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J:N: 530 7:Xe3i N Introduction: Diabetes mellitus is a prevalent endocrine disorder that is currently increasing in
prevalence due to the progress of modern lifestyles. The purpose of this research was to sonographically

compare the gall bladder morphology and motility between diabetic and non-diabetic patients.
Aim:
» Toassessthe gallbladder volume (fasting & postprandial) and wall thickness in patients with Type Il Diabetes mellitus.
» Toevaluate motility & morphological factors between diabetic and non-diabetic individuals.
» Todetermine association of gallbladder volumes and contractility index with duration of diabetes.
Methodology: This case control observational study was conducted at Department of Radio- diagnosis, R.L.Jalappa Hospital
and Research Centre, attached to Sri Devaraj Urs Medical College, to sonographically compare the gall bladder morphology
and motility between diabetic and non-diabetic patients. For this, type 2 DM cases and non-diabetic controls were included in
the study. All patients underwent ultrasound examination of gall bladder to assess their morphology and motility. Results:
Mean fasting gall bladder volume was significantly larger in DM patients as compared to non-DM subjects (36.75 + 11.93 vs
30.80 = 7.18 ml, p value < 0.01). Similarly, mean post-prandial gall bladder volume was significantly larger in DM patients as
compared to non-DM subjects (23.27=+ 8.93 vs 18.35 + 6.10ml, p value < 0.01). Among non-DM subjects a significantly negative
correlation was observed between fasting GB volume and BMI (r= -0.27, p value < 0.05). Among DM patients, fasting GB
volume was significantly correlated with BMI (r=0.5, p value < 0.001) and duration of DM (r = 0.704, p value < 0.001). Also,
among DM patients, postprandial GB volume was significantly correlated with FBS (r= 0.25, p value < 0.05), BMI (r=0.57, p
value < 0.001) and duration of DM (r = 0.75, p value < 0.001). Conclusion: Routine abdominal ultrasound should thus be
recommended in the evaluation of type 2 diabetics, especially in those with long duration of illness and for early detection of
gallbladder pathologies.
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INTRODUCTION

Diabetes mellitus is a prevalent endocrine disorder that is
currently increasing in prevalence due to the progress of
modern lifestyles. It is characterized by various metabolic
abnormalities that result in long-term complications affecting
multiple organs, including the hepatobiliary system, kidneys,
gastrointestinal tract, nerves, and blood vessels. These
complications can lead to significant morbidity and mortality.
Autonomic neuropathy affects various systems in the body,
including the gastrointestinal tract. It can cause nocturnal
diarrhea, problems with the movement of the esophagus,
stomach issues, constipation, and dysfunction of the
gallbladder. The decreased movement of the gastrointestinal
tractis a result of vagal neuropathy.'

Prior research has shown a higher occurrence of gall bladder
dysfunctions and associated consequences in individuals
with diabetes.” These symptoms are caused by
cholecystomegaly and reduced motility of the gall bladder,
mostly owing to autonomic neuropathy which is often seen in
individuals with chronic diabetes. The purpose of this
research was to examine the volumes of gall bladders in
individuals with diabetes and those without diabetes.’
Ultrasonography is the recommended method for evaluating
gall bladder volume due to its safety, non-invasiveness, cost-
effectiveness, time efficiency, and accuracy.

Despite some disagreement, it is widely believed that those
with diabetes have a two to three times higher likelihood of
developing cholesterol gallstones. Prior research has not
provided compelling evidence for the presence of
supersaturated bile in individuals with diabetes. However,
many data suggest that poor gall-bladder emptying may be a
significant contributing cause to the higher occurrence of
gallstones in diabetics. Impaired cholecystokinin release
cannot be considered as the cause of decreased gall-bladder
emptying in diabetics, based on the usual release of

cholecystokinin after a meal. Possible reasons for reduced
gallbladder contraction in individuals with diabetes may
include a diminished responsiveness of the gallbladder's
smooth muscle to cholecystokinin in the blood, and/or a
reduction in cholecystokinin receptors on the gallbladder's
wall.*

Insufficient emptying of the gall bladder results in the
accumulation of cholesterol and the creation of a nidus.
Consequently, it is advisable to regularly assess the
functioning of the gall bladder in these individuals and
promptly intervene if necessary. The incidence of acute
problems associated with gallstones is greater in diabetic
individuals compared to non-diabetic people, necessitating
early elective cholecystectomy in diabetic patients with
gallstones. Multiple global studies have shown a higher
occurrence of gallbladder stones in people with diabetes
mellitus, with prevalence rates ranging from 20% to 32%.° A
recent research conducted in Italy examined the occurrence of
gallstones between individuals with diabetes and the general
population. The study revealed a considerably greater
frequency of gallstones in diabetic patients, with a rate of
24.8% compared to 13.8% in the general population.’ The
research revealed a positive association between the length of
diabetes and the incidence of gallstones. Additionally, it
found an inverse relationship between fasting blood sugar
levels and the prevalence of gallstones.

A limited number of research conducted in India have
examined the gallbladder functions in individuals with
diabetes. Therefore, this study aimed to evaluate the
gallbladder volume, wall thickness and contraction index
between diabetic patients and non-diabetic individuals, since
gallbladder volume and contraction index are known to affect
the development of gallstones

MATERIALS AND METHODS
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Source of Data

This is a hospital-based, case-control observational study
conducted in the department of Radio- Diagnosis, at R.L.
Jalappa Hospital and Research Centre attached to Sri
Devaraj Urs Medical College, Tamaka, Kolar, over a period of
18 months from September 2022 to February 2024. The study
included consecutive patients referred for ultrasound
examination to the radiodiagnosis department.

Methodology

A total of 124 patients were included: 62 type 2 diabetics,
referred for ultrasound examination to the department of
Radio-Diagnosis at the R.L. Jalappa Hospital and Research
centre attached to Sri Devaraj Urs Medical College, Tamaka,
Kolar. The study was conducted following approval from the
institutional ethical committee. A written consent form was
obtained from all patients fulfilling the inclusion criteria after
explaining the objective, procedure, and expected outcome in
detail before the start of the study. The patients were included
in the study based on the inclusion and exclusion criteria
mentioned as follows:

Inclusion Criteria Type Il DM Patients

Casesincluded Type Il DM patients referred to our department

for ultrasound abdomen & pelvis with inclusion criteria as

follows:

+ Age>18years.

» Confirmed cases of Type II diabetes mellitus (FBS > 126
mg/dl, PPBS > 200 mg/dl)

Non-diabetic Individuals As Controls
Age and gender matched non-diabetic individuals were
chosen as controls with inclusion criteria as age > 18 yrs.

Exclusion Criteria

1. Anycondition thatimpedes visualisation of gallbladder.

2. Recent history of jaundice.

3. Presence of systemic diseases that may alter autonomic
function.

4. Patients taking drugs that may interfere with autonomic
function.

5. Pregnantdiabetic patients.

Sample Size

Teddy A Ikhuoriah et al. has reported the mean fasting gall
bladder volume to be 34.51 among diabetics and 27.17 among
healthy controls respectively.’

Assuming alpha error of 5% (95% Confidence limit),
Presuming standard deviation of the fasting gall bladder
volume to be 14 and 12 in the diabetic group and healthy
control group respectively, The minimum required sample size
to find the difference in mean fasting gall bladder volume
between the two-study group was 124 subjects (62 subjects in
diabetic group and 62 healthy subject group)

The sample size was derived from the following formula:
. 2
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Sample size (n) =

where, Si: Standard deviation in the first group
S, Standard deviation in the second group
Ha : Mean difference between the samples

a: Sigmificance level

1-f: Power

Data Collection

Data were collected using a pre-designed semi-structured

study proforma. The following information was noted:

1. Demographics: age and sex.

2. Clinical information: duration of diabetes, medications
and treatment taken, detailed clinical examination.
Autonomic neuropathy was assessed by the presence of
symptoms like dysphagia, abdominal fullness, nausea,
vomiting, diarrhea, fecal incontinence, urinary
incontinence, gustatory sweating, impotence etc.

Fasting gallbladder volume
Post-prandial gallbladder volume
g. Contractilityindex.

3. Gallbladderindiceson USG
a. APdiameter

b. Length

c. Transverse diameter

d. Wallthickness

e.

f.

Statistical Analysis

The analysis included profiling of patients on different
demographic, laboratory and clinical parameters.
Descriptive analysis of quantitative parameters was
expressed as means and standard deviation. Ordinal data
were expressed as absolute number and percentage.
Comparisons were made between diabetic and non-diabetic
study subjects. Cross-tables were generated and chi square
test was used for testing of associations Student t test was
used for comparison of quantitative parameters. P-value <
0.05 is considered statistically significant. All analysis were
done using SPSS software, version 24.0.

RESULTS
Table 1: Comparison of age group distribution between DM
and non-DM study subjects

Group
Age groups (years) DM Non-DM |Total
Less than 40 N 0 2 2

% 0.0 % 3.2% 1.6 %
41 to 60 N 39 43 82

% 62.9 % 69.4 % |66.1 %
61 to 80 N 23 15 38

% 37.1% 24.2% |30.6 %
More than 80 N 0 2 2

% 0.0 % 3.2% 1.6 %
Total N 62 62 124

% 100.0% |100.0 % |100.0 %

p value* = 0.11

Inthe present study, 124 patients were included, 62 with and 62
without DM. Most common age group was 41 to 60 years. The
two study groups were similar with respect to age group
distribution of the subjects (p value = 0.11).

Table.2 Comparison of gender distribution between DM and
non-DM study subjects

Group
Gender DM Non-DM |Total
Female N 21 21 42

% 339% [339% |339%
Male N 41 41 82

% 66.1 % |66.1 % |66.1 %
Total N 62 62 124

% 100.0% |100.0 % |100.0 %
*analyzed using chi- p value* = 0.99
square test

Males comprised 66.1% and rest 33.9% were females. The two
study groups were similar with respect to gender distribution
of the subjects (p value = 0.99).

Table 3. Comparison of gall bladder volume between DM and
non-DM study subjects

[Group |
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DM Non-DM
Mean SD Mean |SD |pvalue*
36.75 11.93 |30.80 |7.18/< 0.01

23.27 8.93 18.35 ]6.10|< 0.01

Mean fasting gall bladder volume was significantly larger in
DM patients as compared to non-DM subjects (36.75 + 11.93
vs 30.80 = 7.18 ml, p value < 0.01). Similarly, mean post-
prandial gall bladder volume was significantly larger in DM

patients as compared to non-DM subjects (23.27 + 8.93 vs
18.35 + 6.10ml, pvalue < 0.01).

GB volume (ml)
Fasting
Post-prandial

Table 4. Comparison of contractility index between DM and
non-DM study subjects

Group

DM Non-DM
Mean |[SD Mean |SD |pvalue*
37.56 |7.5 48.2 13.2]<0.01
*analyzed using independent t test

Contractility index

It was observed that mean contractility index was significantly
lower in DM patients as compared to non-DM subjects (37.56
+7.5vs48.2 = 13.2, pvalue < 0.01).

Table 5. Correlation of contractility index with duration of DM
inyears.

Duration of DM
Pearson's r -0.459
Contractility index p-value <0.001

A significantly negative correlation was observed between
contractility index and duration of DM (r = -0.459, p value <
0.001).
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Figure 1. Scatter plot showing correlation of contractility index
with duration of DM.

Table 6. Comparison of wall thickness (cm) between DM and
non-DM study subjects

Group

DM Non-DM
Mean |SD |Mean SD |p value*
2.81 0.70 |2.27 0.59 |< 0.01
It was observed that mean wall thickness was significantly
higher in DM patients as compared to non-DM subjects (2.81
+0.70vs 2.27 = 0.59 cm, p value < 0.001).
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Figure 2. Bar diagram showing comparison of wall thickness
between DM and non-DM patients.

Figure 3a

Figure 35¢

Figure 3: Ultrasound grey scale image of a diabetic male
aged 57 years showing gallbladder volumes (a) Fasting state
with vol ~ 24 cc (b). Post-prandial state with vol ~ 14.8 cc.
Contractility index of this patient was ~ 39 %. (c) wall
thickness of ~ 3.3 mm.

Figure 4a
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Figure 4b

Figure 4: Ultrasound grey scale images of a non-diabetic
male aged 48 years showing gallbladder volumes (a) Fasting
state with vol ~ 16.5 cc (b). Post-prandial state with vol ~ 5.9
cc.

Contractility index of this patient was ~ 62 %.

DISCUSSION

Gall Bladder Measurements

In the present study, mean fasting gall bladder volume was
significantly larger in DM patients as compared to non-DM
subjects (36.75 + 11.93 vs 30.80 + 7.18 ml, p value < 0.01).
Similarly, mean post-prandial gall bladder volume was
significantly larger in DM patients as compared to non-DM
subjects (23.27 + 8.93 vs 18.35 = 6.10ml, p value < 0.01).
Among non- DM subjects a significantly negative correlation
was observed between fasting GB volume and BMI (r= -0.27, p
value < 0.05). Among DM patients, fasting GB volume was
significantly correlated with BMI (r=0.5, p value < 0.001) and
duration of DM (r = 0.704, p value < 0.001). Also, among DM
patients, postprandial GB volume was significantly correlated
with FBS (r= 0.25, p value < 0.05), BMI (r=0.57, p value <
0.001) and duration of DM (r = 0.75, p value < 0.001). In
addition, it was observed that mean wall thickness was
significantly higher in DM patients as compared to non-DM
subjects (2.81 = 0.70 vs 2.27 = 0.59 cm, p value < 0.001).
Among DM patients, wall thickness of gall bladder was
significantly correlated with FBS (r = 0.40, p value < 0.001).

In the research conducted by Ikhouriah et al, it was shown that
individuals with type 2 diabetes had a substantially longer
gallbladder length compared to the control group (7.75 + 1.25
vs 6.64 = 1.09 cm; p = <0.001).” However, there were no
significant differences seen in the anteroposterior (AP) and
transverse diameters between the two groups (p = 0.484 and
0.431, respectively).6l The average fasting gallbladder
volume (FGBYV) for individuals with type 2 diabetes is 34.51 +
3.16 cm3, while for the control groupitis 27.17 + 1.25 cm3. This
difference is statistically significant (p = 0.032). There was a
similar observation regarding the thickness of the
Gallbladder wall when comparing diabetics and controls
(0.28 = 0.06 cm vs 0.25 + 0.04 cm;p = <0.001). Furthermore,
although the FGBV (Fasting Glucose Blood Volume) was
shown to be larger in obese individuals with diabetes, there
was no notable disparity in FGBV between obese and non-
obese participants within each group. In obese diabetics, the
gallbladder wall thickness was elevated. However, there was
no notable disparity in gallbladder wall thickness between
obese and non-obese individuals within each group.

Dhivya et al. discovered that diabetes patients had a
considerably higher mean fasting gallbladder volume
compared to non-diabetic individuals.® Additionally, the
gallbladder contraction index was significantly lower in the
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diabetic patients compared to the non-diabetic controls.

In a comparable research conducted by Kumar D, the pre-
prandial gall bladder volume of those with diabetes was
measured to be 21.78 + 4.58, whereas for those without
diabetes it was 22.68 + 3.41.° However, this difference was not
shown to be statistically significant. The postprandial volume
of those with diabetes was 13.66 + 4.4, whereas for those
without diabetes it was 10.48 + 2.38. This difference was
statistically significant.

A research was conducted including 91 instances of diabetes
mellitus and 40 healthy controls. The average capacity of the
gallbladder when fasting was 18.2 = 2.5 ml for individuals
with type 1 diabetes and 25.9 = 13.9 ml for those with type 2
diabetes. The range of gallbladder volume varied from a
minimum value of 9.3 ml to a high value of 88.0 ml. The
gallbladder volume exhibited a notable association with
diabetic retinopathy, but no significant link was seen with
microalbuminuria, glycemic management, duration of
diabetes, or hy'pertens:ion.10

Misra and colleagues noted a substantial increase in fasting
gall bladder volume (35.15+7.02cm3), post fatty meal gall
bladder volume (15.91+6.87cm3), and ejection fraction
(51.04=17.02cm3) in patients with type 2 diabetes mellitus
compared to healthy individuals."

Ranganath found that persons with diabetes mellitus (DM)
had a considerably larger capacity of their gall bladder
compared to those without DM (24.7 ml vs 17.8 ml, p value <
0.001)."”

Jagadeesh et al. found that individuals with type 2 diabetes
mellitus had substantially higher fasting gall bladder volume
(33.33+6.42 cm3), post fatty meal gall bladder volume
(15.21%6.39 cm3), and ejection percentage (49.34+17.29 cm3)
compared to healthy controls. °Error! Bookmark not defined.
Asthe duration of T2DM increased, there was a corresponding
rise in the average volume of fasting GB and a reduction in
ejection percent (%). The researchers also discovered a
substantial disparity in body mass index (BMI) between the
patients with type 2 diabetes mellitus (T2DM) and the control
group, with a p-value ofless than 0.001.

In a separate investigation, Kumar A found that the volume of
the gallbladder while fasting was greater in the cases
(13.09+4.39 ml) compared to the control group (16.36+3.3 ml),
with a statistically significant difference (p<0.001)." In
addition, the volume of the gallbladder after a meal was
greater in those with diabetes mellitus compared to those
without diabetes mellitus (20.6 vs 12.2 ml, p value < 0.01).

The research conducted by Rai et al. revealed that the fasting
gall bladder volume in individuals with chronic diabetes was
significantly greater compared to the control group. The
difference in data was determined to be highly significant,
with a p-value of 0.001."

Contractility Index of Gall Bladder

We observed that mean contractility index was significantly
lower in DM patients as compared to non-DM subjects (37.56
+ 7.5 vs 48.2 = 13.2, p value < 0.01). Also, a significantly
negative correlation between contractility index and duration
of DM (r = -0.459, p value < 0.001). Among non-DM subjects a
significantly negative correlation was observed between
contractility index and BMI (r= -0.26, p value < 0.05). Among
DM patients, contractility index was significantly negatively
correlated with BMI (r=-0.47, p value < 0.001) and duration of
DM. (r=-0.45, pvalue < 0.001).

In Dhivya et al's research, it was shown that diabetic patients
with longer duration had a lower gallbladder contraction
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index compared to those with a shorter duration. This may be
attributed to the increased prevalence of neuropathy
alterations in those with long-lasting diabetes.’Error!
Bookmark not defined.

In the study by Kumar A, additionally it was noted that the
average percentage of gallbladder contraction was
20.62+12.86% in individuals with diabetes, whereas in the
control group it was 25.89+12.53%. "

Rai et al. found that the contraction percentage of the gall
bladder was significantly lower in individuals with chronic
diabetes compared to the control group (p-value = 0.001)."

Ugbaja et al observed a reduced contractility index in the
group with diabetes mellitus (DM) compared to the group
without DM (33.4vs 47.6, p=0.03)."

Thakral et al. found that the contraction of the gall bladder
was significantly lower in chronic diabetics (45.6 + 9.57)
compared to controls (65.2 + 7.34) (p value-0.001).i The fasting
gall bladder volume in individuals with chronic diabetes was
significantly greater (43.47 + 5.35) compared to the control
group (28.45 + 4.26), with a very significant difference in
values (p value 0.001)."

Subgroup analysis of controlled and uncontrolled diabetes
was not done in the present study and was one of the limitation
of the study. However, as the study was done in one center, it
cannot be generalized to the entire population.

CONCLUSION

Based onthe results of the present study, it is concluded that:

» Both fasting and post-prandial gall bladder volume and
wall thickness was higher in DM patients as compared to
non-DM subjects.

+ Contractility index was found to be significantly lower in
DM patients.

» Increasing duration of DM was significantly associated
with increasing fasting and post- prandial gall bladder
volume and decreasing contractility index.
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