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Abstract

Background: Hemodialysis patients are likely to develop constipation as a complication due to food and fluid
restrictions. Elobixibat is a new laxative that inhibits the ileal bile acid transporter expressed in the terminal ileum,
suppresses bile acid reabsorption, increases the amount of bile acid flowing into the colon lumen, and promotes
water secretion in the colon and colon motility. In this study, we examined the efficacy and safety of elobixibat in
maintenance hemodialysis patients with chronic constipation.

Methods: In a study conducted on maintenance hemodialysis patients with chronic constipation, comparisons
were conducted retrospectively based on constipation symptoms such as the frequency of spontaneous bowel
movements before elobixibat treatment and 12 weeks after the administration of elobixibat, as well as based on
blood electrolyte levels.

Results: The study was conducted on 23 patients, 19 of whom were subjected to treatment efficacy analysis. The
frequency of spontaneous bowel movements was 2.0 + 0.7 times/week before administration of elobixibat and
reached 4.9 + 2.3 times/week after 12 weeks of administration. The increase started after 1 week of treatment.
Elobixibat treatment improved the constipation score (baseline, 10.4 + 3.2; after 12 weeks, 5.7 + 3.2), the Bristol
Stool Form Scale (baseline, 2.2 + 1.0; after 12 weeks, 4.2 + 0.7), and patient satisfaction regarding defecation
(baseline, 2.9 + 0.9; after 12 weeks, 1.7 + 1.1). The interdialytic weight gain (IDWG) was 5.68 + 0.82% before initiation
of treatment and decreased to 4.54 + 1.34% after 12 weeks. The serum inorganic phosphorus (IP) levels were 568 +
1.25mg/dL and decreased to 4.93 + 1.10 mg/dL after 12 weeks.

Conclusions: Elobixibat was effective in improving constipation symptoms in maintenance hemodialysis patients
with chronic constipation. Elobixibat also improved dialysis-related laboratory test results, such as a decrease in
serum IP levels and IDWG.

Trial registration: UMIN Clinical Trials Registry, UMIN0O00037285, retrospectively registered
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Background

The total number of dialysis patients in Japan increases con-
tinually, and the proportion of elderly subjects in the dialysis
population is also rising [1]. Hemodialysis patients are often
complicated with constipation due to dietary and fluid re-
strictions, as well as due to the use of phosphate binders and
potassium binders [2]. Constipation has been reported to
cause a deterioration in the quality of life (QOL) of dialysis
patients [3]. Given that constipation is associated with an in-
creased risk of cardiovascular death [4, 5], treating constipa-
tion is important in dialysis patients who have a high risk of
death from cardiovascular disease [6].

However, the treatment of chronic constipation in main-
tenance hemodialysis patients has several restrictions. Mag-
nesium preparations are not recommended because of the
increased risk of hypermagnesemia, and bulk-forming laxa-
tives and invasive laxatives are not recommended because
they require fluid intake. Therefore, medications for consti-
pation treatment in hemodialysis patients must be carefully
selected [2, 7-9]. New laxatives have recently been approved,
including the epithelial function altering agents lubiprostone
and linaclotide, the bile acid transporter inhibitor elobixibat,
and the osmotic laxative polyethylene glycol; therefore, there
are more options available for the treatment of constipation.

Elobixibat is a new laxative that inhibits the ileal bile
acid transporter expressed in the epithelial cells of the ter-
minal ileum; it inhibits bile acid reabsorption and in-
creases the amount of bile acids flowing into the colon
lumen [10]. Owing to the increased amount of bile acids
in the colon, elobixibat increases water secretion into the
large intestinal lumen and induces high amplitude-
propagating pressure wave [11]. In other words, elobixibat
has dual actions, which are water secretion into the large
intestine and promotion of bowel movement. These re-
ports suggest that elobixibat has a different mechanism of
action from existing constipation treatments [12, 13]. In a
placebo-controlled, randomized, double-blind study and
an open-label long-term administration study (52-week
administration of elobixibat) conducted on Japanese pa-
tients with functional chronic constipation, elobixibat was
effective for improving the frequency of spontaneous
bowel movements. Its tolerability during long-term ad-
ministration has also been confirmed [14]. However, its ef-
ficacy and safety in maintenance hemodialysis patients
with chronic constipation have not yet been studied.

In our study aimed at examining the efficacy and
safety of elobixibat in maintenance hemodialysis pa-
tients, the effect of treatment on constipation and the
variations of blood electrolyte levels were confirmed.

Methods

Our retrospective observational study was conducted on
maintenance hemodialysis patients who had received
hemodialysis for 6 months or longer at Hyakutake Clinic
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between April 19, 2018, and January 18, 2019. The con-
dition of the patients was consistent with the Rome IV
criteria for the diagnosis of functional constipation [15].
The patients who had been taking oral elobixibat for 12
weeks or longer and whose effectiveness such as the fre-
quency of spontaneous bowel movements was confirmed
were evaluated. The following patients were excluded:
patients suspected of having organic constipation, as well
as patients who refused to allow their medical record in-
formation to be used for research purposes. This retro-
spective observational study was approved by the
Yamauchi Clinic’s Ethical Review Board (approval code
2019-06-00064) and was registered with the UMIN Clin-
ical Trials Registry (UMIN-CTR, UMIN000037285).

Elobixibat therapy was started with a dose of 10 mg
once a day before meals and was adjusted between 5 and
15 mg per day, depending on the symptoms. After initi-
ation of oral elobixibat treatment, oral stimulant laxa-
tives that had been taken by the patients before the
study were continued unless the patients wanted other-
wise, and non-stimulant laxatives (such as lubiprostone
and magnesium oxide) were discontinued. Patients
whose oral medications, other than laxatives and dialysis
conditions, remained unchanged throughout the study
were selected.

To evaluate the efficacy and safety of elobixibat, before
initiation of treatment and at 1, 2, 3, 4, 6, 8, 10, and 12
weeks after initiation of treatment, the following were
measured: the frequency of spontaneous bowel move-
ments per week, Bristol Stool Form Scale (BSES) [16],
interdialytic weight gain (IDWG), and side effects. Before
initiation of treatment and at 2, 4, 6, 8, 10, and 12 weeks
after initiation of treatment, the following were mea-
sured: the serum levels of inorganic phosphorus (IP), po-
tassium (K), sodium (Na), chlorine (Cl), calcium (Ca),
and albumin (Alb) were measured. Before initiation of
treatment and at 12 weeks after initiation of treatment,
the following were measured: constipation score system
(CSS) score [17], patient satisfaction regarding
defecation (5 stages, namely from 0 “extremely satisfied”
to 4 “extremely dissatisfied”), and serum levels of low-
density lipoprotein cholesterol (LDL-C) were measured.

The results are presented as mean and standard devi-
ation or median (minimum, maximum). Values mea-
sured before initiation of treatment and those measured
after 12 weeks of treatment were compared using the
paired t-test or the Wilcoxon signed-rank test, and p <
0.05 was considered as the level of significance. The re-
sults of the classification of defecation according to the
CSS score and the duration of disease as well as history
of the present illness were not subjected to statistical
analysis. In this study, statistical analysis was performed
using the statistical calculation software R (Ver. 3.4.0 or
later, R Foundation, Vienna, Austria).
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Table 1 Patient background
Number of patients (male/female) (n) 23 (11/12)
Age (years) 722 + 85
Height (cm) 15561 £ 11.35
Body weight (kg) 5201 + 1205
Hemodialysis duration (years) 6.0 (1.0, 35.0)
History of hemodialysis
Diabetic nephropathy 9
Chronic glomerulonephritis 8
Nephrosclerosis 2
Polycystic kidney 2
Others 2
Complication 23
Hyperphosphatemia 21
Hypertension 16
Hyperlipidemia 9
Angina pectoris 7
Hypothyroidism 3

Category data are expressed as real values, and continuous values as mean +
SD or median (min, max). Complications include duplication

Results

The characteristics of 23 study patients are shown in
Table 1. There were 11 males and 12 females; the
mean age was 722 * 85vyears. The hemodialysis
period was 6.0 (1.0, 35.0) years. The present illness
that resulted in the patient requiring hemodialysis
was diabetic nephropathy in 9 patients, followed by
chronic glomerulonephropathy in 8. In terms of
complications, 21 patients were complicated with
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hyperphosphatemia, including 16 who had been
treated with phosphate binders.

There were 19 patients (82.6%) who used other laxa-
tives as pretreatment drugs. Among all patients, 4 pa-
tients reduced laxative use at the start of the elobixibat
administration (reduced in 3 patients, discontinued in 1
patient), 9 patients changed laxatives, and 4 patients in-
creased/added laxatives during the observation period.
In these four cases, as-needed use of laxatives was
allowed (including the glycerin enema). There was no
change in laxatives for 6 patients (one of whom did not
use a laxative as a pretreatment drug).

There were 16 patients (69.6%) who used phosphorus
binders as a pretreatment drug, and one patient was ad-
ministered calcium carbonate. However, none of the pa-
tients added new phosphorus binders or changed their
doses of phosphorus binders during the observation
period. Thirteen patients were administered vitamin D.
Three patients were administered calcimimetics drugs,
one of whom increased the dose during the observation
period.

Analysis of treatment efficacy was performed on 19 of
the 23 patients (2 had stopped taking their medication,
and the results of evaluation of efficacy could not be deter-
mined in 2). The frequency of spontaneous bowel move-
ments showed a significant increase from 2.0 + 0.7 times/
week before the initiation of treatment to 4.9 + 2.3 times/
week after 12 weeks of treatment (Fig. 1). Further, the
changes in the frequency of spontaneous bowel move-
ments from the initiation of treatment until 12 weeks of
treatment were as follows. The frequency of spontaneous
bowel movements reached 3.1 + 1.6 times/week after 1
week of treatment and 5.4 * 2.0 times/week after 6 weeks
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Fig. 1 Changes in the frequency of spontaneous bowel movements. *p < 0.05 paired t-test (vs. before initiation of elobixibat treatment)
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Table 2 Comparison of constipation scores
Parameter Mean + SD p value
Baseline Week 12 after administration
Total CSS score 104 + 32 57 +32 < 0.001
Stool frequency 09+07 04 £ 06 0.005
Dyschezia 19+ 09 06 +08 < 0.001
A sensation of incomplete evacuation 22+13 13+14 0.028
Abdominal pain 12411 05+10 0.031
Time to evacuation 09+07 06+08 0.145
Assisted bowel movements 12+ 04 08 +04 0.020
Number of bowel movements failed/24 h 1.1+05 03+05 <0.001
Duration (years) of suffering from disturbed defecation 1.1+09 13+ 1.1 —

Statistical analysis was performed using the Wilcoxon signed-rank test

No statistical analysis was performed on the duration of suffering from disturbed defecation

of treatment, showing an increasing trend; later, it
remained nearly constant up to 12weeks of treatment
(Fig. 1). The total CSS score improved significantly from
10.4 + 3.2 before initiation of treatment to 5.7 + 3.2 after
12 weeks of treatment. Significant improvements were
found in terms of stool frequency, defecation difficulty,
feeling of incomplete bowel emptying, abdominal pain,
and the use or non-use of assistance for defecation, as well
as the number of failed defecation attempts per 24h
(Table 2). The BSES score, which was 2.2 + 1.0 before
treatment, also increased to 4.2 + 0.7 after 12 weeks of
treatment, showing that the stool shape had become
nearly normal (the normal score is 4) (Fig. 2). Patient sat-
isfaction regarding defecation was 2.9 + 0.9 before initi-
ation of treatment but reached 1.7 + 1.1 after 12 weeks of
treatment, showing a significant improvement (Fig. 3).

Before initiation of treatment, no patient selected “0: ex-
tremely satisfied” and “1: satisfied,” but after 12 weeks of
treatment, 3 (15.8%) selected “0: extremely satisfied” and 4
(21.1%) selected “1: satisfied,” showing an increase in both
categories.

Twelve weeks of treatment using elobixibat caused a sig-
nificant decrease in the IDWG from 5.68 + 0.82% to 4.54 +
1.34% (Fig. 4). Furthermore, the IP level decreased signifi-
cantly from 5.68 + 1.25mg/dL before treatment to 4.93 +
1.10 mg/dL after 12weeks of treatment (Fig. 5a). On the
other hand, K, Na, Cl, Ca, Alb, and LDL-C levels showed no
difference before treatment and after 12 weeks of treatment
(K levels changed from 4.38 + 0.62 to 4.15 + 042 mEq/L, Na
levels changed from 137.8 + 3.1 to 137.5 + 35 mEq/L, Cl
levels changed from 102.1 + 4.0 to 101.5 + 4.3 mEq/L, Ca
levels changed from 8.66 + 0.40 to 8.68 + 0.46 mg/dL, Alb
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Fig. 2 Changes in the BSFS scores. *p < 0.05 paired t-test (vs. before initiation of elobixibat treatment). BSFS, Bristol Stool Form Scale
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Fig. 3 Changes in VAS. *p < 0.05 Wilcoxon signed-rank test. VAS, visual analog scale

Week 12, after administration

levels changed from 344 + 0.30 to 3.39 + 0.28 g/dL, and
LDL-C levels changed from 80.2 + 32.0 to 66.7 + 24.7 mg/
dL; Fig. 5b—f).

Stratified analyses were performed based on the pres-
ence or absence of diabetic nephropathy, the most com-
mon disorder that required hemodialysis (Table 3). In
patients with diabetic nephropathy (8 cases), 12 weeks of
treatment using elobixibat increased the frequency of
spontaneous bowel movements from 1.8 + 0.5 times/week
to 4.9 + 2.4 times/week and reduced the total CSS score
from 10.6 + 3.6 to 6.8 + 4.3. Similarly, in patients with
other disorders that required hemodialysis (11 cases),

elobixibat treatment increased the frequency of spontan-
eous bowel movements from 2.2 + 0.9 times/week to 5.0
+ 2.4 times/week and reduced the total CSS score from
10.3 + 2.9 to 5.0 + 2.1. In all CSS subscores, decreased
values were found after 12 weeks of oral treatment with
elobixibat, with the exception of the duration of suffering
from disturbed defecation and the use of assistance for
defecation in patients with diabetic nephropathy.
Stratified analyses based on the use of phosphate
binder were also performed (Table 4). In patients with
phosphate binder treatment (14 cases), 12-week elobixi-
bat treatment increased the frequency of spontaneous
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Fig. 4 Changes in IDWG. *p < 005 paired t-test (vs. before initiation of elobixibat treatment). IDWG, interdialytic weight gain
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Fig. 5 Changes in serological test values. a Serum inorganic phosphorus (IP) levels. b Serum potassium (K) levels. ¢ Serum sodium (Na) levels. d Serum chlorine
(@) levels. @ Serum calcium (Ca) concentrations. f Serum albumin (Alb) concentrations. *p < 0.05 paired t-test (vs. before initiation of elobixibat treatment)

bowel movements from 1.8 + 0.6 times/week to 4.9 +
2.3 times/week. Similarly, in the patients without
phosphate binder treatment (5 cases), elobixibat treat-
ment increased the frequency of spontaneous bowel
movement from 2.6 + 0.9 times/week to 52 + 2.6
times/week. Regardless of the use of a phosphate
binder, elobixibat treatment decreased the total CSS
score and all CSS subscores, except for the duration
of disturbed defecation.

Regarding safety, side effects were found in 5
(21.7%) of the 23 patients: diarrhea was found in 5
(21.7%), abdominal pain in 2 (8.7%), and nausea in 1
(4.3%). All side effects were mild, and none of the pa-
tients had to discontinue oral elobixibat treatment be-
cause of side effects. Dose reduction due to side
effects was necessary in one patient who presented
with diarrhea; no other patient was subjected to dos-
age change due to side effects. Further, all patients
who developed side effects recovered within 1 week of
onset.

Discussion

Constipation is highly frequent in maintenance
hemodialysis patients because of comorbidities
affecting bowel movement, such as diabetes mellitus,
cerebrovascular disease, hypothyroidism, decreased
physical activity, dietary restriction, fluid restriction,
and the use of phosphate and potassium binders [2].
Our study showed that elobixibat increased the frequency
of spontaneous bowel movements in maintenance
hemodialysis patients with chronic constipation. Addition-
ally, elobixibat also improved the total CSS score, the CSS
scores (stool frequency, defecation difficulty, feeling of in-
complete bowel emptying, the use or non-use of assist-
ance for defecation, the number of failed defecation
attempts per 24 h), and the BSES, as well as patient satis-
faction regarding defecation. Those findings showed that
in maintenance hemodialysis patients, elobixibat was also
useful for the improvement of stool frequency, constipa-
tion symptoms, stool hardness, and patient satisfaction re-
garding defecation.
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Table 3 Comparison of spontaneous stool frequency and constipation score by clinical history

Parameter Current medical Mean + SD p value
history Baseline Week 12 after administration
Spontaneous stool frequency Diabetic nephropathy 1.8+05 49+ 24 0.009
Others 22+09 50+24 <0.001
Total CSS score Diabetic nephropathy 106 + 36 68 +43 0014
Others 103 £ 29 50+ 21 0.006
Stool frequency Diabetic nephropathy 1.1+£04 03+05 0011
Others 08 +09 05+07 0203
Dyschezia Diabetic nephropathy 1.5+08 09+£10 0.120
Others 22+10 04 £07 0.003
A sensation of incomplete evacuation Diabetic nephropathy 24+13 1616 0.095
Others 20+£13 11+12 0.138
Abdominal pain Diabetic nephropathy 14+07 08+ 14 0.284
Others 10+13 03£06 0.048
Time to evacuation Diabetic nephropathy 1.1+08 08+ 09 0.149
Others 0.7 £06 05+07 0.530
Assisted bowel movements Diabetic nephropathy 10+00 10+ 00 T
Others 13+05 07+05 0.020
Number of bowel movements failed/24 h Diabetic nephropathy 1.0+05 04 £05 0.037
Others 12+ 04 02 £04 0.003
Duration (years) of suffering from disturbed defecation Diabetic nephropathy 1.1+£06 1.1+£06 —
Others 1.1+10 14+14 —_

Results of analysis: diabetic nephropathy n = 8, others n = 11

Statistical analysis was performed using the paired t-test (spontaneous stool frequency) or Wilcoxon signed-rank test (CSS scores)
No statistical analysis was performed on the duration of suffering from disturbed defecation

1The p value could not be calculated

Elobixibat reduced the IDWG and IP significantly.
IDWG is believed to be nearly equivalent to the amount
of fluid intake [18]; therefore, the elobixibat-induced de-
crease in IDWG may have been caused by an increased
water secretion into the colon lumen due to elobixibat.
Moreover, the decreased IP that was observed in this
study had also previously been found in lubiprostone, a
laxative with a different mechanism of action [19], sug-
gesting that constipation relief and reduction of phos-
phorus absorption by shortening the duration of stool
retention, as well as an enhancement of the effect of
phosphate binders, may have contributed to the above.

The side effects observed in our study consisted of
diarrhea, abdominal pain, and nausea, and their respect-
ive incidence rates showed no considerable difference
with the findings of a previous placebo-controlled, ran-
domized double-blind study [14] conducted on patients
with chronic constipation. Furthermore, abusive use of
laxatives has previously been reported to be associated
with decreased blood potassium concentrations [20];
however, in our study, elobixibat did not affect serum al-
bumin levels or the blood concentration of electrolytes
other than IP. A previous report has shown that

elobixibat caused a mild decrease in LDL-C levels be-
cause cholesterol, a precursor of bile acids, is used for
bile acid biosynthesis [7]. However, in our study, LDL-C
levels showed a tendency to decrease, but there was no
statistically significant difference.

The use of a phosphate binder is one of the causes of
constipation in hemodialysis patients [2]. In our study,
elobixibat increased the frequency of spontaneous bowel
movement and reduced the total CSS score and all CSS
subscores, except for the duration of disturbed
defecation, both in patients with and without phosphate
binder treatment. These results indicate that elobixibat
was useful for the improvement of constipation symp-
toms, regardless of the use of a phosphate binder.

Patients with chronic constipation have been reported
to have a reduced survival rate due to an elevated risk of
death from cardiovascular disease [4, 5]. Previous reports
have shown that in maintenance hemodialysis patients, a
high IDWG was associated with mortality [21]. Further,
vascular calcification due to hyperphosphatemia has also
been reported to increase the risk of cardiovascular
death [22], and strict phosphorus control is believed to
contribute to an improved vital prognosis [23]. In our
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Table 4 Comparison of spontaneous stool frequency and constipation score by the use of phosphate binder
Parameter Use of Mean + SD p
Eik:}c;seprhate Baseline Week 12 after administration value
Spontaneous stool frequency Yes 18+ 06 49+23 <0.001
No 26£09 52+26 0.033
Total CSS score Yes 10.1 £ 3.1 57 %27 0.002
No 112 +35 58 £48 0.058
Stool frequency Yes 08+ 06 04 + 06 0.041
No 14+ 09 04+05 0.089
Dyschezia Yes 18+£10 05+07 0.002
No 22 +08 08+13 0.134
A sensation of incomplete evacuation Yes 22+13 13£14 0.091
No 20+ 12 14£15 0.149
Abdominal pain Yes 13+1.1 06£12 0.101
No 08+08 02 +04 0.149
Time to evacuation Yes 09+08 06 £06 0.182
No 1.0+ 07 08 £ 1.1 0.773
Assisted bowel movements Yes 1.1+04 09+03 0.149
No 12+ 04 06 £05 0.149
Number of bowel movements failed/24 h Yes 1.1+£05 03+05 0.002
No 10+ 00 02 +04 0.072
Duration (years) of suffering from disturbed defecation Yes 09+ 05 12+10 —
No 16+ 15 14+17 —

Results of analysis: patients with phosphate binder treatment n = 14, patients without phosphate binder treatment n = 5
Statistical analysis was performed using the paired t-test (spontaneous stool frequency) or Wilcoxon signed-rank test (CSS scores)
No statistical analysis was performed on the duration of suffering from disturbed defecation

study, elobixibat showed not only an improving effect
on constipation symptoms, but also a reducing effect
on IP and IDWG, suggesting that elobixibat was use-
ful for phosphorus control and IDWG control in
hemodialysis patients; therefore, it may potentially
lead to an improvement of the vital prognosis of
hemodialysis patients.

Moreover, previous reports have shown that elobixi-
bat takes approximately 4-5h to trigger the first
bowel movement and that although the time from
medication to defecation differed from one individual
to another, it was nearly constant for each individual
[24]. Therefore, improvements in the timing of the
ingestion of elobixibat may potentially help avoid the
urge to defecate during hemodialysis and may con-
tribute to an improvement of QOL in maintenance
hemodialysis patients.

Our study shows the results of a retrospective analysis
of medical records of maintenance hemodialysis patients
in a single institution, but in the future, prospective mul-
ticenter studies will need to be conducted on
hemodialysis patients, and the efficacy and safety and
QOL-improving effect of a long-term administration of
elobixibat will need to be examined.

Conclusions

Our findings showed that elobixibat was effective in im-
proving constipation symptoms in maintenance
hemodialysis patients with chronic constipation. Add-
itionally, elobixibat improved the IDWG and IP levels,
which are dialysis-related laboratory values. Our findings
also suggested that elobixibat may be useful as a laxative
in maintenance hemodialysis patients with chronic
constipation.
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