty-one (64%) of the 33 diagnosed with constipa-
tion were diagnosed with chronic constipation (Fig. 2).

Comparison of clinical characteristics between the consti-
pation and non-constipation groups

Subjects were classified into constipation (n = 33, 32%)
and non-constipation (n = 69, 68%) groups according to the
Chronic Constipation Treatment Guidelines [4], and the sub-
jects’ baseline clinical characteristics and medication use are
presented in Table 1. The constipation group was older than
the non-constipation group (71.5 + 11.2 vs. 58.5 £ 12.4 years;
P <0.01). There was no significant difference between the two
groups in sex, prevalence rate of coronary risk factors, CVD
at the beginning of CR, ejection fraction levels, or medications
(except for laxatives).

Body mass index (22.8 + 3.3 vs. 24.5 = 4.7 kg/m?; P <
0.05), levels of hemoglobin (12.3 + 1.8 vs. 13.4 £2.0 g/dL; P
< 0.01) and albumin (3.6 + 0.4 vs. 3.9 + 0.4 g/dL; P < 0.01),
estimated glomerular filtration rate (50.7 + 20.2 vs. 63.8 =
19.3 mL/min/1.73 m?; P < 0.01) and Geriatric Nutritional Risk
Index (GNRI) (97.1 £ 10.7 vs. 103.3 £ 12.8; P < 0.05) were
significantly lower in the constipation group than in the non-
constipation group.

Thirty-one of the study subjects (30%) took laxatives,
with a higher prescription rate in the constipation group than
in the non-constipation group (48% vs. 22%; P < 0.01). In ad-
dition, significantly more patients in the constipation group
compared to the non-constipation group used irritant laxatives

Prevalence of constipation

15%

85%

B : Yes

68%

[]:No

“Chronic
constipation”

P <.0001

Figure 2. Comparison of constipation prevalence and complaint rates in patients undergoing late phase Il cardiac rehabilitation.
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Table 1. Clinical Characteristics of the Study Subjects

All subjects

Constipation group

Non-constipation group

(n=102) (n=33) (n=69) Pvalue
Age, years 62.7+13.4 71.5+£11.2 58.5+124 <0.01
Male, n (%) 68 (67) 20 (61) 48 (70) 0.37
Body mass index, kg/m? 24.0+44 22.8+33 245+4.7 0.03
Hypertension, n (%) 59 (58) 17 (51) 42 (61) 0.37
Diabetes mellitus, n (%) 12 (12) 309 10 (14) 0.44
Dyslipidemia, n (%) 30 (29) 12 (36) 18 (26) 0.28
Current smoking, n (%) 10 (18) 1 (6) 9(23) 0.27
CVD at the beginning of CR, n (%)
Chronic heart failure 64 (63) 22 (67) 43 (62) 0.52
Aortic disease 22 (21) 8 (24) 14 (20)
Acute myocardial infarction 16 (16) 309 12 (18)
Atrial fibrillation 25 (25) 11(33) 14 (20) 0.15
Laboratory data
Hemoglobin, g/dL 13.1+2.0 123+1.8 13.4+2.0 <0.01
Albumin, g/dL 38+04 3.6+04 39+04 <0.01
Creatinine, mg/dL 1.07 £ 0.56 1.23 +0.67 0.99 +0.49 0.04
eGFR, mL/min/1.73 m? 59.4+£20.6 50.7+£20.2 63.8+19.3 <0.01
Total cholesterol, mg/dL 174 £ 32 170 £33 175+33 0.55
Triglyceride, mg/dL 118 +97 115 + 65 120 £ 110 0.82
HDL-C, mg/dL 50+ 12 50+ 13 50+ 12 0.96
LDL-C, mg/dL 99 +30 92 +27 104 £ 30 0.07
FBS, mg/dL 104 +27 98+ 18 106 + 30 0.15
Hemoglobin Alc, % 59+0.7 5.8+04 5.9+0.8 0.85
BNP, pg/mL 290 + 348 361 +£478 242 +221 0.20
NT-proBNP, pg/mL 1,855+ 3,122 3,069 + 2,989 1,855+£3,122 0.23
GNRI 100.1 £ 12.3 97.1£10.7 103.3+12.8 0.03
Ejection fraction, % 51.0£17.5 51.6 £18.1 50.8+17.4 0.81
Medications, n (%)
ACE-I 33 (32) 10 (30) 23 (33) 0.75
ARB 37 (36) 12 (36) 25 (36) 0.98
B-blockers 87 (85) 28 (85) 59 (85) 0.93
CCB 28 (27) 6 (18) 22 (32) 0.14
Loop diuretic 66 (64) 23 (70) 43 (62) 0.46
Vasopressin antagonist 16 (16) 7(21) 9 (13) 0.46
Potassium-sparing diuretic 39 (38) 11 (33) 28 (41) 0.48
Statin 39 (38) 14 (42) 25 (36) 0.54
OHA 8(8) 2 (6) 6(9) 0.64
Insulin 2(2) 1(3) 1(1) 0.59
Sleeping pills 8(8) 309 5(7) 0.74
Proton pump inhibitor 69 (67) 22 (67) 47 (68) 0.88
Laxatives 31 (30) 16 (48) 15 (22) <0.01
Irritant laxative 18 (18) 11 (34) 7 (10) <0.01
Lubiprostone 4(4) 4 (12) 0(0) <0.01
Osmotic laxative 19 (19) 7 (21) 12 (17) 0.20
Herbal medicine 5(5) 2 (6) 3(4) 0.74

Data are presented as the mean + SD. CVD: cardiovascular disease; CR: cardiac rehabilitation; eGFR: estimated glomerular filtration rate; HDL-C:
high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; FBS: fasting blood sugar; BNP: brain natriuretic peptide; NT-proBNP:
N-terminal pro brain natriuretic peptide; GNRI: Geriatric Nutritional Risk Index; ACE-I: angiotensin-converting enzyme inhibitor; ARB: angiotensin |
receptor blocker; CCB: calcium-channel blocker; OHA: oral hypoglycemic agent.

172 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™ www.cardiologyres.org



Nishitani-Yokoyama et al

Cardiol Res.2021;12(3):169-176

Table 2. Comparison of Frailty Components Between the Constipation and Non-Constipation Groups

All subjects (n =102) Constipation group (n =33) Non-constipation group (n =69) P value

Kihon checklist score

Activities of daily living 0.80+1.16 1.09 £ 1.55 0.68+£0.91 0.09
Physical function 1.21+1.26 1.60 +1.24 1.04 +1.22 0.03
Nutritional status 0.60 + 0.60 1.09 +0.94 0.71 +£0.94 0.05
Oral function 0.82+0.95 0.63 +0.60 0.61 £0.62 0.83
Social activities of daily living  0.40 + 0.56 0.58 £ 0.56 0.31 +£0.55 0.03
Cognitive function 0.35+0.60 0.48 +0.66 0.30+0.57 0.16
Depressive mood 1.89 + 1.74 2.67+1.57 1.53+1.70 <0.01
Total score 6.02 +4.20 8.15+4.24 5.20 +3.87 <0.01
Prevalence of frailty

Frailty, n (%) 35(34) 18 (55) 17 (25) 0.01
Pre-frailty, n (%) 35 (34) 10 (30) 25 (36)

Non-frailty, n (%) 32 (32) 5(15) 27 (39)

Data are presented as the mean £ SD.

and a new constipation drug (34% vs. 10% and 12% vs. 0%,
respectively; P < 0.01), but no significant difference was ob-
served between the groups in the use of osmotic laxatives (7
(21%) vs. 12 (17%); P =0.20) and herbal medicine (2 (6%) vs.
3 (4%); P=0.74) (Table 1).

Comparison of frailty components between the constipa-
tion and non-constipation groups

Table 2 compares the frailty components of the two groups. The
constipation group had significantly higher KCL scores than the
non-constipation group: physical function (1.60 + 1.24 vs. 1.04

+ 1.22, P < 0.05), social activities of daily life (0.58 = 0.56 vs.
0.31 £ 0.55, P < 0.05) and depression (2.67 £ 1.57 vs. 1.53 +
1.70, P < 0.01). The prevalence of frailty and prefrailty were
significantly different in the constipation group than the non-
constipation group (55% and 30% vs. 25% and 36%, P <0.01).

Comparison of constipation diagnostic criteria items and
BSFS between the constipation and non-constipation
groups

Figure 3 compares the constipation diagnostic criteria of the
two groups. The frequency of all items was significantly higher

M : Constipation group
[J: Non-constipation group

Straining during more than one-fourth of defecations F 85
Lumpy or hard stools (BSFS 1-2) more than one-fourth of defecations F %2
. . . . 82
Sensation of incomplete evacuation more than one-fourth of defecations 12

Sensation of anorectal obstruction/ blockage more than one-fourth of defecations O_ o1

Fewer than 3 spontaneous bowel movements per week

Manual maneuvers to facilitate more than one-fourth of defecations O_ 24
4

F T T T T T T T T 1

0 10 20 30 40 50 60 70 80 90
(%)

Figure 3. Comparison of diagnostic criteria for functional constipation between the constipation and non-constipation groups.
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[ : Constipation group
[J: Non-constipation group

71

Bristol stool form scale
oD O A W DN -
1

P <0.01

T T T

60 40 20 0

T T T 1 (%)
20 40 60 80

Figure 4. Comparison of Bristol Stool Form Scale between the constipation and non-constipation groups.

in the constipation group than in the non-constipation group (all
P < 0.01). In the constipation group, the most common com-
plaints were “straining during over 25% of defecations” (85%)
and “sensation of incomplete evacuation during over 25% of
defecations” (82%). In the non-constipation group, no study
subjects responded to “sensation of anorectal obstruction/block-
age during more than one-fourth of defecations” or “manual ma-
neuvers to facilitate more than one-fourth of defecations”.

The significant differences between the BSFS criteria of
the two groups are presented in Figure 4. Types 1 and 2 (hard
stools) were observed significantly more often in the constipa-
tion group than in the non-constipation group (31% vs. 2%, P <
0.01). Types 3 and 4 (ideal stools) were observed significantly
more often in the non-constipation group than in the constipa-
tion group (88% vs. 66%, P <0.01).

Discussion

This study found that: 1) the prevalence of constipation in pa-
tients undergoing CR was relatively higher than the rate report-
ed in Japanese national survey; 2) dissociation was observed
between constipation complaint rate and prevalence rate in
patients undergoing late phase II CR; and 3) an association
was observed between constipation and frailty components.
To the best of our knowledge, this is the first report showing
the association between constipation and frailty components in
patients undergoing late phase II CR.

Constipation is a common digestive disorder associated
with lifestyle factors, such as stress and unhealthy diets [13].
The Japan Collaborative Cohort Study demonstrated that con-
stipation could be a marker of exposure to CVD risk factors,
which included diabetes, perceived mental stress, depression
and sedentary life [13]. The relationship between constipation
and cardiovascular events is important, and constipation can be
a causative factor for the occurrence of cardiovascular events.
In the Japanese population, a lower defecation frequency was
associated with a risk of CVD mortality [14]. Subjects with
symptoms of chronic constipation and laxative use had a de-
creased overall survival rate [15]. In addition, excessive strain-
ing can cause syncope or cardiac ischemia through cerebral
and coronary circulation. Straining causes elevation of blood

174 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

pressure and can cause cardiovascular events such as conges-
tive heart failure, arrhythmias, acute coronary syndrome and
aortic dissection [3].

According to the 2016 comprehensive survey of living
conditions conducted by the Japanese Ministry of Health, La-
bour and Welfare, the prevalence of constipation in Japan is
2-5%; more women are affected than men (4.6% vs. 2.5%)
[2]. The prevalence of constipation increases with age [2];
constipation can also be caused by reduced mobility, certain
medications, related comorbidities and rectal sensory-motor
hypofunction [16, 17]. Physical inactivity is a major cause of
most chronic diseases, including CVD and constipation [17].

In this study, the prevalence of constipation in patients
with CVD was significantly higher than the rate found in the
Japanese national survey. Various factors, such as diet and
physical activity, can contribute to stool hardening and poor
bowel movements. Patients with CVD, particularly those with
heart failure, are prescribed diuretics and are instructed to limit
fluid intake. These can promote constipation.

The Acute Decompensated Heart Failure Syndromes reg-
istry, a study of hospitalized heart failure patients in Japan,
found that approximately 70% of patients had fluid retention,
and 76% of patients were administered diuretics in hospital
[18]. In patients with heart failure, gastrointestinal disorders
were associated with several factors, such as hypoperfusion,
abnormality of intestinal permeability and increase of intesti-
nal bacterial colonization [19]. There was no significant differ-
ence of types and dosages of diuretics between the constipa-
tion and non-constipation groups. However, 66% of subjects
in this study were taking diuretics. The high rate of prescrip-
tion of diuretics may explain the higher prevalence of consti-
pation in patients undergoing late phase II CR than those in
the Japanese national survey. In patients with acute coronary
syndrome, hypoactivity of the vagal nerve and increased sym-
pathetic nerve activity are associated with constipation [20].
Acute management of aortic dissection requires bed rest of
longer durations than those required in other CVDs. Hence,
constipation is more likely to develop in patients with aortic
dissection [21]. Elevated blood pressure during defecation can
induce cardiac rupture, recurrence of aortic dissection, acute
heart failure due to increased cardiac afterload and arrhythmia
[3]. A dissociation was observed between the complaint rate
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and the prevalence of constipation in this study. Approximate-
ly 30% of patients reported some constipation symptoms de-
spite being prescribed laxatives. This suggests that our clinical
staff needs to use a formal assessment method to investigate
the patient’s defecation.

The BSFS could be a useful tool for daily practice [22].
It uses a classification of seven stool types, based on texture
and morphology, which correlate with gastrointestinal transit
times. Types 1 and 2 are representative of constipation and
slow intestinal transit, while types 6 and 7 correlated to ac-
celerated transit and diarrhea [22]. Several endocrine and
metabolic disorders may be associated with slow-transit con-
stipation and are present without other significant systemic,
gastrointestinal, or neurological disorders [23]. The KCL score
for physical function, social activities of daily life and depres-
sion was significantly higher in the constipation group than
in the non-constipation group. Constipation causes depression,
anxiety and decreases the quality of life (QOL) [24]. The im-
pacts of constipation on QOL are as important as those of other
common chronic conditions [25]. The symptoms of constipa-
tion go beyond the frequency of bowel movements to include
other unpleasant side effects such as abdominal pain or bloat-
ing [4]. Furthermore, physical and mental weakness, which
are components of frailty, may be associated with constipa-
tion [16]. The Clinical Guidelines for Chronic Constipation is
expected to raise awareness and develop new evidence-based
treatments according to a unified evaluation [4].

The present study has several limitations. Firstly, this was
a single-center observational study with a small sample size; a
study with a larger sample size is needed to confirm these find-
ings. Secondly, this study had a cross-sectional design, and we
were unable to prove any causal relationships between consti-
pation and frailty components in patients and whether consti-
pation had developed before frailty progression; these findings
warrant further studies. Thirdly, we enrolled a narrow range of
patients with CVD undergoing late phase I CR: patients with
acute myocardial infarction, chronic heart failure and major
vessel disease; the results of this study may not be representa-
tive of all patients with CVD. Fourthly, the evaluation of consti-
pation was carried out using a questionnaire. It is possible that
the diagnosis of constipation is underestimated. However, the
questionnaire items were based on the definition of the Clinical
Guidelines for Chronic Constipation. Therefore, its question-
naire must be considered to have a clinical significance.

Conclusions

The prevalence of constipation in patients undergoing CR was
relatively higher than that reported in the Japanese national
survey. Constipation was associated with physical function
and depression score as components of frailty in patients un-
dergoing CR.
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