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ABSTRACT

INTRODUCTION

Background/aims: some studies have reported controversial
results when comparing the gastrointestinal transit between diabetic
and healthy individuals. Therefore, we compared the gastrointestinal
transit of radiopaque particles between diabetic and non-diabetic
healthy individuals.
Methods: abdominal radiographies were performed for 45 type
2 diabetes mellitus patients and 35 healthy individuals (gender and
age similar for both groups) at 24 and 72 h after they ingested
radiopaque particles. The mean number of particles in the colon
was compared for both groups. The data were expressed as mean
and standard deviation values.
Results: at 24 h, the total number of particles in the colon did
not differ significantly for the diabetic and non-diabetic individuals.
At 72 hours, the distribution in the diabetic and non-diabetic individuals was as follows: right colon, 0.44 ± 0.88 and 0.26 ± 0.7,
respectively (p = 0.8); left colon, 2.6 ± 4.2 and 0.49 ± 1.3 (p <
0.003); and rectosigmoid colon, 2.65 ± 3.8 and 0.80 ± 1.5 (p <
0.005).The mean number of radiopaque particles in the entire
colon was 5.7 ± 7.1 and 1.5 ± 2.7 for diabetic and non-diabetic
individuals, respectively (p < 0.001).
Conclusions: the number of radiopaque particles in the colon
did not significantly differ for the diabetic and non-diabetic individuals
at 24 h after ingestion but was significantly greater in diabetic individuals at 72 h after ingestion. At 72 h, the mean number of radiopaque particles in the left and rectosigmoid colon were significantly
higher in the diabetics than in the non-diabetic individuals.

Gastrointestinal alterations seem to be common in patients
with type 2 diabetes mellitus (DM) (1-3), although studies
contradicting these observations also exist (4). Some studies
have shown that gastrointestinal transit is altered in diabetic
patients (5). Several studies have been performed to study the
transit of particles through the small intestine and particularly
through the colon; however, results of these studies are controversial (6,7). Several studies have shown that the time taken
for orocecal and colorectal transit is longer for diabetic patients
than for non-diabetic (ND) individuals (7-9). However, some
other studies did not show any significant difference between
diabetic and healthy individuals with respect to gastrointestinal
transit (10,11). Currently, radiopaque markers are used for
studying gastrointestinal transit (6,9,12,13); these markers
allow the characterization of the transit time through each
part of the gastrointestinal tract by using different methods
and formulas and help determine the total transit time (14).
This is the standard method, based on which the accuracy of
other new methods is evaluated (15-19). Some authors believe
that calculating gastrointestinal transit time by using different
methods and formulas may produce different outcomes (14).
Similarly, the physical characteristics of radiopaque particles
can also influence the final results (20).
We hypothesized that diabetic patients have altered gastrointestinal transit and that these alterations may be responsible for the fact that they have a higher frequency of constipation than healthy individuals do (21,22). We aimed to
compare the number of radiopaque particles that were
retained in the colon of diabetic individuals and healthy controls, at 24 and 72 h after these particles were ingested.
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MATERIAL AND METHODS
Forty-five patients with DM were randomly selected.
They were regularly observed in the Hospital and the Eth-
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ical Commission allowed this investigation. The participation was voluntary and all the individuals accepted to be
part of this study on basis of an informed consent. Of these
45 patients, 18 were women and 27 were men. The patients’
ages ranged between 38 and 69 years (mean age, 58.21 ±
7.7 years). We also selected another 35 ND healthy individuals (15 women and 20 men), who served as the control
group. Their ages varied between 41 and 77 years (mean
age, 56.8 ± 12.3 years); (p not significant). Thus, the study
population comprised 2 groups: the DM and ND groups.
Patients were included if they were: a) not undergoing any
therapy that affected the gastrointestinal transit; b) had not
undergone any surgery involving the gastrointestinal tract;
c) did not have any neurological or mental perturbations;
and d) if they (the female subjects) were not pregnant at
the time of the study. The individuals included in the ND
group showed no signs of diabetic autonomic neuropathy
determined using the coefficients of variation of R-R intervals on the electrocardiograms (CV RR). The DM patients
were undergoing therapy involving oral anti-diabetic medications, insulin, or both. During the study, the DM patients
were allowed to continue their medications; all the subjects
maintained their normal lifestyle during the study.
Each individual was asked to swallow 25 radiopaque particles at 1 time, in the morning. The particles were approximately 3 mm long with a maximum diameter of 2 mm.
Abdominal radiographs were obtained at 2 time points,
i.e., at 24 and 72 h after ingesting radiopaque particles, for
both groups.
Regarding the fact that different formulas for calculating
gastrointestinal transit time may produce different outcomes
and that all of them are based in the number of radiopaque
particles in the gastrointestinal tract, in this study we just
compared the total number of radiopaque particles in each
segments and in the total colon, at 24 and at 72 h after
ingesting radiopaque particles.
Three medical doctors (1 gastroenterologist and 2 radiologists) analyzed the number of radiopaque particles present in the colon by using radiographs obtained at each time
point. The data were analyzed using the Student t test of
SPSS17 and are presented as mean and standard deviation
(± SD), with the minimum significance of p < 0.05.
RESULTS
At 24 h the mean number of radiopaque particles in the
colon of DM patients was 14.77 ± 8.3, whereas that in the
colon of ND individuals was 13.37 ± 7.7; this difference was
not statistically significant (p = 0.4). At 24 h, the distribution
of radiopaque particles in the 3 segments of the colon –the
right colon (RC), left colon (LC), and rectosigmoid (RS)
colon– was similar for both DM and ND individuals. The
mean number of radiopaque particles in the RC of DM and
ND individuals was 5.9 ± 5.7 and 3.8 ± 3.8, respectively (p
= 0.05); in the LC, 5.4 ± 4.2 and 4.3 ± 4.5, respectively (p =
0.1); and in the RS colon, 3.8 ± 4.6 and 5.6 ± 5.7, respectively
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(p = 0.1). These data are presented in table I. The distribution
of radiopaque particles at 72 hours greatly differed between
the DM and ND individuals (Table II). At 72 h, the distribution of radiopaque particles in the RC was similar for both
groups (DM vs. ND), 0.44 ± 0.88 vs. 0.26 ± 0.7 (p = 0.8);
however, the number of particles in the LC was significantly
higher (p < 0.003) for the DM patients (2.6 ± 4.2) than for
the ND individuals (0.49 ± 1.3). Similar results were obtained
while comparing the 2 groups with respect to the distribution
of radiopaque particles in the RS colon (2.65 ± 3.8 and 0.80
± 1.5 for the DM and ND individuals, respectively; p <
0.005). The mean number of the radiopaque particles in the
entire colon at 72 h was 5.7 ± 7.1 and 1.5 ± 2.7 (p < 0.001)
for the DM and ND individuals, respectively.
Two radiographs of a DM patient that were obtained at
24 and 72 h after ingesting the particles are shown in figure 1, along with the distribution of the radiopaque particles. The figure shows that the number of radiopaque particles
was similar at 24 and 72 h after ingestion. Moreover, at
72 h, most of the radiopaque particles were located in the
LC and RS colon.
DISCUSSION
Our results showed that the mean number of radiopaque
particles in the colon, at 24 h after ingestion was statistically similar for the 2 groups. This may be because of the
similar orocecal transit of these particles through the gastrointestinal tract for these 2 groups. Many studies have
shown that orocecal transit is not altered in diabetic patients
without neuropathy (11,23).
At 72 h after ingestion, the DM patients showed a significantly higher mean number of radiopaque particles in
the colon than the ND individuals. Similar results were
reported by Iida (6) who observed that the transit of
radiopaque particles through the colon was slower in diabetic patients but there were no significant differences in
the upper gastrointestinal transit. In particular, he also
observed that the differences were not significant in the
right segments of the colon. This observation was similar
to that made by Kawagishi (24) who observed that the transit time was similar in the proximal segments of the colon.
In fact, our results indicate that at 72 h, the difference in
the number of radiopaque particles was not significant for
the DM and ND groups in the case of the RC but was
extremely significant in the case of the LC and RS. Ours
results contradict those mentioned in the registry established
by Ron (10). In his study on diabetic and ND individuals,
Ron did not find a significant difference in the transit of
radiopaque particles, although the diabetic patients had a
slightly longer transit time than the ND individuals did.
We used a small radiopaque marker (length, 3/2 mm),
which according to W. Guilford (25), has a transit similar
to those of food when it passes through the gastrointestinal
tract, and is retained in the stomach for a shorter time during
gastric emptying.
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Table I. Number of radiopaque particles in the colon (each
segment and the entire colon) at 24 h after their ingestion
in the type 2 diabetes mellitus and non-diabetic (control)
individuals (mean and standard deviation, X ± SD)
Group

Right colon Left colon Rectosigmoid Entire colon

Diabetic patients 5.9 ± 5.7
Control
3.8 ± 3.8
p value
0.05

3.8 ± 4.6 3.8 ± 4.6
4.2 ± 5.7 5.6 ± 5.7
0.1
0.1

14.77 ± 8.3
13.37 ± 7.7
0.4

The mean number of radiopaque particles was similar in the segments and the
entire colon for both diabetic and non-diabetic individuals.

DM patients had a slower colonic transit, particularly
through the SR colon and LC, than the ND healthy individuals did. This slower transit time explains the high frequency
of constipation in diabetic individuals, which is clinically
relevant because it influences their quality of health. On a
similar sense, the high frequency of constipation among diabetics augments the amount of drugs taken by these patients,
raising the monetary value of their treatment.
In conclusion were found that at 24 h after ingestion,
there were no significant differences in the number of
radiopaque particles in the colon of DM and ND healthy
individuals. At 72 h after ingestion, the mean number of
radiopaque particles in the colon was significantly higher
in DM patients than in ND healthy controls. At 72 h after
ingestion, the differences in the number of radiopaque particles in the LC and RS colon were significantly higher in
DM patients than in ND individuals.
CONCLUSIONS
– At 24 h after ingestion, the mean number of
radiopaque particles in the colon was similar for the
type 2 DM and ND (control) individuals. This may
indicate that the orocecal transit was probably similar
for both groups.
– In general, the transit of particles through the colon
in the ND individuals was faster than that in the

Table II. Number of radiopaque particles at 72 h after
ingestion in each segment of the colon and in the entire
colon for both type 2 diabetes mellitus and non-diabetic
(control) individuals (X ± SD)
Group

Right colon Left colon Rectosigmoid Entire colon

Fig. 1. Abdominal radiographs of a diabetic individual at 24 and 72 h
after ingesting the radiopaque particles. The number of particles was
similar at both time-points, and the particles were mainly located in the
left and rectosigmoid colon.

DM individuals; this difference was highly significant.
– The transit of radiopaque particles through the RC was
similar for type 2 DM patients and ND individuals.
– At 72 h after ingestion, type 2 DM patients showed a
slower transit of radiopaque particles through the LC
and SR colon than the ND individuals did.
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