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Abstract

Background and aims: To study the effect of serum thyrotropin (Sr.TSH) and serum cholesterol on gallbladder contraction by cholescintigraphy.

Methods: This is a prospective cross-sectional study comprising 77 patients for evaluation of gallbladder function in patients with biliary pain. All of them underwent 
99mTc- Mebrofenin fatty meal cholescintigraphy following a standard institutional protocol apart from regular investigations. Dynamic images were acquired for 90 minutes 
with a standardised fatty meal given at the 60th minute. Gallbladder emptying kinetics was determined with Gallbladder Ejection Fraction (GBEF) calculated at 30 minutes 
post-meal. Relevant statistical methods were applied for interpretation.

Results: The mean of GBEF was 60.82% ± 16.65% and the mean of Sr.TSH was 3.72 ± 3.88 mIU/ml,  �there was a negative correlation between GBEF and Sr.TSH 
(Pearson correlation coeffi  cient r = -0.535, p < 0.05). The mean serum cholesterol was 180.61 ± 46.34 mg/dl �, there was a negative correlation between GBEF and serum 
cholesterol (Pearson’s correlation coeffi  cient r = -0.685, p < 0.05). The mean GBEF in euthyroid and hypothyroid patients were 65.04% ± 15.04% and 47.27% ± 15.93% 
respectively (P < 0.05). 

Conclusion: Hypothyroidism is one of the key factors affecting gallbladder contractility and should not be overlooked in the management of functional gallbladder 
disorders. Cholescintigraphy can accurately assess gallbladder function qualitatively and quantitatively, and it can help (aid) physicians in diagnosing and decision-making 
on the management of biliary pain in hypothyroidism.
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Background

Functional Gallbladder Disorder (FGBD) or Gallbladder (GB) 
dyskinesia [1] is a controversial disorder having a constellation 
of symptoms, mainly biliary pain [2,3]. It was also known by 
various names in the past like chronic acalculous gallbladder 
dysfunction, acalculous biliary disease, chronic acalculous 
cholecystitis, and biliary dyskinesia. Clinically biliary pain is 
described as a right upper quadrant or epigastric pain that 
manifests as slow, steady pain, which lasts at least for 30 
minutes and is severe enough to interrupt daily activities or 
require consultation with a physician [4]. Diagnosis of FGBD is 
a consideration in patients with biliary pain without gallstone 

or gall bladder sludge, functional nature of gallbladder 
disorder is established by the absence of hepato-pancreatic 
morphologic and biochemical abnormality [5] (Alanine 
Aminotransferase (ALT), Aspartate Aminotransferase (AST), 
bilirubin, alkaline phosphatase, amylase, and lipase). 

Decreased gall bladder emptying on cholescintigraphy is the 
only objective characteristic of functional gallbladder disorder, 
and it is diagnosed by low Gallbladder Ejection Fraction (GBEF) 
on cholescintigraphy [6] Despite these clinical criteria there 
exists confusion and signifi cant overlap with other Functional 
Gastrointestinal Disorders (FGIDs).

The pathophysiology of gallbladder hypokinesia in FGBD 
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is not well understood, but it is hypothesised to develop in 
the presence of cholesterol supersaturation of bile [7,8,], 
which may interfere with Ca2+ storage and release causing 
reduced gallbladder smooth muscle contraction resulting in 
hypokinesia. Cholesterol supersaturation of bile is established 
in many etiologies, and hypothyroidism is one of them [9]. 
Animal studies have indicated that the fl ow of bile into the 
duodenum is decreased in a hypothyroid state. This could be 
due to the composition of bile, dysmotility of the gallbladder, 
and dysfunction of the sphincter of Oddi [10,11]. There are 
various studies that indicate an abnormality in gallbladder 
function and the sphincter of Oddi pressure are independent of 
each other [12,13].

The effect of hypothyroidism on the sphincter of Oddi 
function has been well documented, and its pathophysiology 
through Thyroid Hormone Receptors (TR) 1 and 2 [9] receptors 
are known. However, there was no signifi cant documented 
literature on the effect of hypothyroidism on gallbladder 
function by cholescintigraphy. 

Methods

Prospective cross-sectional study, for a period of 1 Year 11 
months. The study was approved by the Institutional Ethics 
Committee and written informed consent was obtained from 
all the patients.

A detailed history was taken, and the Rome IV questionnaire 
for functional biliary disorders was used. All the subjects were 
screened with Ultrasonography (USG) of the upper abdomen 
and upper gastrointestinal endoscopy to rule out organic 
causes of disease. Thyroid function tests, fasting blood sugar, 
and serum cholesterol were evaluated. Liver and pancreatic 
function tests were confi rmed to be normal.

Selection of subjects

Subjects aged 18 years and above with normal and abnormal 
thyroid function tests were included in the study consecutively 
by convenient sampling till the sample size was reached.

Exclusion criteria 

1. Structural gallbladder disease that would explain the 
symptoms (e.g., GB polyp, Adenomyomatosis). 

2. Diabetes Mellitus and cholelithiasis.

3. Patients on hyperthyroid or hypothyroid medication 

4. Cholecystectomy and congenital absent gallbladder.

5. Pregnant or lactating females.

Methodology

1. With prior informed consent all anti-motility drugs, 
laxatives, calcium channel blockers, cholinergic, 
anticholinergic, and neuroleptic medications were 
stopped two days prior to the scheduled scan.

2. Fasting duration of at least 6 hours and not more than 
12 hours was ensured.

3. 99mTc-Mebrofenin was administered intravenously. 

4. Dynamic images of a 1-minute duration were taken over 
a period of 90 minutes.

5. A standardized fatty blend with approximately 488 Kcal 
containing 25 g of fat was given at the 60th minute as 
a cholecystagogue to provoke gallbladder contraction. 
(Fatty meal preparation: Add 25 g of butter in 50 mL 
of hot milk and mix it thoroughly. Then add 150 mL of 
yogurt and 1 g of salt and whip in a blender [14]). 

Image processing and interpretation

Computer-generated Regions of Interest (ROI) were 
drawn around the gallbladder and background on hepatic 
parenchyma, gallbladder ejection fraction was calculated by 
using the formula.

 
(Premeal counts in GB –  background counts) –  (Post fatty meal counts in GB background counts)

100
Pre meal counts in GB –  background counts






Grading was done by (In house grading at our institution 
after standardisation) [15]. GBEF > 60% - Normal, < 60% - 
Hypokinetic, Filling after the fatty meal –Dyskinetic Liver 
function tests, pancreatic function tests, and bilirubin were not 
included in the study.

Patients were categorised into groups based on Sr.TSH.

1. Euthyroid – Sr. TSH 0.42-4.2 mIU/ml – 51 patients.

2. Hypothyroid – Sr. TSH > 4.2 mUI/ml – 22 patients.

3. Hyperthyroid – Sr. TSH < 0.42 mIU/ml – 3 patients.

Statistical methods

The Pearson correlation coeffi cient was computed for the 
association between categorical bivariate continuous variables 
(Namely GBEF with Sr.TSH and GBEF with Sr.FT4). Student 
T-test was used to compare continuous data (i.e. GBEF) 
between two groups (namely Euthyroid, and Hypothyroid).

Ethical guidelines

Ethical clearance was obtained from the institutional 
ethics committee before starting the study. Standard operating 
procedures of the nuclear medicine department were followed.

Results

The mean of GBEF was 60.82% ± 16.65% and the mean of 
Sr.TSH was 3.72 ± 3.88 mIU/ml, It was found that as serum TSH 
increased, the GBEF reduced, and it was concluded that there 
was a statistically signifi cant negative correlation between 
GBEF and Sr. TSH values (Pearson correlation coeffi cient r = 
-0.535, p < 0.05) (Figure 1). 

The mean Sr. Cholesterol was 180.61 ± 46.34 mg/dl. There 
was a statistically signifi cant negative correlation between GBEF 
and Sr. Cholesterol values (Pearson’s correlation coeffi cient r = 
-0.685, p < 0.05), i.e., as serum cholesterol increased, the GBEF 
showed a decline (Figure 2). 
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The mean GBEF in euthyroid patients and hypothyroid 
patients were 65.04% ± 15.04% and 47.27% ± 15.93% 
respectively, and the difference in mean was statistically 
signifi cant (P < 0.05) (Figure 3).

Discussion 

In laboratory studies, human gallbladder muscle strips 
exposed to bile with excess cholesterol had shown a marked 
reduction in the force of spontaneous phasic contractions, 
impairment of gallbladder motility may result from cholesterol 
affecting one or more steps of excitation-contraction coupling 
and cannot be explained by receptor-agonist interaction. It is 
speculated that excess cholesterol in extracellular space could 
cause stiffening of cholesterol-rich membranes. Excess of 
cholesterol in cholesterol-poor membranes like the endoplasmic 
reticulum reduces calcium storage and release [15]. Studies on 
ground squirrels concluded that the primary contractile defect 
in cholesterol gallstone disease does not reside in intracellular 
signal transduction pathways but involves sarcoplasmic 
membrane by decreasing the Ca2+ storage and release from it, 
this ends in the waning of contractile response in gallbladder 
smooth muscle [16].

Raised serum cholesterol might cause bile to supersaturate 
with cholesterol [9]. Studies on male Sprague–Dawley rats 

demonstrated thyroid hormones stimulate genes responsible 

for hepatic low-density lipoprotein (LDL) receptor and 

Cholesterol 7 hydroxylase, and this results in enhanced 

removal of LDL from serum [17]. Studies on human subjects 

have described, that in a state of hypothyroidism, there is 

decreased clearance of cholesterol from serum, causing an 

increase in serum cholesterol concentration [17]. An increase 

in serum and biliary cholesterol in hypothyroidism is not just 

mediated by low thyroid hormones, but also by TSH mediated 

mechanism. Studies on genetically thyroid-stimulating 

hormone receptor (Tshr) -defi cient mice have shown that 

TSH causes the dephosphorylation of HMG-CoA reductase via 

AMP-activated kinase, causing increased cholesterol synthesis 

[17]. In our study, there was a signifi cant negative correlation 

between Sr. cholesterol and GBEF (Pearson correlation 

coeffi cient r = - 0.685, p < 0.05) (Figure 4).

Management of biliary pain in functional gallbladder 

disorder has been a therapeutic dilemma, and the status of 

cholecystectomy in them remains controversial [18]. In our 

study, we found that hypothyroidism does have an effect on 

gallbladder contraction, causing gallbladder dyskinesia (Figures 

5,6). If this subset of patients with biliary pain and low GBEF 

were given thyroxin replacement as a part of management 

before cholecystectomy, unwanted cholecystectomy could be 

avoided if there is a clinical improvement. However, a larger 

prospective multicentric trial with a standardised protocol for 

cholescintigraphy is needed to validate our fi ndings. (Sincalide 

is not available in India so standardisation of fatty meals is a 

diffi cult part to achieve in every centre).

Study limitations 

1. Fatty meals used at our centre and GBEF calculated at 30 

min post-meal were based on a study published by our 

centre. A multicentre analysis is needed to standardize 

the protocol.

2. The number of patients who presented with biliary pain 

and hyperthyroidism was low to study the effect of 

hyperthyroidism on GBEF.

Figure 1: Scatter diagram showing the association between GBEF and Sr. TSH with 
the X-axis representing Sr. TSH level and Y-axis representing GBEF.

Figure 2: Scatter diagram showing the association between GBEF and Sr. 
Cholesterol with X-axis representing Sr. Cholesterol and Y-axis representing GBEF.

Figure 3: Error bar showing the differences in GBEF between Euthyroid and 
Hypothyroid groups at a 95% confi dence interval of GBEF.
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in diagnosing and decision-making on the management of 
biliary pain in hypothyroidism.
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Conclusion

Hypothyroidism is one of the key factors affecting 
gallbladder contractility and should not be overlooked 
in the management of functional gallbladder disorders. 
Cholescintigraphy can accurately assess gallbladder function 
qualitatively and quantitatively, and it can help (aid) physicians 
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