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Gall bladder volume and contractility
in type 2 diabetes mellitus
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Abstract

The aim of this study was to sonographically evaluate
gall bladder changes in type 2 diabetes. One hundred
type 2 diabetic subjects (50 with neuropathy and 50
without neuropathy) and 50 healthy controls un-
derwent sonographic evaluation of the gall bladder.
Fasting and postprandial gall bladder volumes (FGBV
and PPGBV) were measured, and the gall bladder
contractility index (GBCI) calculated. The presence of
gallstones was also noted. It was found that patients
with diabetic neuropathy had a significantly higher
FGBV and PPGBYV, and lower GBCI, compared with
diabetic patients without neuropathy; PPGBV and
GBCI also differed significantly from non-diabetic
controls. Gallstones were present in 22% of diabetic
patients with neuropathy, in 10% of those without
neuropathy, and in 8% of controls. We conclude that
diabetic patients with neuropathy have significant
abnormalities of gall bladder function, presumably
due to autonomic nerve dysfunction. These patients
alsohaveahigher prevalence of gallstones, suggesting
that ultrasound screening may be worthwhile.

Introduction
Diabetes mellitus is a syndrome of chronic hyperglycae-
mia due torelative insulin deficiency, resistance or both.!
At least 220 million people worldwide are affected by
this disease, with a projected rise to 440 million by the
year 2030.! The chronic hyperglycaemia causes long-
term damage to various body organs including the
eyes, kidneys, nerves, heart, and blood vessels.?® The
gall bladder is one of the organs that may be affected by
autonomic neuropathy because vagal parasympathetic
fibres maintain its tone and influence its emptying.** An
increased incidence of cholesterol gallstones, inadequate
emptying, and increased volume have been reported as
gall bladder changes associated with type 2 diabetes.®”
The purpose of this study was to establish sonographic
abnormalities in the gall bladder of type 2 diabetes
patients in Nigeria, and to determine any correlation
between these changes and duration of disease.
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Patients and methods

This prospective, non-randomised, case-control study
was carried out in the Radiology Department of a
tropical university teaching hospital from March 2010
toJanuary 2011. Informed consent was obtained from all
the participants. The study group comprised 100 type 2
diabetic patients with and without clinical evidence of
neuropathy (50 of each), as well as 50 healthy, age- and
sex-matched, non-diabetic controls asymptomatic of gall
bladder disease or other systemic illness that may affect
the gall bladder. The subjects were recruited consecu-
tively from the Endocrinology Clinic and ward of the
hospital. Patients with type 1 diabetes, liver disease, or
biliary disease were excluded. Diabetes was diagnosed
according to American Diabetic Association criteria.®
The age, sex, and duration of diabetes of each subject
were documented.

The presence of neuropathy was ascertained on physi-
cal examination by an endocrinologist. Autonomic neu-
ropathy was tested for by taking the pulse rate at rest
and repeating it while the patient performed a Vasalva
manoeuvre. The subjects were then required to breathe
normally and after a period of 5-10 minutes the pulserate
was taken again. The pulse rate is expected to normalise
after this period to its resting state. Autonomic neuropa-
thy was considered present when a subject had at least
twoabnormal cardiovascularreflexes, i.e. impaired heart
rate response to Vasalva manoeuvre, standing, or deep
inspiration. A postural fall in the systolicblood pressure of
>30 mmHg when the patient changed from supine to an
upright position also indicated autonomic neuropathy.’
Peripheral neuropathy was considered present when
there was impairment of fine touch, pinprick sensation,
vibration and position sense; or deep tendon reflexes.
Based on these, the study subjects were divided into
two groups: those without evidence of neuropathy and
those with evidence of neuropathy. Fifty study subjects,
consecutively recruited, were selected for these groups.

Abdominal ultrasonography was performed with a
Mindray® DC-6 ultrasound machine (Shenzhen Mindray
Bio-medical Electronics, Nanshan, Shenzhen, China)
with a 3.5-5.0 MHz curvilinear transducer. Sonographic
examination was performed after an overnight fast and
repeated 45 minutes after ingestion of a fatty meal (bread
and butter of about 40-50 g).

Each subject was scanned in the supine position. The
transducer was placed longitudinally and beveled cepha-
lad in the right hypochondrion to obtain the maximal
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length (cm) and antero-posterior diameter (cm) of the Prevalence

gall bladder. The subject then turned to the leftlateral Male Female Total
decubitus position (oblique) to obtain the m.aximal All with diabetes 6 (6%) 9 (9%) 15 (15%)
transverse diameter (cm) of the organ by turning the Group A 4 (8%) 7 (14%) 11 (22%)
probe transversely at 90° to the longitudinal plane. Group B 2 (4%) 3 (6%) 5 (10%)
Each measurement was taken three times and the - S S
average obtained. The sonographic examinations BHotpIC _ L (9 ) - () _ alCio)
were performed by one investigator to reduce inter- Note: Group A, diabetes with neuropathy; Group B, diabetes
observer error. without neuropathy; Group C, controls

The gall bladder volume (cm?) was then calculated
using the prolate ellipsoid formula (length x height x
width x 0.523).1° Gall bladder contractility index (GBCI)
was the difference between the fasting and postprandial
gall bladder volume (FGBV and PPGBV), divided by the
fasting volume, multiplied by 100 (%)."

The study data were analysed using the Statistical
Package for Social Sciences (SPSS) version 17 (SPSS Inc.,
Chicago, IL, USA). The continuous variables wereexpressed
as mean * standard deviation (SD) and compared using
analysis of variance (ANOVA) or Student’s t-test for un-
paired values. Statistical significance was set at p<0.05.

Results

The mean ages of the diabetic patients with neuropathy,
without neuropathy, and the controls were 63+6 years,
55+17 years, and 56+9 years respectively. Twenty-two
(44%) of the neuropathic group were males, while 28
(56%) were females. The diabetic patients without neu-
ropathy and the control groups had equal numbers of
males and females (50% each).

Table1 showsthe FGBV and PPGBV, as well as GBCI for
the three groups. The mean FGBV of Group A (diabetes
with neuropathy) was significantly higher than Group
B (diabetes without neuropathy), p=0.007. Similarly,
PPGBV was higher in Group A compared with Group B
(p=0.001), and also Group C (controls), p=0.02. The GBCI
was lower in Group A compared with Group B (p=0.03).
It was also lower in the diabetics with neuropathy than

Table 2. Prevalence of gallstones in the study groups

—0.28 (p<0.05). These relationships are illustrated by
scatterplots in Figures 1 and 2.

The prevalence of gall stones in all the diabetic patients
was 15%. The prevalence of gall stones was 22% in those
with neuropathy, 10% in those without neuropathy and
8% in the controls. Gallstones were more prevalentamong
females in all the study groups (Table 2).

Discussion

Gallbladder abnormalities may be seeninlong-standing
diabetes, especially those with diabetic neuropathy.*”
Diabetes is also a known predisposing factor to emphy-
sematous cholecystitis.!1?

In this study, the FGBV was significantly higher in
diabetic patients with neuropathy than in those without
neuropathy (Table 1). The FGBV with neuropathy was
alsohigher than in the control group, though this wasnot
statistically significant. Singh et al'> found that FGBV in
patients with neuropathy was higher than in those with-
outneuropathy, although the difference was statistically
insignificant, unlike in our study. Furthermore, in Singh
et al’s study, the FGBV of patients with neuropathy was
significantly higher than that of controls; in our study,
the difference was statistically insignificant.

The increased FGBV seen in this study is similar to the
findings of Sharma et al’® who also found that subjects
with neuropathy had a significantly larger FGBV. How-
ever, our findings are at variance with the findings of

Keshavrzzian et al'* who reported that gall bladder
dysfunction is rare in diabetes.

The PPGBV in those with neuropathy was signifi-

cantly higher thanin those withoutand in controls. This

finding is similar to what was observed in the study by

Variables A B C
n=50 n=50 n+50
FGBV (cm?) 37.74£16.90 |29.14+14.16 | 35.22+16.74
PPGBV (cm?®) | 24.92+12.10 | 17.4349.32 | 18.86+12.45
GBCI (%) 33.44+13.62 |39.62+15.15 | 47.68+18.01
Note: Group A, diabetes with neuropathy; Group B, diabetes
without neuropathy; Group C, controls

Ertugrul et al.”” Other studies also established a similar
pattern among the three study groups.'®”

The GBCI, which is a measure of the ejection fraction,

Table 1. Mean fasting gall bladder volume (FGBYV),
postprandial gall bladder volume (PPGBV) and gall bladder
contractility index (GBCI) in the study groups

in the controls (p<0.001).

The mean diabetes durations for patients with neu-
ropathy and those without were 15+3 years and 6+3
years, respectively (p<0.05). There was a positive corre-
lation between FGBV and duration of diabetes, with an
r value of 0.23 (p>0.05); GBCI and duration of diabetes
showed a negative linear correlation with an r value of
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wassignificantly impaired in patients with neuropathy

compared with the controls and those without neu-

ropathy. Similar findings were documented by Singh
et al'> who reported that GBCI was reduced in diabetic
patients compared with a control group; and was further
reduced in diabetic patients with neuropathy, although
this was not statistically significant. Guliter et al'® and
Agarwal et al'” also demonstrated gall bladder ejection
impairment in diabetic patients with neuropathy.

The mean age of those with neuropathy was
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Figure 1. Scatterplot showing linear positive relationship between gall bladder volume and

80.0 o

60.0+

40.04

20.07

Gall bladder contractility index

0.0

==
[

T T
10 15

Duration of diabetes

Figure 2. Scatterplot showing negative linear relationship between gall bladder contractility

and duration of diabetes (r=0.28)

significantly higher than those without neuropathy in
this study. Furthermore, the duration of the disease was
significantly longer in diabetes with neuropathy. This is
consistent with the findings of Singh et al’> who reported
thatautonomic neuropathy became more prevalent with
increasing duration of illness. Therefore, relationships
thus exist between the duration of diabetes, FGBV, and
GBCI. The mean FGBV was highest in the group thathad
the highest mean duration of diabetes, i.e. the diabetic
group with neuropathy. The prevalence of gallstone in
diabetes was 15% in this study. Females had a higher
prevalence in all the three groups (Table 2). Similar find-
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ings were reported by Hahn et al."

The exact mechanisms for gall bladder dysfunction in
diabetes patients are not known. Pazzi et al'® reviewed
gall bladder motor functionin diabetes and proposed that
the mechanism of gall bladder emptying abnormalities
may represent a manifestation of denervation caused by
visceral neuropathy, a decreased sensitivity of smooth
muscle of the gall bladder to plasma cholecystokinin,
and/or decreased cholecystokinin receptors in the gall
bladder wall. Hahn, et al" suggested that impairment
of gall bladder motility complicated by autonomic neu-
ropathy causes stasis and results in cholesterol gall stone

African Journal of Diahetes Medicine 11



Original Article

1993; 28: 427-32.
8. American Diabetes Association. Report of the Expert Committee
onthe Diagnosis and Classification of Diabetes Mellitus. Diabetes
Care 1997; 20: 1183-97.
Pazzi P, Scagharini R, Gamberini S, et al. Review article: Gall

crystal formation and gall stone growth.

Since gall bladder abnormalities may be asymptomatic
indiabetic patients, gall bladder ultrasonography should
be considered in the management of diabetic patients, 9. |
to facilitate proactive manacement of eall bladder bladder motor function in diabetes mellitus. Alimet Pharmacol

P 5 & Ther 2000; 14: 62-5.

complications and its attendant morbidity/mortality. 10, Shaw ST, Hujnal F, Leboritz Y, et al. Gall bladder dysfunction in
Ultrasonography is cheap and usually readily available, diabetes mellitus. Dig Dis Sci 1993; 38: 490-6.

Tico innic S 11. Hahn]JS, Park]Y, Park KG, et al. Gall bladder motility in diabetes
and does not utilise tonising radiation. using real time ultrasonography. Am | Gastroenterol 1996; 91:
2391-4.
Author Declaration 12. SinghfS, %h&naltg RaSingh A, gt 11. Ultras%pograpahlif ?v;lua}
C . tion of gall bladder disease in diabetes mellitus type II. Indian
Competing interests: none. Radiol Imag 2006; 16: 505-8.

References 13. Sharma MP, Anand AC, Karmarkar MG, et al. An ultrasono-

1. Dunstan DW, Zimmet PZ, Wellborn TA, et al. The rising preva- graph ic study of gall bladder volume and emptying in diabetes
lence of diabetes and impaired glucose tolerance. The Australian melhﬁus. Trop Gastroenterol 1919)5; 16: 1%—}1851 W | 4
Diabetes, Obesity and Lifestyle Study. Diabetes Care 2002; 25: 14. Kershavrzzian A, Dunne M, Iber FL. Gall bladder volume an,
829_34. emptying in insulin-requiring male diabetics. Dig Dis Sci 1987;

2. TheNational Expert Committee on Non-Communicable Disease. 32: 824-8. .

Non Communicable Disease in Nigeria, Series 4. Final Report of 15. Ertugrul K, Gurcan K, Ahmet K, et al. Real time sonography for
National Survey; 1997: 64-90. screening of gall bladder motility in diabetic patients: Relation

3. Young TK, Mustard CA. Undiagnosed diabetes: does it matter? to autonomic and peripheral neuropathy. Neuroendocrinol Lett
Canad Med Assoc ] 2001; 164: 24-8. 2003; 24: 73-76.

4. Harris MI, Flegal KM, Cowie CC, et al. Prevalence of diabetes, 16. GuliterS, YilmazS, Karakan T. Evaluation of gall bladder volume
impaired fasting glucose, impaired glucose tolerance in US and motility innon-insulin-dependent diabetes mellitus patients
adults. Diabetes Care 1998; 21: 518-24. using real-time ultrasonography. | Clin Gastroenterol 2003; 37:

5. Perusicova].Gastrointestinal complications of diabetes mellitus. 288-91.

Vnitr Lek 2004; 50: 338-43. . arwa , Miglani S, Singla S, et al. Ultrasonographic evalu-
17. Ag 1AK, Miglani S, Singla S, et al. Ul graphi 1

6. FeigenbaumK. Update on gastroparesis. Gastroenterol Nurs 2006; ation of gall bladder volume in diabetics. ] Assoc Phys India 2004;
29:239-44. 52: 962-5.

7. Janatuinen E, Pikkarainen P, Laakso M et al. Gastrointestinal 18. Pazzi, P, Trevisani, L, Sartori, S, et al. Diabetes and cholelithiasis.

symptoms in middle-age diabetic patients. Scand | Gastroenterol

Gut 1990; 31: 1422-3.

Visit The African Journal of Diabetes Medicine
website to view the latest issue and back issues

The African Journal of
Diabetes Medicine

INCORPORATING DIABETES INTERNATIONAL

12 African Journal of Diabetes Medicine

Volume 23 Number |

May 2015

AJBR

Can Joy,
rnal
Diap, betes Mey rcn(:e’

www.africanjournalofdiabetesmedicine.com

Vol 23 No 2 November 2015



