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INTRODUCTION
Diabetes mellitus is a type of metabolic disorder characterised by 
increase in blood glucose level due to defect in the secretion of 
insulin, action of insulin or combination of both. The prevalence 
of diabetes is increasing year by year both in developed and 
developing countries. The recent study shows the prevalence of 
diabetes globally is 9.3% per 2019 records and the estimate for 
2030 is 10.2% [1-3]. It is predicted that by 2030 diabetes mellitus 
may afflict up to 80 million individuals in India [4-6].

Among various complications related to diabetes, diabetic neuropathy 
is the most common and serious complication. Diabetic Autonomic 
Neuropathy (DAN) is among the least recognised and understood 
complications of diabetes despite having a significant negative 
impact on survival and quality of life in people with diabetes [7,8]. 
DAN most of the time presents as a subclinical manifestation rather 
than a clinical evidence. As because vagus nerve accounting for more 
than 75% of the parasympathetic activity and this becomes the most 
common nerve to be involved first in autonomic neuropathy. Though 
the exact pathogenesis of DAN is not clear, metabolic insult to nerve 
fibers due to advanced glycosylation end products, neurovascular 
insufficiency, autoimmune damage and neurohormonal growth factor 
deficiency were some of the postulated hypothesis [9]. The common 
clinical signs and symptoms related to gastrointestinal system due 
to DAN are oesophageal dysmotility, gastroparesis diabeticorum, 
constipation, diarrhoea, fecal incontinence and gallbladder atony and 
enlargement [10].

In India, prevalence of gallstones is considered as a major public 
health problem. The prevalence varied in different region and it was 
reported that the prevalence was higher in North Indian population 

compared to South Indian. It also highlighted that, the prevalence 
was increasing with age with a maximum occurrence in the 6th 
decade [11,12]. Generally, gallbladder diseases are more frequent in 
females compared to males due to hormonal factors. Increasing age, 
overweight, family history of gall stone disease and type 2 DM were 
found to be the risk factors for gallbladder diseases [13]. Several 
studies done across the world had showed an increased prevalence 
of gallbladder stones in patients with DM ranging from 20-32% [14]. 
A recent study done in Italy compared the prevalence of gallstone 
between diabetic patients and general population and found the 
prevalence to be significantly higher in diabetic patients (24.8% vs 
13.8%) [15]. The study further showed that the duration of diabetes 
had a positive correlation with the prevalence of gallstones and the 
fasting blood sugar levels showed an inverse relationship with the 
prevalence of gall stones. Though the pathogenesis of gallbladder 
dysfunction in diabetes is not fully understood, the only possible 
hypothesis was a decrease in Cholecystokinin (CCK) from small 
intestine due to gastroparesis caused by autonomic neuropathy, 
resulting in gallbladder stasis and eventually leading to cholesterol 
crystal precipitation and gall stone formation [16,17]. As of today 
not much studies have been conducted in India to assess the 
gallbladder functions among diabetic patients and so, the present 
study aimed to compare the gallbladder volume and contraction 
index between diabetic patients and non diabetic population as 
these two factors influence the gallstone formation.

MATERIALS AND METHODS
A cross-sectional comparative study was conducted in a tertiary 
care hospital at Chennai for a period of six months from June 2019 
to December 2019. The study was started after getting approval 
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ABSTRACT
Introduction: In India, the prevalence of gallstones is considered 
as a major public health problem and among diabetic patients 
the prevalence is still more increasing. Presence of Diabetic 
Autonomic Neuropathy (DAN) is a triggering factor for gallbladder 
diseases among diabetic patients.

Aim: To compare the gallbladder volume and contraction index 
between diabetic patients and non diabetic healthy controls.

Materials and Methods: A cross-sectional study was conducted 
in a tertiary care hospital at Chennai for a period of six months 
from June 2019 to December 2019. The total 90 subjects were 
divided into two groups of 45 each, group A consist of 45 known 
Type I or Type II diabetes mellitus (DM)and group B with 45 non 
diabetic healthy controls. The gallbladder volume was assessed 
initially in the fasting state, then the patient was asked to have 
fatty meal and again the gallbladder volume was measured after 
two hours for all the patients and the gallbladder contraction 
index was calculated using these values. Autonomic neuropathy 

grading was done after performing neuropathy assessment 
tests and the association between the gallbladder contraction 
index and grading of autonomic neuropathy was analysed.

Results: The mean fasting and postprandial gallbladder volume 
were much higher among diabetic patients compared to non diabetic 
controls and similarly the gallbladder contraction index was lesser 
among diabetic patients compared to the controls (16.6±5.9 cm3, 
4.03±1.8 cm3) and (32.08±11.7 cm3, 17.4±10.6 cm3) the difference 
was found to be statistically significant (p-value <0.001). The grading 
of autonomic neuropathy was inversely proportional to gallbladder 
contraction index and it was found to be statistically significant 
(p-value <0.001).

Conclusion: The gallbladder volume was high and the contraction 
index was less among the diabetic patients with neuropathy 
compared to non diabetic patients and so a regular screening 
for gallbladder using ultrasonogram is recommended for long 
standing diabetic patients with neuropathy.
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test was used to derive the statistical inference between the two 
variables. A p-value <0.05 was found to be statistically significant.

RESULTS
The age and gender wise distribution of the study subjects in the 
present study shows that majority of them were in the age group 
between 30 and 50 years and there was almost equal distribution of 
males and females in all age groups both among cases and controls 
[Table/Fig-1]. Among the cases, 24.4% were having type I diabetes 
mellitus and the remaining 75.6% were type II diabetic patients. 
The duration of diabetes for majority of the subjects was between 
5 and 10 years [Table/Fig-2]. The mean fasting and postprandial 
blood sugar among cases and controls was shown in [Table/Fig-3] 
and statistical significant difference was observed between the 
two groups. The mean fasting gallbladder volume was significantly 
high among diabetic patients compared to non diabetics and the 
gallbladder contraction index was found to be significantly less 
among the cases compared to the controls [Table/Fig-4]. Among 
the diabetic patients, signs of autonomic neuropathy were tested 
and graded accordingly and it was found that the gallbladder 
volume was found to be increasing both in fasting and postprandial 
states as the grading of autonomic neuropathy increases. Similarly, 
the grading of autonomic neuropathy was inversely proportional to 
gallbladder contraction index and it was found to be statistically 
significant [Table/Fig-5]. The ultrasonogram pictures of measuring 
the gallbladder volume and contraction index for few patients was 
shown in [Table/Fig-6,7].

from the Institutional Ethical Committee and the informed consent 
was obtained from all the study participants.

Sample size calculation: With a significance level α of 0.05 and power 
(1-β) of 0.8, and with a sensitivity of 0.94, the minimum required sample 
size was calculated as 90 subjects using the formula given below

NA=knB and nB=(1+1/K) (Ω Z1-α/2+Z1-β/µA-µB)2

The total 90 subjects were divided into two groups of 45 each, 
group A consist of 45 known type I or type II diabetes mellitus and 
group B with 45 non diabetic healthy controls.

inclusion criteria: The inclusion criteria for group A is patients with 
a history of diabetes for more than 3 years duration and for group B 
patients, healthy individuals aged more than 30 years without diabetes.

exclusion criteria: Patients with known hepatobiliary diseases, like 
cholelithiasis, chronic cholecystitis, ascending cholangitis, cirrhosis 
of liver, obese patients with BMI more than 30, patients with history of 
dyslipidemia and cerebrovascular accidents were excluded from the 
study as these factors might interfere with gallbladder contraction.

All the study subjects were kept fasting for six hours before scanning. 
Ultrasound scanning was done for all the 90 study subjects using 
Voluson S6 GE ultrasound machine with 4 MHz curvilinear probe. 
The gallbladder volume was assessed initially in the fasting state, 
then the patient was asked to have fatty meal and again the 
gallbladder volume was measured after two hours. The greatest 
length (Length), maximum transverse diameter (Width), and the 
maximum anteroposterior diameter (Height) were measured, three 
measurements were taken for all these parameters. The ultrasound 
images were interpreted by two Radiologists. The fasting gallbladder 
volume was assessed by one Radiologist and the post prandial 
volume by another Radiologist. Both of them were blinded to the 
medical records. The gallbladder volume was calculated using the 
formula.

Volume=(length×width×height)×0.52

The gallbladder (GB) contraction index was calculated by the 
formula [18]:

(Fasting GB volume-Postprandial GB volume)×100
Fasting GB volume

The gallbladder contraction index was compared with the grading 
for autonomic neuropathy. The following were the test performed to 
assess the grading of autonomic neuropathy: 

1. Heart rate variation after immediate standing-less than 10 is 
considered abnormal.

2. Blood pressure response to standing after two minutes-
sustained drop systolic BP >20 mmHg and sustained drop 
in diastolic BP more than 10 mmHg without an appropriate 
increase in heart rate is considered abnormal.

3. Blood pressure response to sustained hand grip for two minutes- a 
drop in diastolic BP more than 10 mmHg is considered abnormal.

4. Heart rate variation to deep breathing for six seconds-variation 
less than 10 is considered abnormal.

5. Pupillary response to light-dilated pupil with sluggish response 
is considered abnormal.

The grading was done as follows

Grade 0-No test abnormal

Grade 1-One test abnormal

Grade 2-Two test abnormal

Grade 3-Three or more test abnormal [19]

STATISTICAL ANALySIS
All the data were entered and analysed using SPSS version 24. Mean 
and standard deviation were derived for all the parametric variables 
and the percentage was calculated for frequency variables. Chi-square 

age group 
(years)

Cases (n=45) Controls (n=45)

Males n (%) Females n (%) Males n (%) Females n (%)

20-30 6 (26.08%) 9 (40.9%) 4 (14.8%) 6 (33.33%)

31-40 5 (21.73%) 3 (13.63%) 6 (22.2%) 5 (27.77%)

41-50 6 (26.08%) 6 (27.27%) 9 (33.3%) 5 (27.77%)

51-60 3 (13.04%) 2 (9.09%) 6 (22.2%) 1 (5.55%)

61-70 2 (8.69%) 2 (9.09%) 1 (3.7%) 1 (5.55%)

>70 1 (4.34%) 0 1 (3.7%) 0

Total 23 (100%) 22 (100%) 27 (100%) 18 (100%)

Mean±SD 46.3±6.2 43.7±8.1

[Table/Fig-1]: Age and gender wise distribution of the study subjects.

Duration of diabetes (years)

type of diabetes

type i n (%) type ii n (%)

<5 2 (18.18%) 9 (26.4%)

5-10 6 (54.54%) 21 (61.7%)

10.1-15 1 (9.09%) 4 (11.7%)

15.1-20 2 (18.18%) 0

Total 11 (100%) 34 (100%)

[Table/Fig-2]: Distribution of the cases based on the type of diabetes and duration 
of diabetes.

Blood sugar (mg/dl) Cases (mean±SD) Controls (mean±SD) p-value 

Fasting blood sugar 126±20.8 82±13.9 <0.001

Postprandial blood sugar 189±39.7 108±19.4 <0.001

[Table/Fig-3]: Mean fasting and postprandial blood sugar levels between cases 
and controls.
p-value derived by applying Student’s T-test; p-value denotes significant

Gallbladder volume and index
Cases 

(mean±SD)
Controls 

(mean±SD) p-value

Fasting gallbladder volume (cm3) 32.08±11.7 16.6±5.9 <0.001

Postprandial gallbladder volume (cm3) 17.4±10.6 4.03±1.8 <0.001

Gallbladder contraction index (%) 51.6±19 77.1±6.3 <0.001

[Table/Fig-4]: Gallbladder volume and contraction index between cases and controls.
p-value derived by applying Student’s T-test; p-value denotes significant
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author name
Diabetics with neuropathy 
Gallbladder volume in cm3

non diabetic patients 
 Gallbladder volume in cm3

Agarwal AK et al., [20] 53.88 28.16

Singh S et al., [21] 49.75 21.90

Raman PG et al., [22] 26.82 18.3

Present study 32.0 16.8

[Table/Fig-8]: Comparison of gallbladder volumes reported in previous studies 
with that of present study.

of the gallbladder volume between the two groups in previously done 
studies and the present study [Table/Fig-8].

[Table/Fig-6]: Ultrasonogram images showing the measurements of gallbladder 
volume and gallbladder contraction index.

[Table/Fig-7]: Ultrasonogram images showing gallbladder volume measurements 
among patients with grade II and grade III autonomic neuropathy.

DISCUSSION
The DAN of the gastrointestinal system takes several forms such as 
oesophagopathy, gastroparesis; enteropathy; and biliary tract disorders. 
One of the commonest biliary tract disorders due to DAN is gallstone 
formation [20]. Literatures had quoted the following reasons as the most 
common cause for gallstone formation in diabetic patients: decreased 
motility of gallbladder, reduced release of postprandial Cholecystokinin 
(CCK), reduced sensitivity of gallbladder smooth muscle to CCK 
along with decreased CCK receptors in the gallbladder wall, bile 
supersaturation, and sometimes the presence of gall stones themselves 
[21]. Gallbladder innervation is mediated by both sympathetic and 
parasympathetic nervous system. The parasympathetic system 
causes gallbladder contraction and the sympathetic system causes 
relaxation. During every meal the release of CCK mediates the 
parasympathetic system and causes the gallbladder contraction. In 
DAN patients, the motility defects occur in gallbladder which would 
manifest as increased fasting volume, decreased ejection fraction 
which would lead to decreased rate of ejection and increased residual 
volume of the gallbladder [22]. The present study aimed to compare 
the gallbladder volume and contraction index between the diabetic 
patients with autonomic neuropathy and non diabetic controls. The 
results of this study showed an increase of fasting gallbladder volume 
among diabetes group compared to non diabetic group and it was in 
par with the previous studies where they also showed a decrease in 
gallbladder emptying which is a proxy measure for gallbladder motility. 
These studies further inferred that autonomic neuropathy is the reason 
for reduced gallbladder motility which causes decreased ejection 
fraction of gallbladder and leads to increased gallbladder volume. 
In the present study, due to logistic reasons we haven’t studied the 
gallbladder emptying time. Below is a table showing the comparison 

Grading of 
autonomic 
neuropathy

Fasting  gallbladder 
volume (cm3)
(mean±SD)

Postprandial 
gallbladder volume 

(cm3) (mean±SD)

Gallbladder 
contraction index 

(%) (mean±SD)

Grade 0 (n=14) 19.2±3.5 4.3±1.3 77.2±6.8

Grade 1 (n=17) 34.6±6.3 20.1±3.7 42.9±4.7

Grade 2 (n=10) 41.1±4.8 26.4±3.9 35.4±3.6

Grade 3 (n=4) 54.6±5.4 41.6±4.2 26.9±3.0

p-value <0.001 <0.001 <0.001

[Table/Fig-5]: Gallbladder volume and contraction index according to grading of 
autonomic neuropathy among the cases.
p-value derived using ANOVA; p-value denotes significant

Similarly in the present study, the postprandial gallbladder volume 
was also found to be increased among diabetic patients compared 
to non diabetic controls. No previous studies were found measuring 
the gallbladder volume in the postprandial period, all studies had 
only measured the volume in the fasting stage.

In healthy individuals, during postprandial period there is an increase 
in the CCK levels favouring the gallbladder emptying time, whereas 
in diabetic patients with autonomic neuropathy the sensitivity of 
gallbladder to CCK is impaired and so the emptying time is delayed 
and invariably leading to increase in the gallbladder volume [23-26]. 
As because both the fasting and postprandial gallbladder volume is 
high among the diabetic patients the gallbladder contraction index 
was found to be less in diabetic patients compared to non diabetic 
controls. Further in this study, we also proved that the grading of 
autonomic neuropathy is directly proportional to gallbladder volume 
and indirectly proportional to gallbladder contraction index and so, we 
can readily hypothesise that autonomic neuropathy is a major cause 
of diabetic cholecystopathy as mentioned in previous literature [27-
29]. However, autonomic neuropathy cannot entirely account for the 
cholecystoparesis. A study done by Annese V et al., have shown that 
autonomic neuropathy has a poor predictive value for motor disorders, 
suggesting the co-existence of other pathophysiologic mechanisms 
such as delayed gastric emptying and decreased alpha-adrenergic 
tone in gallbladder along with increased bile lithogenicity [28].

Previous studies had shown a positive correlation between 
gallbladder volume with BMI and age, whereas in the present study, 
to minimise the selection bias we selected the controls after doing 
matching for BMI and age as that of cases [30,31]. The grading of 
autonomic neuropathy did not vary much between type I and type 
II diabetes mellitus and so the gallbladder volume and contraction 
index did not show statistically significant difference between type 
I and type II diabetic patients. In the present study, the gallbladder 
contraction index is lowest among diabetic patients with longer 
duration compared to diabetic patients with lesser duration, which is 
because the neuropathy changes becomes more prevalent among 
long lasting diabetes and it was at par with the studies done by 
Agarwal AK et al., Singh S et al and Shaw ST et al., [18,19,32].

Limitation(s)
Sample size was considered to be the limitation of the present study.

CONCLUSION(S)
Ultrasonography is a very important imaging technique with 
advantages of being cost-effective and without any radiation side-
effects and it was shown to be very useful in the evaluation of 
gallbladder changes in patients with type II DM. This study reveals 
that significant number of patients with type II DM along with 
autonomic neuropathy has gallbladder abnormalities in the form of 
increased gallbladder volume and reduced gallbladder contraction 
index. Hence, it is recommended that all diabetic patients with 
symptoms of autonomic neuropathy should be evaluated for the 
fasting gallbladder volumes, postprandial gallbladder emptying, and 
gallbladder sludging; as these being the markers for progression to 
overt gall stone disease. Prospective studies with larger sample size 
should be carried out to further establish these results.



KP Dhivya et al., A Comparison of Gallbladder Contraction Index in Diabetic and Non Diabetic Patients www.ijars.net

International Journal of Anatomy Radiology and Surgery. 2021 Jul, Vol-10(3): RO01-RO0444

PaRtiCUlaRS OF COntRiBUtORS:
1. Senior Resident, Department of Radiology, Annapoorana Medical College and Hospital, Salem, Tamil Nadu, India.
2. Consultant Radiologist, Department of Radiology, Billroth Hospital, Chennai, Tamil Nadu, India.
3. Assistant Professor, Department of Radiology, Annapoorana Medical College and Hospital, Salem, Tamil Nadu, India.
4. Associate Professor, Department of Radiology, Annapoorana Medical College and Hospital, Salem, Tamil Nadu, India.
5. Senior Resident, Department of Radiology, Government Mohan Kumaramangalam Medical College and Hospital, Salem, Tamil Nadu, India.
6. Professor, Department of Preventive Medicine, Vinayaka Mission’s Kirupananda Variyar Medical College and Hospitals, Salem, Tamil Nadu, India.

PlaGiaRiSM CheCKinG MethODS: [Jain H et al.]

•  Plagiarism X-checker: Feb 16, 2021
•  Manual Googling: Mar 01, 2021
•  iThenticate Software: Mar 10, 2021 (10%)

etyMOlOGy: Author OriginnaMe, aDDReSS, e-Mail iD OF the CORReSPOnDinG aUthOR:
KP Dhivya,
Senior Resident, Department of Radiology, Annapoorana Medical College and Hospital, 
Salem-636308, Tamil Nadu, India.
E-mail: shnkrradhakrishnan@gmail.com; dhivyapanneerselvam@gmail.com

Date of Submission: Dec 23, 2020
Date of Peer Review: Feb 17, 2021
Date of Acceptance: Mar 02, 2021

Date of Publishing: Jul 01, 2021

aUthOR DeClaRatiOn:
•  Financial or Other Competing Interests:  None
•  Was Ethics Committee Approval obtained for this study?  Yes
•  Was informed consent obtained from the subjects involved in the study?  Yes
•  For any images presented appropriate consent has been obtained from the subjects.  Yes

REFERENCES
International Diabetes Federation. IDF Diabetes Atlas, 8[1] th ed. Brussels, Belgium: 
International Diabetes Federation; 2017.
International Diabetes Federation. IDF Diabetes Atlas, 4[2] th ed. Brussels, Belgium: 
International Diabetes Federation; 2009.
Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global [3] 
and regional diabetes prevalence estimates for 2019 and projections for 2030 
and 2045: Results from the International Diabetes Federation Diabetes Atlas, 
9th edition. Diabetes Res Clin Pract. 2019;157:1078-43.
Hernandez  AM,  Jia  P,  Kim  HY,  Cuadros  DF.  Geographic  variation  and [4] 
associated covariates of diabetes prevalence in India. JAMA Network Open. 
2020;3(5):e203865. Doi: 10.1001/jamanetworkopen.2020.3865.
Pandey SK, Sharma V. World Diabetes Day 2018: Battling the emerging epidemic of [5] 
diabetic retinopathy. Indian J Ophthalmol. 2018;66(11):1652-53. Doi: 10.4103/ijo.
Anjana RM, Ali MK, Pradeepa R, Deepa M, Datta M, Unnikrishnan R, et al. The [6] 
need for obtaining accurate nationwide estimates of diabetes prevalence in India-
rationale for a national study on diabetes. Indian J Med Res. 2011;133(4):369-80.
Vinik AI, Erbas T. Recognising and treating diabetic autonomic neuropathy. Cleve [7] 
Clin J Med. 2001;68(11):928-44.
Freeman R. The peripheral nervous system and diabetes. In Joslin’s Diabetes [8] 
Mellitus. Weir G, Kahn R, King GL, Eds. Philadelphia, Lippincott, 2002.
Vinik AI. Diagnosis and management of diabetic neuropathy. Clin Geriatr Med. [9] 
1999;15:293-320. 
Vinik AI, Maser RE, Mitchell BD, Freeman R. Diabetic autonomic neuropathy. [10] 
Diabetes Care. 2003;26(5):1553-79. Doi: 10.2337/diacare.26.5.1553.
Sarin SK, Negi VS, Dewan R, Sasan S, Saraya A. High family prevalence of gallstones [11] 
in the first degree relatives of gallstone patients. Hepatology. 1995;22(1):138-41.
Sharma MP, Duphare HV, Nijhawan S, Dasarathy S. Gallstone disease in north [12] 
India: Clinical and ultrasound profile in a referral hospital. J Clin Gastroenterol. 
1990;12(5):547-49.
Jorgensen T. Epidemiology and gallstones. Ugeskr Laeger. 2005;167(24):2610-13.[13] 
Elrefai N, Abuzeid I, Elraeid R, Gargoom A. Prevalence of gall bladder stones [14] 
post-cholecystectomy in diabetic patients. Jamahiriya Med J. 2007;7(1):42-44.
Pagliarulo M, Fornari F, Fraquelli M, Zoli M, Giangregorio F, Grigolon A, et al. [15] 
Gallstone disease and related risk factors in a large cohort of diabetic patients. 
Dig Liver Dis. 2004;36(2):130-34.
Chapman BA, Chapman TM, Frampton CM, Chisholm RJ, Allan RB, Wilson IR, [16] 
et al. Gall bladder volume: Comparison of diabetics and controls. Dig Dis Sci. 
1998;43:344-48. 
Gitelson S, Schwartz A, Fraenkal M, Chowers I. Gall bladder dysfunction in [17] 
diabetes mellitus; The diabetic neurogenic bladder. Diabetes. 1963;12:308-12. 
PMID:14081841.

Agarwal AK, Miglani S, Singla S, Garg U, Dudeja RK, Goel A. Ultrasonographic [18] 
evaluation of gallbladder volume in diabetics. JAPI. 2004;52:962-66. 
PMID:12126341.
Singh S, Chander R, Singh A, Mann S. Ultrasonographic evaluation of gall [19] 
bladder diseases in diabetes mellitus type 2. IJRI. 2006;16(4):505.
Raman PG, Patel A, Mathew V. Gall bladder disorders and type 2 diabetes [20] 
mellitus-a clinical based study. JAPI. 2002;50:887-89.
Hahm JS, Park JY, Park KG, Ahn YH, Lee MH, Park KN. Gallbladder motility [21] 
in diabetes mellitus using real time ultrasonography. Am J Gastroenterol. 
1996;91(11):2391-94.
Sharma MP, Saraya A, Anand AC, Karmarkar MG. Gallbladder dysmotility in [22] 
diabetes mellitus-an ultrasound study. Trop Gastroenterol. 1995;16(3):13-18.
Bucceri AM, Brogna A, Ferrara R. Sonographic study of postprandial gallbladder [23] 
emptying and common bile duct changes in patients with diabetes or 
cholelithiasis. Abdom Imaging. 1994;19(5):427-29.
Palasciano G, Portincasa S, Belfiore A, Baldassarre G, Cignarelli M, Paternostro [24] 
A, et al. Gallbladder volume and emptying in diabetics: The role of neuropathy 
and obesity. J Intern Med. 1992;231(2):123-29.
Stone BG, Gavaler JS, Belle SH, Shreiner DP, Peleman RR, Sarva RP, et al. [25] 
Impairment of gallbladder emptying in diabetes mellitus. Gastroenterology. 
1988;95(1):170-76.
Kayacetin E, Kisakol G, Kaya A, Akpinar Z. Real time sonography for screening [26] 
of gallbladder motility in diabetic patients: Relation to autonomic and peripheral 
neuropathy. Neuroendocrinol Lett. 2003;24(1-2):73-76.
Gaur C, Mathur A, Agarwal A, Verma K, Jain R, Swaroop A. Diabetic autonomic [27] 
neuropathy causing gallbladder dysfunction. J Assoc Physicians India. 
2000;48:603-05.
Annese V, Bansotti G, Caruso N, De Cosmo S, Gabbrielli A, Modoni S, et al. [28] 
Gastrointestinal motor dysfunction, symptoms and neuropathy in non-insulin 
dependent (type 2) diabetes mellitus. J Clin Gastroenterol. 1999;29:171-77.
Xynos  E,  Tsiaoussis  J,  Epanomeritakis  E,  Glynos  M,  Haroulakis  N,  Vassilakis [29] 
JS, et al. Effect of oral cisapride on gallbladder emptying during fasting and 
postprandial states. Acad Radiol. 1998;5(2):115-18.
AM Agunloye, AM Adebakin, JO Adeleye, AO Ogunseyinde. Ultrasound [30] 
prevalence of gallstone disease in diabetic patients at Ibadan, Nigeria. Nigerian 
Journal of Clinical Practice. 2013;16(1):71-75.
Rupali S, Sunita S, Dubey DC. Gallbladder disorder in type 2 diabetes mellitus [31] 
cases. J Hum Ecol. 2005;18(3):169-71.
Shaw ST, Hujnal F, Leboritz Y, Ralls P, Bauer M, Valenzuela J, et al. Gall bladder [32] 
dysfunction in diabetes mellitus. Dig Dis Sci.1993;38(30):490-96.

http://europeanscienceediting.eu/wp-content/uploads/2016/11/ESENov16_origart.pdf

