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ABSTRACT

Objective: Pathogenesis of gallstone (GS) disease is multifactorial, involving both genetic and environmental factors. The main pathogenic factor 
responsible for the hypersecretion of cholesterol into bile is the impaired lipid metabolism, which actually reflects the likelihood of GS formation. The 
study aims to determine the significance of serum lipids in the etiology of GS disease and to identify the possible confounding effects of age, gender, 
and body mass index (BMI) on GS disease.

Methods: A case–control study was conducted on 97 ultrasonically confirmed GS cases and 92 healthy controls which were further divided on the 
basis of gender, age group (≥40 and <40 (y)), BMI (obese and non-obese), and number of stones (single and multiple). The serum lipid parameters 
were estimated using the enzymatic kit assay. The statistical analysis of the lipid parameters in relation to age, gender, obesity, and stone number was 
done using the Student’s t-test, Chi-square test, and Mann–Whitney U-test. p<0.05 was considered statistically significant.

Results: The mean serum total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) were significantly higher in cases as compared to 
controls (p=0.0001 [95% confidence interval [CI]: 33.3–61.2] and p=0.0001 [95% CI: 36.6–64.2], respectively). The serum high-density lipoprotein 
cholesterol (HDL-C) level was non-significantly lower in GS patients as compared to controls (p=0.4). Obese female patients of age group ≥40 (y) 
had an abnormal lipid profile with a significant rise in mean TC, LDL-C, and triglycerides (TG) (p<0.05) and were at higher risk of developing the GS 
disease as compared to controls. However, no probable effect of abnormal lipid profile, age, gender, and BMI on increasing the number of stones was 
found (p>0.05).

Conclusion: Abnormal lipid parameters, especially high TC and LDL-C, were found to be significantly associated with GS disease. Increased age, 
obesity, and female gender along with dyslipidemia altogether elevate the risk of formation of GS. The formation of single/multiple stones was not 
influenced by the abnormal lipid profile, age, gender, and BMI.
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INTRODUCTION

Gallstone (GS) disease is the most common gastrointestinal disorder 
constituting a major health burden [1,2]. It is more prevalent in 
the adult population (10–15%) in developed countries with higher 
frequency among North American Indians and their admixtures 
(64.1% in females and 29.5% in males) and lowest frequency among 
Africans (<5%) [1,3,4]. The prevalence of GS disease varies in different 
communities of India. The highest frequency rate of the disease has been 
reported in adult population (7.4%) of North Indians [5]. The mortality 
rate of the disease is comparatively low in the developed countries 
(0.6%) [4]. Multiple risk factors responsible for the GS formation 
include modifiable factors such as lifestyle factors (reduced physical 
activity, rapid weight loss, fasting, parity, and oral contraceptives [6,7]); 
dietary factors (high fat, high cholesterol, high refined carbohydrates, 
and low fiber [6]); metabolic syndrome (obesity, diabetes mellitus, 
dyslipidemia, and hyperinsulinemia [8-11]); and disease (Cirrhosis 
and Crohn’s disease [4,12]). In contrast to this, non-modifiable 
factor includes family history, ethnicity, female sex, and increasing 
age [6,13]. Interaction between genetic factors, lipid metabolism, 
intestinal factors, and gallbladder hypomotility is important for the 
complete understanding of GS formation [2,14,15]. Among all the 
above mentioned risk factors, serum lipids are considered to be 
the most important risk factor involved in the pathogenesis of GS 
disease [1,2,14]. Lipids are the essential constituent of our body, which 
have the ability to maintain equilibrium and rule the cellular functions 
of our body. Hence, any abnormality in the lipid metabolism will lead to 
hypersecretion of hepatic cholesterol into bile in comparison to other 

lipids, which results in supersaturation of bile that further continues to 
grow and develop into solid cholesterol crystals [6,16,17].

GS can be symptomatic and asymptomatic. About 80% of the GS 
cases are asymptomatic and only 20% develop symptoms to undergo 
cholecystectomy. Symptomatic GS is characterized by symptoms such 
as intense biliary pain in the upper abdomen that circulates through the 
back along with signs of nausea and vomiting [4]. Among the different 
types of stones, cholesterol GS is most common (80–90%) and they exist 
as solitary or multiple different sizes and shapes [18,19]. Keeping in 
view a comparatively higher incidence of this disease in Northern India, 
the present study was aimed to investigate the relationship of serum 
lipid profile and the effect of potential factors such as age, gender, and 
obesity with the GS disease.

METHODS

Study population
A total of 97 cases, including 85 females and 12 males and 92 controls, 
including 86  females and 6  males, were considered. The study was 
carried at the Department of Human Genetics, Punjabi University, 
Patiala, between December 2014 and May 2015. The blood samples 
were collected from the Department of Surgery, Government Rajindra 
Hospital, Patiala. Ethical clearance for collecting the blood samples and 
other required information was taken from the Institutional Ethics 
Committee of Punjabi University, Patiala. Informed written consent was 
taken from all the patients after explaining them the objective of the 
study. Approximately 2 ml of intravenous blood was taken from each 
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participant after fasting period of 12 h. Only ultrasonically confirmed 
cases of GS were taken and the patients undergoing treatment of 
gallbladder sludge, inflammation, polyps, and gallbladder carcinoma 
were excluded from the study. The duration of GS disease varies from 
months to (y) depending on the appearance of symptoms in patients. 
Surgery was only advised for patients who developed symptoms. 
Patients were not treated with any kind of medication before opting 
for surgery. Only the anti-inflammatory drugs and antibiotics were 
prescribed in case of cholecystitic patients. On the other side, the 
control group comprised randomly selected age-matched  and sex-
matched normal, healthy individuals from the same hospital with the 
ultrasonic exclusion of GS or any kind of metabolic disorder.

Biochemistry analysis
The complete history, including demographic, clinical, and pathological 
of the GS patients, was recorded on the designed proforma. Body 
mass index (BMI=Weight (kg)/height (m)2] of all the participants 
was calculated, and patients were categorized into obese and non-
obese (normal and overweight) group according to the World Health 
Organization criterion [16,20]. Complete lipid profile, including TC, 
TG, HDL-C, LDL-C, was determined for both cases and controls by an 
enzymatic colorimetric method using ERBA Chem5X Biochemistry 
Analyzer. All the reagents were supplied by ERBA diagnostics Mannheim 
GmbH, Germany. The desirable cutoff values for serum lipid levels were 
<200 mg/dl for serum TC, <150 mg/dl for TG, >40 mg/dl for HDL, and 
<100 mg/dl for LDL [16].

Statistical analysis
Statistical evaluation of the generated data was performed using 
the Statistical Package for the Social Sciences software version  16. 
The distribution of data was checked using histograms and normal 
curves. The variables having normal and non-normal distribution 
were represented in the form of mean±standard deviation and 
median±interquartile range (IQR), respectively. The quantitative 
variables were compared using Student’s t-test and Mann–Whitney 
U-test, and qualitative variables were analyzed using the Chi-square 
test.  *p<0.05 was considered statistically significant.

RESULTS

In the present study, the majority of the individuals were females 
in comparison to males in both case and control group with the age 
ranging of 22–75 (y) in cases and 21–80 (y) in controls. The obesity was 
found to be 14% in cases and 13% in controls (Table 1).

The case–control comparison of the lipid profile was done to find 
out the association between dyslipidemia and GS disease (Table  2). 
The analysis revealed that the levels of serum TC and LDL-C were 
significantly higher in cases as compared to controls (p=0.0001 [95% 
confidence interval [CI]: 33.3–61.2] and p=0.0001 [95% CI: 36.6–64.2], 
respectively). The HDL-C level was observed to be lower in cases, but 
the difference was not statistically significant (p=0.4). Further, the 
comparison of lipid profile on the basis of gender revealed that female 
patients have a significant increase in serum TC, LDL-C (p=0.0001), and 
TG levels (p=0.002). No such significance was seen in males (p>0.05).

Further, the females of diseased and nondiseased group were 
categorized into two age groups with age ≥40 (y) and <40 (y) to analyze 
the effect of lipid profile on the GS disease in relation to age. The mean 
age of females of age group ≥40 (y) was 53.17±10.3 (y) in cases and 
50.62±8.5  (y) in controls, and the mean age of females of age group 
<40 (y) was 31.68±3.8 (y) in cases and 29.8±5.2 (y) in controls (Table 3). 
The two variables, TC and LDL-C, were found to have a significant rise 
in their level in the cases of age group ≥40 (y) as compared to controls 
(p=0.0001, CI: 34.7–72 and CI: 37.8–74.52 respectively at the 95% 
level). In the same age group, the serum HDL-C levels were found to 
be lower only in the cases, but not statistically significant (p=0.212). 
However, no such significance was seen in the age group of <40 (y) in 
both the groups.

Among the cases, 14  (14.4%) were obese and 83  (85.5%) were 
non-obese, and among controls, 12 (13%) were obese and 80 (87%) 
were non-obese when categorized on the basis of BMI. The case–
control comparison of obese group was done to find out the 
relationship between obesity and dyslipidemia with GS disease 
(Table 4). A significant association was found with increase in serum TC 
and LDL-C levels only in the obese group of GS patients (p<0.05). The 
serum TG level was non-significantly higher (p=0.819) in GS patients as 
compared to controls. No such significance was found on comparison of 
the non-obese group of cases and controls.

The comparison of categorical data (gender, obesity, and age group) 
and the lipid profile in relation to single and multiple stones is shown 
in Table 5. The complete data imply that the obesity (p=0.8 [95% CI: 
0.36–3.57]), age (p=0.9 [95% CI: 0.39–2.28]), and lipid profile (p>0.05) 
had no significant effect on the stone number.

DISCUSSION

GS is the most common chronic gastrointestinal disorder and it 
involves many complications such as pancreatitis, cholecystitis, biliary 
tract obstruction and gallbladder cancer. Origin of the GS formation is 
considered to be multifactorial, which involves the complete interaction 
of environmental and genetic factors. It is considered to be one of the 
metabolic problems in which lipid abnormalities, diabetes, and obesity 
are found to be very common [4]. Dysfunctioning of lipid homeostasis also 
increases the risk of development of other diseases such as cardiovascular 
disease (CVD), atherosclerosis, and cirrhosis [1,12,13,21,22].

The present findings justified the hypothesis of our study in which 
the case–control comparison of the serum lipid profile suggested that 
abnormal lipid levels, especially elevated TC and LDL-C were responsible 
for the formation of GS. There are many other case–control studies which 
clearly indicated the association between serum lipids and GS disease. 
One such earlier case–control study reported the positive association 
between the GS disease and the increased TG, LDL-C, and decreased 
HDL-C levels [23]. In an another study conducted by Dwivedi et al., 
the association of serum lipids with GS disease revealed the increased 
level of TC, LDL-C, TG, and VLDL-C and decreased level of HDL-C in GS 
patients as compared to controls [24]. Similarly, Naseem et al. did the 
quantitative analysis of serum lipids in GS patients and controls. They 
found elevated serum TC, LDL-C, and TG levels and diminished HDL-C 
levels in the study group in comparison of control group [20]. Contrary 
to our findings, Scragg et al. have reported the lower TC levels in cases 
as compared to controls in both the genders from which they revealed 
that increased concentration of TC was associated with decreased risk 
of GS disease [25].

Moreover, increased age has been considered as a responsible factor in 
the GS formation in many previous studies. Some investigators reported 

Table 1: Distribution by age, gender, and BMI in case and control

Variables Case (97) Control (92)
Age (y)

Mean±Sd 44.16±13.5 41±12.4
Range 22‑75 21‑80

Females
Mean±SD 43.5±13.4 41.2±12.6
Range 22–75 21–80

Males
Mean±SD 40.5±9.7 38.1±9.2
Range 25–50 25–50

Gender
Females n (%) 85 (88) 86 (93)
Males n (%) 12 (12) 6 (6)

BMI
Obese n (%) 14 (14) 12 (13)
Non-obese n (%) 83 (86) 80 (87)

BMI: Body mass index, SD: Standard deviation, n: Number
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Table 2: Comparison of the serum lipids between cases and control

Serum lipid parameters (mg/dl) Mean±SD p value
t‑test

95% CI

Case (97) Control (97) Lower Upper
TC 186.76±52.46 139.45±44.43 0.0001 33.32 61.29
TG 125.17±97.98 131.17±83.67 0.652 −32.21 20.20
HDL‑C 45.06±13.63 47.36±23.91 0.414 −7.85 3.24
LDL‑C 116.41±50.66 65.93±45.009 0.0001 36.69 64.24
VLDL‑C 26.59±23.60 26.30±16.75 0.923 −5.61 6.19
SD: Standard deviation, CI: Confidence interval, TC: Total cholesterol, LDL‑C: Low‑density lipoprotein cholesterol, HDL‑C: High‑density lipoprotein cholesterol, 
TG: Triglycerides. VLDL‑C: Very low‑density lipoprotein cholesterol. Boldfaced values indicate a significant difference

Table 3: Case–control comparison of the serum lipids according to age

Serum lipid 
parameters (mg/dl)

Mean±SD p value
t‑test

Mean±SD p value
t‑testFemale case (47)  

(age≥40 (y))
Female control (47)  
(age≥40 (y))

Female case (38)  
(age<40 (y))

Female control (39)
(age<40 (y))

TC 189.44±50.74 136.04±39.84 0.0001 153.92±32.48 139.81±50.53 0.150
TG 122.78±73.05 118.17±72.18 0.759 113.18±69.27 140.68±96.49 0.156
HDL‑C 45.97±12.68 51.45±27.09 0.212 44.11±14.16 42.74±20.61 0.736
LDL‑C 117.21±48.09 61.25±42.38 0.0001 97.65±45.09 78.76±49.99 0.086
VLDL‑C 27.77±23.98 23.64±14.42 0313 22.62±13.74 28.29±19.33 0.143
SD: Standard deviation, TC: Total cholesterol, LDL‑C: Low‑density lipoprotein cholesterol, HDL‑C: High‑density lipoprotein cholesterol, TG: Triglycerides. 
VLDL‑C: Very low‑density lipoprotein cholesterol. Boldfaced values indicate a significant difference.

Table 4: Case–control comparison of serum lipids according to BMI

Serum lipid parameters (mg/dl) Mean±SD p value
t‑test

95% CI

Obese case (14) Obese control (12) Lower Upper
TC 226.93±53.19 137.46±40.20 0.0001 50.75 128.18
TG 152.64±64.93 145.65±88.60 0.819 −55.28 69.26
HDL‑C 47.23±12.92 46.67±30.39 0.950 −17.84 18.96
LDL‑C 149.25±55.63 61.34±45.74 0.0001 46.22 129.58
VLDL‑C 30.44±12.91 29.12±17.72 0.829 −11.11 13.74
SD: Standard deviation, CI: Confidence interval, TC: Total cholesterol, LDL‑C: Low‑density lipoprotein cholesterol, HDL‑C: High‑density lipoprotein cholesterol, 
TG: Triglycerides. VLDL‑C: Very low‑density lipoprotein cholesterol. Boldfaced values indicate a significant difference

Table 5: Formation of single/multiple stone in relation to gender, age group, BMI and serum lipids

Characterstics Single stone (39) Multiple stone (58) Total p value
Gender

Male (n, %) 6 (50) 6 (50) 12 (12.3) 0.46
Chi‑square testFemale (n, %) 33 (39) 52 (61) 85 (87.6)

Female
Age≥40 (y) (n, %) 18 (38) 29 (62) 47 (55.2) 0.9

Chi‑square testAge<40 (y) (n, %) 15 (39) 23 (61) 38 (44.7)
BMI

Obese (n, %) 6 (43) 8 (57) 14 (14.4) 0.8
Chi‑square testNon‑obese (n, %) 33 (40) 50 (60) 83 (85.5)

TC
Median (IQR) 183 (88) 183.5 (61) 183 (80) 0.974

MW‑U test
TG

Median (IQR) 106 (65) 110 (115) 106 (79) 0.561
MW‑U test

HDL‑C
Median (IQR) 44 (20) 39.5 (23) 43 (20) 0.189

MW‑U test
LDL‑C

Median (IQR) 116.9 (67) 118.3 (58) 118 (65.8) 0.825
MW‑U test

VLDL‑C
Median (IQR) 21.2 (14) 22 (23) 21.26 (21.2) 0.471

MW‑U test
MW‑U test: Mann–Whitney U test, BMI: Body mass index, IQR: Interquartile range, TC: Total cholesterol, LDL‑C: Low‑density lipoprotein cholesterol, 
HDL‑C: High‑density lipoprotein cholesterol, TG: Triglycerides. VLDL‑C: Very low‑density lipoprotein cholesterol
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that the possibility of GS disease in female increases with age (≥40 y) 
as compared to males with the rise in its symptoms and complications 
such as abnormal lipid profile [4,20,26]. In the present study, the 
case–control comparison of the females of ≥40 y’ age group revealed 
high serum TC and LDL-C and reduced HDL-C in the diseased group. 
Although the results of the serum lipids are non-significant in female 
patients of age group <40 y, they indicate that the females of this age 
group have more chances to develop lipid profile abnormalities in the 
future. Female hormones, especially the level of estrogens are the clear 
basis of those whose levels are increased during pregnancy (results in 
the development of up to 30% biliary sludge) or hormone therapy or 
use of oral contraceptives which in turn raise the levels of cholesterol in 
bile and reduction in gallbladder movement leading to the formation of 
GS. The risk further increases in post-menopausal women on estrogen-
replacement therapies. Finding similar to the current study has been 
observed in the study conducted by Batazoo et al. in which the serum 
TC, LDL-C, and TG levels were higher in female patients of age group 
≥40  y in comparison to controls. Of these parameters, only LDL-C 
level was found to be statistically significant [1]. Similarly, Naseem et 
al. also showed the positive association of elevated serum TC, LDL-C 
and TG levels and diminished HDL-C levels in the female GS patients 
of age group ≥40 y [20]. Some investigators found the association only 
between GS disease and decreased HDL levels in the senior citizens 
of Taiwan [27]. This illustrates that aging is a confounding factor for 
altered lipid profile and leads to the formation of GS.

Metabolic factor such as obesity is also a contributing factor for the 
formation of GS disease. Abnormal lipid profile along with obesity had 
shown a combinatorial effect on increasing probability of causing a 
GS disease. Some studies have reported that in obese individuals, the 
activity of hydroxyl-3-methylglutaryl-CoA reductase was increased that 
was considered as a rate-limiting step for cholesterol synthesis. This 
augments its secretion into bile and consequently escalated cholesterol 
GS formation [26]. The results of the current study showed a significant 
rise in the level of TC and LDL-C only in the obese female patients, 
which signifies that obese females are at higher risk of developing 
stones as compared to non-obese females. Similarly, Corrina et al. also 
showed the strongest association between obesity and GS disease 
which was found to be much stronger in females as compared to males. 
They also reported that at younger age, overweight individuals have 
2-fold elevated risk of GS disease, whereas moderately and highly obese 
individuals have 4–6-fold elevated risk of the disease [26]. Another 
study conducted by Eun et al. showed the association between GS and 
dyslipidemia with increased TG and diminished HDL-C levels in obese 
female patients. They found that these abnormalities were associated 
with increased cholesterol supersaturation and hence greater risk for 
the formation of cholesterol stones [28]. Abnormal serum lipid levels, 
especially decreased HDL-C and elevated TC, TG and LDL-C, were also 
found to be involved in the etiology of other diseases in association with 
obesity. In a study conducted by Nasser et al., the overweight and obese 
children were at increased risk of hypertriglyceridemia as compared to 
those children who were not overweight or obese [29]. Considering the 
major role of dyslipidemia in coronary artery disease, it is essential to 
evaluate the patterns of lipid profile carefully in the GS patients who are 
at higher risk of developing CVD in the future.

Some studies have reported the association between GS disease and 
increasing number of stones in relation to lipid profile, age, gender, 
and obesity [2]. In our study, the majority of the stones were multiple 
(60%). The present results revealed that age and obesity had no effect 
on the number of stones. The effect of gender difference on stone 
number was not certain due to lesser number of males in our study. 
Furthermore, the quantitative analysis of lipid profile revealed that 
there is no association between altered lipid metabolism and increasing 
number of stones. Domeyer et al. conducted a study to investigate the 
correlation of gallbladder inflammation with the number and the size 
of the stones. Their results revealed that older patients have small-
sized higher number of stones. They also reported that the severity of 
gallbladder inflammation aggravated at a younger age with the single 

stone [30]. Another prospective study by Csendes et al. had been done 
among the female patients to investigate the association of the number 
and size of the stone with the gallbladder carcinoma. They found that 
aging is the only predictor for multiple and large-sized stones among 
gallbladder cancer patients [31]. Similar to our findings, Sebahattin et 
al. also investigated the relationship between lipid profile, age, gender, 
and number of stones. A weak correlation was found only between TC 
and stone number, but age and gender had no effect on the increase 
in the number of stones [2]. Thus, we believe that the presence of a 
number of stones in an individual is completely independent (in our 
patients) and more likely a matter of chance.

CONCLUSION

The present study concludes that the serum lipids, especially serum 
TC and LDL-C, were significantly higher in obese female patients of age 
group ≥40 y. Thus, increased age in female with the rising epidemic of 
obesity along with other metabolic syndrome is certain to elevate the 
frequency and complexity of GS formation. Hence, it is important to 
screen those patients having GS with impaired lipid homeostasis which 
imposes a higher risk and warning signs for CVD in the future.
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