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Abstract

Background: Diabetic constipation is traditionally attributed to slow colonic transit,
despite limited evidence. More than half of patients find treatment unsatisfactory.
To improve treatment, there is a need for better diagnostic understanding of the
condition.

Objective: In this wireless motility capsule study, we aimed to investigate gastro-
intestinal transit and contractility in diabetes patients with and without con-
stipation, and in healthy controls.

Methods: We prospectively included type 1 or type 2 diabetes patients with
gastrointestinal symptoms. Based on the Gastrointestinal Symptom Rating Scale we
distinguished into two groups: with constipation and without constipation. Non-
diabetic controls were asymptomatic. All were examined with wireless motility
capsule, determining transit times and contractility parameters.

Results: 57 patients (42 women, 46 with type 1 diabetes) and 26 healthy controls
(14 women) were included. We found no difference in transit times between dia-
betes patients with and without constipation. Compared to healthy controls (35:55,
h:min), whole-gut transit was slower in both diabetes patients with constipation
(66:15, p = 0.03) and without constipation (71:16, p < 0.001). Small bowel motility
index correlated r, = —0.32 (p = 0.01) with constipation symptoms.

Conclusions: Diabetes patients with constipation had similar transit times as those
without constipation. Both groups had slower whole-gut transit than healthy con-
trols. Constipation was associated with reduced small bowel, but not colonic
contractility. Our results imply that other mechanisms than slow colonic transit may

be more important in the pathogenesis of diabetic constipation.
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INTRODUCTION

Gastrointestinal symptoms are common in diabetes, and constipation
is especially frequent.? In tertiary centres, up to 60% report con-
stipation, while community studies have found a prevalence of 10%-
17%.%? Constipation leads to reduced quality of life in half of the
patients, and a similar proportion find the treatment unsatisfactory.®
Causes may be multifactorial, including dietary factors, medications
and comorbid conditions, but is often due to diabetic gastro-
enteropathy, a dysmotility disorder potentially affecting the entire
gastrointestinal tract.*

Constipation has traditionally been defined as less than three
weekly bowel movements, but recent Rome criteria have also
included symptoms of straining, incomplete evacuation, anorectal
obstruction, hard faeces or the need of manual stimulation to
facilitate defecation.” Constipation can be categorised into normal-
transit constipation, slow-transit constipation and rectal evacuation
disorders.® Diabetic constipation has traditionally been associated
with slow colonic transit, but this knowledge is based on a limited
number of studies, often including few patients suffering from
constipation.””® Other studies have been retrospective, registry-
based, designed to investigate different hypotheses or contained
a mixed constipation cohort, where diabetes patients constituted a
minority.10:11

The two most established methods for measuring colonic transit
are radiopaque markers and colonic scintigraphy, but both have
disadvantages, such as radiation exposure, poor standardisation and
only providing motility results from one single gastrointestinal
segment.’? The wireless motility capsule, however, is not depending
on radiological examinations and measures transit through all gut
regions in one test.?® It also has the added advantage of measuring
contractility parameters, such as contractions per minute and the
motility index.'* These measurements might provide valuable infor-
mation about intestinal motility, but their utility in diabetic con-
stipation is so far undefined.

Consequently, in this study, we hypothesised that diabetes pa-
tients with constipation had delayed colonic transit and reduced in-
testinal contractility compared to diabetes patients without
constipation, and healthy controls.

MATERIALS AND METHODS
Study population

The study was a cross-sectional case-control observational study
with consecutive inclusion. It was performed at a tertiary centre at
Haukeland University Hospital, Bergen, Norway between 2014 and
2018. Two groups were included: diabetes patients and healthy
controls. Exclusion criteria for both groups were age < 18 years,
breastfeeding or pregnancy, previous major intra-abdominal surgery

or inability to adhere to the study protocol.

Key Summary

Summarise the established knowledge on this subject

e Constipation is very frequent in diabetes and often has a
large impact on quality of life. Half of all patients find
treatment unsatisfactory.

e Diabetic constipation has traditionally been attributed to
slow colonic transit, but this knowledge is based on a
small number of decades-old studies.

What are the significant and/or new findings of this study?

e Using wireless motility capsule, we investigated gastro-
intestinal transit times and contractility in diabetes pa-
tients with and without constipation, and in healthy
controls.

o We found no difference in transit between diabetes pa-
tients with and without constipation, but both diabetes
groups had slower whole-gut transit than healthy con-
trols. We also found an association between constipation
and reduced small bowel contractility.

e Our results may indicate that slow colonic transit is less
important in the pathogenesis of diabetic constipation
than previously believed. When evaluating these patients,

clinicians should consider other disease mechanisms.

Diabetes patients

In the patient group, inclusion criteria were type 1 diabetes or
type 2 diabetes, chronic gastrointestinal symptoms (minimum
duration >6 months), and a normal upper endoscopy during the
last 2 years. Patients were referred from all of Norway for diag-
nostic evaluation at Haukeland University Hospital. They were
admitted for the first 3 days of the study period and were out-
patients for the last five. While at hospital, they were evaluated by
a physician, delivered blood-, urine- and stool samples (Table 1),
and underwent tests of gastrointestinal motility. Questionnaires
were distributed in advance and collected at admittance. During
fast and examinations, patients received glucose-insulin infusion

(target glucose level 4-10 mmol/L).

Healthy controls

As part of a collaborative study, healthy volunteers were examined
with wireless motility capsule.’® All were screened for gastrointes-
tinal symptoms by modified Rome IIl questionnaires and interviewed
by a clinical investigator (physician or study nurse) to rule out pre-
existing conditions or use of drugs potentially affecting gastrointes-
tinal motility.
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TABLE 1 Clinical characteristics of diabetes patients with constipation, without constipation and healthy controls

Variables

General demographics

Diabetes

Constipation n = 15

Women, n (%) 14 (93%)
Age, years, mean (SD) 51 (9)
BMI, kg/m?, mean (SD) 28.2 (5.8)
Current smokers, n (%) 2 (13%)
Diabetes status
Type 1 diabetes, n (%) 14 (93%)
Diabetes duration, years, mean (SD) 34 (10)
Late complications, n (%) 11 (73%)
Retinopathy, n (%) 9 (60%)
Nephropathy, n (%) 3 (20%)
Peripheral neuropathy, n (%) 6 (40%)
Diabetic wounds, n (%) 3 (20%)
Cardiovascular disease, n (%) 2 (13%)
Biochemistry

B-HbA1c, mmol/mol 63 (9)
S-TSH, mIE/L 1.3(1.2)
P-fT4, pmol/L 16.8 (5.8)
U-ACR, mg/mmol 0.7 (10.9)
F-calprotectin, mg/kg 34 (24)
F-elastase-1, mg/g 473 (149)

No constipation n = 42 p-value n=26 p-value
28 (67%) 0.08 14 (54%) 0.03?
47 (13) 0.19 42 (15) 0.07
26.2 (5.8) 0.29 24.0 (2.2) 0.12
15 (36%) 0.08 - -
32 (76%) 0.26 - -
24 (13) 0.009 - -
29 (69%) 1.0 = o
23 (55%) 0.77 - -
12 (29%) 0.74 - =
19 (45%) 0.77 - =

4 (10%) 0.37 - -

3 (7%) 0.60 - -
67 (31) 0.23 - -
1.5 (1.0) 0.33 - -

15.6 (3.9) 0.52 - -

2.0 (4.7) 0.17 - -
15 (34) 0.73 - -
500 (233) 0.62 - -

Healthy controls

Note: Results are given as median (IQR) unless otherwise indicated. Frequencies are given as n (%), where percentages are calculated from the total n in
each column. Biochemical reference values as used at Haukeland University Hospital: B-HbA1c, 20-42 mmol/mol; S-TSH, 0.40-4.50 mlIE/L; P-fT4, 8.0-
21.0 pmol/L; U-ACR, 0-2.5 mg/mmol; F-calprotectin, <50 mg/kg; and F-elastase-1, <200 mg/g.

Abbreviations: ACR, albumin to creatinine ratio; B, whole blood; F, faecal; FT4, free thyroxine; HbA1c, glycosylated haemoglobin; IQR, interquartile
range; P, plasma; S, serum; SD, standard deviation; TSH, thyroid stimulating hormone; U, urinary.

3Sub-group analyses: higher percentage of women in the group with constipation compared with healthy controls (p = 0.01), not compared to the group

without constipation (n = 0.32).

Motility capsule testing

The wireless motility capsule (SmartPill®, Medtronic) measures pH,
temperature and pressure throughout the gastrointestinal tract
(Figure 1). After an overnight fast, the capsule was swallowed
together with a 260-kcal nutrient bar (SmartBar®, Medtronic) and
120 mL of water. To achieve simultaneous examination with gastric
emptying scintigraphy, diabetes patients also ingested a radiolabelled
boiled egg (90 kcal). Prior to the investigation and during the study,
participants had to pause medications possibly altering gastrointes-
tinal motility. Full details are presented in a previous article.® For
data analyses, we used MotiliGI® software version 3.0 (Medtronic).

We measured transit times using standardised definitions:
gastric emptying time (capsule ingestion-pylorus), small bowel transit
time (pylorus-ileocaecal junction) and colonic transit time (ileocaecal

junction-capsule expulsion).’®* Normative cut-off values for colonic

transit: rapid (<5:00, h:min), normal (<5:00-50:30) and delayed
(>50:30).*% We also measured the motility index and contractions
per minute in the small bowel and colon, and sub-segments: duo-
denum (first 60 min after the pylorus), ileum (last 60 min before the
ileocaecal junction), caecum (first 60 min after the ileocaecal junc-

tion) and rectum (last 60 min before capsule expulsion).**

Questionnaires

We assessed constipation symptoms using the Gastrointestinal
Symptom Rating Scale (GSRS). GSRS can be split into five syndromes,
where constipation is a mean of scores on the individual symptoms:
(1) decreased passage of stools, (2) hard stools and (3) feeling of

incomplete evacuation.’” Based on prior studies, we chose a cut-off
18

value > 4 to define constipation.™ We also performed a
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FIGURE 1

Illustration of a wireless motility capsule recording in a diabetes patient with constipation. The recording shows temperature

(°C, top blue curve), pH (middle green curve) and pressure (mmHg, bottom red curve). Colonic transit time is measured from the ileocaecal
junction to capsule expulsion, as marked by arrows. In this patient, colonic transit was 65 h 49 min (normal: <5:00-50:30, h:min), indicating

slow-transit constipation

psychometric evaluation using the Hospital Anxiety and Depression
Scale, where cases of anxiety and depression were defined by a sum

score > 11 on the respective subscales.'?

Ethical considerations

The study was conducted in accordance with the Declaration of
Helsinki. The investigation of diabetes patients was approved by The
Western Norway Regional Medical Ethics Committee (2015/58),
while the study of healthy participants was approved by The South-
Eastern Norway Regional Medical Ethics Committee (2014/2222 and
2019/28472). All participants submitted oral and written informed
consent.

Statistical analysis

Normality was assessed by examination of skewness, kurtosis, Q-Q
plots and Shapiro Wilk’s test. In cases of normality, continuous
variables were stated as mean (standard deviation, SD). Differences
between two groups were examined with the independent samples t-
test. Differences between multiple groups were analysed with one-
way independent analysis of variance corrected by Welch's F and
using Games-Howell post hoc test. In cases of non-normality,
continuous variables were stated as median (interquartile range,
IQR). We used the Mann-Whitney U test to compare two, and the
Kruskal-Wallis test to compare multiple continuous variables, per-
forming sub-group analyses using Mann-Whitney U test with Bon-

ferroni correction. We used Pearson’s product-moment correlation

(r) and Spearman's rank order correlation (rs) to examine associations
between normally and non-normally distributed continuous vari-
ables, respectively. Categorical variables were stated as n (%), and
differences between them were assessed using Fisher’s exact test.
Statistical significance was defined as p < 0.05. Analyses were per-
formed using IBM SPSS Statistics (Ver. 27, IBM Corporation).

RESULTS

A total of 72 diabetes patients and 26 healthy participants were
included in the study. Of these 68 diabetes patients and all healthy
participants were examined with wireless motility capsule. We
could not identify the ileocaecal junction in three patients, pre-
venting the determination of small bowel and colonic transit times.
Another 8 patients had missing data on the GSRS, leaving 57
available for all comparisons. An inclusion flowchart is shown in

Figure 2.

Clinical characteristics

Clinical characteristics are presented in Table 1. Fifteen diabetes
patients (26%) had constipation. Mean constipation score in all
patients were 2.6 (SD = 1.5). Women (2.9, SD = 1.5) had more
constipation than men (2.0, SD = 1.2), p = 0.046. We found no
difference between type 1 diabetes (2.6, SD = 1.6) and type 2
diabetes (2.6, SD = 1.2), p = 0.95. Patients with constipation had
longer diabetes
(p = 0.009).

duration than those without constipation

Diabetes duration also correlated with the
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FIGURE 2 Inclusion flow chart

constipation score (r = 0.38, p = 0.04), but we found no associa-
tion with age (p = 0.19). Patients with late complications of their
diabetes had a constipation score of 2.7 (SD = 1.5); those without
complications 2.4 (SD = 1.4), p = 0.40.

Patients with anxiety had more constipation (p = 0.01; Table S1).
We found no difference in constipation symptoms when comparing
other comorbid conditions. Neither did we find any difference in
biochemical parameters (Table 1), nor when looking at medications

where constipation is a known side-effect (Table S2).

Transit times

Table 2 and Figure 3 show transit times in all groups. We found no
difference in gastric emptying (p = 0.99), small bowel transit
(p = 0.28), colonic transit (p = 0.96) or whole-gut transit (p = 0.69)
when comparing diabetes patients with and without constipation.
Neither did we find any associations between transit time parame-
ters and the constipation score (all p > 0.27).

Healthy controls had faster gastric emptying than both dia-
betes groups: with constipation (p = 0.003) and without con-
stipation (p < 0.001). Healthy controls also had faster colonic
transit than diabetes patients without constipation (p = 0.01), but
not compared with patients with constipation (p = 0.18). Whole-
gut transit was faster in healthy controls than in diabetes pa-
tients with constipation (p = 0.03) and without constipation
(p < 0.001).

In Figure 4, we have presented proportions with delayed, normal
and rapid transit in diabetes patients with and without constipation,
and in healthy controls. Seven (47%) patients with constipation had
delayed colonic transit, while 17 (41%) without constipation had
delayed colonic transit, p = 0.75. In comparison, 2 (9%) healthy

controls had delayed colonic transit, p = 0.01.

Contractility parameters

Results from contractility measurements are presented in Table 2.
We found that small bowel motility index correlated r = —0.32
(b = 0.01) with the constipation score. When comparing the three
groups, we found no difference in any of the contractility parameters.

DISCUSSION

In this study, we investigated gastrointestinal transit and contractility
in diabetes patients with and without constipation, and in a group of
healthy controls. Contrary to our hypothesis, we found no difference
in transit times when comparing diabetes patients with and without
constipation. We did, however, find an association between reduced
small bowel contractility and constipation symptoms. Compared with
healthy controls, both diabetes groups had slower whole-gut transit.

The lack of association between constipation symptoms and
transit times found in our study, may have several causes. Firstly,
gastrointestinal symptoms are regularly proven to be unspecific
markers of organ dysfunction.?° Exemplifying this, we have previ-
ously shown that patients with familial GUCY2C diarrhoea syndrome
had increased colonic transit time, despite having four loose stools
per day.'® Constipation is particularly problematic, as the original
definition based on stool frequency, correlates poorly with patients’
complaints.?! Instead, patients perceive constipation as a multi-
symptom disorder, where straining, hard stool, abdominal discom-
fort, bloating and the feeling of incomplete evacuation are all equated
with infrequent bowel movements.® Symptoms like abdominal
discomfort and bloating are even more unspecific, also being
frequent in gastroparesis and small bowel dysmotility.*

Furthermore, there is an overlap in symptoms between rectal
evacuation disorders, normal-transit constipation and slow-transit
constipation.® In primary constipation, rectal evacuation disorders
are seen more frequently than slow-transit constipation.® The prev-
alence in diabetes is unknown, but a 1998 pilot-study identified
rectal evacuation disorders in 3 out of 10 patients.?? A recent study
supports these findings, demonstrating that constipated diabetes
patients had reduced maximal squeeze pressures and recto-anal
pressure gradients, and impaired rectal sensitivity.?® Intact rectal
sensitivity is an essential mechanism in the process of defecation, as
gradual rectal filling of faeces elicits an urge to defecate.?* Without
sensing this stimulation, the urge to defecate may be attenuated,
leading to accumulation of faeces.?! In patients with refractory
functional constipation, 25% had rectal hyposensitivity.?> Given the
potential of diabetic neuropathy for disrupting anorectal sensory
pathways, we consider it likely that rectal hyposensitivity is a main
mechanism also in diabetic constipation.

On the other hand, there are also findings of visceral hypersen-
sitivity in diabetes.?® Visceral hypersensitivity is traditionally asso-
ciated with functional gastrointestinal disorders, but the borderline
between diabetic gastroenteropathy and functional disorders may be

blurred.?” In this study, we did not perform tests of visceral
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TABLE 2 Wireless motility capsule measurements of gastrointestinal transit times and contractility parameters: A comparison between
diabetes patients with constipation, without constipation and healthy controls

Diabetes Correlation
Variable, unit Constipation No constipation p-value Healthy controls p-value rs p-value
Transit times, h:min
Gastric emptying 4:17 (15:52) 4:30 (24:51) 0.99 2:58 (1:24) <0.001° -0.12 0.38
Small bowel 5:08 (1:51) 4:18 (2:46) 0.28 4:13 (1:37) 0.16 0.15 0.27
Colon, mean (SD) 47:48 (38:00) 45:59 (33:23) 0.96 28:27 (16:21) 0.01° 0.11" 0.42
Whole gut, mean (SD) 66:15 (38:23) 71:16 (36:33) 0.69 35:55 (16:54) <0.001°¢ -0.05" 0.70
Motility index, mmHg x s/min
Small bowel (total) 129.6 (120.4) 143.4 (154.2) 0.50 111.0 (49.5) 0.29 -0.32 0.01
Duodenum 85.3 (72.2) 86.3 (123.5) 0.82 63.9 (56.5) 0.33 -0.25 0.06
lleum 146.0 (144.8) 193.3 (306.8) 0.61 182.0 (166.3) 0.88 -0.21 0.13
Colon (total) 132.7 (119.7) 163.3 (173.2) 0.51 160.9 (151.5) 0.71 -0.14 0.29
Caecum 104.4 (135.6) 92.9 (106.5) 0.90 92.1 (159.0) 0.98 -0.11 0.42
Rectum 364.0 (435.0) 246.1 (302.7) 0.36 336.5 (403.9) 0.34 0.13 0.35
Contractions per minute, number
Small bowel (total) 3.8 (2.8) 3.9 (3.2) 0.99 3.2 (1.1) 0.77 -0.19 0.17
Duodenum 2.9 (1.6) 2.9 (3.2) 0.80 2.2 (1.9) 0.83 -0.27 0.047
lleum, mean (SD) 4.9 (2.2) 4.4 (2.5) 0.47 4.7 (1.9) 0.70 0.002" 0.99
Colon (total) 1.5 (1.0) 1.3 (1.0) 0.57 1.8 (0.7) 0.21 -0.08 0.55
Caecum 2.5 (2.6) 2.5(2.2) 0.93 3.5 (3.0) 0.22 -0.13 0.33
Rectum, mean (SD) 2.4 (1.2) 1.9 (1.0) 0.15 2.5 (1.1) 0.08 0.15" 0.27

Note: Results are given as median (IQR) unless otherwise indicated. Correlations are examined between the continuous GSRS constipation score and
each wireless motility capsule variable. Correlation coefficients are given as Spearman's rs unless marked by r, indicating Pearson's product-moment
correlation (r). Sub-group analyses are corrected for multiple comparisons.

Abbreviations: GSRS, Gastrointestinal Symptom Rating Scale; IQR, interquartile range; SD, standard deviation.

@Faster gastric emptying time in healthy controls than in diabetes patients with constipation (p = 0.003) and without constipation (p < 0.001).

PFaster colonic transit time in healthy controls than in diabetes patients without constipation (p = 0.01), but not compared with patients with

constipation (p = 0.18).

“Faster whole-gut transit time in healthy controls than in diabetes patients with constipation (p = 0.03) and without constipation (p < 0.001).

sensitivity, meaning that our patient cohort may have been a mix of
patients with reduced and increased intestinal sensation. This may
result in a different perception of symptoms, and possibly explain the
lack of difference in colonic transit between patients with and
without constipation.

Another potential explanation, is that the constipation is not
caused by diabetes-induced dysmotility but common psychiatric
comorbidities, such as anxiety and depression.?® We have previously
demonstrated that mood disorders are prevalent in diabetic gastro-
paresis, and in this study we found that patients with anxiety had
more constipation.?? Our results are consistent with previous
studies.’® However, the relationship between mental status and
gastrointestinal symptoms is likely bidirectional: whereas mood dis-
orders may lead to hypervigilance and altered interpretation of
symptoms, they may also be a consequence of the disease burden.®!

Finally, while not finding any difference in transit times

comparing diabetes patients with constipation and without

constipation, we found that both groups had slower gastric emptying
and whole-gut transit than healthy controls. An interpretation of
these results may be that diabetic constipation is a manifestation of a
global gastrointestinal dysfunction secondary to diabetic gastro-
enteropathy. Our results are supported by other transit studies and
by histomorphological findings, showing similar alterations in both
the stomach and colon, most notably loss of Interstitial Cells of Cajal
and enteric neurons.*3233 |n addition, hyperglycaemia in itself have
been shown to induce dysmotility in the whole gastrointestinal
tract.®*

As a secondary aim, we wanted to examine intestinal contrac-
tility using the wireless motility capsule’s pressure measurements.
Unfortunately, research on intestinal contractility is scarce in dia-
betic constipation, but a wireless motility capsule study on diabetic
gastroparesis patients found blunted colonic contractions compared
with healthy controls.3? Interestingly, we found a moderate correla-

tion between decreased small bowel contractility and constipation
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FIGURE 3 Box-plots showing comparisons of (a) gastric emptying time, (b) small bowel transit time, (c) colonic transit time and (d) whole-
gut transit time between diabetes patients with constipation, without constipation and healthy controls. Statistical significance of p < 0.05 are
marked by * and p < 0.01 by **. Full results are presented in Table 2. To summarise, we found faster gastric emptying (a) and whole gut transit
(d) in healthy controls than in both diabetes groups. We also found faster colonic transit (c) in healthy controls than in diabetes patients
without constipation, but found no difference in small bowel transit (b). Neither did we find any difference when comparing transit times

between diabetes patients with and without constipation

symptoms, but no association with colonic dysmotility. The inter-
pretation of this finding is uncertain but may lend support to the
theory that constipation in diabetes is not caused by isolated colonic
dysfunction. The lack of difference in colonic contractility between
patients with and without constipation strengthens this argument.
However, another explanation may be that the wireless motility
capsule has insufficient sensitivity to detect clinically relevant
contractility disturbances. Unlike manometry catheters, the capsule
floats freely in the lumen and has only one pressure sensor, which
complicates the differentiation between different contractility pat-
terns.3?3> Nevertheless, a study comparing patients with functional
constipation, irritable bowel syndrome and healthy controls, was able
to identify altered colonic contractility in constipated patients.>®

Considering that the wireless motility capsule has advantages over

manometry in availability, ease of use and increased patient comfort,
we support head-to-head validation studies to determine its future
role in colonic contractility assessments.

Our study was cross-sectional and exploratory and thus not
designed to investigate causality. Despite this, our findings may have
clinical significance. When so many patients with diabetic con-
stipation experience inadequate treatment, this may indicate that the
diagnostics have not identified the causative mechanism behind the
symptoms. Slow transit has for long been considered the main
mechanism behind diabetic constipation, but other possible expla-
nations have been sparsely investigated. In this paper, we have
attempted to discuss some of these potential causes. Of these,
evacuation disorders caused by diabetes-induced damage to the

neural regulation may be the most likely and merits further
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FIGURE 4 Proportions with delayed, normal and rapid colonic
transit in diabetes patients with constipation, without constipation
and in healthy controls. Frequencies are given as n (%), where
percentages are calculated from the total n in each group.
Constipation (n = 15): 7 (47%) delayed; 6 (40%) normal; 2 (13%)
rapid. Without constipation (n = 42): 17 (41%) delayed; 21 (50%)
normal; 4 (10%) rapid. Healthy controls (n = 23): 2 (9%) delayed; 20
(87%) normal; 1 (4%) rapid. Proportions were equally distributed in
the diabetes groups (p = 0.75), both differing from the distribution
in healthy controls, p = 0.01

investigation. In addition, we have shown that diabetes patients with
constipation had higher anxiety levels. Chronic anxiety may further
contribute to the development of rectal evacuation disorders.®” Most
likely, diabetic constipation is a heterogeneous disorder. We there-
fore emphasise the need for a thorough investigation before initiating
treatment, which should be individualised based on diagnostic find-
ings. Prokinetic agents may still have a place in treatment but other
causes like rectal evacuation disorders and psychiatric comorbidities
should be ruled out first, as these require an entirely different
approach to treatment than slow-transit constipation.?>2° When
performing gastrointestinal motility testing, our findings also under-
line the relevance of evaluating more than just colonic transit, as
diabetes patients regularly show concurrent affection of multiple
gastrointestinal segments.>®> Hopefully, a broader diagnostic
approach to patients with diabetic constipation will lead to improved
clinical outcomes in these patients.

Our study had some additional limitations. It was conducted at
a tertiary centre and most of the patients had type 1 diabetes.
Findings may therefore not be representative for diabetes patients
in the general population. The sample size of the constipation
group was also small, increasing the risk for type Il errors. When
performing multiple comparisons, as in our study, there is a risk of
type | errors. To control for this, we used the Games-Howell and
Bonferroni post hoc tests when calculating results from normally
and non-normally distributed parameters, respectively. As comor-
bidities associated with constipation are frequent in diabetes pa-
tients, excluding these would potentially introduce a selection bias.
Of ethical reasons, we also advised patients to continue their
regular medications, except those discouraged by the wireless
motility capsule protocol. Controlling for the effect of comorbid-
ities and medications, we found no difference in constipation

symptoms. Neither did we find any difference in thyroid function

tests, faecal calprotectin and faecal elastase-1. Due to the simul-
taneous investigation with scintigraphy, diabetes patients received
a meal with 90 kcal higher caloric content than healthy controls.
Although we cannot exclude a minor influence on gastric emptying,
we find it unlikely that colonic and whole-gut transit results are
affected. The lack of a predefined cut-off value is a limitation of
the GSRS questionnaire. To control for this, we performed corre-
lation analyses, without finding any association between con-
stipation symptoms and transit times. Healthy controls were
recruited as part of a collaborating study and included a lower
proportion of women compared to diabetes patients with con-
stipation. Healthy controls also trended towards a lower mean age.
This may have introduced a bias due to gender differences in
transit times.® Finally, healthy controls did not answer the GSRS
but were screened prior to inclusion using modified Rome Il

questionnaires and clinical interview.

CONCLUSION

In conclusion, we found that colonic transit did not differ between
diabetes patients with and without constipation. Compared to
healthy controls, we found delayed whole-gut transit in both diabetes
groups, regardless of constipation symptoms. We also found an as-
sociation between constipation symptoms and decreased small
bowel, but not colonic contractility. Overall, our results may imply
that diabetes patients with constipation need a more comprehensive
diagnostic investigation than transit time studies, and that other
factors may be more important in generating constipation symptoms

in these patients.
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