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ABSTRACT

Aims: To evaluate the efficacy and safety of
elobixibat in patients with diabetes and con-
comitant chronic constipation.
Methods: This was a single-center, single-arm
study. Thirty-three patients with diabetes and
chronic constipation, as defined by the Rome IV
criteria, were treated with elobixibat (10
mg/day) for 8 weeks. Patients recorded stool
properties, including spontaneous bowel

movements (SBMs) and stool consistency,
according to the Bristol Stool Form Scale (BSFS).
Quality of life for constipation was evaluated
with the Japanese version of the Patient
Assessment of Constipation Quality of Life
(JPAC-QOL).
Results: Of the 33 eligible patients, 30 com-
pleted the study. Elobixibat significantly
increased the median (interquartile range) fre-
quency of SBMs per week, from 5.0 (3.0–7.0) at
baseline to 6.0 (4.0–7.0] at week 8 (p = 0.030).
After 8 weeks, the BSFS score approached 4; the
score for normal stool consistency and the
JPAC-QOL score significantly improved from
1.05 ± 0.40 at baseline to 0.94 ± 0.53 (p =
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0.048); and glycated albumin and serum lipid
profiles significantly improved. Stratified anal-
ysis revealed that SBMs increased especially in
patients with low SBM frequency, in particular
in women, older adults, patients without over-
weight, patients with a long duration of con-
stipation, and patients with diabetic
neuropathy. No serious adverse events
occurred.
Conclusions: Among patients with diabetes
who met the Rome IV criteria for constipation,
elobixibat was effective, especially in those with
few SBMs at baseline. Improvements in lipid
profiles could be an advantage of elobixibat
compared with other laxatives.
Clinical Trial Registry: Japan Registry of Clin-
ical Trials registration number:
jRCTs031190092

Keywords: Elobixibat; Diabetes; Chronic
constipation; Laxative; Rome IV criteria;
Bristol Stool Form Scale; Patient Assessment of
Constipation Quality of Life

Key Summary Points

Why carry out this study?

To evaluate the efficacy and safety of
elobixibat in the treatment of chronic
constipation in patients with diabetes.

The effect of elobixibat on glycolipid
metabolism was also investigated because
elobixibat increases glucagon-like peptide-
1, one of the incretin hormones that
stimulates insulin secretion.

What was learned from the study?

The results showed that elobixibat
increased spontaneous bowel movements
and improved lipid profiles in patients
with diabetes.

These results may help physicians to select
the optimum laxative for patients with
diabetes and concomitant chronic
constipation.

INTRODUCTION

Diabetes is a metabolic disorder characterized
by chronic hyperglycemia due to defects in
insulin secretion or action. Chronic exposure to
hyperglycemia causes microvascular complica-
tions, such as neuropathy, retinopathy, and
nephropathy. Also, patients with diabetes often
develop chronic constipation, the prevalence of
which in patients with diabetes has been
reported to range from 10% to 60%, depending
on the country and the definition of constipa-
tion applied [1–5]. In recent years, chronic
constipation has been reported to increase
overall mortality and cardiovascular events [6].
Although the mechanism by which chronic
constipation develops in diabetes is not fully
understood, diabetic enteric neuropathy due to
neurodegeneration caused by apoptosis, oxida-
tive stress, and decreased neuronal growth fac-
tor might be associated with its
pathophysiology [7, 8].

Diet and exercise therapy are initially rec-
ommended for the treatment of chronic con-
stipation. However, the limited efficacy of these
lifestyle modifications often results in the
introduction of various laxatives as the next-
step treatment [9]. In Japan, pharmacological
treatment of chronic constipation often com-
prises stimulant laxatives, such as senna com-
pounds and sodium picosulfate, and salt
laxatives, such as magnesium oxide [10].
Although it has been reported that long term
use of stimulant laxatives rarely causes toler-
ance [11], magnesium oxide use can cause
hypermagnesemia [12].

Elobixibat, a novel treatment for chronic
constipation, was approved in January 2018 in
Japan. It is the world’s first inhibitor of ileal bile
acid transporter (IBAT), also called apical-de-
pendent bile acid transporter. Elobixibat inhi-
bits IBAT at the terminal ileum and suppresses
the reabsorption of bile acids, which interrupts
the enterohepatic circulation and upregulates
hepatic bile acid synthesis [13]. The increased
bile acids flowing into the large intestine
accelerate colonic transit by stimulating water
and electrolyte secretion [14] and inducing
high-amplitude colon contraction waves [15].
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Because of these dual functions, which are
completely different mechanisms from those of
existing therapeutic agents, elobixibat repre-
sents a new treatment option for constipation.
The Japanese phase III trial of elobixibat con-
firmed that the drug improves the number of
spontaneous bowel movements (SBMs) com-
pared with placebo in patients with chronic
constipation [16]. However, the efficacy and
safety of elobixibat in the treatment of chronic
constipation in patients with diabetes have not
yet been investigated.

A previous study confirmed that elobixibat
increases the plasma concentration of glucagon-
like peptide-1 (GLP-1) [17], one of the incretin
hormones that stimulates insulin secretion in a
glucose-dependent manner. In addition, elo-
bixibat was found to decrease plasma choles-
terol levels [18, 19].

Therefore, the purpose of this study was to
investigate the efficacy and safety of elobixibat
in patients with diabetes and chronic constipa-
tion. The study also aimed to explore whether
elobixibat affects glycolipid metabolism.

METHODS

Study Design

This was an 8-week, prospective, single-center,
single-arm study. Participants were recruited
between October 2019 and January 2021 at the
outpatient clinic of the St. Marianna University
Hospital (Kawasaki, Japan). The certified review
board (Hattori Clinic, Tokyo, Japan; reference
number: CRB3180027) reviewed and approved
this study protocol, which complies with the
revised ethical guidelines of the 1964 Declara-
tion of Helsinki. This study was registered with
the Japan Registry of Clinical Trials (registration
number: jRCTs031190092). Written informed
consent was obtained from all patients.

Participants

Outpatients who met all of the following crite-
ria were eligible for inclusion: (1) man or
woman aged C 20 years; (2) diagnosis of

diabetes (irrespective of diabetes type); (3)
chronic functional constipation as defined by
the Rome IV criteria [20] (i.e., subjective symp-
toms have been present for [ 6 months,
and [i] at least two of the following six criteria
were met in the last 3 months: straining for
more than one-fourth of bowel movements; a
sensation of anorectal obstruction/blockage or
difficulty with evacuation for more than one-
fourth of bowel movements; lumpy or hard
stools for more than one-fourth of bowel
movements; manual maneuvers or ene-
mas/suppositories to facilitate evacuation for
more than one-fourth of bowel movements;
sensation of incomplete evacuation for more
than one-fourth of the bowel movements; and
fewer than three SBMs per week; [ii] loose stools
are rarely present without the use of laxatives;
and [iii] insufficient criteria for a diagnosis of
irritable bowel syndrome).

The exclusion criteria were as follows: (1)
history of hypersensitivity to elobixibat; (2)
confirmed or suspected intestinal obstruction
due to tumor, hernia, etc.; (3) severe liver dys-
function (aspartate aminotransferase and/or
alanine aminotransferase levels more than
threefold the upper limit of the normal range);
(4) suspected biliary obstruction or decreased
bile secretion; (5) suspected organic constipa-
tion; (6) in women, pregnancy, possible preg-
nancy, planned pregnancy, or breastfeeding; (7)
treatment with ursodeoxycholic acid, chen-
odeoxycholic acid, aluminum-containing
preparations (sucralfate hydrate, aldioxa, etc.),
bile acid sequestrants (cholestyramine, coles-
timide), digoxin, dabigatran etexilate, or mida-
zolam; (8) any change in oral antidiabetic
therapy within the 12 weeks before recruitment;
(9) variation in hemoglobin A1c (HbA1c) by C

0.5% during the 12 weeks before recruitment;
(10) a history of hospitalization to improve
glycemic control within the past 6 months; and
(11) considered to be ineligible for other reasons
at the discretion of the attending physician.

Procedures

To avoid the effects of previous treatment, all
patients participated in a 12-week run-in period,
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the last 2 weeks of which were defined as the
baseline period. All medications, including lax-
atives, were continued without dose changes
during the study period. Participants were
informed by telephone to start keeping a daily
stool diary 2 weeks before the first visit. At the
first visit, patients underwent abdominal ultra-
sonography to confirm that no biliary obstruc-
tion was present and were instructed to take a
10-mg dose of elobixibat (2 tablets of 5 mg)
orally once daily before breakfast from the next
day for 8 weeks. The dose of elobixibat could be
adjusted or withdrawn depending on the
symptoms, but, according to the package insert,
the maximum dose was 15 mg/day. For each
bowel movement, patients continued to use
their stool diary to record the following stool
properties: presence or absence of sensation of
incomplete evacuation; stool consistency
assessed with the 7-point Bristol Stool Form
Scale (BSFS) [21]; bowel movement time; and
daily dose of elobixibat. The diaries were
reviewed at the start of treatment and at 4 and 8
weeks after initiation of therapy. At each visit,
blood and urine tests were performed, patients
were weighed, and quality of life (QOL) for
constipation was evaluated with a validated
Japanese version of the Patient Assessment of
Constipation Quality of Life (JPAC-QOL: Mapi
Research Trust, Lyon, France) [22]. The JPAC-
QOL consists of four subscales (worries and
concerns, physical discomfort, psychosocial
discomfort, and satisfaction with bowel habits)
with a total of 28 questions, which are rated by
patients on a 5-item Likert scale; the lower the
score, the better the QOL. During the dosing
phase, side effects and treatment compliance
were recorded by patients in their stool diary
and evaluated by the study investigators.

Outcomes

Primary Outcome
The primary outcome was the change from
baseline to 8 weeks in the weekly frequency of
SBMs as recorded in the patient’s daily stool
diary. An SBM was defined as a bowel move-
ment that occurred without the use of laxative
suppository, enema, or digital evacuation.

Secondary Outcomes
Secondary outcomes included endpoints for
constipation, glycolipid metabolism, and safety.

Endpoints for constipation were weekly
changes from baseline to 8 weeks in the time
required for the first SBM after administration of
elobixibat, in the BSFS score, and in the fre-
quency of weekly complete SBMs (a completed
SBM was defined as a bowel movement with no
sense of remaining stool without the use of a
laxative suppository, enema, or digital evacua-
tion); changes from baseline to 4 or 8 weeks in
the JPAC-QOL score; and the proportion of
patients who had the first SBM within 24 or 48
h after the initial administration of elobixibat.

Endpoints for glycolipid metabolism were
changes from baseline to 8 weeks in fasting
plasma glucose (FPG), HbA1c, glycated albumin
(GA), cholesterol (total, low-density lipopro-
tein-cholesterol [LDL-C], and high-density
lipoprotein-cholesterol [HDL-C]), and triglyc-
eride levels.

Safety endpoints were the incidence of
adverse drug reactions and adverse events (AEs),
which were recorded throughout the study
period and assessed by investigators regarding
the type, severity, and causal relationship with
the treatment.

Statistical Analysis

The normality of data was checked with the
Shapiro-Wilk test. Results are reported as mean
± standard deviation (SD) or median (in-
terquartile range [IQR]) depending on the data
distribution. The determination of sample size
was based on a previous study of lubiprostone, a
laxative in one of the other new classes of lax-
atives, in patients with diabetes [23]. We
recruited 46 patients in case of dropouts. The
change from baseline to the end of the inter-
vention at week 8 and the 95% confidence
interval of the difference were calculated. Paired
t tests and Wilcoxon signed rank tests were used
to evaluate changes from before to after the
intervention.

Stratified exploratory analyses were per-
formed to identify patients with diabetes who
were suitable for treatment with elobixibat and

4208 Adv Ther (2022) 39:4205–4217



to assess the confounding of risk factors with or
without diabetic complications, in particular
autonomic neuropathy and sensory neuropa-
thy. Autonomic neuropathy was defined by
orthostatic hypotension; we used the most
widely accepted definition of orthostatic
hypotension (i.e., a decline in systolic blood
pressure C 20 mmHg or in diastolic blood
pressure C 10 mm Hg from sitting to standing
within 3 min) [24]. Sensory neuropathy was
assessed by Achilles’ tendon reflex, Semmes-
Weinstein monofilament tests (i.e., if patients
could not perceive the monofilament size C

3.61), and tuning fork tests (i.e., if patients
could not perceive the vibrations of C 128-Hz
tuning forks for[10 s).

A two-sided t test was also performed as an
exploratory analysis to compare the changes
from baseline to 8 weeks between each of the
stratified groups.

All analyses were performed with SAS 9.4
software (SAS Institute Inc., Carey, NC, USA) by
an independent contract research organization
(Satt Co Ltd., Tokyo, Japan). Significance was
accepted for p values\0.05.

RESULTS

Figure 1 shows the flowchart of participant
enrollment in the study. Informed consent was
obtained from 46 patients, but 12 of these were
excluded because it was determined that they
were not eligible for the study. Of the 34 eligible
patients who were enrolled in the study, one
withdrew consent before the administration of
elobixibat. Thus, data from 33 patients were
analyzed as the full analysis set (FAS) and safety
analysis set. Three patients were determined to
have deviated from the protocol because they
took elobixibat too infrequently and forgot to
take it on the starting date. Consequently, the
per-protocol set (PPS) included 30 patients.
Because neither the FAS nor the PPS analysis
showed a statistically significant difference, the
results for all endpoints except the primary one
were described only in the PPS.

The baseline characteristics of the patients
are shown in Table 1. All participants were
Japanese, and 19 (63.3%) were women. The

mean (± SD) age was 63.3 ± 12.3 years, mean
body mass index (BMI) was 25.9 ± 4.0 kg/m2,
and mean duration of diabetes was 14.0 ± 9.5
years. Twenty-nine (96.7%) patients had type 2
diabetes, while only one patient (3.3%) had
type 1 diabetes. The mean HbA1c and GA were
7.0% ± 0.9% [52 ± 14 mmol/mol] and 18.9% ±

4.5%, respectively. Regarding diabetic compli-
cations, eight (26.7%) patients had autonomic
neuropathy and 19 (63.3%) had sensory neu-
ropathy. A total of 14 patients (46.7%) used
other laxatives. The mean weekly dose of elo-
bixibat was B 5 mg in five patients;[5 mg, B 10
mg in 15 patients; and[10 mg B 15 mg in ten
patients. None of the patients had biliary
obstruction as assessed by abdominal
ultrasonography.

Primary Outcome

The primary outcome of the change in weekly
SBMs showed a significant increase at the end of
the study in both the FAS, from a median of 5.0
(IQR 3.0–7.0) at baseline to 6.0 (IQR 4.0–7.0) at
8 weeks (p = 0.030) and the PPS, from a median
of 5.0 (IQR 3.0–7.0) at baseline to 6.0 (IQR
4.0–7.0) at 8 weeks (p = 0.017) (Fig. 2).

Secondary Outcomes

Constipation-Related Parameters
The frequency of SBMs per week and of com-
plete SBMs per week both increased signifi-
cantly 1 week after the initiation of elobixibat;
the frequency of SBMs per week was signifi-
cantly higher also in weeks 2, 5, 7, and 8, and
the frequency of complete SBMs per week was
significantly higher every week until week 8
(Fig. 3a, b). Although the BSFS score did not
show a significant change after 8 weeks of
treatment, it did increase significantly up to 4
weeks, then decreased and approached 4, the
score for normal stool consistency (Fig. 3c). In
each week, the mean time from taking elobixi-
bat to the first SBM was about 20 h (Fig. 3d). The
proportions of patients with the first SBM
within 24 and 48 h after the initial administra-
tion of elobixibat were 78.1% and 93.8%,
respectively.
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Table 2 shows the effect of elobixibat on the
JPAC-QOL score. The total score showed a
nonsignificant decrease at 4 weeks and a sig-
nificant decrease at 8 weeks (p = 0.136 and p =
0.048, respectively). Furthermore, the satisfac-
tion score decreased significantly after both 4
and 8 weeks (p = 0.040 and p = 0.027, respec-
tively), indicating an improvement in QOL.

Glycolipid Metabolism-Related Parameters
Table 3 shows the effects of elobixibat on gly-
colipid metabolism. Although no significant
difference was observed in HbA1c, GA decreased
significantly, and FPG tended to decrease. After
8 weeks of treatment with elobixibat, serum
LDL-C was significantly decreased and serum

HDL-C was significantly increased, but no sig-
nificant differences were observed in serum
total cholesterol or triglyceride. In this study,
no exclusion criteria for lipid-related parameters
were defined. During the study period, lipid
medications were not changed except in one
patient. However, the statistical significance
was still present (p = 0.036), even when this
patient was excluded from the analysis.

Supplementary Data
The tables in the electronic supplementary
material (ESM) show the data obtained from the
analyses stratified by sex (ESM Table S1), age
(ESM Table S2), BMI (ESM Table S3), duration of
chronic constipation (ESM Table S4), presence

Fig. 1 Flowchart of study participants
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or absence of autonomic neuropathy (ESM
Table S5), and presence or absence of sensory
neuropathy (ESM Table S6). Patients with a low
SBM frequency at baseline, i.e., women, older
people, and patients without overweight, with a
long duration of constipation, and with auto-
nomic neuropathy and sensory neuropathy,
showed a significant (ESM Tables S1, S2, S3, and
S4) or near-significant (ESM Table S5 and S6)
increase in SBM frequency. Patients who

exhibited significant increases in BSFS score,
i.e., men or patients without overweight or with
autonomic neuropathy, showed no significant
improvement in JPAC-QOL scores (ESM
Tables S1, S3, and S5).

Regarding safety endpoints, no serious AEs
occurred during the study period. One patient
was withdrawn from the study because of diar-
rhea as a possible AE (1/33, 3.0%), and the
diarrhea improved promptly after the adminis-
tration of elobixibat was discontinued.

DISCUSSION

In the present study, we evaluated the effects of
elobixibat, a novel laxative that inhibits IBAT,
in Japanese patients with diabetes and con-
comitant chronic constipation. We obtained
four main findings. First, administration of
elobixibat significantly increased the weekly
frequency of SBMs as the primary outcome.
Second, after 8 weeks of treatment with elo-
bixibat, stool form became normal and the total
JPAC-QOL score improved significantly because
of improvement in the satisfaction domain.
Third, although no significant changes were

Table 1 Baseline demographic and clinical characteristics

Characteristic Participants (n =
30)

Age, years 63.3 ± 12.3

Women, n (%) 19 (63.3)

Type 1 diabetes, n (%) 1 (3.3)

Duration of diabetes, years 14.0 ± 9.5

Sensory neuropathy, n (%) 19 (63.3)

Autonomic neuropathy, n (%) 8 (26.7)

BMI, kg/m2 25.9 ± 4.0

Fasting plasma glucose, mg/dL 151.4 ± 53.7

HbA1c, % 7.0 ± 0.9

HbA1c, mmol/mol 52 ± 14

Glycated albumin, % 18.9 ± 4.5

Serum creatinine, mg/dL 0.87 ± 0.41

Urine albumin, median [IQR], mg/g

creatinine

36.2 [11.0-105.0]

Total cholesterol, mg/dL 186.9 ± 33.5

LDL-C, mg/dL 105.4 ± 24.5

HDL-C, mg/dL 54.± 13.0

Triglyceride, mg/dL 133.5 ± 57.0

Administration of other laxatives,

n (%)

14 (46.7)

Data in table are presented as the mean ± standard
deviation (SD), unless indicated otherwise
BMI Body mass index, HbA1c hemoglobin A1c, IQR
interquartile range, LDL-C low-density lipoprotein
cholesterol, HDL-C high-density lipoprotein cholesterol

Fig. 2 Changes from baseline to week 8 (end of study) in
the weekly frequency of spontaneous bowel movements
with elobixibat treatment. The left side of the bar graphs
shows the results for the full analysis set (n = 33), and the
right side of the bar graphs show the results for the per
protocol set (n = 30). Data are expressed as the median,
and the bars represent the interquartile range. The asterisk
indicates a significant difference from baseline at *p\0.05.
SBMs Spontaneous bowel movements
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observed in glucose metabolism, significant
improvements were observed in lipid metabo-
lism. Fourth, stratified analysis revealed that the
increase in the weekly frequency of SBMs was
observed in particular in patients with a low
frequency of SBMs at baseline. No serious AEs
occurred in this study. This is the first report
showing the efficacy and safety of elobixibat in
patients with diabetes and concomitant chronic
constipation.

Although elobixibat increased the weekly
frequency of SBMs, the increase of 1.0 SBM per
week was small. This result is not surprising
because the baseline frequency of SBMs was not
low and participants’ treatment, including lax-
atives, was not changed during the study per-
iod. In the phase 2b trial of elobixibat, the mean

changes in SBMs after 1 week of treatment at
the doses of 5, 10, and 15 mg/day were 3.5, 5.7,
and 5.6 per week, respectively [25]. Also in the
phase 3 trial of elobixibat, the mean change in
SBMs after 2 weeks of treatment was 5.0 per
week [16]. These differences between the pre-
sent study and the earlier studies were probably
due to the difference in the inclusion criteria in
each study. In the phase 2b and 3 trials descri-
bed above, in addition to the Rome III criteria,
the inclusion criteria limited SBMs to \ 3 per
week. However, in accordance with the Rome
IV criteria, which were published in 2016 [20],
we did not set an upper limit on the SBM fre-
quency in the present study. Moreover, in the
earlier studies, no other laxatives were permit-
ted, and a washout period was used; however, in

Fig. 3 Treatment effect of elobixibat each week for 8
weeks. a Frequency of SBMs per week, b frequency of
complete SBMs per week, c Bristol Stool Form Scale score,
d time required for the first SBM after initiation of

elobixibat treatment. Data are expressed as the mean ±

standard deviation. Asterisks indicate a significant differ-
ence from baseline at *p\ 0.05, **p\ 0.01
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our study we did not change patients’ treat-
ment, including laxatives. Thus, our study
results more closely reflect the situation in a
clinical setting.

After 4 weeks of treatment, the BSFS score
significantly increased, but the total JPAC-QOL
score did not change. However, after 8 weeks of
treatment, the BSFS score approached the nor-
mal value of 4 and the total JPAC-QOL score
significantly improved. The stratified analyses
revealed that in men, patients with a BMI\ 25
kg/m2, and patients with autonomic neuropa-
thy, the total JPAC-QOL scores did not signifi-
cantly improve even though the BSFS scores
increased significantly. These results suggest
that an increase in the BSFS score to[4 may not
improve QOL, probably because a BSFS score of
4 indicates a normal stool consistency. This
hypothesis is consistent with the results of a
previous study in which improvement of the
PAC-QOL score was observed in patients with a
BSFS score of 4, whereas more than half of
patients with a BSFS score of 6 or 7 reduced their
intake of elobixibat because of excessive effects
[26].

Regarding glucose metabolism, we expected
that elobixibat may improve glucose control in
patients with diabetes because it was reported to
increase plasma GLP-1 levels [17]. However, in
the present study no significant difference was
observed in FPG or HbA1c. The previous study
used an elobixibat dose of C 15 mg, whereas the

mean elobixibat dose in our study was 10 mg,
which might have been insufficient to improve
FPG and HbA1c. However, GA, which is con-
sidered to represent the mean blood glucose
level over the last 2–3 weeks [27, 28], decreased
significantly in the present study. Previously,
we reported that GA, but not HbA1c, was
decreased when postprandial hypoglycemic
drugs were given to patients with well-con-
trolled type 2 diabetes [29]. Thus, elobixibat
may improve glucose metabolism by reducing
postprandial plasma glucose. A further study
with a larger sample size and longer duration is
needed to reveal the effect of elobixibat on
glucose metabolism.

Regarding lipid metabolism, elobixibat is
known to decrease serum LDL-C levels by
inhibiting bile acid reabsorption in the ileum
[17–19]. In this study, elobixibat not only
decreased LDL-C levels but also increased HDL-
C levels significantly. The underlying mecha-
nism for this effect is unknown. Diabetes, low
HDL-C, and high LDL-C are known to be
important, independent risk factors for future
cardiovascular events [30, 31]. Furthermore,
constipation is also known to increase cardio-
vascular events [32]. Thus, because elobixibat
improves both serum lipid profiles and consti-
pation, it may help to decrease the risk of car-
diovascular disease in patients with diabetes
and concomitant chronic constipation and
dyslipidemia.

Table 2 Changes in the Japanese version of the Patient Assessment of Constipation Quality of Life after 4 and 8 weeks of
treatment with elobixibat

Domains Baseline 4 weeks p value 8 weeks p value

Physical discomfort score 0.98 ± 0.69 0.88 ± 0.60 0.242 0.84 ± 0.64 0.199

Psychosocial discomfort score 0.51 ± 0.51 0.51 ± 0.53 0.853 0.41 ± 0.48 0.133

Worries/concerns score 0.78 ± 0.36 0.75 ± 0.39 0.506 0.81 ± 0.51 0.920

Satisfaction scorea 2.66 ± 0.66 2.22 ± 0.97 0.040* 2.25 ± 1.03 0.027*

Total score 1.05 ± 0.40 0.96 ± 0.43 0.136 0.94 ± 0.53 0.048*

Data are expressed as the mean ± SD
Paired t tests were used to evaluate the changes
*p\ 0.05
aNote that a lower score indicates higher quality of life
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In the stratified analysis, elobixibat signifi-
cantly increased SBM frequency in patients with
low baseline SBMs, in particular women, older
patients (C 65 years), patients without over-
weight (BMI\ 25 kg/m2), patients with a long
duration of constipation (C 10 years), and
patients with autonomic neuropathy and sen-
sory neuropathy. However, our findings in
these subgroups are preliminary because of the
relatively small number of participants in each
stratum and possibly because of multiple tests.

Noteworthy is that participants in our study
had fewer AEs than those in the other studies.
In the phase 2b trial, diarrhea occurred in 8%,
6%, and 13% of patients in the 5-, 10-, and
15-mg elobixibat groups, respectively [25]. In
the phase 3 trial, diarrhea and abdominal pain
occurred in 30% of patients [16]. However, in
the present study, diarrhea occurred in only 3%
of participants, which is consistent with a
recent interim report from a post-marketing
surveillance study [33]. Thus, the inconsistent
findings are probably due to differences
between clinical trials and real-world settings.

The present study had a number of limita-
tions, including the small sample size and sin-
gle-center, open-label, single-arm design.
Therefore, randomized controlled trials are

needed to confirm the efficacy of elobixibat.
Moreover, all patients were Japanese. Although
the efficacy of elobixibat in White people and
African Americans without diabetes has been
confirmed [17–19], further research is needed to
determine the efficacy in patients with diabetes
among other races. Despite these limitations,
the present results may help physicians to select
the optimum laxative for patients with diabetes
and concomitant chronic constipation.

CONCLUSION

We confirmed the efficacy and safety of elo-
bixibat in patients with diabetes and concomi-
tant chronic constipation. Among patients who
met the Rome IV criteria, elobixibat appeared to
be effective in those with low SBM frequency, in
particular women, older adults, patients with-
out overweight, patients with a long duration of
constipation, and patients with diabetic neu-
ropathy. In addition, improvements in lipid
profiles could be an advantage of elobixibat
compared with other laxatives.

Table 3 Glycolipid parameters at baseline and after 4 and 8 weeks of elobixibat treatment

Glycolipid metabolism-related parameters Baseline 4 weeks p value 8 weeks p value

Fasting plasma glucose, mg/dL 151 ± 54 154 ± 52 0.490 141 ± 39 0.318

HbA1c, % 7.0 ± 0.9 7.0 ± 1.0 [ 0.999 7.0 ± 1.0 0.865

HbA1c, mmol/mol 52 ± 14 52 ± 14 [ 0.999 52 ± 14 0.865

Glycated albumin, % 18.9 ± 4.5 18.3 ± 4.4 0.199 18.1 ± 4.0 0.041*

Total cholesterol, mg/dL 187 ± 34 175 ± 24 0.016* 178 ± 25 0.127

LDL-C, mg/dL 105 ± 25 94 ± 20 0.002** 96 ± 22 0.026*

HDL-C, mg/dL 54 ± 13 54 ± 12 0.532 56 ± 12 0.010*

Triglyceride, mg/dL 134 ± 57 144 ± 71 0.198 120 ± 40 0.287

Data are expressed as the mean ± SD
Paired t tests were used to evaluate the changes
HbA1c hemoglobin A1c; LDL-C low-density lipoprotein cholesterol; HDL-C high-density lipoprotein cholesterol
*p\ 0.05, **p\ 0.01
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