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Abstract

Background: Gallstone disease is a frequent hepatobiliary disorder that is caused by the interplay of metabolic, biochemical and
environmental factors. The known roles of cholesterol, bilirubin, calcium and phosphate in gallstone formation are very important. The
present study aimed to assess the correlation between the serum biochemical parameters and gallstone characteristics in cholelithiasis
patients. Material and Methods: It is a cross sectional study (observational) which was carried out for a period of 18 months in the
Department of General Surgery, Gandhi Medical College and Hamidia Hospital, Bhopal. The total number of patients included were 90 who
were diagnosed with ultrasonography as having cholelithiasis and were operated for cholecystectomy. Serum total bilirubin, total cholesterol,
calcium and inorganic phosphate levels were measured preoperatively. Gallstones were grouped into three categories: cholesterol stones,
pigment stones or mixed stones according to their morphology. One-way analysis of variance (ANOVA), Pearson's correlation coefficient
and the Chi-square test were used to analyze the statistical data, where p value <0.05 was statistically significant. Results: The mean age of
the study population was 46.48 + 14.15 years, and females constituted 73.3% of patients. Pigment stones were the most common type
(41.1%), followed by mixed stones (34.4%) and cholesterol stones (24.4%). Multiple gallstones were present in 67.8% of patients, while
choledocholithiasis was observed in 7.8%. Mean serum bilirubin, calcium, phosphorus, and cholesterol levels were 1.11 + 0.53 mg/dL, 8.69 +
1.01 mg/dL, 3.81 + 1.24 mg/dL, and 158.95 + 39.01 mg/dL, respectively. Serum bilirubin levels differed significantly among gallstone types
and were highest in patients with pigment stones (p <0.001). No significant differences were observed for serum calcium (p = 0.424),
phosphorus (p = 0.638), or cholesterol (p = 0.944). No significant correlations were identified among the studied biochemical parameters.
Conclusion: Gallstone disease was more common in middle-aged females, with pigment stones being the predominant stone type. Serum
bilirubin demonstrated a significant association with gallstone type, particularly pigment stones, whereas serum calcium, phosphorus, and
cholesterol showed no significant association. These findings suggest a potential role of bilirubin metabolism in pigment stone formation and
highlight the multifactorial nature of gallstone pathogenesis.
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INTRODUCTION

Gallstones (cholelithiasis) are a common disease of the bile
ducts and are a significant cause of morbidity in the
gastrointestinal system around the world. It is caused by
precipitation of the components of bile inside the gall
bladder or the biliary tree, and is known as calculi. The
clinical course is variable, from no symptoms to serious
complications such as acute cholecystitis,
choledocholithiasis, acute pancreatitis and, rarely,
gallbladder carcinoma. The incidence of gallstone disease
has risen throughout the world, partially due to changing
lifestyle, sedentary behavior, obesity and other metabolic
diseases. Therefore, it is crucial to know the causes of
gallstone formation to prevent and treat this common
condition."

Gallstones formation occurs by multifactorial process with
complex interactions between metabolic, genetic and
environmental factors. The key roles in stone formation

include changes to the composition of bile, hypomotility of the
gallbladder, and stone forming crystals. Increased bile
saturation  with  cholesterol  encourages  cholesterol
crystallization, and the pigment stones are formed by the
increased levels of bilirubin and calcium salts in the bile. With
time the crystals build up and increase in size, which can cause
clinical problems in the form of gallstones.”
Chemically, gallstones are categorized into cholesterol stones,
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pigment stones and mixed stones. The most common type
of cholesterol stones is caused by supersaturation of bile
with cholesterol and often coincidences with obesity,
metabolic syndrome. Stones often develop during the
pregnancy. Dietary factors are also a common cause of
cholesterol stones. Most pigment stones consist of calcium
bilirubinate, and are typically linked to hemolytic diseases,
biliary infections and hepatic dysfunction. Mixed stones are
a large fraction of gallstones seen in practice, and present a
wide spectrum of cholesterol, bilirubin and calcium salts.®!
Cholesterol, bilirubin, calcium, and phosphate are important
biochemical factors that have been implicated in the process
of gallstone formation. Increased serum cholesterol level
can lead to cholesterol supersaturation of bile while high
level of bilirubin promotes the development of calcium
bilirubinate, a main component of pigment stones. Calcium
and phosphate are involved in the precipitation of insoluble
mineral complexes that provide a nidus for stone formation
by the initiation of crystallisation. Therefore, changes in
these biochemical parameters can be indicative of the
metabolic changes a factor of gall stone disease and can
help us understand its etiopathogenesis.™
The role played by each biochemical in the occurrence of
gallstones is not fully understood, although some studies
have looked at the individual components. The relationship
between the levels of serum total cholesterol, serum total
bilirubin, calcium and phosphate in patients with
cholelithiasis is not completely understood. Thus, the
present study was conducted to compare the correlation of
these serum biochemical parameters in gallstone disease
patients and to see the possible role of these serum
biochemical parameters in cholelithiasis pathogenesis. ™

Aim: To evaluate the relationship between serum total

cholesterol, total bilirubin, calcium, and inorganic

phosphate levels in patients with gallstone disease and their
association with age and sex.

Objectives

1. To estimate serum total cholesterol, total bilirubin,
serum calcium, serum inorganic phosphate levels in
patients with gallstone disease.

2. To assess the association of these biochemical
parameters with age and sex among patients with
gallstone disease.

3. To determine the correlation among serum total
cholesterol, total bilirubin, calcium, and inorganic
phosphate levels in patients with gallstone disease.

MATERIALS AND METHODS

Study Design and Setting: It is a cross sectional
observational study which was conducted in the department
of General Surgery at Gandhi medical college and Hamidia
hospital, Bhopal over 18 months. Patients with gallstone
disease, who were to undergo cholecystectomy, were
included in the study.

Study Population: The patients included in this study were
those who were diagnosed to have cholelithiasis in
ultrasonogram and were given informed written consent for

cholecystectomy. The study population was selected to evaluate

serum biochemical parameter and to assess the gallstone

characteristics.

Sample Size

The sample size was calculated using the formula:

n=(Z2xpxq)/d

where Z = 1.96 at a 95% confidence level, p = 6% (estimated

prevalence of gallstone disease), q = 94%, and d = 5%.

The calculated sample size was 86.66, which was rounded off to

90 patients.

Inclusion Criteria

1. Patients with ultrasonographically confirmed gallstone
disease.

2. Patients undergoing cholecystectomy for cholelithiasis.

3. Patients willing to provide informed written consent.

Exclusion Criteria

1. Acalculous cholecystitis.

Obstructive jaundice.

Chronic liver disease.

Chronic kidney disease.

Patients unwilling to undergo cholecystectomy.

Patients unwilling to participate or provide informed

consent.

Data Collection

Demographic and clinical data, including age, sex, presenting

symptoms, clinical findings, and imaging results, were recorded

using a structured proforma. Ultrasonography was performed in

all patients to confirm cholelithiasis and assess associated

findings.

Preoperative venous blood samples were collected under aseptic

conditions for estimation of:

+ Serum total cholesterol

+ Serum total bilirubin

« Serum calcium

« Serum inorganic phosphate

Surgical Procedure and Gallstone Assessment

All patients underwent laparoscopic or open cholecystectomy as

clinically indicated. Retrieved gallstones were examined and

classified as cholesterol, pigment, or mixed stones based on

their gross morphological characteristics. The number of stones

and associated operative findings were documented.

Statistical Analysis

Data were entered into Microsoft Excel and analysed using

SPSS version 26. Continuous variables were expressed as mean

* standard deviation, while categorical variables were expressed

as frequencies and percentages.

Comparison of mean biochemical parameters among different

gallstone types was performed using one-way analysis of

variance (ANOVA). Pearson's correlation coefficient was used

to assess correlations between continuous variables.

Associations between categorical variables were evaluated

using the Chi-square test. A p-value <0.05 was considered

statistically significant.

ok wn

REesuLTs

A total of 90 patients with cholelithiasis who underwent
cholecystectomy were included in the study.
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Demographic Characteristics
The age of the patients ranged from 17 to 93 years, with a
mean age of 46.48 + 14.15 years. The most frequently

affected age group was 41-50 years (22.2%), followed by 31—
40 years (20.0%) and 51-60 years (18.9%).

Table 1: Age distribution of patients

Age group (years) Number of patients Percentage (%)
<20 1 1.1%
21-30 14 15.6%
31-40 18 20.0%
41-50 20 22.2%
51-60 17 18.9%
61-70 11 12.2%
>70 9 10.0%
Total 90 100%
Table 2: Sex distribution of patients
Sex Number Percentage
Female 66 73.3%
Male 24 26.7%
Total 90 100%
Age distribution of patients Sex distribution of patients
25
i 13 17
5 14
lI I 11 F
0 9 = Male
0 I .
<20 21-30 31-40 41-50 51-60 61-70 >70 | — _‘J
W Number of patients in respective Age Group (years] Figure 2: Sex distribution of patients

Figure 1: Age distribution of patients

Of the 90 patients, 66 (73.3%) were female and 24 (26.7%)
were male, yielding a male-to-female ratio of 1:2.75.

Gallstone Characteristics: Pigment stones were the most
common type, observed in 37 patients (41.1%), followed by
mixed stones in 31 (34.4%) and cholesterol stones in 22

(24.4%).

Table 3: Distribution of gallstone types

Type of stone Number Percentage
Pigment 37 41.1%
Mixed 31 34.4%
Cholesterol 22 24.4%

Total 90 100%
Table 4: Number of gallstones

Number of stones Number Percentage
Single 29 32.2%
Multiple 61 67.8%
Total 90 100%
Table 5- Presence of CBD stones

CBD Stone Number Percentage
Present 7 7.8%

Absent 83 92.2%

Total 90 100%

Table 6- Mean serum biochemical parameters according to type of gallstone

Parameter

Cholesterol Stone

Mixed Stone

Pigment Stone

Bilirubin

0.62

0.89

1.58
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Calcium 8.89 8.52 8.72

Phosphorus 3.59 3.84 3.91

Cholesterol 161.13 157.40 158.94

F s P — mean serum biochemical parameters according to gallstone

L uibation of gallstone tyue type are shown in Table 6. Patients with pigment stones

demonstrated higher mean serum bilirubin levels (1.58

mg/dL) compared with those with mixed (0.89 mg/dL) and

cholesterol stones (0.62 mg/dL). Mean serum calcium,

s phosphorus, and cholesterol levels were comparable across
fomet mPigmert the three groups.

= Mixed
m Cholesterol

Mean serum parameters according to type of gallstone

m CholegerolStone  mMixed Stone  m Pigment Stone

I I 16113 4574 15834
Figure 3: Distribution of gallstone types

Multiple gallstones were present in 61 patients (67.8%),

while 29 patients (32.2%) had a solitary stone.

F 880
7 052 088 158 832 &72 358 384 391
R N . — — —

Bilirubin Calcium Phosphorus Cholesterol

Number of Gallstone

Figure 6: Mean serum biochemical parameters according to
type of gallstone

Overall Biochemical Profile: The overall mean serum

msngle bilirubin level was 1.11 + 0.53 mg/dL (range: 0.47-2.9
e st mg/dL), serum calcium was 8.69 + 1.01 mg/dL (range:
68% 5.99-11.13 mg/dL), serum phosphorus was 3.81 + 1.24

mg/dL (range: 1.1-7.1 mg/dL), and serum cholesterol was
J 158.95 + 39.01 mg/dL (range: 65.9—265 mg/dL).

L

Figure 4: Number of gallstones BOX AND WHISKER PLOT OF SERUM TOTAL EE;TASIESVEQSGETFBTAL
BILIRUBIN, CALCIUM AND PHOSPHORUS CHOLESTEROL

Associated choledocholithiasis was identified in 7 patients B 300

(7.8%). -

10

250
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Presence of CBD stones ) . T

Present 6 - 150
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.
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Figure 5: Presence of CBD stones

Figure 7: Box and whisker plot of serum total bilirubin,
Biochemical Parameters According to Stone Type: The calcium, phosphorus and total cholesterol

W Acta Medica International | Volume 13 | Issue 2 | May - August 2026 J 556




et oaaatwn exum J. tone
UAetal; As S ‘3¢&}tuﬁm Cﬁaﬁ&stew@ Calcium and Phosphate levels with

Comparison of
Gallstone Types:

Biochemical
One-way ANOVA demonstrated a

Parameters

Among

statistically significant difference in serum bilirubin levels
among different gallstone types (F = 63.79, p < 0.001). No

significant differences were observed for serum calcium (p

= 0.424),

serum phosphorus (p =

cholesterol (p = 0.944).

0.638), or serum

Table 7: Mean serum biochemical parameters

Parameter Mean Standard Deviation Range
Serum Bilirubin (mg/dL) 1.11 0.53 0.47-2.9
Serum Calcium (mg/dL) 8.69 1.01 5.99-11.13
Serum Phosphorus (mg/dL) 3.81 1.24 11-71
Serum Cholesterol (mg/dL) 158.95 39.01 65.9 — 265

Table 8: Comparison of Biochemical Parameters Across Gallstone Types

Parameter Mean + SD F-value p-value Significance

Bilirubin 1.11+0.53 63.79 <0.001 Statistically significant

Calcium 8.69+1.01 0.86 0.424 Not significant

Phosphorus 3.81+1.24 0.45 0.638 Not significant

Cholesterol 158.95 + 39.01 0.05 0.944 Not significant

Correlation Analysis (r = 0.28, p = 0.09). A weak negative correlation was

Pearson correlation analysis revealed a weak positive
correlation between serum bilirubin and cholesterol (r =
0.15, p = 0.21) and between serum calcium and phosphorus

observed between serum bilirubin and calcium (r =—0.13, p
= 0.24). None of these correlations reached statistical
significance.

Table 9: Correlation Between Biochemical Parameters

Variables Compared Correlation Coefficient (r) p-value Interpretation
Bilirubin vs Cholesterol +0.15 0.21 Weak positive
Calcium vs Phosphorus +0.28 0.09 Mild positive
Bilirubin vs Calcium —0.13 0.24 Weak negative

Association Between Categorical Variables
No statistically significant association was observed
between sex and gallstone type (x> = 1.97, p = 0.37) or

between number of stones and gallstone type (2 =
0.57).

1.12,p=

Table 10: Association Between Categorical Variables

Variables Compared Chi-square Value p-value Significance
Sex vs Stone Type 1.97 0.37 Not significant
Number of Stones vs Stone Type 1.12 0.57 Not significant

Correlation of Age with Biochemical Parameters
Age showed no significant correlation with serum bilirubin

phosphorus (r = —0.08, p = 0.44), or cholesterol (r = —0.01,
p =0.89).

(r = =0.03, p = 0.72), calcium (r = —0.03, p = 0.73),

Table 11: Correlation of Age with Biochemical Parameters

Parameter Correlation (r) p-value Interpretation

Bilirubin -0.03 0.72 Not significant

Calcium -0.03 0.73 Not significant

Phosphorus -0.08 0.44 Not significant

Cholesterol -0.01 0.89 Not significant

Clinical Presentation and Complications disease.  Observed  complications included  acute

Right upper quadrant abdominal pain was the most common
presenting symptom. Other symptoms included nausea,
vomiting, and dyspepsia.

The majority of patients had uncomplicated gallstone

cholecystitis (n = 2), chronic cholecystitis (n = 1), acute
pancreatitis (n = 1), recurrent pancreatitis (n = 1), empyema
of the gallbladder (n = 1), cholecystoduodenal fistula (n =
1), renal calculi (n = 2), and necrotizing pancreatitis (n = 1).

Table 12: Associated Findings & Complications observed included:

Complication Cases
Acute Cholecystitis 2
Chronic Cholecystitis 1
Acute Pancreatitis 1
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Recurrent Pancreatitis

Empyema Gallbladder

Cholecystoduodenal fistula

Renal Calculi

Necrotizing Pancreatitis

NN

Associated Findings & Complications
observed

m Acute Cholecystitis
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Figure 8: Associated Findings & Complications observed
included:

DiscussioN

The occurrence of gallstone disease continues to be one of
the most common hepatobiliary diseases globally, and is a
common basis for surgical treatment. A cross-sectional
study, involving 90 patients of cholelithiasis undergoing
cholecystectomy, was conducted to assess the demographic
factors, gallstone profile and serum biochemical
parameters.®

The mean age of the study population was 46.48 + 14.15
years, and the highest number of patients were in the age
range of 41-50 years. The findings are similar to those of
earlier studies that have found that gallstone disease is most
common in midlife. Increasing age is known to be a risk
factor for cholelithiasis, but such a correlation was not
found in the present study with serum bilirubin, calcium,
phosphorus or cholesterol concentrations.!”)

The study population was clearly female dominated with
females representing 73.3% and a sex ratio being 1:2.75
male:female. Past Indian studies have reported the same.
The more common occurrence in women may be attributed
to the role of the hormones, especially estrogen and
progestins (progesterone) in the metabolism of cholesterol
and motility of the gallbladder. There was no significant
correlation, however, between sex and the type of stone,
implying that, while a female is more likely to become
involved, sex is not associated with gallstone
composition. !

The most prevalent type of gallstones was pigment stones
(41.1%), followed by mixed stones (34.4%) and cholesterol
stones (24.4%). The distribution is similar to that reported
from some Asian populations in which pigment type and
mixed stones are more common than pure cholesterol
stones. Multiple gallstones were detected in 67.8% of

patients, and choledocholithiasis was seen in 7.8% which are all
consistent with previously reported literature.!

This primary aim of the study was to assess the association
between biochemical parameters of serum and the
characteristics of the gallstones. The average level of bilirubin
in the serum was significantly elevated in the patients with
pigment stones as compared to the mixed and cholesterol
stones. The association between the type of gallstones and the
level of serum bilirubin was highly significant (p < 0.001)
according to ANOVA. This is biologically plausible because
pigment stones are made mainly of calcium bilirubinate, and
there is an increase in turnover of this bilirubin and precipitation
within the bile.!"”

Levels of serum calcium, phosphorus and cholesterol, however,
did not vary significantly with the different types of gallstones.
Additionally, it was observed that only weak and non-
significant correlations were observed between the parameters
analysed. The results indicate that biochemical indicators of the
serum alone may not be good indicators of gallstone
composition.*!

However, one important point is that there was no significant
correlation between serum cholesterol and cholesterol stones.
Serum cholesterol concentration is not always a good indicator
of biliary cholesterol content and cholesterol supersaturation of
bile is a key element of cholesterol gallstone formation. Several
factors contribute to the formation of gallstones such as the
composition of lipids in the bile, gallbladder motility,
nucleation factors, genetic susceptibility and local biliary
environment.!*

The present study has shown that serum bilirubin was the only
biochemical parameter, among the ones evaluated, related in a
significant way to the type of gallstone. Results drive the
bilirubin metabolism concept for pigment stone pathogenesis
and stress the multifaceted pathophysiology of gallstones.™
Limitations: The study was done in a single tertiary care centre
on a fairly small population. There is no control group to assess
the causal associations between biochemicals and gallstone
disease. Also, detailed chemical analysis was not conducted,
and classification of gallstones was according to their gross
morphology.

ConcLusioN

In the current study, the key demographic findings for gallstone
disease were that it predominantly affected middle-aged people
and there was a strong female predominance. Pigment stones
were the most common type of gallstones followed by mixed
and cholesterol stones.

Of these biochemical parameters, serum bilirubin was found to
be statistically significant and it was the highest in pigment
stones. Serum calcium, phosphorus and cholesterol did not
significantly vary by type of gallstone. In addition, no
significant relationships were found between the various

W Acta Medica International | Volume 13 | Issue 2 | May - August 2026




A et al; aooacwdum Smmet&ftu&m Cﬁaﬁe/otewi Calcium and Phosphate levels with tone
P

biochemical parameters, there were no notable relationships
between the gallstone type and age, sex, or number of
stones.

The results indicate that there is a possibility that bilirubin
metabolism has a significant role in the pathogenesis of
pigment gallstones. Serum biochemical parameters,
however, do not fully explain gallstone composition,
reflecting the multifactorial nature of gallstone formation.
Further, large scale study with detailed biochemical analysis
of gallstones and biliary constituents is needed to gain a
better understanding of the association between systemic
biochemical factors and the composition of the gallstones.
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