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Aetiopathogenesis of gallstone disease in Sri Lanka: what do we know?
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Abstract
Pathogenesis of gallstones (GS) involves a complex interaction between multiple genetic and exogenous risk factors.
As the prevalence, disease burden, aetiopathogenesis, and the complications of GS disease vary across different
populations, a better understanding of the disease, specific to a given community is imperative. Though some of the
initial studies reveal a higher incidence of pigment and mixed cholesterol GS over pure cholesterol stones among
Sri Lankans, GS disease is largely underexplored in local context. Therefore, the prevalence, disease burden and
aetiology of the GS disease in Sri Lanka need to be rigorously studied. Further research on exploring the possible
factors triggering the development of GS on a pigment nidus is essential in discovering the aetiopathogenesis of GS
among Sri Lankans, and will be the key in identifying effective preventive measures.
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Pathogenesis of gallstones (GS) is multifactorial and
involves a complex interaction of numerous genetic and
exogenous risk factors. It is an asymptomatic disease,
with only ~20% of patients developing the symptomatic
GS. However, the symptomatic GS causes several upper
gastro-intestinal surgical casualties resulting in hospital
admissions and surgical interventions accounting for a
significant health care cost. Moreover, the morbidity
caused by both the disease and the inpatient treatment
adversely affects the patient’s quality of life, as well as
their psycho-social circumstances [1–3].
GS disease is a common condition in western countries
where most GS are rich in cholesterol. In the west, the
highest prevalence of GS is reported among North
American Indians (~70%) [1,2]. Genetic factors leading
to the supersaturation of bile is a leading cause for the
pathogenesis of cholesterol GS in these populations.
Apart from ethnicity, gender and age are the other two
main non-modifiable risk factors of GS. It is a disease
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common among females, and the prevalence of
symptomatic GS increases with advancing age.
However, familial and genetic risk factors account only
for ~30% of cholesterol GS. On the other hand,
modifiable risk factors like obesity, type 2 diabetes
mellitus, dyslipidaemia, use of oral contraceptive pills,
high parity, overnutrition, and sedentary lifestyle act as
the main risk factors of cholesterol GS. These risk factors
increase the biliary cholesterol secretion or change the
composition of bile and the motility of the gallbladder,
favouring cholesterol crystallization. Moreover, with a
significant overlap of metabolic changes between
cholesterol GS and the metabolic syndrome, it is
considered as a part of metabolic syndrome [1–4].
GS detected in patients from some other parts of the
world are compositionally different to the west. For an
example, brown pigment stones consisting of calcium
bilirubinate, palmitate, and stearate, and mucin are
commonly found among East Asians. The development
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of these stones is known to be associated with infections,
including parasitoses in the biliary tract [3]. Moreover,
pigment and mixed cholesterol stones are found as the
commonest types in some South Asian populations,
including Sri Lanka [5–7]. Pigment stones are rich in
calcium bilirubinate and phosphate, while mixed stones
are composed of alternative crescentic pigment and
cholesterol layers [8]. Compared to cholesterol stones,
the pathogenesis of pigment and mixed stones is largely
underexplored. Patients with chronic haemolytic
anaemia are more prone to develop pigment stones due
to increased biliary bilirubin excretion [1–3]. Ethnic and
community differences in terms of prevalence and the
chemical composition of GS across the world indicate
the significant influence of exogenous risk factors on the
pathogenesis of GS. Though a low and intermediate
prevalence of GS was detected among Black Africans
(5%) and Asians (20%), respectively, a rise in the disease
prevalence has been reported from some of these regions
as well [1–3,9]. Apart from the improved case detection
through novel diagnostic approaches, westernization of
their dietary habits can also be a significant contributor
to this rising prevalence [1–3].
GS disease among Sri Lankans is largely underexplored.
We still do not have data to understand the prevalence of
the disease in our population, including the disease
burden. Only a limited number of studies are available in
the literature to describe GS disease among Sri Lankans.
These studies demonstrate that GS is a disease prevalent
mostly in middle-aged females and early development of
symptoms in females [10,11]. These basic
epidemiological factors are consistent with the global
presentation of symptomatic GS disease. Fourier
transform infrared (FTIR) spectroscopy, X-ray powder
diffraction (XRD), atomic absorption spectrophotometry
(AAS), and scanning electron microscopy (SEM) based
chemical composition and microstructural analysis of
the GS recovered from a cohort of patients residing in
central hills of Sri Lanka showed a high incidence of
pigment and mixed cholesterol with only ~10% pure
cholesterol GS [6]. Female gender, moor ethnicity, and
body mass index (BMI) over 25 kg/m2 were identified as
the factors associated with mixed cholesterol GS over
black pigment GS [10]. Moreover, patients with either
pure cholesterol or mixed cholesterol GS showed
significantly high serum triacylglycerol levels than those
who had pigment GS [12]. However, the other common
risk factors like positive family history, high fasting
blood glucose, high parity and use of oral contraceptive
pills in females, smoking and alcohol intake in males
were not significantly different between pigment and
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mixed cholesterol GS patients [10]. Interestingly,
irrespective of the type of GS, most of the patients in this
cohort were overweight and obese according to the South
Asian BMI cutoffs indicating their high predisposition to
non-communicable diseases, including cardiovascular
diseases [10].
An in-depth analysis of the chemical composition and
the microstructure of the GS recovered from Sri Lankan
patients revealed the presence of a pigmented nidus rich
in calcium bilirubinate, carbonate, and phosphate as the
origin. This was observed not only in pigment GS but
also in most of the mixed cholesterol stones [6]. Hence,
the precipitation of calcium salts seemingly is a
significant initiating step in the pathogenesis of GS
among Sri Lankans. However, the majority of the
patients with pigment or mixed cholesterol stones with a
pigment nidus were not the patients who were diagnosed
with known risk factors of pigment GS [6,10]. This
highlights the requirement of further exploration into the
development of GS from a pigment nidus in our
population. The biliary microbiome can also affect GS
pathogenesis [13,14]. Though it has not led to species
characterization, a higher number of bacterial isolates
were identified in cultured bile obtained from patients
with pigment stones compared to cholesterol stones in
one of the Sri Lankan studies [15]. Toxic heavy metal
excretion through bile as a cause not only for GS but also
for gallbladder carcinoma is also under investigation
[16–18]. Gallbladder carcinoma is one of the devastating
complications associated with GS in some populations,
including
North
Indians
[19].
Therefore,
histopathological examination of the gallbladder
specimens removed during cholecystectomies due to GS
is routinely carried out in many countries. However,
according to a Sri Lankan study, gallbladder cancer was
found in only 0.8% of the specimens [20,] and thus,
gallbladder carcinoma in association with GS seems to
be a rare presentation in our population. Further to that,
our initial studies identified a significantly high
concentration of Pb2+ in pigment stones compared to
mixed and pure cholesterol stones [6]. These key
findings indicate the possible role of the biliary
microbiome and toxic heavy metals in the pathogenesis
of GS in our population. Identification of the influence
of toxic heavy metals may help us to understand the
environmental effects on the pathogenesis of GS.
However, these studies have looked into the effect of
individual factors but not the combined effect of multiple
factors.
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Control of modifiable risk factors like dietary and
lifestyle habits are recommended as the main strategy of
prevention of pathogenesis of cholesterol GS [1–3].
Pharmacological options used in reducing the
cholesterol crystallization in bile are not generally
recommended as a primary preventive strategy of
cholesterol GS considering the cost-effectiveness.
Identification of community-specific risk factors for GS
disease for a given community/ ethnic group is pivotal as
a fundamental step of disease prevention. Moreover, GS
is not a solitary disease in the majority, but a presentation
of a group of diseases categorized under metabolic
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syndrome [1–3]. Overweight is a common association of
GS disease in Sri Lanka irrespective of the type of GS,
and hence the implementation of health care measures to
control overweight and obesity may impact positively on
control and prevention of GS disease in our community.
Simultaneously, the prevalence of GS disease in Sri
Lanka should be assessed to identify the actual disease
burden. More importantly, understanding specific
aetiological/risk factors for the progression of GS
formation on a pigment nidus will be pivotal in
implementing effective preventive and control measures
of GS disease in Sri Lanka.

References

1

Lammert F, Gurusamy K, Ko CW, Miquel JF, Méndez-Sánchez N, Portincasa P, et al. Gallstones. Nat
Rev Dis Prim 2016;2:16024. doi:10.1038/nrdp.2016.24

2

Shabanzadeh DM. Incidence of gallstone disease and complications. Curr Opin Gastroenterol
2018;34:81–9. doi:10.1097/MOG.0000000000000418

3

Shaffer EA. Epidemiology of gallbladder stone disease. Best Pract Res Clin Gastroenterol 2006;20:981–
96. doi:10.1016/j.bpg.2006.05.004

4

Shabanzadeh DM, Sørensen LT, Jørgensen T. Determinants for gallstone formation – a new data cohort
study and a systematic review with meta-analysis. Scand J Gastroenterol 2016;51:1239–48.
doi:10.1080/00365521.2016.1182583

5

Jayanthi V, Palanivelu C, Prasanthi R, Mathew S, Srinivasan V. composition of gallstones in Coimbatore
District of Tamil Nadu State. Indian J Gastroenterol 1998;17(4):134–5.

6

Weerakoon H, Navaratne A, Ranasinghe S, Sivakanesan R, Galketiya KB, Rosairo S. Chemical
characterization of gallstones: an approach to explore the aetiopathogenesis of gallstone disease in Sri
Lanka. PLoS One 2015;10(4):e0121537. doi:10.1371/journal.pone.0121537

7

Ramana Ramya J, Thanigai Arul K, Epple M, Giebel U, Guendel-Graber J, Jayanthi V, et al. Chemical
and structural analysis of gallstones from the Indian subcontinent. Mater Sci Eng C 2017;78:878–85.
doi:10.1016/j.msec.2017.04.004

8

Kim IS, Myung SJ, Lee SS, Lee SK, Kim MH.. Classification and nomenclature of gallstones revisited.
Yonsei Med J 2003;44:561–70. doi:10.3349/ymj.2003.44.4.561

9

Khan ZA, Khan MU, Brand M. Increases in cholecystectomy for gallstone related disease in South Africa.
Sci Rep 2020;10:1–5. doi:10.1038/s41598-020-69812-3

10

Weerakoon HT, Ranasinghe JG, Navaratna A, Sivakanesan R, Galketiya KB, Rosairo S.. Can the type of
gallstones be predicted with known possible risk factors?: a comparison between mixed cholesterol and
black pigment stones. BMC Gastroenterol 2014;14:88. doi:10.1186/1471-230X-14-88

11

De Silva S, Kollure S, Amarasinghe S, et al. Gallstone disease; a different disease in Sri Lanka. A Study
to determine the prevalence of different types of gallstones in Sri Lanka. HPB 2016;18:e487.
doi:10.1016/j.hpb.2016.03.289

12

Weerakoon HT, Ranasinghe S, Navaratne A, Sivakanesan R, Galketiya KB, Rosairo S.. Serum lipid
concentrations in patients with cholesterol and pigment gallstones. BMC Res Notes 2014;7:548.
doi:10.1186/1756-0500-7-548

Anuradhapura Medical Journal

Access

2021 | Volume 15 | Issue 1 | Page | 1-4

Open

Weerakoon AMJ 2021

13

Kose SH, Grice K, Orsi WD, Ballal M, Coolen MJL.. Metagenomics of pigmented and cholesterol
gallstones: the putative role of bacteria. Sci Rep 2018;8:11218. doi:10.1038/s41598-018-29571-8

14

Stewart L, Grifiss JM, Jarvis GA, Way LW.. Biliary bacterial factors determine the path of gallstone
formation. Am J Surg 2006;192:598–603. doi:10.1016/j.amjsurg.2006.08.001

15

Abeysuriya V, Deen KI, Wijesuriya T, Salgado SS.. Microbiology of gallbladder bile in uncomplicated
symptomatic
cholelithiasis.
Hepatobiliary
Pancreat
Dis
Int
2008;7:633–7.
http://www.ncbi.nlm.nih.gov/pubmed/19073410

16

Basu S, Singh MK, Singh TB, Bhartiya SK, Singh SP, Shukla VK.. Heavy and trace metals in carcinoma
of the gallbladder. World J Surg 2013;37:2641–6. doi:10.1007/s00268-013-2164-9

17

Srisukho S, Prathnadi P, Suprasert S, Pausawasdi A, Naitoh E, Tasaki T,. Mercury content in the
gallstones and bile of Thai people (Chiang Mai and Bangkok) and Japanese. J Med Assoc Thai
1996;79:299–308.

18

Mondal B, Maulik D, Mandal M, Sarkar GN, Sengupta S, Ghosh D. Analysis of Carcinogenic Heavy
Metals in Gallstones and its Role in Gallbladder Carcinogenesis. J Gastrointest Cancer 2017;48:361–8.
doi:10.1007/s12029-016-9898-1

19

Sharma A, Sharma KL, Gupta A, Yadav A, Kumar A. Gallbladder cancer epidemiology, pathogenesis,
and molecular genetics: Recent update. World J Gastroenterol 2017;23:3978–98.
doi:10.3748/wjg.v23.i22.3978

20

De Zoysa MIM, De Silva SKLA, Illeperuma A. Is routine histological examination of gall bladder
specimens justifiable? Ceylon Med J 2010;55:13–6. doi:10.4038/cmj.v55i1.1702

Submit your next manuscript to

Anuradhapura
Medical Journal
Submit your manuscript at

http://amj.sljol.info/

Anuradhapura Medical Journal

2021 | Volume 15 | Issue 1 | Page | 1-4

Access

