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Background: 
The management of gallstone disease necessitates a thorough understanding of the various stone types and their chemical 
composition. While studies on gallstones have been conducted worldwide, no research has been performed in southern Iran. 

Materials and Methods: 
This cross-sectional study analyzed 164 cholecystectomy specimens from patients with symptomatic gallstones over a 6-month 
period. Demographic data, stone type, histological diagnosis, and chemical composition of blood and stones—including 
cholesterol, calcium, phosphate, and bilirubin—were examined using an autoanalyzer and manual methods.

Results: 
Most patients (78.7%) were female, 21.3% were male, and the average age was above 40 years. Mixed stones were the most 
common type (52.4%), followed by cholesterol and pigment stones. All stone types were more prevalent in women. Patients over 
40 were more likely to have mixed and pigment stones, whereas younger patients had a higher incidence of cholesterol stones. 
Chronic cholecystitis was the most frequent histological finding (86%), followed by acute cholecystitis. One case demonstrated 
carcinoma in situ. Cholesterol concentration was highest in cholesterol stones (P<0.0001), whereas calcium and bilirubin levels 
were highest in pigment stones (P<0.0001). Only bilirubin levels showed a significant correlation with stone type in blood analysis.

Conclusion: 
Different geographical regions, as well as various areas within a country, experience distinct types of gallstones. Accurate 
classification of gallstones is essential for optimal gallstone treatment, highlighting the importance of designing such research in 
every region. 
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INTRODUCTION 
Gallstone disease, or cholelithiasis, is the formation of 
crystalline deposits in the gallbladder or bile ducts. It 
remains one of the most common biliary disorders, with 
a prevalence of 10-15%. Although its mortality rate is 
low, it has significant economic and health implications 
due to high morbidity. The most common symptom is 
colicky epigastric and right upper quadrant abdominal 
pain. However, the gallstones can lead to complications 
such as choledocholithiasis, gallstone ileus, and acute 
gallstone pancreatitis. Risk factors include age and female 
sex, obesity, dyslipidemia, diet, ethnicity, diabetes mellitus, 
pregnancy, and hemolytic diseases (1-7). 

Gallstone formation is a multifactorial process. Total 
cholesterol is the major component, and the minor 
components include bilirubin, phospholipids, triglycerides, 
bile acids, fatty acids, calcium, magnesium, and various 
trace elements. Key factors contributing to stone formation 
include bile supersaturation, bile concentration inside the 
gallbladder, crystal nucleation, and abnormal gallbladder 
motility. Among these, bile cholesterol supersaturation is 
the most important factor (8, 9).

Gallstones are classified into three main categories based on 
gross features: cholesterol, pigment, and mixed stones (8). 
Pure cholesterol stones are typically solitary, round, bluish-
white, and composed of cholesterol crystals. Pigment stones 
are multiple, small, and dark brown to black, composed of 
bilirubin aggregates, with signs of bacterial infection in 
some of them. Mixed stones are small, numerous, round, or 
faceted and vary in composition (8,10-12). 

Ultrasonography is the preferred diagnostic procedure due 
to its high sensitivity, ranging from 90% to 95%. Other 
diagnostic approaches include computed tomography (CT) 
scans and magnetic resonance cholangiopancreatography 
(MRCP). These approaches are ineffective for determining 
stone composition (5,10).

Understanding the chemical composition of gallstones is 
crucial for both prevention and medical treatment, as it 
determines the effectiveness of therapeutic options such as 
oral dissolution therapy versus cholecystectomy. 
The purpose of this study was to investigate the chemical 
composition of different types of gallstones. We also looked 
at the relationship between the chemical composition 
of the stones and demographic data, gross morphology, 
histological findings from cholecystectomy specimens, and 
blood analytes. 

MATERIALS AND METHODS
This cross-sectional prospective study was conducted 
at Abu-Ali Sina Hospital (Shiraz, Iran), a specialized 
gastrointestinal and transplantation center, from April 2022 
to November 2022. The study was designed in accordance 
with the Declaration of Helsinki and approved by the 
Ethics Committee of Shiraz University of Medical Sciences 
(IR.SUMS.MED.REC.1400.308). All cholecystectomy 
specimens containing gallstones were included, while 
those without stones or without concomitant blood samples 
were excluded. 

Patients' demographic data, including sex and age, were 
retrieved from their medical records. The stones were 
classified grossly using the Japanese classification method 
as cholesterol stones (pale yellow/whitish), pigment stones 
(black/brownish-black), and mixed stones (brownish-
yellow or greenish with laminated layers) (13). 
The gallstones were washed, air-dried, and powdered for 
chemical analysis. Different solvents were used based on 
the ionic constituents being analyzed. To determine total 
cholesterol and bilirubin, 30 mg of the dried gallstone 
powders were taken in a test tube and dissolved in 3 
mL of an acidified methanol-chloroform mixture (1:1 
v/v) containing 1% of 1N HCl. The tubes were kept in a 
boiling water bath for two minutes. To determine calcium 
and inorganic phosphate, 30 mg of the gallstone powder 
was dissolved in 3 mL of 1 N HCl in a graduated 10 mL 
tube, and its final volume was made up to 10 mL with 
distilled water. The tubes were kept in a boiling water 
bath for 1 hour (4). The obtained stone solutions were 
used to determine chemical analytes. Chemical analysis 
was done manually with a spectrophotometer according 
to the kit's instructions for calcium, inorganic phosphate, 
total bilirubin, and cholesterol. Simultaneously, serum 
specimens of the patients were analyzed for the same 
analytes automatically, using the DIRUI 1200 autoanalyzer 
and the same commercial kits. Table 1 presents the details 
of the commercial kits used. Furthermore, the hematoxylin 
and eosin (H&E) slides of the gallbladders were assessed, 
and the histological diagnoses were determined (11). 

Statistical analysis
Data were analyzed using IBM SPSS (version 25.0). 
Quantitative variables were expressed as mean ± SD, 
frequency, and percentage. Statistical significance was 
set at a P value < 0.05. The Kruskal-Wallis test was used 
for comparisons among stone types, while Chi-square and 
Fisher's exact tests were used for categorical data.
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RESULTS
Gallstones were collected from 164 patients who 
underwent cholecystectomy. Women comprised 79% of 
cases. Most gallstones were mixed stones (52%), followed 
by cholesterol stones (29%) and pigment stones (19%). 
Examples of each stone type's typical gross morphology 
are displayed in Figure 1. 
All stone types were more prevalent in women. Following 
mixed stones, patients over 40 were more likely to have 
pigment stones, whereas younger patients were more likely 
to have cholesterol stones (Figure 2).
The details of the clinical data and gross features of the 
specimens are shown in Table 2.
The most common histological finding was chronic 
cholecystitis (86%), followed by acute cholecystitis (13.4%). 
In addition, one case (0.6%) showed adenocarcinoma in 
situ. Figure 3 and Table 3 provide examples of microscopic 
characteristics, as well as further histological diagnoses.
The calcium, cholesterol, and bilirubin content of the 
stones and the stone types were statistically significantly 
correlated (P<0.0001), as seen in Table 4, with pigment 
stones having the highest levels of calcium and bilirubin, 
followed by mixed stones. The largest cholesterol 
concentration was found in cholesterol stones, followed 
by mixed stones (P<0.0001). There was no statistically 
significant correlation between phosphorus level and 
stone type. Patients with pigment stones had higher serum 
bilirubin levels, whereas serum calcium, cholesterol, and 
phosphorus levels were not associated with the type of 
stone.

Figure 1. The gross morphology of gallstones: A: cholesterol 
stone; B: pigmented stone;  C: mixed stone.

Figure 2. The prevalence of different stones according to 
sex and age

Table 2. The demographic data and gross morphologic 
features of the gallstones.

Gender Age (y/o) Stone Type

Female 
(%)

Male 
(%)

≤ 40 
(%)

> 40 
(%)

Cholesterol 
(%)

Pigment 
(%)

Mixed 
(%)

129 
(79)

35 (21)
68 

(41)
96 

(59)
47 (29) 31 (19)

86 (52)

Figure 3. Histopathologic findings A: chronic cholecystitis 
with intestinal metaplasia (H&E x200); B: Cholesterolosis 
(H&E x200); C: Follicular cholecystitis (H&E x100); D: 
Xanthogranulomatous cholecystitis (H&E x200).

Table 1. Characteristics of methods used in the study
Analyte Method Reagent Wavelength (nm) Analytical Sensitivity (mg/dL) Linearity Limit (mg/dL)

Calcium  CPC BIOREX 500 0.2 20
Inorganic
Phosphate Molybdalate BIOREX 340 0.2 20

Bilirubin Jendrassik- Grof BIOREX 546 0.1 25
Cholesterol CHOD/PAP BIOREX 546 5 500

CPC: cresolphthalein complexone; CHOD-PAP: cholesterol oxidase/peroxidase. 
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DISCUSSION
Gallstone prevalence is increasing, theoretically due to 
longer life expectancy and dietary changes (14). While 
gallstone occurrence varies geographically, it remains low 
in Iran (0.8%-6.3%) compared with Western countries 
(15,16). This may be attributed to higher fiber intake and 
lower obesity rates (17).
Our study found a female-to-male ratio of 3.6:1, consistent 
with data from India, Pakistan, and Jordan (10,18-21). In 
Western populations, cholesterol stones are more prevalent, 
whereas pigment stones are more common in Asian and 
African populations. Additionally, unlike previous studies 
in other regions of Iran where cholesterol stones were 
predominant, our findings indicate a higher prevalence of 

mixed stones. Our findings indicate that dietary patterns 
and genetic factors may influence gallstone composition 
in southern Iran (10,18-26). Given the predominance 
of mixed and cholesterol stones in our region, medical 
dissolution therapy may be a proper alternative to surgery 
in select cases. 
The progressive trend from cholesterol to pigment stones 
with aging, as seen in our study, suggests that calcium and 
bilirubin deposition increase as stones mature. This aligns 
with theories of gallstone formation but raises questions 
about possible environmental or metabolic factors in 
southern Iran.
Regarding cholecystectomy cases, the role of the pathologist 
is to determine the stage of the inflammatory process, 

Table 3. The histologic findings of gallbladder specimens.
Diagnosis Pathologic subtypes Number (%) Total Number (%)

Chronic Cholecystitis

Follicular cholecystitis 3 (2.1)

141 (86)
Xanthogranulomatous cholecystitis 4 (2.9)

Hyalinizing cholecystitis 1 (0.6)

NOS 133 (94.4)

Acute Cholecystitis
Gangrenous cholecystitis 5 (3)

22 (13.4)
NOS 17 (10.4)

Carcinoma Carcinoma in situ 1(0.6) 1 (0.6)

Additional histological findings
Cholesterolosis 27 (16.4)

NAIntestinal metaplasia 7 (4.2)
Pyloric metaplasia 1 (0.6)

NA: not applicable; NOS: not otherwise specified.

Table 4. Chemical analysis of gallstones and serum specimens

Analytes
Stone Type

P-value
Cholesterol Mixed Pigment

Stone Analysis 

Cholesterol(mg/dL) 694.2±142.9 483.6±66.1 403.8±36.3 < 0.001
Calcium(mg/dL) 6.5±2.7 9.4±3.6 12.2±3.4 < 0.001

Total Bilirubin(mg/dL) 1.6±0.7 2.3±0.8 3.5±0.6 < 0.001
Phosphorus (mg/dL) 2.5±0.5 2.3±0.5 2.5±0.5 > 0.05

Blood Analysis
Cholesterol(mg/dL) 157.5±42.2 150.8±43.4 136.5±36.2 > 0.05

Calcium(mg/dL) 8.6±0.8 8.7±1 8.8±1 > 0.05
Total Bilirubin(mg/dL) 0.8±0.8 0.7±0.5 1.1±0.8 < 0.001

Indirect Bilirubin(mg/dL) 0.5±0.4 0.5±0.4 0.8±0.7 < 0.001
Direct Bilirubin(mg/dL) 0.3±0.4 0.2±0.2 0.3±0.2 < 0.001

Phosphorus(mg/dL) 3.3±0.6 3.4±0.8 3.4±0.7 > 0.05
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cholesterolosis), and search for the presence of incidental 
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The strong correlation between stone composition and 
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gallstone formation. 

CONCLUSION
Gallstone composition varies across geographical regions 
and even within different areas of the same country. Proper 
classification of gallstones is essential for optimized 
cholelithiasis treatment, emphasizing the need for regional 
studies. Understanding the chemical composition of 
gallstones can aid in designing preventive and therapeutic 
strategies, potentially reducing the need for surgical 
interventions. 
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