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Abstract---Introduction: Carcinoma of the gallbladder (GBC), is
the most common cancer of the biliary tree. It is also one of the
most highly malignant tumours. The aetiology of the carcinoma
gall bladder is poorly understood. Chronic cholecystitis and
gallstones, choledochal cysts, female gender, old age and
exposure to carcinogens are some of the factors implicated in
the causation of gall bladder cancer. The current changes in
lifestyles of individuals about indulgence in unhealthy fat-rich
food, lack of exercise, obesity, sedentary lifestyles and the high
incidence of gall bladder carcinoma in Bihar, focused our
attention on gall bladder carcinoma and its etiological factors.
Methodology: An analytical case-control study was conducted to
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study the various etiological factors causing carcinoma of the
gall bladder in patients of various regions of Bihar coming to
PMCH Patna. A total of 101 cases of gall bladder carcinoma and
a total of 101 patients without any gall bladder disease in the
control group were included in the study. Factors studied
included demographic and dietary factors. Results: Age >40
years (p = 0.008), male : female ratio 1:2.88, mean age for male
55.08 years and SD +10.84 and for female 48.68 years & SD+
15.26, residence in Gangetic districts (odds 2.88, p = 0.0002),
literacy (odds ratio 0.45 and p = 0.0049), non-veg diets (odds
ratio 2.45, p = 0.0018), consumption of fried food (odds ratio
2.61, p = 0.0010), missing breakfast (odds ratio 2.78, p =
0.0004), Consumption of fresh fruits and vegetables {Odds ratio
0.55, p = 0.0339}, reuse of cooking oil (odds ratio 1.96, p =
0.0311), tobacco addiction (odds ratio 0.39, p = value 0.002)
were found significant whereas family history of gall bladder
disease and alcohol addiction came insignificant. On logistic
regression age, gender, residence in Gangetic districts, non-veg
diet, missing breakfast came out as independent etiological
factors and consumption of fresh fruits and vegetables found to
be protective.Conclusion: The present study shows results in
association with other study results. Have certainly come out
with factors other than gall stones as secondary etiological
factors for carcinoma gall bladder. Keeping these factors in
mind and utilizing them as a preventive factor may reduce the
overall incidence of the carcinoma gall bladder.

Keywords---gall bladder carcinoma, etiological factors, dietary
factors.

Introduction

The gallbladder is a surgically important organ of the body which may
be affected by a variety of pathological processes. It has a wide
spectrum of diseases ranging from congenital anomalies, and
gallstones their complications, non-inflammatory, inflammatory to the
neoplastic lesions. The prevalence of gall bladder diseases differs from
nation to nation and in India, it is found to be 2-29%. [1,2] Among the
complete gamut of gall bladder diseases, carcinoma of the gallbladder
(GBC) has the worst prognosis. It is the fifth most common
gastrointestinal neoplasm and the most common biliary tract
malignancy in the world. [3] Due to its non-specific clinical
presentation, it is seldom diagnosed preoperatively except in advanced
cases. The aggressive biological nature of the carcinoma of the
gallbladder (GBC) results in the rapid spread of tumours to adjoining
vital structures and is often unresectable at presentation resulting in
an overall dismal prognosis. [4] Chemotherapy, radiotherapy and
immunotherapy are also not particularly curative.
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The aetiology of the carcinoma gall bladder is poorly understood.
Chronic cholecystitis and gallstones, choledochal cysts, female gender,
age and exposure to carcinogens are some of the factors implicated in
the causation of gall bladder cancer but a definite cause-effect
relationship has yet to be established for any of these factors. [5]. The
incidence of this malignancy is characterized by marked geographical
and ethnic variations. [6]The overall incidence ranges from 0.1/105 to
10.6/105 in different cancer registries worldwide. [7] India accounts
for 10% of the global burden of GBC. In India, the North, East,
Northeast and Central region are among the high incidence areas in
contrast to South and West India. [8] The incidence in North India is
10— 22 /per 100,000 population. [9] The age-standardized rate (ASR) for
GBC in women of North and north-east India is 11.8/105 population
and 17.1/105 population respectively. [10] The incidence has been
steadily rising in India among women as well as men. The average age-
adjusted rate among women has increased from 6.2/100,000 in 2001-
2004 to 10.4/100,000 in 2012-2014. [11] The incidence of GBC in
Bihar is high. Hospital-based cancer registry data in Bihar indicates
GBC to be the third most common malignancy among the females after
carcinoma cervix and carcinoma breast. [7]

Despite a large number of GBC patients in Bihar, it has not been
reported to International Research Agencies because of the lack of a
population-based cancer registry here and only a few epidemiologic
studies done on GBC in Bihar so far. There is a need for studies on
factors associated with gall bladder cancer in Bihar. This study was
conducted in PMCH, Patna in the department of General Surgery to
study the various etiological factors causing carcinoma of gall bladder
in patients of various regions of Bihar coming to Patna Medical College.

Material and Methods

An analytical case-control study was conducted in a tertiary care
centre of Patna among patients attending an out-patient clinic or
emergency units of the surgery department. A case of gall bladder (GB)
carcinoma confirmed histologically/ cytologically was enrolled in the
study as a case after obtaining consent. Patients with any other major
comorbid illness were excluded from the study. Hospital-based controls
from OPD/ emergency of department of Surgery were chosen during
the same time- period of cases. Controls were free from any gall
bladder disease. The controls were matched regarding age (+10 years)
and sex. A total of 101 cases and 101 controls were enrolled in this
study. Approval for the study was obtained from the Institutional
Research and Ethics Committee of Patna Medical College, ad
conducted after informed consent was obtained from the participants.

Every case and control were enquired about the demographic factors,
diet history addiction history and presence of gall bladder disease
based on the Ultrasound report. Demographic factors included age,
gender, the residence of the Gangetic district, literacy,and family
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history of Gall Bladder disease first-degree relative. Buxar, Bhojpur,
Patna, Nalanda, Sheikhpura, Lakhisarai, Munger, Bhagalpur, Katihar,
Khagaria, Begusarai, Samastipur, and Vaishali are included under
Gangetic districts. Questionnaire about diet comprised of consumption
on-vegetarian diet, fresh vegetables, missing breakfast and frequent
reuse of cooking oil. Non- Vegetarians, consumption of fruits and fried
food, and missing breakfast, were classified based on the frequency of
consumption more than twice per week.

Missing breakfast: Missing breakfast was defined as 'Intake of fewer
than 100 calories till noon in the noon. Reuse of oil was defined as 'the
oil left after deep frying being reused for cooking' after being kept at
room temperature. Tobacco addiction was defined as ‘cigarette smoking
per day for the past 5 to 10 years is considered as tobacco addiction in
our study and Alcohol addiction as ‘alcohol drinking > twice per week
is considered as alcohol addiction in our study.Statistical analysis was
carried out between Gall Bladder Carcinoma and healthy controls.
Logistic regression was used for producing the odds ratio. Step-wise
multiple logistic regression analysis was carried out with insertion of
all the variables found to be significant on univariate analysis. A p-
value of <0.05 was considered statistically significant. Statistical
software Stata version 12.0 was used for statistical analysis.

Results

A total of 101 cases of gall bladder carcinoma and a total of 101
patients without any gall bladder disease in the control group were
included in the study.

Socio-demographic and dietary exposure factors among cases and
controls [Table 1]

The mean age among cases was 50.33, (SD +11.82) compared to 44.04
years, (SD +14.63) among controls. Thus, Gall bladder (GB) carcinoma
was found to be higher in the>40 years age group in the current study
(p-value 0.008). There was a clear demarcation in the ratio of males: to
females in cases and control groups. The Male: Female ratio was 1:2.88
in cases while it was 1: 0.77 in controls. Also, a significant difference
was noted in the age of presentation between male and female patients
with GB carcinoma. The mean age for presentation among males was
55.08 (SD +10.84) while that for females, was 48.68 (SD+ 15.26) (p-
value 0.0166). A significantly higher proportion of GB carcinoma
resided in the Gangetic districts than in control groups. Thus,
residence in Gangetic districts was associated with 2.88 times higher
chances of developing GB carcinoma than those residing in non-
Gangetic districts (p-value 0.0002). Similarly, a higher proportion of
patients with GB carcinoma were illiterate compared to the controls (p-
value 0.0049). The risk of developing GB carcinoma was 1.66 times
higher among those who had a family history of GB disease and this
difference was statistically significant (p <0.00).
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Association between dietary factors and addiction history to GB
carcinoma [Table 2]

In the current study, it was observed that a non-vegetarian diet,
consumption of fried food, frequently missing breakfast, and frequent
reuse of cooking oil was significantly associated with GB carcinoma.
The non-vegetarian diet was associated with a 2.45 higher risk (p-value
0.0018), and consumption of fried food had a 2.61 higher risk of GB
carcinoma (p-value 0.0010). Missing breakfast > twice a week was
found more commonly in the case group as compared to the control
group and the difference was significant with higher odds of 2.78 (p-
value 0.0004). Similarly, frequent reuse of cooking oil was associated
with 1.96 odds of developing GB carcinoma (p-value 0.0311). It was
also found that consumption of fresh fruits and vegetables (> 2 days/
week) lessened the risk of carcinoma 0.55 times (p-value 0.0399). It
was observed that the controls (45.54%) were more addicted to tobacco
than cases (24.75%). However, the cases comprised mainly of female
patients and hence to nullify the confounding effect, stratification
based on gender was done. It was found that the Odds ratio was 0.39
and the p-value 0.002. In this study, alcohol consumption did not
come out as a significant variable. Fewer persons from both groups
had an addiction to alcohol.

Table 1
Clinico-demographic features of Case of Gall Bladder Carcinoma (N=101) and Control
(N=101)

Clinico-Demographic Cases n (%) Control n Odds Ratio P-value
characteristics (%) 95%CI
Age* 50.33 44.04 0.0009%
Age groups (+11.81) (+14.63)
<=40 years 27 (26.73) 45 (44.55) 6.99 (1)@ 0.008s%
>40 years 74 (73.27) 56 (55.45)
Gender
Male 26 (25.74) 57 (56.44) 19.65 (1)@ <0.00¢%
Female 75 (74.26) 44 (43.56)
Male to Female ratio 1:2.88 1:0.77
Residence in Gangetic districts
Gangetic Districts 67 (66.34) 41 (40.59) 2.88 (1.56- 0.0002%
Non- Gangetic Districts 34 (33.66) 60 (59.41) 5.33)
Literacy
Literate 42 (41.58) 59 (58.42) 7.93 (1)@ 0.005%
Illiterate 62 (61.39) 39 (38.61)
Family history of Gall Bladder 24(23.76) 16 (15.84) 1.66 (0.78- <0.00%

Disease

3.60)

*Presented as mean (+ Std deviation) #student’s t- test, $ Chi- square, @ Pearson Chi

square (degree of freedom)
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Table 2
Association of dietary factors and addiction history to Gall Bladder
carcinoma

Factors Cases n Control n Odds Ratio P-value
(%) (%) (95%CI)

Diet History

Non- vegetarian diet 67 45 (44.55) 2.45 (1.34- 4.52) 0.0018
(66.34)

Consumption of 71 48 (47.52) 2.61 (1.41-4.86) 0.001

fried food (70.30)

Frequently misses 58 33 (32.67) 2.78 (1.51- 5.14) 0.0004

breakfast (57.43)

Consumption of 48 63 (62.38) 0.55 (0.30- 0.90) 0.0339

fresh fruit and (47.53)

vegetables

Frequent reuse of 78 64 (63.37) 1.96 (1.01-3.82) 0.0311

cooking oil (77.23)

Addiction

Tobacco addiction 25 46 (45.54) 0.39 (0.206- 0.002
(24.75) 0.745)

Addiction to Alcohol 17 16 (15.84) 1(0.446- 2.240) 0.976
(16.83)

Multivariate Logistic regression to identify independent risk
factors associated with Gall Bladder Carcinoma
[Table 3]

Multivariate logistic regression analysis was done entering all the
exposure variables and out of 9 significant variables, only 6 came out
to be independent associated etiological factors. The logistic regression
model was statistically significant, x2(11) = 83.49, p < .0005. The
model explained 52.7% (Nagelker R2) of the variance in GB carcinoma
and correctly classified 76.7% of cases. The seven predictors which
were found significant were; female sex, increasing age, residence in
Gangetic district, non-vegetarian diet, frequently skipping breakfast,
consumption of fried food more than twice a week and family history of
GB carcinoma. The presence of gall stone was not tested in the logistic
regression as the control group was kept free from any gall bladder
disease.

Table 3
Independent Predictors associated with Gall Bladder Carcinoma
[N= 212] [Final Model: LR Chi?: 83.49, P-value <0.00]

Predictors Adjusted 95% Confidence P-value
Odds Ratio Interval

Age 1.05 1.025 1.085 0.000

Gender 4.08 1.912 8.704 0.000

Residents in Gangetic districts 2.53 1.260 5.088 0.009
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Non-veg diet (>2/week) 3.07 1.475 6.394 0.003
Consumption of Fried food
(>2/week) 2.12 1.027 4.356 0.042
Frequently misses
breakfast(>2/week) 3.64 1.693 7.821 0.001
Addiction to Alcohol 6.19 1.952 19.634 0.002
Family history of GBC 1.05 1.025 1.085 0.000
Discussion

Gall Bladder Carcinoma is a highly malignant tumour. Identifying
significant etiological factors is an important step in implementing
preventive and surveillance strategies to decrease mortality from Gall
Bladder Carcinoma. In the present case-control study, we investigated
many etiological factors for Gall Bladder Carcinoma including those
related to environmental influences, such as dietary factors, alcohol,
smoking, geographical area, and host factors such as the family history
of gall bladder disease in a comprehensive manner. This study gives a
view of the profile of gall bladder carcinoma in Bihar, which was not yet
found to be documented.

In our study, we tried to explore the demographic characteristics of GB
carcinoma patients. The mean age of presentation in GB carcinoma
patients was found 50.33 and it ranged from 22 to 76 years. Similarly,
in a case-control study done in Uttar Pradesh, Shukla et al reported
the mean age of the cancer gall bladder patient to be 50 years
(range:40-60 years).[12] In Bihar, Varsha Singh et al (2004) reported a
mean of 51.7 years (16 to 80 years range).[13] The mean age for males
was 55.08 and SD +10.84. This implies that the carcinoma gall bladder
is more prevalent in the elderly age group and delays in seeking
medical care and diagnosis. Carcinoma of the gallbladder is
predominantly a disease of elderly females. In our study female to male
ratio was found to be 2.88:1 among cases. IARC reported a female to
male ratio of 3.2:1. [10] Shukla et al in their series of 315 patients
found a female to male ratio of 2.5: 1.[12] This implies that being
female, was strongly associated with the cancer gall bladder.

Evidence suggests that the incidence of GBC was 10-fold higher in
patients residing in Gangetic basin regions of India. These studies
suggest the Ganges receives domestic, industrial and agricultural
effluents which are loaded with heavy metals, insecticides and
pesticides. This alters soil contents downstream. Also, the predominant
rural cooking practices such as wood and coal burning and
adulteration of mustard oil with sanguinarine, a chemical having
potential genotoxic and carcinogenic features.[14-16] These might be
some of the important contributing factors for such a geographical
proclivity to Gall Bladder Carcinoma within the same country. It has
also been reported that regions with higher arsenic content
(>0.05mg/dl) in the soil had 1.45 higher odds of reporting GB
cancer.[17] In our study majority of cases (66.34%) were from Gangetic
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basin districts in comparison to the control group (40%). Gangetic belt
emerged as an independent significant factor with an odd’s ratio of
2.83.

Literacy was not independently associated with the disease in the
multivariate analysis in our study, suggesting that various social
factors directly associated with literacy and not considered in the study
could be the indirect cause of this association. Illiteracy leads to
unemployment, lower socioeconomic status and decreased livelihood
capacity influencing preventive aspects of gall bladder carcinoma.[18]
The study was significant but on logistic regression, it did not come out
as an independent variable for causation of carcinoma gall bladder in
our study.

The current study ascertains that a family history of gallstone disease
increased the risk of GBC by 6.19 % (P 0.002. There are studies
suggesting a genetic predisposition to develop gallbladder diseases
including Gall stones and Gall bladder carcinoma. Kajal et al found an
association between a family history of gall bladder disease with gall
bladder carcinoma in their study in AIIMS, New Delhi.[20] Hsing et al
(2007) also showed the association of a family history of gallstone
disease with increased risk of biliary stones, GBC and bile duct
cancer.[21] This finding emphasizes the genetic and environmental
factors responsible for GBC.

Red meat increases the risk of gall bladder cancer while vegetables are
protective.[22] In our study non-veg consumption more than twice a
week came as an independent predictor (OR 2.84, 95% CI (1.475-
6.394, P 0.003) of gall bladder cancer. Although insignificant, Tavani
et al (2003) demonstrated a positive association between the
consumption of red meat and several neoplasms.[23] Kajal Jain et al in
their study in AIIMS, New Delhi have reported an association of
increased risk of gall bladder cancer in persons having a non-veg diet
more often in the week.[20] These findings were corroborated by Imran
et al (2004) in their study.[24]

Findings in various studies on the consumption of vegetables indicate
an inverse association with, Gall bladder cancer risk.[25] Consumption
of vegetables in a higher amounts is associated with a reduced risk of
many epithelial cancers of the alimentary tract.[26,27] A protective
effect of vegetables and fruits on gall bladder cancer was also reported
by Pandey et al (2002).[22] In our study consumption of fruits and
vegetables >2 / week was found to be protective (unadjusted OR: 0.55
(0.30- 0.90)) and had an inverse relationship with gall bladder cancer.
There are many possible reasons given as to how a diet with high
consumption of vegetables and fruits prevents the occurrence of
cancer. A large number of potentially anticarcinogenic agents i.e,
carotenoids, vitamin C, vitamin E, selenium, folic acid, dietary fibres,
indoles, phenols, flavonoids, protease inhibitors, allium compounds
and plant sterols are found in these food sources. These have both
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complementary and overlapping mechanisms of action which include
the induction of detoxification of enzymes, inhibition of nitrosamine
formation, provision of substrate for the formation of antineoplastic
agents, dilution and binding of carcinogens in the digestive tract,
alteration of hormone metabolism, stimulation of immune system,
regulation of gene expression in proliferation and apoptosis and
scavenging of oxidative agents.[28-30]

Among the dietary factors, fried food was found to be a risk factor for
GBC. A study was done in AIIMS, Delhi by Kajal et al have also
reported an increased risk of gall bladder carcinoma in persons having
consumption of fried food >2/ week.[20] In our study, this also came
out as a significant variable causing gall bladder carcinoma (OR 2.12,
95% CI (1.027-4.356, P 0.042). The risk of carcinoma increased by 2-
fold with increased consumption of fried food. Also, an interaction
between missing breakfast and fried food was observed in the study.

An elevated risk of gall bladder cancer is seen with missing breakfast
(>2/week) in this study (OR 3.64, 95% CI (1.69- 7.821, P 0.001). A
study conducted on 107 GB carcinoma patients in Karachi has found
that missing dinner increased the odds of having GBC by 6.8%.[31]
Prolonged fasting affects the size of the bile acid pool, increases the
contact time of bile with the gallbladder mucosa and promotes biliary
sludge formation. Stasis of bile in the gall bladder for longer hours
irritates gall bladder mucosa by precipitation of bile salts.[32]

Repeated heating and keeping the oil at room temperature before using
it again has shown a strong association with the cancer gall bladder.
Oil containing polyunsaturated fatty acids like vegetable oils (cases and
controls predominantly use vegetable oil for deep frying) produce HNE
(4-hydroxy trans-2 nominal) when heated at frying temperature.
Heating butter, ghee, olive oil or coconut oil produces HNE or other
lipid peroxidation products in a lesser amount. HNE is a toxic
compound that is easily absorbed from the diet. The toxicity arises
because the compound is highly reactive with proteins, nucleic acids,
DNA, RNA and other biomolecules. HNE was found in the bile of gall
bladder cancer patients in more concentration than in the bile of
healthy subjects.[33] This suggests that lipid peroxidation products
may be carcinogenic in gall bladder cancer. Defective storage,
especially in hot and humid climates promotes contamination with
carcinogenic mycotoxin such as Aflatoxin B produced by Aspergillus
Flavus.[34] In our state, it is a common practice in the majority of
households to reuse cooking oil. Though it is more prevalent in rural
and illiterate persons, the urban population and the literate groups are
also not much behind. This can be seen by the fact that in about 77%
of cases reuse of cooking oil was present whereas the control group
with about 63% is also not much behind.

No association was seen between alcohol and smoking in the present
study although tobacco came out to be a significant risk factor for
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GBC. Earlier studies contradicted the effect of alcohol, smoking or
tobacco on GBC.[35,36] Some studies suggested an increased risk,
while others suggested that long-term use might play a role in reducing
the cholesterol saturation of bile. Recent data however point more in
favour of the conclusion that alcohol intake, smoking (cigarettes per
day) and tobacco chewing per day are all independent etiological
factors for gall bladder carcinoma.[18,37]

Conclusions

This overview of gallbladder carcinoma offers a summary of etiologic
studies and a discussion of associated risk factors. The process of
gallbladder carcinogenesis is usually related to a history of gall stones.
Gall bladder carcinoma is found to be more commonly a disease in the
elderly and more common in females. Further, the study is needed to
study the factors related to females such as early menarche, high
parity, hormonal factors etc., making them prone to gall bladder
carcinoma. Dietary factors such as frequent non-veg diet, missing
breakfast, frequent consumption of fried food and reuse of cooking oil
should be discouraged and consumption of fresh fruits and vegetables
should be encouraged. The present study shows results in association
with other study results. This has certainly come out with factors other
than gall stones as secondary etiological factors for carcinoma gall
bladder. Keeping these factors in mind and wutilizing them as a
preventive factor may reduce the overall incidence of the carcinoma gall
bladder.
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