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ABSTRACT
Objective Patients with short bowel syndrome (SBS)
and colon in continuity have better adaptation potential
compared with patients with jejunostomy. Adaptation
may involve enhanced postprandial secretion of the
enteroendocrine hormones glucagon-like peptide (GLP)-1
and GLP-2 which are normally degraded by dipeptidyl
peptidase (DPP)-4. Nevertheless, some patients with SBS
with colon in continuity suffer from high-volume faecal
excretions and have been shown to benefit from treatment
with GLP-2. Therefore, we aimed to evaluate efficacy of
sitagliptin, a DPP-4 inhibitor, on reducing faecal excretions
in this patient group.
Design In an open-label, case series, proof-of-concept
pilot study, 100 mg oral sitagliptin was given two times per
day for 8 weeks to patients with SBS with ≥50% colon in
continuity with or without the need for parenteral support
(PS). To assess intestinal function, metabolic balance
studies were done at baseline and following 8 weeks of
treatment.
Results Of the 10 patients planned for enrolment, 8
patients were included; 7 patients completed the study.
Although postprandial endogenous GLP-2 concentrations
increased by 49 hours×pmol/L (39, 105; p=0.018) (median
(min, max)), sitagliptin did not significantly reduce median
faecal wet weight (−174 g/day (−1510, 675; p=0.176))
or increase intestinal wet weight absorption. However,
heterogeneity in the treatment effect was observed:
intestinal wet weight absorption increased in all four
patients with intestinal failure. One patient achieved a
reduction in PS by 500 mL per administration day.
Conclusion Following this negative, small pilot study,
larger, placebo-controlled, studies are needed to establish
the therapeutic potential of DPP-4 inhibition in patients
with SBS.

INTRODUCTION
In patients with short bowel syndrome (SBS)
and distal intestinal resection, hormonal
replacement therapy with a variety of the
so-called ‘pro-adaptive’ or ‘brake’ hormones,
normally secreted from the L cells in the distal
intestine in response to meals, can ameliorate
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Summary box
What is already known about this subject?
►► Compared with patients with jejunostomies, pa-

tients with short bowel syndrome (SBS) and colon
in continuity have better potential for intestinal adaptation due to enhanced endogenous responses of
glucagon-like peptide (GLP)-1, GLP-2, and peptide
YY (PYY) which are normally degraded by dipeptidyl
peptidase (DPP)-4. In a subgroup of these patients,
who suffer from high volume faecal output, treatment with GLP-2 has been shown to improve intestinal absorption.
►► To identify clinical trials which aimed to investigate
the effect of a DPP-4 inhibitor on intestinal absorption in patients with SBS, we searched PubMed and
MEDLINE for publications between 1 January 1990
and 30 June 2019 with the search terms ‘short
bowel syndrome’, ‘colon in continuity’, ‘dipeptidyl
peptidase-4 inhibitor’, ‘intestinal adaptation’, and
‘adults’. The search did not retrieve any clinical
trials investigating the impact of a DPP-4 inhibitor
on intestinal absorption and adaptation in adult patients with SBS and a colon in continuity. Hence, the
current paper represents a first-in-class pilot study
in this patient population.
►► Sitagliptin (Januvia) is a DPP-4 inhibitor that decreases the breakdown of the endogenously secreted intact GLP-1, GLP-2 and PYY. Because of
its glucose-regulatory properties, sitagliptin is approved by the authorities in the EU and the USA in
the treatment of patients with type 2 diabetes.

What are the new findings?
►► Results from this study showed that although post-

prandial endogenous total GLP-2 concentrations increased in patients with SBS and ≥50% of colon in
continuity following 8 weeks of treatment with oral
intake of 100 mg sitagliptin two times per day, the
median faecal wet weight output did not change
significantly. No significant changes were seen in
total GLP-1, total glucose-dependent insulinotropic
peptide and total PYY which was consistent with
previous studies.
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Intestinal failure

Summary box
How might it impact on clinical practice in the foreseeable
future?
►► Our findings from this open-label, case series, proof-of-concept

pilot study suggest that treatment with sitagliptin was safe and
well- tolerated in patients with SBS and ≥50% of colon in continuity. However, it remains to be established whether treatment with
sitagliptin might have a therapeutic potential in this subgroup of
patients or other subpopulations of SBS.

the pathophysiological consequences of SBS.1–6 In this
respect, treatment with glucagon-like peptide (GLP)−2
has received special attention. GLP-2 has been shown
to inhibit gastric hypersecretion7 and acellerated gastric
emptying,8 increase intestinal mucosal surface area,2 6 9
blood flow,10 and barrier function,11 thereby enhancing
nutrient and fluid absorption in both preclinical and
clinical SBS settings.2 12 Teduglutide, a GLP-2 analogue
has been approved by the authorities in the EU and the
USA for the treatment of adult and paediatric patients
with SBS.13
The beneficial effects of ‘pro-
adaptive’ hormones
do not seem to be solely attributed to GLP-2 and its
analogues. Overall, complex and yet not fully understood neuroendocrine interactions seem to exist between
multiple and simultaneously secreted enteroendocrine
hormones. Hormones, such as GLP-1 and peptide YY
(PYY), are secreted from the same L-cells as GLP-2, and
they are also believed to affect gastrointestinal (GI)
secretions and transit time as well as intestinal absorption.14 15 For instance, GLP-1 analogues have been shown
to reduce bowel movements and faecal output as well as
to increase intestinal wet weight and energy absorption
in patients with jejunostomy.3 16
Along with elevated plasma GLP-2, high plasma
concentrations of GLP-1 and PYY have been proposed to
contribute to the GI brake mechanism in patients with
SBS that have colon in continuity by slowing accelerated gastric emptying.15 17 18 Consequently, these patients
usually have a better adaptation potential and intestinal
function compared with patients with a jejunostomy.18
After small bowel resection, the colon adapts by increasing
the absorption of water and electrolytes,19 20 and colonic
fermentation of malabsorbed carbohydrates results in
increased production of short-chain fatty acids serving as
an energy source.21 22 In addition, a colon in continuity is
believed to slow the intestinal transit of chyme through a
colonic brake mechanism and thereby increase exposure
between the chyme and the intestinal mucosa.4
The intact form of GLP-1, GLP-2, and PYY have short
half-
lives of only a few minutes due to an enzymatic
breakdown by dipeptidyl peptidase (DPP)-4. Sitagliptin
(Januvia) is a DPP-4 inhibitor that inhibits the breakdown of endogenously secreted intact GLP-1, GLP-2
and PYY by up to 90% 12–24 hours after oral administration.23 Sitagliptin is approved by the US Food and Drug
2

Administration and the European Medicines Agency in
the treatment of type 2 diabetes (100 mg tablet per day).
Sitagliptin has glucose-
regulatory properties through
an increased incretin effect: that is, it increases circulating levels of intact endogenous GLP-1 and glucose-
dependent insulinotropic peptide (GIP) concentrations
and suppresses glucagon secretion.24
This open-label pilot study aimed to evaluate the effect
of sitagliptin on faecal wet weight output in patients with
SBS who have ≥50% of colon in continuity. By its assumed
effects on increasing the plasma concentrations and
the half-life of endogenously secreted L cell hormones,
our hypothesis was that a cascade of proadaptive effects
would result in a decrease in faecal wet weight output,
an increase in intestinal absorption of wet weight, energy
and electrolytes, as well as an increase in urine production, which could lead to a reduction in the need for
parenteral support (PS).
METHODS
Study protocol
This was a single-centre, open-label, case series, proof-of-
concept pilot study. All procedures followed the ethical
standards of the Helsinki Declaration and the International Council for Harmonization Good Clinical Practice
(ICH-GCP). Prior to enrolment, all patients had given
written consent to participate in the study. The study was
performed at the Department of Medical Gastroenterology and Hepatology, Rigshospitalet, Denmark.
Adult patients (≥18 years and ≤90 years) with SBS
and either intestinal insufficiency (II) or intestinal
failure (IF)25 were recruited. Patients were required to
have ≥50% of colon in continuity. Other key inclusion
criteria included: faecal wet weight output of ≥1.0 kg/
day as reported by the patient following previous home
measurements; small intestinal length <200 cm (as ascertained from operation notes and the Copenhagen IF
database); stable body weight (<5% change within the
last 3 months prior to inclusion) and stable PS in patients
with SBS-IF.
Procedures
Administration of sitagliptin
The patients received oral sitagliptin 100 mg tablets twice
a day for a total of 8 weeks. The total daily dose was twice
the dose used in the treatment of patients with type 2
diabetes26 and was used in this study to compensate for
the large malabsorption experienced by most patients
with SBS. Patients were asked to return all used and
unused medicine at the last metabolic balance study for
evaluation of compliance.
Study design
The patients served as their own controls and were hospitalised Monday through Friday for a 72-hour metabolic
balance study prior to and on the eighth week of treatment (figure 1). Every fortnight during the treatment
period, the patients adhered to a fixed drinking menu
Naimi RM, et al. BMJ Open Gastro 2021;8:e000604. doi:10.1136/bmjgast-2021-000604
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Figure 1 Study design. Day −3, admission for baseline
metabolic balance study; Day 0, first dosing; Day 28, safety
outpatient visit; Day 53, admission for treatment metabolic
balance study; Day 56, end of study.

and measured 48-hour urine volumes in order to assess
the hydration status and determine whether a reduction
in PS volume was possible. A reduction in PS volume was
done if the 48-hour urine volume was 10% larger than the
baseline urine production, and/or if patients had developed symptoms of fluid retention. Patients, in whom PS
reduction occurred during the treatment period, were
required to return to their baseline PS programme at the
end of the seventh treatment week (starting on day 53)
to have comparable metabolic balance studies. For safety
and tolerability purposes, an outpatient visit was planned
after 4 weeks of treatment (on day 28) to assess physical
examination, vital signs and ECG, as well as safety blood
samples, including hemoglobin A1c (HbA1c), and assessment of adverse events (AEs). AEs were assessed on an
ongoing basis either as reported by the patient or when
asked for by the investigator during the study.
Metabolic balance studies
Each patient underwent two 72-hour metabolic balance
studies. Patients were required to urinate and defecate
before the start of each metabolic balance study. Dietary
intake of solids was ad libitum, while an individual
drinking menu (specifying type and amount of fluids) was
established for each patient. All dietary solids and fluids
were prepared in duplicate portions; one for oral intake
and one for laboratory analyses as described elsewhere.27
Urine and faecal output as well as exact replicas of the
dietary intake were collected in respective buckets. The
collected samples were weighed and analysed for energy
by bomb calorimetry (Oxycon Pro; Jaeger, Hoechberg,
the Netherlands), carbohydrate by Englyst’s method,28
nitrogen by Kjeldahl’s method,29 and fat by a modified
Van de Kamer titration technique.30 The content of
sodium and potassium was analysed using flame photometry, while calcium and magnesium concentrations were
determined by atomic absorption spectrophotometry
analysis.31
Wet weight was defined as the combined amount of
fluid, macronutrients, micronutrients, and electrolytes,
while absolute intestinal absorption was defined as the
difference between dietary intake and faecal excretion.
Relative absorption was calculated as (absolute absorption / dietary intake) × 100. Concomitant medication
and PS were kept constant during both metabolic balance
studies (table 1).
Naimi RM, et al. BMJ Open Gastro 2021;8:e000604. doi:10.1136/bmjgast-2021-000604

Body weight and body composition
Body weight was measured each morning before breakfast and after urination and defecation and was calculated
based on a 3-day average. Lean body mass, fat mass and
bone mineral density (BMD) were measured once during
each of the metabolic balance studies by dual-
energy
X-ray absorptiometry (Norland XR-36 Dual energy X-ray
Absorptiometry (DXA) densitometer, Norland Corp,
Fort Atkinson, Wisconsin, USA).
Hormone analyses
Plasma concentrations of GLP-1, GLP-2, PYY, GIP and
glucagon were measured in fasting state and at fixed time
points after ingestion of a standardised breakfast (0, 2,
5, 10, 15, 20, 30, 45, 60, 120, and 180 min) using radioimmunoassays (see supplemental material and figures
1–6 for details on hormone analyses). The standardised
breakfast contained 773 kcal (3250 kJ) and had an energy
ratio of 11% protein (22 g), 46% carbohydrate (87 g),
and 43% fat (38 g) as described previously. The patients
had 15 min to consume the breakfast.3
Outcomes
The primary end point of the study was the absolute change
from baseline in faecal wet weight output following treatment with sitagliptin. Key secondary endpoints included
changes from baseline in: (1) Intestinal absorption of wet
weight, energy and macronutrients, (2) Urine volume,
(3) The need for PS volume, (4) Oral wet weight intake,
(5) Body weight, (6) Body composition (fat mass, fat-free
mass and BMD (spine)), and (7) Plasma concentrations
of endogenous GLP-1, GLP-2, PYY, GIP and glucagon
after a standardised meal stimulation.
Statistical analysis
A power calculation could not be performed for this study
as no previous studies examining sitagliptin on patients
with SBS exist. The sample size was chosen based on the
magnitude of effect of GLP-2 treatment on reductions of
faecal output as observed in previous studies.2 9 Adequate
power was expected regarding the primary end point by
having the patients serve as their own control.
IBM SPSS Statistics V.25 was used for the statistical
analyses. A value of p<0.05 was considered statistically
significant. A non-parametrical test, the Wilcoxon signed-
rank test was used to assess the effect of sitagliptin on
change from baseline. Unless specified otherwise, data
are presented as median (min, max).
Area under the curve (AUC) was used when analysing
the postprandial hormone profiles. Spearman’s correlation coefficient was used to estimate correlations.
RESULTS
Baseline demographics are presented in table 1.
Of the 10 patients planned to be included in the study,
8 patients with SBS and ≥50% of colon in continuity were
included in the study. All were of Caucasian descent;
four with SBS-II and four with SBS-IF. One patient (ID
3
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F/20

F/43

M/50

6

7

8

RC

CD

MVD

CD

CD

MVD

CD

Ileus

Diagnosis

190

200

70

UK

100

85

65

50

SB
length
(cm)

Anastomosis
with
transverse
colon

Anastomosis
with
transverse
colon

Anastomosis
with
transverse
colon

Ileo-ascendo-
anastomosis

Anastomosis
with
transverse
colon

Anastomosis
with
transverse
colon

Jejuno-
ascendo-
anastomosis

Anastomosis
with
transverse
colon

Colon

6

5

11

4.6

1.5

2.3

15

12

Time
since last
intestinal
resection
(years)

II

II

II

II

IF

IF

IF

IF

IF/II

Yes

Yes

No

No

Yes

No

No

Yes

Proton pump
inhibitor

Yes

Yes

No

Yes

No

No

No

Yes

Codeine

SBS
classification Concomitant medication

No

No

No

No

No

No

No

Yes

Loperamide

3000

1833

2667

1000

0

0

0

0

Fluid (ml/
day)

74.5

92.1

61.9

73.3

75.5

57.8

74.3

53.8

(kg)

Parenteral Body
Support
weight

23.0

30.8

22.5

19.9

25.5

19.5

24.0

19.5

(kg/m2)

BMI

3022

2973

4353

4827

2997

3553

3513

1737

Wet weight
(g/day)

Dietary intake

BMI, body mass index; CD, Crohn’s Disease; F, female; IF, intestinal failure; II, Intestinal insufficiency; M, male; MVD, mesenteric vascular disease; RC, rectal cancer; SB, small bowel; SBS, short bowel syndrome; UK, unknown.

M/35

F/56

3

5

M/40

2

M/69

M/68

1

4

Sex/age
(years)

Patient
ID

Anatomy

Table 1 Individual baseline characteristics

10.8

14.4

11.2

18.5

10.9

13.0

7.9

6.4

Energy
(MJ/
day)

460

483

1087

983

3357

3480

1990

383

Wet
weight
(g/day)

1.7

2.6

4.9

6.0

5.9

8.6

4.6

3.1

Energy
(MJ/day)

Faecal output

2562

2490

3267

3843

−360

73

1523

1353

Absolute
(ml/day)

Wet weight
absorption

85

84

75

80

−12

2

43

78

Relative
(%/day)

1007

1177

2290

2607

1692

1023

3273

1520

(ml/day)

Urine
production
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Figure 2 Median (n=7) changes from baseline (B) to
treatment (T) in dietary wet weight intake, faecal wet
weight output, absolute wet weight absorption, and urine
production.

No. 5, table 1) discontinued due to AEs (hot flushes and
flare-up of a depression). Patient recruitment took place
between November 2014 and October 2016 and further
enrolment of patients was discontinued due to lack of
patients to fit the inclusion criteria and study design
within the planned recruitment period. The study laboratory analyses were completed in March 2019. A total of
seven patients completed the study and were included in
the statistical analyses of the results.
Following 8 weeks of treatment with sitagliptin, the
median reduction from baseline in absolute wet weight
output of −174 g/day (−1510, 675) did not reach statistical significance (p=0.176). Although individual data
suggested that six out of seven patients had a reduction
in absolute faecal wet weight output ranging from −1510
g/day to −10 g/day (figure 2), a clinically relevant reduction in faecal wet weight output (approx. 500 g/day6 9 32)
was only achieved in one patient (ID No. 3).
Treatment with sitagliptin did not significantly affect
median values of total dietary intake (−7 g/day (−663,
276); p=0.672), wet weight absorption (223 g/day (−514,
847); p=0.398) (online supplemental figure 7) or urine
production (80 mL/day (−427, 697); p=0.176). The
reduction in faecal wet weight output was largest in
patients with SBS-IF (n=4, range −1510 g/day to –174 g/
day) compared with patients with SBS-
II (n=3, range
−23, 675 g/day). A trend towards positive correlation
(r=0.72, p=0.055) was observed between baseline faecal
wet weight output and change in intestinal absorption
(online supplemental figure 8).
A reduction in PS volume of 500 mL per administration day was only achieved in one out of four patients
with SBS-IF (ID No. 3) based on an increase in urine
production of 697 mL/day. For the same patient, faecal
wet weight output decreased by 1510 g/day, total dietary
intake decreased by 663 g/day and wet weight absorption
increased by 847 g/day. Moreover, body weight increased
by 1.7 kg, lean body mass by 200 g and fat mass by 1000 g.
For the entire group of patients, changes observed
regarding
median
absorption
of
electrolytes,
Naimi RM, et al. BMJ Open Gastro 2021;8:e000604. doi:10.1136/bmjgast-2021-000604

macronutrients and energy were minor and did not
reach statistical significance (tables 2 and 3).
No significant changes were observed for median
values of body weight, lean body mass, fat mass, or BMD
(online supplemental table 1). Moreover, no significant
changes were observed in median urine production,
creatinine clearance, plasma creatinine, plasma urea, or
plasma aldosterone. Four out of seven patients experienced an increase in creatinine clearance ranging from
7 mL/min to 21 mL/min after treatment. However, the
median change of 7 mL/min (−9, 21) did not reach statistical significance (p=0.271).
The median AUC0-3h (Area under the curve from 0 to 3
hours) for intact GLP-2 increased significantly by 49 (39,
105) h×pmol/L (p=0.018) after treatment with sitagliptin
corresponding to a relative increase of 67%. Although a
trend for an increase in AUC0-3h for total GLP-1 (p=0.063)
and a decrease for AUC0-3h for total GIP (p=0.091), were
observed, the changes did not reach statistical significance. The fasting values of total GLP-1, intact GLP-2 and
total GIP did not change following treatment with sitagliptin. No changes were observed in the median fasting
value or AUC0-3h for total PYY or glucagon (figure 3 and
table 4).
The median compliance of sitagliptin was 99% (96,
100). Three patients had a 100% compliance. A total of
seven out of eight patients experienced at least one AE;
most were mild to moderate in severity. No serious AEs
were associated with sitagliptin treatment. One patient
experienced increased symptoms of depression and
decided to discontinue the treatment. Another patient
experienced abdominal pain that ceased after the treatment dose was reduced to one tablet per day (100 mg)
for 13 days. Subsequent increase to 200 mg/day for the
remaining study period was well tolerated.
Four patients (three with SBS-IF and one with SBS-
II) experienced oedema during the treatment period.
This was objectivised as increase in body weight in two
patients (ID No. 3: 1.7 kg and ID No. 7: 2.0 kg). Other
side effects included abdominal pain (n=1), upper respiratory tract infection (n=1), headache (n=2), restless
legs (n=2), increased bleeding from anal fissure (n=1),
dry mouth (n=1), influenza-like symptoms (n=1), diarrhoea (n=1), and fever lasting 1 day (n=1). No safety
concerns arose regarding laboratory values, vital signs, or
ECGs. No patients were diabetic at baseline. The median
HbA1c at baseline was 31 (26, 35) mmol/mol. HbA1c was
unchanged following treatment with sitagliptin (−1 (−2,
0) mmol/mol; p=0.059).

DISCUSSION
This is the first single-
centre, open-
label, case series,
proof-
of-
concept pilot study to assess the therapeutic
potential of sitagliptin, a DPP-4 inhibitor, in patients
with SBS and ≥50% of colon in continuity. Eight weeks of
treatment with oral intake of 100 mg sitagliptin two times
per day did not significantly reduce the median faecal
5
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Table 2 Wet weight and electrolytes
Wet weight (g/day)

Sodium (mmol/day)

Potassium (mmol/day)

Calcium (mmol/day)

Magnesium (mmol/day)

Baseline

Treatment

Effect

P value

Dietary intake
Faeces

3022 (1737, 4353)
1087 (383, 3480)

3183 (1730, 4208)
1135 (153, 3183)

−7 (−663, 276)
−174 (−1510, 675)

0.672
0.176

Absolute absorption

1523 (−360, 3267)

1747 (90, 3132)

223 (−514, 847)

0.398

Urine (mL/day)

1520 (1007, 3273)

1720 (580, 3367)

80 (−427, 697)

0.176

Dietary intake

133 (53, 194)

130 (46, 216)

−11 (−64, 87)

0.237

Faeces

41 (16, 296)

92 (6, 272)

−5 (−55, 90)

0.866

Absolute absorption

37 (−163, 170)

51 (−147, 132)

−3 (−85, 41)

0.553

Urine

156 (34, 217)

132 (46, 178)

2 (−39, 12)

1

Dietary intake

70 (39, 112)

69 (37, 124)

−2 (−27, 27)

0.933

Faeces

49 (14, 96)

30 (9, 86)

−15 (−46, 12)

0.063

Absolute absorption

10 (−15, 80)

39 (−10, 80)

18 (−25, 73)

0.31

Urine

51 (25, 79)

41 (27, 75)

1 (−24, 17)

0.672

Dietary intake

29 (11, 70)

23 (10, 62)

−3 (−19, 4)

0.091

Faeces

28 (15, 60)

31 (5, 47)

−7 (−21, 12)

0.31

Absolute absorption

−2 (−20, 22)

−1 (−19, 21)

−1 (−9, 10)

0.499

Urine

4 (0, 7)

3 (1, 9)

0 (−3, 2)

0.866

Dietary intake

15 (10, 27)

17 (9, 22)

−1 (−5, 4)

0.31

Faeces

17 (10, 21)

17 (3, 24)

−3 (−6, 7)

0.31

Absolute absorption
Urine

0 (−3, 7)
3 (1, 8)

0 (−7, 6)
3 (0, 9)

−1 (−3, 5)
0 (0, 1)

0.866
0.916

Data are presented as median (min, max).

wet weight output. No significant changes were observed
regarding median intestinal absorption of wet weight,
electrolytes and macronutrients, urine production, renal
function, body weight or body composition.
Individual data suggested a reduction in faecal wet
weight output in six out of seven patients, and an increase
in intestinal absorption of wet weight in all four patients
with SBS-IF. The incoherence between the number of
patients, who experienced a reduction in faecal wet weight

output, and the number of patients with an increase
in intestinal wet weight absorption might be explained
by the decrease in total dietary intake observed in five
patients. It is possible that the decrease in total dietary
intake occurred due to an increase in the concentration
of intact GLP-1,33 which, however, was not measured in
the present study. Despite the reduction in total dietary
intake, this was not reported as an AE in terms of lack of
appetite.

Table 3 Energy and macronutrients
Energy (MJ/day)

Carbohydrate (MJ/day)

Protein (MJ/day)

Fat
(MJ/day)

Baseline

Treatment

Effect

P value

Dietary intake
Faeces

11 (6.4, 14.4)
4.6 (1.7, 8.6)

11.3 (5.9, 12.5)
4.1 (0.9, 7.3)

−0.5 (−3.1, 1.6)
−0.4 (−2.2, 1.1)

0.735
0.237

Absolute absorption

5.1 (3.3, 11.8)

6.0 (3.2, 9.5)

0.4 (−2.6, 1.7)

0.612

Dietary intake

4.2 (2.4, 6.1)

4.3 (1.6, 5.1)

−0.4 (−1.2, 0.9)

0.176

Faeces

0.5 (0.2, 1.2)

0.6 (0.2, 0.9)

−0.1 (−0.3, 0.1)

0.446

Absolute absorption

3.6 (2.1, 5.7)

3.7 (1.4, 4.8)

−0.3 (−0.9, 0.7)

0.176

Dietary intake

2.2 (1.0, 2.7)

2.1 (0.9, 2.4)

−0.1 (−0.6, 0.5)

0.249

Faeces

1.1 (0.4, 2.3)

1.1 (0.2, 1.7)

−0.07 (−0.6, 0.1)

0.398

Absolute absorption

0.6 (0.4, 1.7)

0.8 (0.03, 1.8)

−0.1 (−0.4, 0.4)

0.612

Dietary intake

3.4 (2.7, 5.5)

4.0 (2.4, 5.4)

−0.2 (−0.6, 0.7)

0.735

Faeces
Absolute absorption

2.2 (0.8, 4.2)
1.1 (0.5, 4.2)

2.1 (0.5, 4.0)
0.8 (0.5, 4.1)

−0.2 (−1.7, 0.4)
0.01 (−0.3, 0.8)

0.237
0.866

Data are presented as median (min, max).
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Figure 3 Postprandial hormone profiles at baseline and after treatment. GIP, glucose-dependent insulinotropic peptide; GLP,
glucagon like peptide; PYY, peptide YY.

Treatment with sitagliptin was associated with significantly increased postprandial circulating concentration
of intact GLP-2. No significant changes in total GLP-1,
total GIP and total PYY were observed, which is consistent with findings in a previous study in patients with type
2 diabetes.34 Contrary to our expectation, circulating
concentration of glucagon did not decrease as suggested

by previous studies35–37 probably due to the small number
of patients included in the present study. In murine
intestine, real-time PCR analyses have previously shown
the highest DPP-4 mRNA expression in the jejunum
and ileum, whereas expression has been reported to
be low in the proximal and distal colon.38 However, to
our knowledge, the exact site of sitagliptin absorption is

Table 4 Fasting and postprandial hormone profiles
Hormone
Total GLP-1

Intact GLP-2

Total PYY

Baseline
Fasting value
(pmol/L)
AUC
(h×pmol/L)

P value

0 (−5, 30)

0.345

71 (46, 117)

20 (−20, 31)

0.063

Fasting value
(pmol/L)

15 (9, 22)

16 (10, 53)

1 (−2, 32)

0.201

AUC
(h×pmol/L)

75 (47, 103)

125 (89, 184)

49 (39, 105)

0.018

Fasting value
(pmol/L)

25 (6, 83)

25 (6, 85)

0 (−56, 19)

0.686

212 (30, 432)

146 (70, 293)

25 (−227, 79)

0.612

5 (1, 8)

3 (1, 6)

−2 (−4, 4)

0.288

Fasting value
(pmol/L)
AUC
(h×pmol/L)

Glucagon

11 (5, 34)

Effect

67 (28, 90)

AUC
(h×pmol/L)
Total GIP

9 (4,16)

Treatment

Fasting value
(pmol/L)
AUC
(h×pmol/L)

158 (17, 204)

99 (28, 190)

−44 (61, 37)

0.091

7 (3, 12)

6 (2, 15)

−1 (−7, 7)

0.389

29 (16, 46)

25 (18, 33)

−1 (−17, 4)

0.398

Data are presented as median (min, max).
AUC, area under the curve; GIP, glucose-dependent insulinotropic peptide; GLP, glucagon like peptide; PYY, peptide YY.
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not known. The comparison of intestinal hormones in
the present study with previous findings in patients with
type 2 diabetes, does not add to the existing data on site
of sitagliptin absorption. Nonetheless, SBS models may
be used to address this issue taking into account that
the absorption of sitagliptin and the associated intestinal hormone AUCs in patients with SBS are not only
affected by a reduced surface area, but also by upper GI
hypersecretion, increased GI emptying, first pass metabolism in a probably compromised liver, and finally by the
heterogeneity in this patient group. Moreover, postsurgical adaptation-related increase in gut hormones with
preserved ileum and/or proximal colon, is a confounder
to be considered when comparing intestinal hormone
AUCs with other patient groups.
The current perception regarding the enteroendocrine hormone profiles in patients with ileum resections and a colon in continuity is based on findings from
studies by Jeppesen et al18 and Nightingale et al.17 In these
studies elevated fasting plasma concentrations of GLP-1,
GLP-218 and PYY,17 as well as significantly higher meal-
stimulated responses, were observed when compared
with healthy controls. Our findings in the present study
were not consistent with this. Although, in the present
study, both the fasting concentration and the meal-
stimulated response of GLP-1 were higher compared
with healthy controls from the Jeppesen study, they did
not reach the high responses as reported in the patients
with SBS with colon in continuity.18 Regarding GLP-2,
the patients in our study had lower fasting concentration
and meal-stimulated response compared with both the
healthy controls and the patients with colon in continuity.
Although a head-to-head comparison was not performed,
both fasting concentration and meal-stimulated response
of PYY in our study seem to be slightly higher than the
controls, but lower than reported in the patients with
colon in continuity by Nightingale et al.17 The preservation of segments of terminal ileum, the ileocecal valve and
ascending colon could possibly explain these discrepancies. Six out of seven patients in the Jeppesen et al18 study
had preserved ascending colon and four patients had a
preserved ileocecal valve. In the Nightingale et al study17
all six patients had preserved ascending colon and two
out of six patients had preserved ileocecal valve. On the
contrary, no patients in the present study had preserved
ileum and ileocecal valve and only two out of seven
patients had parts of the ascending colon preserved.
The safety profile of sitagliptin in our study was comparable to what has already been shown in treatment of
patients with type 2 diabetes and does not seem to add
to existing safety data on sitagliptin.39 However, the most
common AE was oedema, which has not been reported
as a known AE of sitagliptin. This is probably indicative of the positive physiological effects of sitagliptin
on fluid and sodium absorption indirectly achieved
by the increased circulating concentrations of the pro-
absorptive hormones, intact GLP-1 and GLP-2.2 6 9 32 Other
AEs such as respiratory tract infection, fever, restless legs,
8

diarrhoea, anal fissure flare associated with defecation,
and dryness of the mouth were reported in relation to
sitagliptin treatment. Further studies are needed to assess
a direct causality between sitagliptin and these AEs since
an increase in the absorption of the concomitant medications leading to these AEs could not be excluded.
This study is limited by the number of patients included.
Pilot studies often use a sample size of 12 patients to
gain an estimate of precision.40 However, the smaller
sample size in the present study is much due to sparsity of
patients willing to participate leading to an early termination of the study.
Recruitment of patients with ≥50% of colon in continuity is challenging in our department, since these
patients constitute less than 5% of the whole chronic IF
population thanks to better potential for spontaneous
adaptation.17 18 Therefore, therapeutical approaches
should aim to accelerate the functional adaptation in the
more acute phase after surgical intestinal resection in
this patient population. Another limitation of this study
was that a faecal output of ≥1.0 kg/day was only observed
in four out of the seven patients included in the analysis,
which may impact the results presented in this paper. The
protocol did not allow exclusion of patients with lower
faecal wet weight output after inclusion, and since this
study suggests a possible therapeutic effect in patients
with high-volume faecal wet weight output, future studies
should include a screening prior to inclusion to make
sure this inclusion criterion is met. Finally, this study used
a higher-dose treatment than recommended for patients
with type 2 diabetes to counteract malabsorption.
Future studies using oral medications should include
therapeutic drug monitoring and/or pharmacokinetic-
pharmacodynamic data to illustrate or justify the need
for this dosing regimen.
In conclusion, treatment with 100 mg of sitagliptin two
times per day was safe and well tolerated in this open-
label, case series, proof-
of-
concept pilot study. Eight
weeks of treatment with sitagliptin did not significantly
reduce median faecal wet weight output in patients with
SBS and ≥50% of colon in continuity. Furthermore,
numerical changes observed regarding median intestinal
absorption of wet weight, electrolytes and macronutrients, urine production, renal function, body weight or
body composition did not reach statistical significance.
Treatment with sitagliptin was associated with significant increase in postprandial concentrations of intact
GLP-2, numerical increase in total GLP-1 and numerical
decrease in total GIP, but not glucagon, PYY, or HbA1c.
Although our individual data suggested a possible effect
volume faecal wet
in patients who suffer from high-
weight output, it remains to be established whether treatment with sitagliptin might have a therapeutic potential
in this subgroup of patients with SBS and ≥50% of colon
in continuity.
Future studies should conduct feasibility work before
the inception of the trial. A larger sample size and more
robust study design, preferably a randomised clinical
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study with a cross-over study design and a placebo arm,
should focus on the effect of sitagliptin in patients with
SBS with minimal intestinal absorptive capacity. Treatment with sitagliptin as monotherapy as well as additive
therapy to other antisecretory and antimotility agents
would be of interest. Major topics of interest would
include assessing key elements in the pathophysiology of
SBS in terms of GI secretions and transit time as well as
the intestinotrophic potential of sitagliptin. Value would
also be derived from biological efficacy work to assess
the effect of DPP-4 inhibitors on intestinal hormones
(including GLP-2) in a larger group of patients with a
short bowel, or a case series of patients deriving longer-
term clinical benefit. Both patients with colon in continuity and/or terminal ileum with a preserved L cell
capacity would be of interest.
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