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Introduction

 

Anorectal dysfunction, leading to faecal incontinence, has
been reported in up to 20% of unselected out-patients with
diabetes and represents a substantial morbidity [1]. In such
patients multiple anorectal motor and sensory dysfunctions
have been documented; basal and squeeze pressures may be
reduced, the internal anal sphincter is frequently unstable, and
rectal sensation may be impaired [1–5].

Disordered anorectal function in diabetes has been attrib-
uted to irreversible autonomic neuropathy [1,4,5]; however,
acute changes in blood glucose concentration have a substan-
tial, reversible effect, on gastrointestinal motor and sensory

function, in the oesophagus [6], stomach [7–10], small
intestine [11], gallbladder [12], colon [13] and anorectum
[14–16]. While most studies have evaluated normal subjects
[6,9,10,13–15], acute changes in blood glucose also affect gas-
trointestinal motility in diabetes [8,10,17]. Previous studies of
anorectal motility in patients with diabetes have substantial
limitations. In particular, the techniques used were often sub-
optimal, and only isolated aspects of anorectal function were
evaluated, and perhaps most importantly [1–4,18,19], no
account was taken of the potential impact of blood glucose
concentration on anorectal function. It is likely that some of
the abnormalities observed in these studies reflect hyper-
glycaemia, rather than diabetes 

 

per se

 

 [14–16]. This could
also account, at least in part, for the substantial discrepancies
in previous studies [2–4,18,19]. The effects of hyperglycaemia
on anorectal motility have hitherto been evaluated only in
normal subjects [14–16].

 

Correspondence to

 

: Professor Michael Horowitz, Department of Medicine, 
Royal Adelaide Hospital, North Terrace, Adelaide, SA, 5000, Australia. E-mail: 
michael.horowitz@adelaide.edu.au

 

Abstract

 

Aims

 

To determine the effects of acute hyperglycaemia on anorectal motor and
sensory function in patients with diabetes mellitus.

 

Methods

 

In eight patients with Type 1, and 10 patients with Type 2 diabetes
anorectal motility and sensation were evaluated on separate days while the
blood glucose concentration was stabilized at either 5 mmol/ l or 12 mmol/ l
using a glucose clamp technique. Eight healthy subjects were studied under
euglycaemic conditions. Anorectal motor and sensory function was evaluated
using a sleeve/sidehole catheter, incorporating a barostat bag.

 

Results

 

In diabetic subjects hyperglycaemia was associated with reductions in
maximal (

 

P

 

 < 0.05) and plateau (

 

P

 

 < 0.05) anal squeeze pressures and the rectal
pressure/volume relationship (compliance) during barostat distension
(

 

P

 

 < 0.01). Hyperglycaemia had no effect on the perception of rectal distension.
Apart from a reduction in rectal compliance (

 

P

 

 < 0.01) and a trend (

 

P

 

 = 0.06)
for an increased number of spontaneous anal sphincter relaxations, there were
no differences between the patients studied during euglycaemia when compared
with healthy subjects.

 

Conclusions

 

In patients with diabetes, acute hyperglycaemia inhibits external
anal sphincter function and decreases rectal compliance, potentially increasing
the risk of faecal incontinence.
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The aim of this study was to determine the effects of
hyperglycaemia on anorectal motor and sensory function in
a heterogeneous group of patients with Type 1 and Type 2
diabetes.

 

Subjects and methods

 

Subjects

 

Eight Type 1 [two female, six male; mean age 49 

 

±

 

 2 years;
body mass index (BMI) 29 

 

±

 

 1 kg/m

 

2

 

], 10 Type 2 (two female,
eight male; age 54 

 

±

 

 3 years; BMI 33 

 

±

 

 1 kg/m

 

2

 

; 

 

P

 

 < 0.05 vs.
controls) patients with diabetes mellitus, and eight healthy male
subjects (age 58 

 

±

 

 3 years; BMI 28 

 

±

 

 3.6 kg/m

 

2

 

) were studied.
The duration of known diabetes was 24 

 

±

 

 5 years in Type 1 pat-
ients and 7 

 

±

 

 1 years in Type 2 patients; glycated haemoglobin
was 8.1 

 

±

 

 0.5% (normal range 4–6%). All Type 1 patients were
receiving insulin at least twice a day; four Type 2 patients were
taking oral hypoglycaemic medication (metformin and glicla-
zide) and two were treated with insulin; the remaining four
Type 2 patients were treated by diet. Patients with diabetes
were recruited by one of the investigators (M.-F.K.) by random
numbers from out-patients attending the Royal Adelaide
Hospital and not on the basis of gastrointestinal symptoms.
None of the patients was taking medication known to affect gas-
trointestinal function or had previous gastrointestinal surgery,
apart from uncomplicated appendectomy. Three of the four
female patients had children; there was no history of significant
obstetric trauma. None of the normal subjects had a history of gas-
trointestinal or urinary symptoms, previous gastrointestinal
surgery or was taking medication known to affect gastroint-
estinal function. Written, informed consent was obtained
from each subject and the study protocol was approved by the
Human Ethics Committee of the Royal Adelaide Hospital.

 

Protocol

 

In each subject with diabetes measurements of anorectal motil-
ity and sensation were performed on two separate days, in
single-blind fashion, while the blood glucose concentration was
maintained at either 5 mmol/l (‘euglycaemia’) or 12 mmol/ l,
using a glucose clamp technique [15]. The order of the two
studies was randomized and separated by approximately 1 week.
In the normal subjects measurements of anorectal motility
and sensation were performed once, during euglycaemia.

On each study day subjects fasted from approximately
24.00 h (the Type 1 patients modified their morning dose of
insulin) and did not undergo any bowel preparation, but were
encouraged to empty their bowels before arriving at the
laboratory at 09.00 h. Each subject then completed a question-
naire assessing lower gastrointestinal symptoms [20]. The
frequency and severity of faecal incontinence and urgency
were quantified as: 0 = < 1/week, 1 = 

 

≥

 

 1 but < 3/week, 2 = 

 

≥

 

 3
but < 7/week, 3 = each day. Digital examination was then
performed to ensure that the rectum was empty. Intravenous
lines were placed in antecubital veins of both arms, one for intra-
venous infusion of insulin, saline and glucose, and the other
for blood sampling. The latter arm was kept heated, using an
electric pad, to ‘arterialize’ the venous blood. Measurements

of anorectal motility and sensation were performed after the
blood glucose concentration had been stabilized at the desired
level for at least 60 min [15]; immediately following this, on
the study performed during euglycaemia, each diabetic patient
underwent an assessment of autonomic nerve function [21].
The intravenous infusion was then stopped and the patient
given a meal before leaving the laboratory.

 

Stabilization of blood glucose concentrations

 

After a baseline blood glucose measurement, infusions of 25%
glucose, normal saline and insulin (Actrapid; Novo Nordisk
Pharmaceuticals, NSW, Australia) were commenced. A 30–60-
min ‘run-in’ period was used to achieve the desired blood glu-
cose concentration, followed by a 60-min ‘stabilization’ period.
At this time a bolus of either saline or glucose was administered
over 10 min; the volume of the bolus was the same on both
days. The insulin infusion rate was initially variable, based on
the blood glucose concentrations, followed by 60 mU/kg per
hour for 30 min and 22.5 mU/kg per hour thereafter. The saline
infusion was maintained at 50 ml/h on both days, while the
25% glucose infusion was variable. Venous blood samples
were taken every 5 min throughout the run-in and stabilization
periods and every 10–15 min thereafter, and glucose measured
using a portable glucose meter (Medisense Companion II
glucometer; Medisense Inc, Waltman, MA, USA).

 

Measurement of anorectal motility and sensation

 

The subject lay in the left lateral position, with the hips flexed
at 90

 

°

 

, for the duration of the measurements. The manometric
assembly (outer diameter 4.4 mm) incorporated five sideholes,
a sleeve sensor and a 5.5-cm highly compliant polyethylene bag
(250 ml). The sleeve (3 cm long), and three sideholes separated
by 1 cm, were positioned in the anal canal [15]. The lower and
upper rectal sideholes (5 and 16 cm, respectively, from the anal
verge) were separated by the bag (located between 6.5 and
12 cm from the anal verge). A ‘balloon’ measurement port at
8.5 cm was attached to a barostat (Distender Series II; G&J
Electronics, Ontario, Canada) and used to measure intrabag
pressure or volume, as appropriate. A series of trial distensions
at the desired volumes revealed that the bag generated no
pressure until 250 ml. All channels, except the ‘balloon’ channel,
were perfused with degassed, distilled water at a rate of
0.15 ml/min by a pneumohydraulic pump.

Anorectal pressures were initially recorded for a 20-min
‘baseline’ period under resting conditions. After this time the
subject was asked to squeeze the anal sphincter muscles maxi-
mally three times for 15 s, with a 1-min ‘rest’ in between.
Following a 10-min ‘rest’, rectal distensions were commenced—
three different distensions were performed in randomized
order, each separated by 10 min. These included: (i) an inter-
mittent manual distension utilizing a hand-held syringe, with
incremental volumes of 10, 20, 40, 60, 100, 150 and 200 ml of
air; (ii) manual distension using identical volumes, but in
random order; and (iii) an isobaric (barostat) distension using
increments of 1 mmHg, from 4 to 20 mmHg above the minimal
rectal pressure (MRP). Each inflation was maintained for 1 min
and the distension protocol was terminated at a volume of 200 ml,
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pressure of 20 mmHg, or if the subject experienced discomfort
or pain. A 1-min ‘rest’ was allowed between each isovolumetric
distension. During rectal distensions subjects were asked to report
verbally the nature of the rectal sensation by assigning a score
at the appropriate times: 0 = no sensation, 1 = possible sensation,
2 = slight feeling of distension, 3 = definite sensation of dis-
tension, 4 = mild desire to pass wind, 5 = desire to pass wind,
6 = presence of a stool, 7 = mild desire to defecate, 8 = desire to
defecate, 9 = discomfort but not pain, 10 = pain. Five minutes
after the completion of all of the distensions, subjects were asked
to increase their intra-abdominal pressure by forced expiration
against a resistance; blowing up a 25-cm party balloon for 15 s
(Ansell International, Glen Waverley, Victoria, Australia).

Data were recorded using custom-written software (DAD,
written by Assoc. Prof. G. S. Hebbard using Labview, National
Instruments Corp., Austin, TX, USA) on a computer (Power-
mac 7100; Apple, Cupertino, CA, USA).

 

Analysis of anorectal motility

 

Data were analysed ‘blindly’ with the aid of Acqknowledge program
(Acqknowledge; Biopac Systems, Santa Barbara, CA, USA).

 

Spontaneous anal relaxations

 

The number, duration and depth of spontaneous anal relaxations
were calculated for the 20-min baseline period (60 min after the
establishment of the desired blood glucose concentration) [22].

 

Anorectal pressures

 

The following parameters were evaluated: (i) mean basal pressure,
defined as the average pressure at the end of respiration sus-
tained for at least 2 min during the 20-min baseline period; (ii)
mean squeeze maximum and plateau pressure, defined as the visual
mean of the pressure profile; and (iii) the mean pressure achieved
when the subject was blowing up a party balloon [15,23].

 

Rectal pressure–volume relationships

 

The mean pressure (or volume for the isobaric distension) gen-
erated in the bag at each of the distending volumes or pressures
was recorded. For the isobaric distension only data from, and
including, 12 mmHg were evaluated [23,24]. The MRP was
defined as the minimum pressure which induced continuous
fluctuations in the volume tracing [23].

 

Recto-anal inhibitory reflex (RAIR)

 

This anal reflex was scored when 80% of maximal relaxation was
achieved, and analysed for onset, duration and depth [25,26]

 

.

 

Perception

 

The threshold volume for perception of rectal distension and
the volumes at which definite sensations of distension, presence
of a stool, and mild desire to defecate were recorded [18,26].

 

Evaluation of autonomic nerve function

 

Parasympathetic function was assessed by evaluation of the
heart rate during deep breathing (R–R interval) and the heart
rate response to standing (‘30 : 15’ ratio); sympathetic function
was assessed by the change in systolic blood pressure on

standing. Each test was scored as 0 (normal), 1 (borderline), or
2 (abnormal) and a total score of 

 

≥

 

 3 was taken as evidence
of definite autonomic neuropathy [21].

 

Statistical analysis

 

Baseline, squeeze, and spontaneous anal relaxations were ana-
lysed using the non-parametric Mann–Whitney 

 

U

 

- or Wilcox-
on rank sum test, as appropriate. Intrabag pressures or volumes
and sensation scores were compared between and within
groups using analysis of variance for repeated measures (

 

ANO-

VA

 

; Statview 5, SAS Institute Inc., Cary, NC, USA). In the rec-
tal distension protocols data at maximum distension (pressure
or volume) were evaluated 

 

a priori

 

, as these were likely to be
most sensitive in detecting differences. The number of patients
with diabetes that was studied (

 

n

 

 = 18) was based on power cal-
culations derived from our previous study which evaluated
the effects of hyperglycaemia on anorectal function in eight
normal subjects [15]. As there were no differences in parame-
ters of anorectal motility between Type 1 and Type 2 patients,
these data were pooled. Data are presented as mean (

 

SEM

 

). A 

 

P

 

-
value of < 0.05 was considered to be significant.

 

Results

 

The study protocol was well tolerated and no adverse events were
reported during either euglycaemia or hyperglycaemia. Two
patients (one Type 1 and one Type 2) reported faecal incontinence
and five urgency (two Type 1 and three Type 2). There was no
significant difference in the number of bowel actions per week
between diabetic subjects and normals (9 

 

±

 

 4/week vs. 7

 

±

 

 3/week). Eight of 17 subjects had definite autonomic neuro-
pathy; in one patient autonomic nerve function was not evalu-
ated because of technical difficulties. There was no significant
difference in parameters of anorectal motility in those with
autonomic neuropathy compared with the remainder of the
group (data not shown). Complete data for the rectal distension
protocols were not obtained in all cases because of technical
difficulties, including subject intolerance to high volumes and
bag rupture or over-pressurization during isobaric distensions.

Mean blood glucose concentrations closely approximated
the desired range (11.7 

 

±

 

 0.2 mmol/l during hyperglycaemia
and 5.1 

 

±

 

 0.2 mmol/l during euglycaemia).

 

Spontaneous anal relaxations

 

During the 20-min baseline period there was no difference in
the number, duration or depth of spontaneous anal relax-
ations between hyperglycaemia and euglycaemia in the diabetic
subjects. There was a trend for the number of spontaneous
anal relaxations to be greater in the patients during euglycaemia
when compared with controls (2.0 

 

±

 

 0.6 vs. 0.3 

 

± 

 

0.3, 

 

P

 

 = 0.06).

 

Anorectal pressures

 

Both the maximum squeeze pressure (

 

P

 

 < 0.05) and the squeeze
plateau pressure (

 

P

 

 < 0.05), were less at a blood glucose
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concentration of 12 mmol/l when compared with 5 mmol/l
(Table 1). Anal pressures were not significantly different
between the patients during euglycaemia and controls.

 

Recto-anal inhibitory reflex

 

In the diabetic subjects there was no effect of blood glucose
concentration on the volumes at which the first and sustained
internal anal sphincter (IAS) relaxation occurred during any of
the three distension protocols; there was also no difference
between the patient and normal groups (Table 2). There were
also no differences in either the depth or duration of the RAIR
between hyperglycaemia and euglycaemia, or between the
diabetics and normals during manual or randomized manual
distension (data not shown).

 

Pressure–volume relationship

 

Incremental manual distension

 

Intrabag pressure increased with increasing rectal distending
volume (

 

P

 

 < 0.01). In the patients there was no difference in

intrabag pressure at any volume between hyperglycaemia and
euglycaemia, e.g. at a volume of 200 ml: 31.4 

 

±

 

 2.5 mmHg vs.
32.9 

 

±

 

 3.1 mmHg. There was a trend (

 

P

 

 = 0.07) for intrabag
pressure to be greater in the diabetic subjects during
euglycaemia when compared with controls; at a volume of
200 ml this difference was significant (32.7 

 

±

 

 2.7 mmHg vs.
25.8 

 

±

 

 4.3 mmHg, 

 

P

 

 < 0.01).

 

Random manual distension

 

There was no difference between hyperglycaemia and eugly-
caemia in intrabag pressure in the patients, e.g. at a volume of
200 ml: 33.6 

 

±

 

 3.7 mmHg vs. 31.8 

 

±

 

 3.6 mmHg. Intrabag pres-
sure was higher in the patients during euglycaemia than in
controls at a volume of 200 ml (33.4 

 

±

 

 3.4 mmHg vs. 27.2 

 

±

 

4.1 mmHg, 

 

P

 

 < 0.05).

 

Isobaric distension (Fig. 1)

 

MRP was 9.0 

 

±

 

 0.6 mmHg during euglycaemia and 10.0 

 

±

 

0.6 mmHg during hyperglycaemia in patients and 9.0 

 

±

 

0.9 mmHg in controls. MRP was no different between patients
and controls, nor affected by blood glucose concentration.
Intrabag volume increased with increasing pressure
(

 

P

 

 < 0.01). Intrabag volume was less during hyperglycaemia
compared with euglycaemia at each of the distending pressures
(

 

P

 

 = 0.06) and this difference was significant at a pressure of
20 mmHg (124.0 

 

±

 

 23.6 ml vs. 150.5 

 

±

 

 18.2 ml; 

 

P

 

 < 0.05). In
the patients intrabag volume during euglycaemia tended to be
less at each of the distending pressures when compared with
controls (

 

P

 

 = 0.07), with a significant difference at a pressure
of 20 mmHg (148.7 

 

±

 

 16.4 ml vs. 179.3 

 

±

 

 19.0 ml; 

 

P

 

 < 0.01).

 

Sensation

 

Rectal balloon distension was perceived by all subjects.

 

Manual distension

 

In the diabetic subjects mean scores for perception of rectal
sensation were slightly higher during hyperglycaemia com-
pared with euglycaemia, but this difference was not signifi-
cant, e.g. at a volume of 200 ml: 7.2 

 

±

 

 0.5 vs. 6.4 

 

±

 

 0.5 (NS).

Parameter

Diabetes Normal

5 mmol/ l 12 mmol/ l

Spontaneous anal relaxations
Number 2 (0.6) 1.4 (0.5) 0.3 (0.3)
Depth (mmHg) 42 (10) 28 (3) 15 (0)
Duration (s) 28 (5) 22 (3) 15 (0)

Minimum basal pressure (mmHg) 50 (5) 47 (4) 41 (4)
Squeeze maximum pressure (mmHg) 159 (13) 141 (10)* 164 (27)
Squeeze plateau pressure (mmHg) 114 (12) 94 (8)* 118 (14)
Anal pressure while blowing up a balloon (mmHg) 85 (10) 83 (11) 113 (21)

*P < 0.05 12 vs. 5 mmol/l for diabetes group.

Table 1 Parameters of anorectal motility in 
patients with diabetes studied at blood 
glucose concentrations of 5 and 12 mmol/l 
(n = 18), and normal subjects (n = 8) studied 
during euglycaemia (mean ± SEM)

Table 2 The volume required to induce internal anal sphincter (IAS) 
relaxation in response to rectal balloon distension in patients with 
diabetes studied at blood glucose concentrations of 5 and 12 mmol/l 
(n = 18) and normal subjects (n = 8) during three distension protocols 
(mean ± SEM)

Type of distension

Diabetes Normal

5 mmol/ l 12 mmol/ l

Manual
First relaxation (ml) 39 (7) 42 (11) 26 (4)
Sustained relaxation (ml) 197 (16) 175 (19) 175 (19)
Random manual
First relaxation (ml) 98 (24) 63 (14) 40 (5)
Sustained relaxation (ml) 200 (21) 194 (21) 168 (16)
Isobaric
First relaxation (mmHg) 9 (1) 10 (1) 7 (1)
Sustained relaxation (mmHg) 13 (1) 14 (1) 11 (2)
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There was no significant difference in perception of rectal sen-
sation between patients and controls at any of the distending
volumes (e.g. at a volume of 200 ml; 6.4 

 

±

 

 0.5 vs. 6.4 

 

±

 

 0.6, NS).

 

Random manual distension

There were no significant differences in sensation scores
between the two blood glucose concentrations, nor between
patients and controls (Table 3).

Isobaric distension

There were no significant differences in the perception of rectal
sensation during isobaric distension at any of the distending
pressures between the two blood glucose concentrations, or
between patients and controls (Table 3).

There were no differences in threshold volumes for first
perception or the threshold volume for perception of the
bag, stool or desire to defecate between the two groups (i.e.

hyperglycaemia vs. euglycaemia and patients vs. controls) for
each of the distension protocols (Table 3).

Discussion

To our knowledge this study represents the first evaluation of
the effects of hyperglycaemia on anorectal motility in patients
with diabetes. Our observations establish that in this group
acute hyperglycaemia affects external anal sphincter function,
as well as rectal compliance. At a blood glucose of 12 mmol/l,
anal squeeze and plateau pressures and rectal compliance were
reduced compared with euglycaemia. In contrast, the blood
glucose concentration had no significant effect on the percep-
tion of rectal distension. These observations have implications
for an understanding of the pathophysiology of anorectal dys-
function and faecal incontinence in diabetes.

The pathogenesis of disordered gastrointestinal motility in
diabetes is now recognized to be multifactorial; those factors
which appear to be dominant, autonomic neuropathy and gly-
caemic control, are closely related [10]. While the prevalence
of disordered motility may be higher in patients with cardio-
vascular autonomic neuropathy than in those without, the
association is relatively weak [10]. We intentionally studied a
heterogeneous group of patients with long-standing diabetes;
it should be recognized that our study was not designed

Figure 1 Intrabag volume (ml) during isobaric rectal distension in 
(a) patients with diabetes during hyperglycaemia and euglycaemia 
(n = 12) and (b) patients with diabetes during euglycaemia (n = 14) 
and healthy subjects (n = 8). Data are mean ± SEM. *P < 0.05; **P < 0.01.

Table 3 The threshold volume required to induce (a) perception of rectal 
balloon distension, (b) presence of stool and (c) mild desire to defecate in 
patients with diabetes studied at blood glucose concentrations of 5 and 
12 mmol/l and normal subjects during three distension protocols 
(mean ± SE)
a.

b.

c.

Type of distension

Diabetes Normal

5 mmol/ l 12 mmol/ l

Manual (ml) 39 (7) 28 (8) 35 (11)
Random manual (ml) 52 (11) 39 (9) 51 (18)
Isobaric (mmHg) 8 (1) 9 (1) 9 (2)

Type of distension

Diabetes Normal

5 mmol/ l 12 mmol/ l

Manual (ml) 128 (11) 110 (10) 133 (28)
Random manual (ml) 125 (14) 141 (14) 163 (13)
Isobaric (mmHg) 12 (2) 16 (1) 12 (2)

Type of distension

Diabetes Normal

5 mmol/ l 12 mmol/ l

Manual (ml) 134 (11) 131 (14) 115 (22)
Random manual (ml) 149 (17) 145 (13) 150 (0)
Isobaric (mmHg) 13 (2) 16 (1) 12 (1)
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primarily to evaluate the impact of diabetes per se (Type 1 or
Type 2), or its microvascular complications, on anorectal func-
tion. Furthermore, the diabetic and control groups were not
matched for gender or age. Hence, observations relating to this
component of the study should be viewed circumspectly.
There were also relatively few differences between diabetic
subjects studied during euglycaemia and controls; in the
patients there was a reduction in rectal compliance that was
most evident during barostat distensions and a trend for an
increased number of spontaneous internal anal sphincter
relaxations. These observations are consistent with previous
reports in non-diabetic patients with faecal incontinence
[22,25]. We have reported an increased frequency of sponta-
neous internal anal sphincter relaxations in patients with dia-
betes who have faecal incontinence [18] (the non-significant
trend for an increase in the current study may well represent a
type 2 error); moreover, the occurrence of internal anal sphinc-
ter relaxations is associated with leakage, as residual anal
pressure is lower than the rectal pressure and compen-
satory external anal sphincter contraction is impaired [22].
The reduction in rectal compliance would also favour
incontinence.

We have reported in normal subjects that elevation of the
blood glucose to 12 mmol/l is associated with an increased
number of spontaneous anal relaxations, a reduction in
squeeze pressures and enhanced rectal compliance and percep-
tion of rectal distension, when compared with euglycaemia
[15]. Chey et al. have also evaluated the effects of hyperglycae-
mia (blood glucose approximately 15 mmol/l) on anorectal
function in normal subjects and reported that both the percep-
tion of rectal distension and the recto-anal inhibitory reflex
were blunted during hyperglycaemia [14]. These authors did
not observe any effect of hyperglycaemia on external or inter-
nal anal sphincter function. More recently, Avsar et al.
reported, also in normal subjects, that the perception of ‘ramp-
like’ rectal distension was attenuated, whereas the perception
of rapid, intermittent, rectal distension was not affected by
hyperglycaemia [16]. These observations suggest that the
effects of hyperglycaemia on the perception of rectal sensation
and rectal compliance may be dependent on the methodology
used.

Our study establishes that acute hyperglycaemia impairs the
function of the external anal sphincter in patients with dia-
betes, as in healthy subjects [15]. In this latter study, hypergly-
caemia increased rectal compliance, as assessed by intermittent
incremental rectal balloon distension with a hand-held syringe
[15]. In contrast, in the current study there was no difference
in the rectal pressure–volume relationships between hypergly-
caemia and euglycaemia in response to either incremental or
random rectal balloon distension, but a reduction in compli-
ance was evident during barostat distensions in the patients;
the barostat technique is known to be safe and reproducible
[24]. When compared with healthy subjects, rectal compliance
was reduced in all three experimental conditions, indicative of
a ‘stiffer’ rectum in those with diabetes. Such a non-compliant

rectum may require more time to ‘accommodate’ rectal disten-
sion. Accordingly, while hyperglycaemia had no effect on the
response to the faster manual distension, the slower barostat
distension may have provided the ‘time window’ required to
detect differences in accommodation between euglycaemia
and hyperglycaemia.

Previous studies have demonstrated that hyperglycaemia
affects the perception of rectal distension in healthy subjects
[15] and suggest that diabetes may be associated with impaired
rectal sensitivity [2,3]. The absence of any difference in percep-
tion of rectal distension between euglycaemia and hyper-
glycaemia, or between the two groups, may potentially be
attributable to the slow inflation rate associated with the bar-
ostat distension. Scores for perception of rectal distension were
also less during the barostat distensions when compared with
manual distensions. We also employed a numerical system to
quantify rectal sensation, in contrast to our previous approach
of recording specific sensations, e.g. perception and desire to
defecate [15,18]. It should also be recognized that random
manual distension provides little additional information about
rectal sensory and motor function, but was used to avoid the
potential for patient response bias [26]. However, rectal wall
tension may require more time to recover when a larger vol-
ume distension is administered first in a random distension
protocol. Accordingly, it may be appropriate to allocate a ‘rest
period’ of greater than 1 min between distensions. The effects
of hyperglycaemia on perception of rectal sensation during
hyperglycaemia may therefore also be dependent on the
method of balloon distension [19,27]. The apparent lack of
association between rectal compliance and sensation is not
surprising. Although little is known about the underlying
mechanisms, diabetes may affect both somatic [28] and
visceral sensation [29]. Furthermore, central processing is
also affected by hyperglycaemia [30]. This may account for
the observation that the reduced rectal compliance or a ‘stiff’
rectum was not associated with increased sensation.

A number of potential mechanisms may mediate the effects
of blood glucose concentration on gut motor and sensory func-
tion [10,30,31]. A direct effect on smooth muscle is unlikely
[10]. Hyperglycaemia suppresses parasympathetic (vagal)
tone in normal subjects [6]. The concept that the effects of
hyperglycaemia are mediated, at least in part, by impaired
vagal activity is also supported by animal studies [32], which
have also demonstrated the presence of glucose-responsive
neurones in the central nervous system [33]. Neurones re-
sponsive to glucose have also been identified in the rat small
intestine [34] and, presumably, also exist in humans.
Hyperinsulinaemia is unlikely to play a major role [10,13,31].

While the observed effects of acute hyperglycaemia on
anorectal motor function in diabetic patients appear to be
relatively modest, it should be recognized that such changes
have been reported in patients with diabetes who have faecal
incontinence. Accordingly, it appears likely that some of the
reported abnormalities are attributable to hyperglycaemia [2–
4,17,18]. Further studies are indicated to determine whether
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the effects of hyperglycaemia are related to the presence of
other diabetic complications, particularly autonomic neuro-
pathy. Our observations suggest that improving glycaemic
control may be of benefit in the treatment of symptomatic
anorectal dysfunction and provide a compelling case for
studies of anorectal function in patients with diabetes to be
performed during euglycaemia.
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