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Abstract

Context: Gallstones are a recurrent hepatobiliary disease seen in around 10-15% of the population. Various classification systems have been proposed for the classification of gall stones, and the widely used system utilizes the morphology and chemical content of gall stones. Aims: In this study we aim to evaluate the incidence of gall stones and to describe the clinicopathological correlation of the disease in the study population. Settings and Design: This is a retrospective, descriptive study done using the medical records of patients presented with cholelithiasis over a period of 2 years. Methods and Material: A total of 155 patients were included in the study. The histopathological diagnoses of the cholecystectomy specimens were retrieved from the archived reports, and the data was evaluated with patient details. Statistical analysis used: Data was entered in Microsoft Excel and analysed for correlation between various variables using SPSS software version 22.0. Results: The ages of the patients varied from 15 years old to 85 years old, with the mean age of the study population being 47 years. A female predominance was seen, and pigment stones were found to be the most common type. Majority of the patients (58.7%) had no coexisting comorbidities while the most common comorbidity seen in patients with pigmented stones was that of diabetes (13.3%). Among the patients with cholesterol stones 15.4% of the patients showed presence of thyroid disorder and two out of the three patients with mixed type of gall stones showed coexisting diabetes. Conclusions: Gall stones were found more commonly among women with an increased incidence in women of the reproductive age group. The most common gall stone found in the study population was that of pigment stones followed by cholesterol stones. Patients with diabetes showed an increased incidence of pigmented and mixed stones while patients with thyroid disorder showed an increased incidence of cholesterol stones. Key Messages: An increased incidence of pigmented and mixed gall stones has been observed among patients with diabetes. A larger, population based study is warranted to evaluate the underlying mechanism.



Keywords: Cholelithiasis, Pigment stones, Cholesterol stones


1 Introduction
Gall stones (cholelithiasis) are a prevalent disease in developed nations, while it is less prevalent in developing nations. This implies a correlation between the diet followed by individuals and the occurrence of gall stones[1]. Studies have shown that the prevalence of gall stones is estimated to be around 10- 15%[2-4].
Gall stone disease is a chronic and often recurrent hepatobiliary disease. The pathophysiology of the disease has been linked to the impaired metabolism of bilirubin, calcium salts, cholesterol and other materials which leads to accumulation of the same[5, 6]. The presence of gall stones in the biliary tract may sometimes be an incidental finding, posing no significant health issues or symptoms in the patients. More often, these patients present with symptoms of abdominal pain and vomiting[7].
When the substances in the bile exceed in their solubility, the bile becomes supersaturated and it becomes harder for the sludge to move through the biliary system. This leads to precipitation of substances forming stones that vary in size. The stones can migrate into the biliary tract causing cholangitis and pancreatitis[8].
Several classification systems have been proposed depending on the etiology, composition, morphology and anatomical location. The most commonly used classification system that was proposed in 1981 at the national institute of health-international workshop, classifies gall stones into cholesterol stones and pigment stones, with pigment stones further subclassified into brown or black[9]. In 1986 another classification system was proposed which divided gall stones into cholesterol, pigment and rare subtypes. Cholesterol stones were further classified into pure, mixed and combination stones while pigmented stones were classified further into black and calcium bilirubinate stones[10].
Gall stones are of 3 major types including pigment stones, cholesterol stones and mixed stones
Pigment stones contain bilirubin while cholesterol stones contain cholesterol. Mixed stones may contain both cholesterol and bilirubin along with calcium salts including calcium carbonate and calcium phosphate[11]. Studies have shown that increasing age and presence of obesity shows an increase in incidence of gall stones[12, 13]. Diabetic patients have an increased level of triglycerides which poses an increased risk of occurrence of gall stones[14].
In this study we aim to evaluate the incidence of different types of gall stones in the population and to assess the correlation between age, along with coexisting comorbidities and the type of gall stones seen in the patients.
2 Materials and Methods
This was a retrospective institutional study done by evaluating the patients that presented to the Department of Surgery with features and USG (ultrasonography) findings of cholelithiasis. Patients without USG findings of cholelithiasis were not included in the study. A total of 155 patients were included in the study. 
The cholecystectomy specimens were sent to the Department of Pathology for histopathological diagnosis. The histopathological diagnoses were retrieved from the medical records and tabulated against the patient details. The data entered in Microsoft Excel was analysed and an assessment of possible correlation between various variables were done. The analysis was done using SPSS software version 22.0.
3 Results
A total of 155 patients were included in the study. The ages of the patients varied greatly with the youngest patient being 15 years old and the oldest patient being 85 years old. The mean age of the study population was seen to be 47 years with a standard deviation of 16 years. Majority of patients were seen between the ages of 32 to 58 years. [Fig. 1] shows the age distribution of the study population. Spearman correlation coefficient of 0.137 was obtained showing a weak positive correlation.
Fig. 1: Age distribution of the study population 
The study population showed a predominance of females with 105 females constituting 67.74% of the study population while males constituted 32.26% of the study population. An analysis of the sex of the patients against age of the patients showed that males have a higher average age of 56.12 years when compared to females who had an average age of 42.85 years ([Fig. 2]).
Fig. 2: Age distribution among males and females of the study populationThe cholecystectomy specimens received were cut and processed for analysis and majority of the specimens showed presence of gall stones of pigmented type ([Table. 1]). The analysis reveals that pigmented stones are the most common type, significantly outnumbering cholesterol and mixed stones. Cholesterol stones occur less frequently than pigmented stones but are still more common than mixed stones.
	Colour of stones	Count (n)
	Pigmented	120
	Cholesterol	26
	Mixed	3
	None	6
	Total	155

Table 1: Type of gall stones seen in the study population
 
The study showed that six out of 155 patients showed no gall stones in the cholecystectomy specimens received although ultrasonographic findings showed possible presence of gall stones. Histopathological diagnosis of these six patients showed the features of cholecystitis with cholesterolosis, xanthomatous inflammation and papillary hyperplasia. The histopathological diagnoses of the study population is given in [Table. 2]. Majority of the patients showed histopathological features of calculous cholecystitis (91.6%).
	Histopathological diagnosis
	Count (N)

	Calculous cholecystitis
	142

	Calculous cholecystitis with empyema formation
	3

	Calculous cholecystitis with cholesterolosis
	3

	Follicular and calculous cholecystitis
	1

	Cholecystitis with cholesterolosis
	3

	Cholecystitis with xanthomatous inflammation
	2

	Cholecystitis with papillary hyperplasia
	1


Table 2: Histopathological diagnoses of the study population
 
Medical records of the patients in the study population were retrieved and analysed for the presence of co-existing comorbidities. Majority of the patients (58.7%) showed no co-existing comorbidities while others showed diabetes, hypertension and thyroid disorders ([Table. 3]). 
Few patients had co-existing diabetes and hypertension while very few had co-existing diabetes with thyroid disorders. The most common ailment found in the study population was that of diabetes, constituting 26.45 % of the study population and constituting 64.1% of all the comorbidities seen in the study population. Out of 155 patients, 21 patients had diabetes while 15 had both hypertension and diabetes. A total of 13 patients had hypertension, ten had thyroid disorders and five had coexisting thyroid disorder and diabetes.
	Type of stones
	Coexisting comorbidities
	Count (N)

	Pigmented
	None
	72

	Pigmented
	Diabetes
	16

	Pigmented
	Diabetes with hypertension
	13

	Pigmented
	Hypertension
	11

	Pigmented
	Thyroid disorder
	6

	Pigmented
	Thyroid disorder and diabetes
	2

	Cholesterol
	None
	12

	Cholesterol
	Thyroid disorder
	4

	Cholesterol
	Diabetes
	3

	Cholesterol
	Thyroid disorder and diabetes
	3

	Cholesterol
	Diabetes with hypertension
	2

	Cholesterol
	Hypertension
	2

	Mixed
	Diabetes
	2

	Mixed
	None
	1

	Total
	149


Table 3: Presence of comorbidities in the subtypes of gall stones studied 
An analysis of the presence of the coexisting ailment and the type of gall stone seen was done and showed the following results ([Table. 3]). Majority of patients with pigment stones had no coexisting comorbidities (60%), while hypertension was seen in 9.2% of patients with pigmented gall stones and diabetes in 13.3% of the patients. Only 5% of patients with pigmented gall stones had thyroid disorders. About 10.8% of patients with pigmented gall stones had both diabetes and hypertension while 1.7% of patients had thyroid disorder and diabetes.
Among the 26 patients that showed presence of cholesterol stones, 46.2% had no coexisting comorbidities. About 15.4% showed presence of thyroid disorder and 11.5% showed presence of diabetes with similar number of patients showing thyroid disorder with diabetes too (11.5%). About 7.7% of patients showed diabetes and similar number showed diabetes with hypertension too.
Out of the three patients with mixed type of gall stones, two patients showed coexisting diabetes while one had no coexisting comorbidities. Based on the analysis, diabetes exhibits the strongest correlation with mixed stones, although the count is only two. The other two stone types, cholesterol and pigmented, are more strongly correlated with the absence of the specified comorbidities.
A heat map was generated correlating the presence of comorbidities with the type of gall stone seen in the specimens received ([Fig. 3]). The heatmap displays correlation coefficients between each pair of Type of stones and Coexisting comorbidities. The color intensity in the heatmap corresponds to the strength and direction of the correlation, with darker shades indicating higher positive correlations and lighter shades indicating lower correlations Pigmented stones with no comorbidities have a significantly larger count (69) compared to mixed stones with no comorbidities.
Fig. 3: Heatmap showing correlation between comorbidities and type of gall stones 
3 Discussion
The present study shows a predominance of female population. Similar findings were shown in different studies showing the positive correlation of sex with occurrence of the disease[15-17]. A systematic review done in 2024 also showed a female predominance[18].
The age group in which the women are found to be diagnosed with gall stones are lower than in men, showing that there is an increased occurrence of gall stones in women in their reproductive ages and the occurrence decreases after menopause. Estrogen hormones have been noted to play an important role in development of gall stone disease with an increase in number of patients who are on hormone therapy or on oral contraceptives. This may be attributed to the increased cholesterol levels in bile and decreased biliary movement[19, 20]. Men on the other hand show an increased occurrence of gall stones in an older age. Study conducted by Qiao et al. showed that cholesterol stones were more frequent in women in the age group of 30-50 years[21]. Our study also showed an increase in number of gall stones in women in the same age group.
Majority of patients were found to be in the age group of 32 to 58 years. A study conducted by Veerabhadrappa et al in India showed that majority of cases was in the age group of 41 to 60 years of age, similar to our study[17]. A contradictory finding was shown by Maskey et al. that showed the predominant patient population to be less than 30 years[22]. In our study we saw a weak positive correlation with age. This may be due to the increase in deoxycholic acid levels in bile and a decrease in activity of cholesterol 7α hydroxylase, thereby increasing cholesterol saturation in bile[23, 24].
Traditional classification systems have classified gall stones as cholesterol stones and pigment stones. Cholesterol stones are typically grey white to yellow in color with a cholesterol content of  ≥70% while pigment stones contain cholesterol ≤30% and are typically black in colour. Pigment stones have a cholesterol content varying from 30-70%. Previous classification systems have utilized the structure of the stone, the site of occurrence of stone and etiology of the disease[10]. With development of newer technologies like infrared spectroscopy a more detailed insight into the composition of the stones have been obtained and this has led to the currently popular classification into cholesterol stones, pigment stones, mixed stones and other rare stones including those with calcium carbonate, calcium phosphate etc.[25, 26]
A study conducted in 2013 utilised infrared spectroscopy in classification of gall stones and showed that stones with cholesterol content of less than 30% included pigment stones along with  other stones such as calcium carbonate stones, calcium phosphate stones, cystine stones, protein stones and even stones containing bilirubinate-calcium carbonate, bilirubinate-phosphate etc.[21]
In our study there was a predominance of pigmented stones in the study population. This is in concordance with a similar study done in India which showed a predominance of pigment stones[17].
Another study done in India showed a predominance of mixed stones followed by pigment stones, which was confirmed by chemical analysis. The same study has noted that cholesterol stones are soft and smooth while pigment stones are soft and rough in the outer surface. Mixed calculi showed smooth and rough surface. Spokes of wheel appearance with a nuclear cross-section was seen in cholesterol calculi, while pigment stones appeared amorphous, and mixed stones had laminations. Pigment stones had highest total bilirubin, bile acids, soluble protein, sodium, potassium, calcium , magnesium and chloride content as compared to cholesterol and mixed stones, while total cholesterol, fatty acids, phospholipids, copper and inorganic phosphate was highest in cholesterol stones and triglycerides iron and oxalate were highest in mixed stones[27].
Studies have shown a higher risk of gall stone occurrence in patients with diabetes, hypertension, hyperlipidemia and cardiovascular diseases[28]. It has been shown that pigmented (black) gallstones vary considerable in terms of composition and relative cholesterol content. Two types of black stones, one with significantly higher bilirubin content that the other has been described by Kleiner O et al.[29]
About 60-70% of the Indian population with gall bladder malignancy has shown presence of gall stones. Patients with gall stones have been reported to have a higher risk of developing gall bladder malignancy[30]. A study showed that among Asians Indians have the highest percentage of occurrence of gall stones ,constituting 10-22% of the population[31].
The diagnostic modality commonly used for gall stones include ultrasonography and Computed tomography along with extensive history taking and clinical examination. Laparoscopic cholecystectomy remains the optimal treatment option for cholelithiasis. When laparoscopic procedure is not feasible, open cholecystectomy procedure is done[32]. The last few years have shown an advancement in the field of medicine with  discovery of newer biomarkers and remedies including shock wave therapy and even conventional herbal therapies, especially Chinese medicine. The clinical acceptability of such therapies are yet to be studied.
4 Conclusion
Gall stones are found more commonly in women with an increase in incidence in the reproductive age group. The most common type of gall stone found in the study population was that of pigment stones followed by cholesterol stones. The most common histopathological diagnosis was that of chronic cholecystitis. Patients with coexisting diabetes showed an increased incidence of pigmented stones and mixed stones while patients with coexisting thyroid disorder showed an increased incidence of cholesterol stones.
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