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Abstract

Introduction: Diabetic autonomic neuropathy (DAN) is among teast recognized and understood complication of
diabetes despite its significant negative impacsorvival and quality of life in people with dialest Various studies
showed that there is increased prevalence of gadlder diseases like gall stones in patients wigihetes.M ethods:
This study was done to evaluate gall bladder velinndiabetics, it's comparison with a control ggppand correlation
of gallbladder volume in diabetics with various ramaeters like autonomic neuropathy, age, sex, budgs index,
hyperlipidaemia and duration of diabetes. 100 pnodiabetic patients and 100 healthy controls werguited for the
study. A detailed history and physical examinatiimalings were recorded. Autonomic neuropathy waereined by
using simple noninvasive bedside tests. Fastindblgdder volume was calculated using ellipsoid folan by
ultrasonographyResults: The mean fasting gallbladder volume in diabeties &3.1+7.3 ml as compared to controls i.e
13.0+3.4ml.Conclusion: When type 2 diabetics were sub grouped accordirthe presence of autonomic neuropathy,
higher gallbladder volumes were seen in patientls autonomic neuropathy.
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I ntroduction

Diabetes mellitus is a group of metabolic disorders
characterized by hyperglycemia resulting from disfec
in insulin secretion, insulin action or both. THeranic
hyperglycemia of diabetes is associated with lergt
damage/dysfunction and failure of various organs,
especially the eyes, kidneys, nerves, heart anddblo
vessels. Diabetic autonomic neuropathy (DAN) is
among the least recognized and understood compli-
cation of diabetes despite its significant negatmpact

on survival and quality of life in people with ditles
[1]. Various studies point towards the increased
prevalence of gall bladder diseases like gall stane
diabetics. This has been attributed to cholecystatye

& impaired gall bladder contraction, mainly due to
autonomic neuropathy seen in diabetics [2]. Among

various microvascular complications like
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retinopathy, nephropathy and neuropathy, autonomic
neuropathy although a well recognized complication,
has been given less attention. In autonomic netigpa
involvement of both parasympathetic and sympathetic
chains leads to various manifestations involvingous
organs in the body. Autonomic manifestations in the
gastrointestinal tract includes gastropathies, uroet
diarrhoea, esophageal dysmotility, constipation and
gallbladder dysfunction. Gall bladder involvement i
diabetic autonomic neuropathy is in the form ofhhig
incidence of gall stones and a significant increaggall
bladder volume with poor concentration and poor
visualization, with lack of symptoms of gallbladder
disease. The pathogenic mechanism (s) by which
Gallstones (GS) form is generally agreed to betdu®
Alteration in the composition of bile b) Stasis c)
Infection [3,4]. Gallstone disease (GSD) in pasenith
Diabetes mellitus (DM) is largely due to dyslipidaa,
leading to the alteration in the composition ofebil
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Impairment of gallbladder motility and contractias a
result of hyperglycemia and diabetic autonomic
neuropathy, also cause bile stasis and promote
cholesterol GS crystal formation. They have alsmash
that fasting GB volumes were significantly increhse
patients with multiple gallstones and that diabetic
patients with autonomic neuropathy showed a deetcas
gallbladder emptying rate [5]. Hence the study is
undertaken to determine prevalence of gall stones i
diabetic patients and comparison of different paatens
which affect gall stone formation.

Objectives of the Study

» To determine the Gall bladder volume in diabetic
patients.

» Comparison of gall bladder volume in the study
group with control group.

» Correlation of gall bladder volume in diabeticstwit
autonomic neuropathy and various parameters such
as age, sex, body mass index, hyperlipidemia,
duration of diabetes and glycemic control.

Materials & Methods

The study was conducted on randomly selected 100
proven diabetic patients irrespective of age arel eyl

sex matched 100 healthy controls enrolled in the
Department of medicine, JIM Medical College,
Davangere. An informed consent was taken fromhall t
subjects in the study and control groups. The study
protocol was approved by the ethical committeehef t
hospital. Study group consist of 100 diabetic pasie
(50 males and 50 females). Inclusion criteria :Het&
patients with diabetic autonomic neuropathy diagdos
by standard tests, duration of diabetes more than 5
years, Functioning gallbladder, No evidence of
gastrointestinal or hepatobiliary disease wereunhet!.
Exclusion criteria: The diabetic patients takingtian
hypertensive drugs which interfere with Autonomic
functions, Alcoholics, those with a history of m@jo
cardiac arrhythmias, Obese subjects (BMI > 25),
Pregnant women, those with a past history of CVA
were excluded from the Study.

Control group consist of age and sex matched 100
healthy volunteers (50 males and 50 females) withou
gastrointestinal, renal, and cardiac disease were
recruited to the control group after taking infodne
consent. The selected patients were studied inil deta
with history and physical examination and relevant
standard investigations.
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Biochemical investigations conducted on the pagient
included blood glucose (fasting and postprandidgod
urea, serum creatinine, glycosylated haemoglobin,
urinary albumin, microalbuminuria, serum lipid plef
and liver function tests. An ultrasonographic ewstilbn

of fasting gallbladder volume and postprandial
gallbladder volume was done in all the subjectagisi

3.5 or 5 MHz transducer. The greatest length (L),
greatest transverse width (W), and antero postéHpr
dimensions and presence of gallstones were recorded
The gall bladder volume was calculated by the sdlig
Formula = x L x W x H /6. Body mass index, Skinfold
thickness, Waist circumference; Waist-Hip ratiosrave
measured. Cardiac autonomic neuropathy in diabetic
patients was assessed clinically by using simple- no
invasive cardiovascular bedside tests, which iredud
heart rate variation during squatting, heart rateation
during deep breathing, immediate heart rate regptims
standing, blood pressure response to standing land b
pressure response to sustained handgrip. The folipw
autonomic function tests were performed, of thee fiv
tests the first two tests were used for sympathestid
later three for parasympathetic nervous system.

Resting pulse rate: The subjects / patients weteda®
take rest for 10 minutes and radial pulse rate was
recorded in supine position and expressed as Hbeats
minute.

Resting blood pressure: The resting blood pressase
recorded in supine position using mercury sphygmo-
manometer and expressed in mmHg

Valsalva ratio =Longest R-R interval after manoeuve
/Shortest R - R interval during manoeuver

Evings protocol for assessment of Cardiac Autonomic
Neuropathy Score (CAN)[6]

Heart rate response tests:

Heart rate response to valsalva Maneuver (VR)

Heart rate response to deep breathing (DBD)

Heart rate response to standing (PTI)

BP Response tests: Blood pressure response toifgjand
Blood pressure response to sustained hand grifrise
diastolic BP)

Results interpreted as

Normal: All tests normal, or one borderline result
Mildly abnormal: One of the three heart rate tests
abnormal, or 2 borderline (mild)
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Definitely abnormal: Two or more of the heart radsts (Min-Max) and results on categorical measuremerds a
abnormal (moderate) presented in Number (%). Student t test has beed us

to find the significance of study parameters on
Severely abnormal: Two or more of the heart rastste continuous scale between two groups, Inter group
abnormal, plus one or both of the BP tests abngranal analysis on metric parameters.

both borderline (severe) [7].
Significant figures # Suggestive of significance

Statistical Methods: Descriptive statistical aniyisas (P value: 0.05<P<0.10),* Moderately significant
been carried out in the present study. Results on (P value: 0.01 < P< 0.05), **Strongly significant
continuous measurements are presented on BN (P value: R0.01).

Results

A Case-Control Correlation study consisting of £@@trols and 100 Diabetic patients is udertaketietermine the Gall
bladder volume. Since the number of Type 1 diabatiere not statistically significant in number=3e&a only, hence
correlations of Type 1 diabetics with other parar®tvere not done separately.

The youngest patient studied was 21 years andtgh@¢ient was 85 year old. The mean age of diabétistudy group
was 57.2 + 13 years & in controls 55.7 +17.61 yebtsjority of the patients are between the aged®{69yrs and

controls between 40-60years.

Table-1: Mean gall bladder volumein study and control group.

GB Volume(ml) Controls Cases
Males Females Males Females
Fasting 13.0+ 3.45 13.02+3.3 23.09+7.3 248%
Post prandial 4.6 £1.97 5.3+1.83 11.9+4.33 814.49

Table-2: Prevalence of cardiac autonomic neuropathy (CAN) in control & study group.

CAN Controls Cases
No % No %
Normal 40 40 10 10
Mild 34 34 39 39
Moderate 16 16 21 21
Severe 10 10 30 30
Total 100 100 100 100

Table-3: Abnormal autonomic function tests observed in study and control groups.

Autonomic Controls Cases
function tests Males % Females % Males % Females %
VR 24 24 26 26 31 31 30 30
PTI 16 16 14 14 20 20 28 28
DBD 24 24 40 40 46 46 41 41
Fall in SBP 8 8 10 10 21 21 29 29
Rise in DBP 6 6 4 4 29 29 33 33
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Table-4: Comparison of Fasting GB volume with severity of Cardiac autonomic neur opathy.

CAN Nor mal Mild M oderate Severe
GB Volume(ml) 11.6 20.2 29.5 32.7
Controls 10.3 13.5 15.3 17.1
Table-5: Prevalence of gall stonesin patientswith autonomic neuropathy.
S No GS %
1 Diabetics with AN n=90 15 16.66
2 Diabetic swithout AN n=10 01 10
3 Controls with AN n=60 05 8.33
4 Controls without AN n=40 00 00
Table-6: Comparison of Age, BM| and WHR between controls and Cases.
Demogr aphic variables Control group Study group P value
Age in years 55.72+17.61 57.26+13.68 0.557
BMI (kg/m2) 20.51+1.56 21.61+1.7 <0.001
WHR 0.89+0.05 0.93+0.05 <0.001
Table-7: Comparison of Lipid parametersin study and control groups.
Lipid parameters Control group Study group P value
LDL (mg/dl) 91.72+8.3 108.22+19.52 <0.001
Total cholesterol (mg/dl) 160.16+10.45 188.81+29.61 <0.001
Triglycerides (mg/dl) 125.54+15.94 192.42+63.42 oL
HDL (mg/dl) 42.80+3.25 36.02+5.83 <0.001

Gall bladder volume was significantly increasedath fasting & post prandial state in Diabetics paned to controls,
which is statically significant (p value < 0.00There was no difference in gall bladder volume leetwsexes in fasting
& post prandial state in both cases & controls. Wuwility defects of gall bladder disorders in détib patients leading
to increased GB volume are due to decreased ajefttiotion, decreased rate of ejection, and inegassidual volume
of the gall bladder.

Diabetics had autonomic system involvement to vayyéxtent in 90% cases, compared to 60% controlstdmydard
cardiac autonomic functions tests. 10% of diabetiad no autonomic involvement compared to 40% aftrods.
Diabetics had severe CAN to the extent of 30% caethbdo only 10% in controls. Mild to moderate autoric
involvement was seen in both cases & controls tecaral extension.

Deep breathing difference (DBD) was the most comraatonomic disturbance observed in both study andral
groups, which was abnormal in 46% males and 41%rmale study groups, 24% in males and 40% in feroafdrol
group. Other parameters with varying extent i.€654 males and 59% in female were observed in cases

Gall bladder volume was positively correlated WAN in diabetic & controls. GB volume increase vgaaded upon
the extent of CAN. Significant increase in GB vokinwas observed in diabetic patients with sever@naumic
neuropathy. Gall bladder volume is directly relatedhe extent of autonomic involvement. Gall somere present in
16% in study group as compared to 8% in controligro
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There was no significant difference between theatgaphic parameters with respect to Age. With resfreBMI and
WHR, there was a significant difference betweencidees & controls, which was statistically sigrific P < 0.001.

45% of males and 45% of females were having duratib diabetes between 5-10years, 8% of males af6l df0
females were having duration of diabetes betweerld§ears, 2% of males were having duration of etied more than

15 years.

Mean values of LDL, Total Cholesterol and Triglyidels were higher in diabetics than compared corgroups

(P <0.001).
Discussion

The present study on Gall bladder volume in Diaiseti

is compared with various studies in literature for
comparison of the data and the same has been adalyz
Various studies conducted in the past have shown a
positive correlation between gall bladder diseasd a
diabetes. The present study too showed the positive
correlation between two. It has been confirmed that
there is increased prevalence of gall bladder adfon
among diabetics and diabetics tends to have laygkr
bladder and reduced responsiveness to meals which
might lead to development of Stasis of bile and
development of complications like sludge, choléditis

and cholecystitis. Although exact pathophysiologic
basis is not clear, motor abnormalities of galldilier
function is one of the proposed mechanism. These
motor abnormalities could be due to larger sizgalf
bladder, impaired contractility due to vagal visder
neuropathy because of autonomic system involvement.

In the present study mean fasting gall bladdermelin
control group was 13.05 £3.3 ml as compared to 4.0
+ 7.16 ml in study group (P<0.001). Present study h
shown increased fasting gallbladder volumes inetiab
patients as compared to healthy controls. The study
conducted by AB Olokoba (Nigeria) [8], the fastiG@
volume in diabetics was 27.6 ml as compared to 84.3

in controls, the reason for this variation is ngplained.

GB volume has shown positive correlation with seyer

of autonomic neuropathy, Present study showed mean
fasting GB volume in diabetics with AN was 32.7 aml
compared to 11.6 ml in diabetics without AN (P<
0.001). S Singh et al[9] and Sharma MP et al.[10]
showed similar findings in diabetic patients with
autonomic neuropathy were having larger gall bladde
volume, compared to diabetic patients without
autonomic neuropathy.

Present study showed 16% prevalence of gall stone i
study group as compared to 8% in control group.
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Similar results were observed by other studies @ixce
study conducted by Chapman et al [11] where the
prevalence of gall stones was 32%, which can bet@ue
ethnic variations in the incidence of gall stones.

In the present study GB volume has shown positive
correlation with an increasing age correlation
coefficient was r = 0.460 in males and r = 0.328 in
females (P<0.001). AK Agarwal et al.[12] showed
correlation coefficient in male diabetics was r 428
and in female diabetics r = 0.296. Present studg al
showed positive correlation with age. As age adeanc
the gall bladder volume also increased. A.B. Olakeb
al.[8] showed positive correlation of GB volume and
incidence of gall stones with age, Similar reswtse
observed by Chapman BA et al.[11] present study is
comparable with the above studies. But the presefce
gall stones was not correlated with the gall bladde
volume.

In the present study duration of diabetes showed
positive correlation with gall bladder volume (less
significant) Correlation coefficients in male stughpup
was r = 0.214(P>0.05) and r = 0.160 in females
(P>0.05). With 5 — 10 years duration of diabetesame
GB volume was 24.9 ml as compared to 24.5 ml with
duration of diabetes more than 10 years. Hence no
significant correlation Guliter et al.[13] showed
correlation of GB volume with duration of diabetes
(r=0.212, P < 0.05). Mean ejection fraction of
gallbladders in the study group was 48.48%, whereas
that of the control group was 56.32%. Sharma MP et
al.[10] showed patients with duration of diabetesren
than 3 years fasting GB volume was 17.6 + 7.9 ml as
compared to diabetics with less than 3 years dimati
GB volume was 23.0 £ 12.3 ml P (NS). All the three
studies have not found any correlation of duratdn
Diabetes with gall bladder volume. Similarly presen
study also shows no correlation of GB volume with
duration of Diabetes.
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BMI showed significant correlation with gall bladde
volume, r = 0.514 in males and r= 0.528 in feméies
0.001). The mean BMI in diabetic patients with gall
stones was 21.8 +1.53 as compared to diabeticouiith
gall stones 20.86 + 1.48 corresponding GB volume wa
24.3 ml and 21.24 ml respectively. Similar reswtse
observed by A.k. Agarwal et al.[12], A B. Olokobta e
al.[8]. They showed positive correlation with GB
volume and incidence of gall stones with BMI. Mean
BMI in diabetic patients with gall stones was 26.3.5

as compared to diabetics without gall stones winah
25.7 £ 6.7 corresponding GB volume was 28.4 £18.6 m
and 27.4 £ 14.4 ml respectively P (NS). Hendel HW e
al.[14] showed positive correlation of GB volumettwi
BMI, The lithogenic index was > 1 in all subjectsda
correlated with total fat mass (P=0.04). Similasulés
were observed by Chapman BA et al.[11]

WHR showed positive correlation with gall bladder
volume r= 0.214 in males P value was not significan
(P=0.136), r = 0.758 in females (P<0.001), WHR was
highly significant in female diabetics than comghte
males, similar results were observed by Chapman B
etal.[11] and A K Agarwal et al.[12]

Gall bladder volume has showed positive correlation
with LDL cholesterol levels, which was highly
significant in male diabetics r = 0.415 than coneplato
female diabetics, r= 0.119 (P<0.05) that indicaitas of
development of gall stones is significantly corteth
with LDL Cholesterol levels in male diabetics. Simi
results were observed by Chapman BA et al [11], AK
Agarwal etal. [12] and Hendel HW et al. [14]. Imet
present study HDL levels showed negative corratatio
with GB volume in male diabetics r = -0.299 this
indicates there is no correlation of GB volume with
HDL levels in male diabetics. As compared to female
diabetics r = 0.146 indicates the absolute riskedsy
small. Similar findings were observed by Chapman BA
et al.[11], AK Agarwal et al.[12] and Hendel HW et
al.[14]

Conclusion

Ultrasonography is a simple and cost effective
investigation routinely used in all diabetics foidence

of gall bladder diseases, which indirectly indicate
involvement of autonomic neuropathy. Gall bladder
disease is more prevalent among diabetics. Diabetic
with autonomic neuropathy tend to have larger gall
bladders with poor contraction in response to fatty
meals, thus predisposing these patients to vafauass
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of gall bladder diseases. In male type 2 diabetics,
gallbladder volume significantly correlated with LD
cholesterol levels. In female type 2 diabetics,
gallbladder volume significantly correlated with ista—

hip ratio. No correlation of gall bladder volumethvi
glycemic control, microalbuminuria, duration of
diabetes were observed. Clinical implication ofsthi
study is to help to detect the early gall bladder
pathology and indirect involvement of autonomic
neuropathy so that the morbidity and mortality dae
diabetes mellitus is prevented to a greater extent.
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