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Introduction
Gallstone or cholelithiasis has been 
identified as the most common 
disorder of the biliary system requiring 
hospitalization.[1] Gallstones divided into 
three types depending on their main 
biochemical components: cholesterol 
gallstones, pigment gallstones, as well 
as mixed gallstones.[2] The majority of 
gallstones are contributed by cholesterol; 
yellow‑gray stones made up of crystalline 
cholesterol monohydrate.[1] Gallstones are 
generally asymptomatic in the beginning 
stage of stones formation; then, symptoms 
become apparent when the size of rocks 
reaches more than 8 mm.[3] Gallstones 
can induce complications by inhibiting 
the flow of bile or digestive enzymes and 
causing acute and abrupt pain in the top 
right abdomen, nausea, vomiting, and 
inflammation.[4] The high morbidity of 
gallstones causes health economic burden 
highly in Western societies. This disorder is 
estimated to involve over 20 million adults, 
20–74 years (6.3 million men, 14.2 million 
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Abstract
Background: Since the relation between dietary total antioxidant capacity (DTAC) and the occurrence 
of gallstone disease (GSD) remains unclear, we conducted, for the first time, a case‑control study 
to clarify this association in the Iranian population. Methods: In the present case‑control study, 
convenience Sampling was performed. A total of 600 participants (300 case and 300 control) were 
included. Anthropometric, demographic, physical activity, and nutrient intakes data were obtained 
from each subject. DTAC was calculated using the US Department of Agriculture’s database. The 
odds ratio (OR) and 95% confidence intervals were assessed using unconditional logistic regression. 
Results: The participants in the highest quartile of DTAC had a significantly lower OR for 
gallstone than the lowest quartile, which remained significant after further adjustment for age, sex, 
and education (model 2: OR, 0.34; 95% CI, 0.16–0.71). In addition, after adjustment for age, sex, 
education, BMI, physical activity, and energy, the results revealed that participants with the highest 
quartile of DTAC had 71% lower odds of gallstone than those with the lowest quartile (model 3: 
OR, 0.29; 95% CI, 0.11–0.78). Conclusions: The results of the present study demonstrated that the 
DTAC had an inverse association with GSD incident. However, interventional approaches are needed 
to confirm the relation between DTAC and GSD prevention.
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women) in the US.[5] The pathogenesis of 
gallstones is varied based on the type of 
gallstone and is figured to be multifactorial, 
deriving from interactions between genetic, 
dietary, and environmental factors.[6] A 
high rate of free radicals and oxidative 
stress, which are the consequence of 
a rising number of lipid and protein 
oxidation products and reduced quantity 
of antioxidant enzymes and vitamins, 
may be involved in the pathophysiology 
of gallstone disease (GSD).[7] Indeed, a 
number of bile elements, such as bile 
acids, cholesterol, and bilirubin, can 
interfere with free radicals and induce 
oxidative stress conditions.[8] Decreased 
antioxidant defense mechanisms as an 
aggravating pathological condition have 
been found locally in the gallbladder wall 
as well as in the circulation of patients with 
gallbladder disease.[9] These conditions 
may be resulted in a decreased activity of 
key enzymes in cholesterol and bilirubin 
metabolism in mucosal cells and lead to 
a disturbed gall bladder absorption and 
secretion of bile mucins and glycoproteins. 
The consequent increased risk of bile 
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saturation would contribute more to the development of 
gallstone formation.[9,10] Animal models and theoretical 
considerations suggest a causal relationship between 
insufficient intake of micronutrient antioxidants and 
the progress of human gallstones. Most foods contain 
different antioxidant compounds.[11,12] Moreover, several 
clinical and experimental data have reported the role of 
dietary components in the induction and preventing of 
GSD.[13] To assess diet‑disease relationships, dietary total 
antioxidant capacity (DTAC) is proposed as a score of 
antioxidant intake and potential marker of diet quality.[14] 
To our knowledge, the relationship between DTAC and the 
risk of gallstone formation has not been assessed. Since 
the association between DTAC and the occurrence of 
GSD remains unclear, we conducted, for the first time, a 
case‑control study to clarify this association in the Iranian 
population.

Methods
Participants

The present case‑control study was carried out on 
subjects who were admitted to the Research Institute for 
Gastroenterology and Liver Diseases of Taleghani Hospital 
in Tehran, Iran, in 2018. The study included 300 patients 
with gallstones (cases) and 300 individuals with no 
gallstone (controls). The inclusion criteria for cases were 
the age of 18 years and older, willing to participate in 
this study, approval of GSD, and ≤1 month passed since 
disease diagnosed. We excluded those with a history of 
other diseases and intestinal disorders, known autoimmune 
diseases, cancer, other inflammatory and infectious 
diseases, pregnancy or lactation in women, change the type 
and dosage of the patient’s medications, and unwillingness 
to continue cooperation.

Controls were randomly selected age‑ and sex‑matched 
subjects from the same clinic who had been undertaken 
an ultrasound showing no gallbladder disorders and liver 
problems. Data on each pair of cases and controls were 
collected simultaneously. All participants signed the written 
informed consent. The approval of the ethics committee 
is mentioned in the method section along with its number 
(IR.SBMU.RIGLD.REC.1396.159).

Anthropometric and physical activity assessment

Bodyweight and height were measured using a Seca 
scale with an accuracy of 100 g and a Seca stadiometer 
with an accuracy of 0.5 cm, respectively; and then, BMI 
was computed as body weight (kg) divided by the square 
of height (m). In order to assess the physical activity of 
individuals, the short form of the International Physical 
Activity Questionnaire was used via interviewing, and the 
results were expressed as metabolic equivalent hours per 
week.[15]

Dietary assessment and DTAC calculation

The usual food intake collected by trained dietitians during 
a structured interview. A valid and reliable 168‑item 
semiquantitative food frequency questionnaire with 
standard servings was used to assess typical food intakes. 
The intake frequency of each food item was questioned 
on a daily, weekly, or monthly basis during the past year 
and converted to the gram. Total energy and nutrient intake 
were then calculated using Nut IV (the Hearst Corporation, 
San Bruno, CA) modified for Iranian foods. DTAC was 
estimated by considering the oxygen radical absorbance 
capacity of each food described by the US Department of 
Agriculture. It was stated as µmol of Trolox equivalents/100 
g of food (mmol TE/100 g).[16]

Statistical analysis

All statistical analyses were fulfilled using IBM SPSS 
Statistics software (Version 24) (IBM SPSS Statistics, 
Armonk, USA). The normality of the variables was confirmed 
using the Kolmogorov–Smirnov test. Energy‑adjusted DTAC 
was computed using the residual method and was categorized 
based on sex‑specific quartiles.[17] The comparisons of the 
variables different between the groups were performed 
with the independent Student’s t‑test and Mann–Whitney 
test for variables with normal and nonnormal distribution, 
respectively. A Chi‑square test was used for categorical data 
to identify significant differences across quartile categories 
of DTAC. ANOVA and the Kruskal–Wallis test were 
applied to compare the mean of the variables with normal 
and nonnormal distribution within the quartiles of DTAC, 
respectively. The odds ratio (OR) and 95% confidence 
intervals (CIs) were estimated using unconditional logistic 
regression. Moreover, we used multivariable models to 
assess the relation between gallstone and DTAC. The 
analysis was adjusted for age, sex, education, BMI, marital 
status, physical activity, and energy. Tests for trend among 
DTAC quartiles were performed by using median DTAC for 
each quartile. A P value of less than 0.05 was regarded to be 
statistically significant.

Results
The characteristics of control and case participants and 
their dietary intake are presented in Tables 1 and 2. 
Participants with gallstone had a higher mean age, weight, 
BMI, energy (P < 0.05), and lower physical activity and 
DTAC scores (P < 0.05) than the control group [Table 1]. 
Additionally, there was a significant difference in the intake 
of several nutrients between the two groups [Table 2].

Significant difference was seen in daily intake of 
carbohydrate, fat, cholesterol, saturated fat, MUFA, 
PUFA, vitamin A, vitamin E, vitamin K, zinc, and iron 
between cases and controls; such that cases had a higher 
consumption of carbohydrate, fat, saturated fat, MUFA, 
PUFA, vitamin E, and iron (P = 0.05) and took a lower 
cholesterol, vitamin A, vitamin K, and zinc (P = 0.05).

[Downloaded free from http://www.ijpvmjournal.net on Sunday, January 16, 2022, IP: 176.102.244.236]



Saadati, et al.: Dietary total antioxidant capacity and gallstone disease

International Journal of Preventive Medicine 2021, 12: 178 3

The participants’ characteristics across the quartiles of 
DTAC are presented in Table 3. There was no significant 
difference in age, weight, and BMI between DTAC 
quartiles, while the differences in physical activity and 
energy intake were significant. Across increasing DTAC 
quartiles, all participants had higher physical activity 

and energy intake (P < 0.05). Correlations between 
DTAC and food groups including fruits, vegetables, nuts, 
legumes, fruit juice, tea, and olive oil are presented in 
Table 4; [fruit (r = 0.76; P < 0.001), vegetables (r = 0.59; 
P < 0.001), nuts (r = 0.42; P < 0.001), legumes (r = 0.36; 
P < 0.001), fruit juice (r = 0.32; P < 0.001), tea (r = 0.28; 

Table 1: Characteristics of control and gallstone patienta

Variables Controls (n=300) Mean±SD Cases (n=300) Mean±SD Pb

Age (years) 54.50±12.48 56.82±16.67 <0.001
Weight (kg) 72.37±13.27 74.75±18.16 <0.001
BMI (kg/m2) 26.59±4.10 27.44±5.89 <0.001
DTAC (mmol TE/100 g) 21,350.36±7199.35 20,087.58±9010.95 0.04
Physical activity (MET) 38.48±9.57 29.38±3.29 0.01
Marital status, n (%) <0.001

Single 17 (5.66%) 11 (3.66%)
Married 243 (81%) 54 (18%)
Married‑pc 40 (13.34%) 235 (78.34%)

Education, n (%) <0.001
Illiterate 48 (16%) 133 (44.33%)
Low educationd 208 (69.33%) 138 (46%)
High educatione 44 (14.67%) 29 (9.66%)

Sex, n (%) 0.97
Male 159 (53%) 158 (52.66%)
Female 141 (47%) 142 (47.34%)

Smoking, n (%) 0.62
No 245 (81.66%) 233 (77.66%)
Yes 55 (18.34%) 67 (22.34%)

BMI=Body mass index; DTAC=Dietary total antioxidant capacity; MET=Metabolic equivalent task. aAll values are mean±SD, 
bindependent t‑test was used for continuous variables and Chi‑squared test for categorical variables, cmarried in past (widow),  
dnonacademic education, eacademic education

Table 2: Daily macro‑ and micronutrients intakes in case and control groupa

Variables Controls (n=300) Mean±SD Gallstone (n=300) Mean±SD Pb

Energy intake (kcal/day) 2401.23±724.12 2731.69±1354.21 0.004
Carbohydrate (g) 297.09±111.33 333.15±170.80 0.02
Protein (g) 79.03±27.9 82.44±36.89 0.38
Fat (g) 107.50±32.88 125.55±75.24 0.002
Fiber (g) 36.77±21.34 34.94±23.96 0.52
Cholesterol (mg) 240.58±131.22 209.24±99.4 0.05
Sat.fat (mg) 26.44±9.57 30.32±16.03 0.001
MUFA (mg) 41.62±12.91 48.81±40.16 0.001
PUFA (mg) 30.63±10.05 33.38±14.89 0.05
Vitamin A·REA (mg) 506.96±235.97 382.94±166.07 0.001
Beta‑carot (mg) 3191.96+1945.62 1911.49+1206.89 0.001
Vitamin C (g) 122.05±62.07 105.66±75.42 0.10
Vitamin D (µg) 1.69±1.39 1.39±1.31 0.09
Vitamin E (mg) 27.93±8.51 28.43±12.67 0.001
Folic acid (µg) 466.33±168.93 477.35±264.19 0.65
Vitamin 12 (mg) 2.96±1.12 2.70±1.30 0.26
Vitamin K (mg) 140.45±76.18 99.52±77.49 0.001
Zinc (mg) 10.64±3.60 10.50±5.24 0.001
Calcium (mg) 886.34+323.53 854.52+361.58 0.43
Iron (mg) 14.92+5.82 15.70+9.79 0.001
MUFA=Monounsaturated fatty acid; PUFA=Polyunsaturated fatty acids; REA=Retinol activity equivalent. aAll values are mean±SD, bP using 
t‑test
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P < 0.001), and olive oil (r = 0.16; P = 0.001)]. Moreover, 
food groups such as vegetables (32.8%), fruits (27.4%), 
tea (12.8%), legumes (9.4%), fruit juice (1.1%), and 
nuts (7.2%) were found to be the main contributors to 
DTAC.

Multivariable‑adjusted ORs and 95% CIs for gallstone per 
each unit increase in DTAC, as well as across quartiles of 
dietary TAC scores, are shown in Table 5. The participants 
in the highest quartile of DTAC had a significantly 
lower OR for gallstone than the lowest quartile, which 
remained significant after further adjustment for age, sex, 
and education (model 2: OR, 0.34; 95% CI, 0.16–0.71). 
After adjustment for age, sex, education, BMI, physical 
activity, marital status, and energy, the results revealed 
that participants with the highest quartile of DTAC had 
71% lower odds of gallstone than those with the lowest 
quartile (model 3: OR, 0.29; 95% CI, 0.11–0.78).

Discussion
The results of the present study, for the first time, indicated 
that the DTAC had an inverse association with gallstones 
incident. The participants in the highest quartile of DTAC had 
a significantly lower OR for gallstone than the lowest quartile, 
which remained significant after adjusting for age, sex, and 
education. Moreover, after adjustment for age, sex, education, 
BMI, physical activity, and energy, the results showed that 
participants with the highest quartile of DTAC had a lower 
odd of gallstone than those with the lowest quartile.

It has been observed that stress oxidative has a 
demonstrated role in the pathogenesis of gallstones. A high 
level of oxidative stress in gallbladder mucosa has been 

found in gall stone patients.[7] Regarding the cholesterol 
gallstones, it is confirmed that the free radicals are involved 
in the formation of cholesterol gallstone by the change of 
lipids and proteins in bile. Low intake of vitamin C or 
melatonin, through interfering with free radicals, can rise 
or alleviate the risk of gallstone generation, respectively.[18] 
Cell and membrane damage and pigment polymerization 
can be caused by the interaction of reactive oxygen species 
with bilirubin, leading to pigment gallstone generation and 
related inflammatory events. In the latter type of gallstone, 
also, some factors, such as iron or melatonin, can increase 
or lessen the oxidative stress process, respectively.[7,9] Sipos 
et al. showed a correlation between the free radical reactions, 
the number of stones, and the degree of cholecystitis.[8] 
Vitamin E, the carotenes, vitamin C, and selenium are the 
best‑known antioxidant micronutrients; the latter two act as 
a protective agent in the aqueous phase beside the sulfur 
amino acids and their final product GSH.[19,20] Waniek et al. 
detected an inverse correlation between plasma levels of 
γ‑ and α‑tocopherol levels and the probability of having 
GSD in a community‑based sample. Potential explanations 
for this inverse association are higher protection from 
oxidative stress in individuals with higher vitamin E levels 
and emulsification of dietary lipids, including fat‑soluble 
vitamins by bile acids.[21] However, Phillips et al. stated 
other than the deficiency of vitamin A, the occurrence 
of fat‑soluble vitamin deficiencies is uncommonly in 
patients with primary biliary cirrhosis.[22] A small study 
by Worthington et al. showed that the lack of dietary 
antioxidants, specially α‑tocopherol, may be related to 
human GSD.[23] In another study by the same researcher, 
it was found that cholesterol GSD is accompanied by 
micronutrient antioxidant lack, sulfur amino acids, folate, 
and vitamin B6‑PLP deficiency and disturbed glutathione 
homeostasis.[24] Data from large studies indicate that 
serum ascorbic acid level has an inverse association with 
the prevalence of clinical and asymptomatic gallbladder 
disease.[25,26] It is shown that the individuals that regularly 
take vitamin C supplements have less risk for GSD than 
those not using vitamin C (4.7% vs. 8.2%).[27] Data from 
animal experiments show that ascorbic acid affects the 
activity of cholesterol 7α‑hydroxylase, the rate‑limiting 
step enzyme in the change of cholesterol to bile acids.[11] 
Moreover, suppression of oxidative functions within the 

Table 4: Correlation between DTAC food groups
PPartial correlations (r)Food groups

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.76
0.59
0.42
0.36
0.32
0.28
0.16

Fruits
Vegetables
Nuts
Legumes
Fruit juice
Tea
Olive oil
DTAC=Dietary total antioxidant capacity

Table 3: Characteristics of participants across the quartiles of DTACa

DTAC Mean±SD P‑trendb

Variables Q1 (n=150) 
<15,974.99

Q2 (n=150) 
15,974.99‑19,815.70

Q3 (n=150) 
19,815.70‑25,036.80

Q4 (n=150) 
>25,036.80

Age (years) 53.13±16.01 54.84±12.91 56.41±12.30 55.34±11.61 0.39
Weight (kg) 72.63±15.54 74.35±14.45 72.31±13.74 76.92±13.18 0.10
BMI (kg/m2) 27.02±5.38 26.53±4.23 26.20±4.08 27.28±4.20 0.36
Physical activity (MET) 34.43±5.70 36.96±7.75 38.07±14.09 37.58±7.62 0.03
Energy intake (kcal/day) 2163.50±651.10 2380.03±834.18 2468.69±1036.50 2842.45±849.91 <0.001
BMI=Body mass index; DTAC=Dietary total antioxidant capacity; MET=Metabolic equivalent task. aAll values are mean±SD, bANOVA 
for continuous variables
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gallbladder by ascorbic acid may reduce mucoprotein 
formation and gallstone generation. Mucin is a glycoprotein 
that is released by the epithelium of the gallbladder. It is 
worth noting that excess of mucin secretion by hydroxyl 
and oxygen radicals has been established to introduce 
cholesterol destabilization and gallstone production.[28] High 
intake of dietary antioxidants from plant foods, as part of a 
healthy balanced diet, may confer health benefits through 
protection from oxidative damages.[17] Jessri et al., in a 
case‑control study, investigated the association of dietary 
patterns with the risk of GSD among Iranian women. The 
authors identified two discrete dietary patterns among 
study participants: healthy dietary patterns and unhealthy 
dietary patterns. A healthy dietary pattern consisting of 
high consumption of vegetables, fruits, fruit juice, legumes, 
whole grain, nuts, low‑fat dairy products, and spices was 
associated with decreased gallstone.[29] These findings 
were in line with previous studies displaying vegetables 
and fruits to have a protective effect versus GSD via 
their high antioxidants.[30,31] Observational studies reported 
a significant difference in the prevalence of GSD among 
nonvegetarians than vegetarians after adjusting for age 
and BMI in women.[30‑32] Findings of a study by Makiuchi 
et al. suggested that increased vegetable/fruit intake may 
reduce the risk of extrahepatic bile duct cancer, and folate, 
vitamin C, and insoluble fiber might be the principal agents 
to the detected protective effect.[32] However, another study 
showed that in Taiwanese vegetarians, types of vegetarians 
and the duration of vegetarianism are not associated with 
GSD development.[33] The inconsistency in the findings 
of the relation of specific dietary constituents on the risk 
of gallstone could be attributed to the ethnic variations, 
differences in lifestyle, and the problems in evaluating 
particular nutritional components in individuals.[29‑32]

Our study has some limitations. First, we applied a 
case‑control approach; then, we couldn’t establish the 
causality relationship between DTAC and GSD. Moreover, 
the frequency of food consumption and quantification 
of this questionnaire may have been exposed to recall 
bias. Besides, the antioxidants content of the foods might 
be affected by some factors such as food preservation, 
agriculture conditions, and so on. Despite these limitations, 
this is the first study investigating the association between 
DTAC and GSD in a case‑control design.

In conclusion, the findings of the present study demonstrate 
that the DTAC had an inverse association with gallstones 

incident. However, interventional approaches are needed to 
confirm the relation between DTAC and GSD prevention.

Informed consent

Informed consent was obtained from all participants before 
enrolment into the study.

Author’s contributions

SS contributed in the data acquisition, analysis, and 
interpretation; wrote the manuscript and critically reviewed 
it; and participated in the final approval of the version to 
be published. AS participated in the data acquisition and 
interpretation, reviewed the article critically and made 
important intellectual contributions, and participated in the 
final approval of the version to be published. FH and VA 
contributed substantially to study conception and design, 
participated in the data analysis and interpretation, wrote 
the manuscript and critically reviewed it, and participated 
in the final approval of the version to be published. 
MR contributed substantially to study conception and 
design; participated in the data acquisition, analysis, and 
interpretation; wrote the manuscript and critically reviewed 
it; and participated in the final approval of the version to 
be published. BA and AS contributed substantially to study 
conception and design, participated in the data analysis and 
interpretation, wrote the manuscript and critically reviewed 
it, and participated in the final approval of the version to be 
published.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

Received: 07 May 20 Accepted: 07 Aug 20
Published: 30 Dec 21

References
1. Lammert F, Gurusamy K, Ko CW, Miquel JF, Méndez‑Sánchez 

N, Portincasa P, et al. Gallstones. Nat Rev Dis Primers 
2016;2:16024.

2. Shabanzadeh DM. Incidence of gallstone disease and 
complications. Curr Opin Gastroenterol 2018;34:81‑9.

3. Naumowicz E, Białecki J, Kołomecki K. Results of treatment of 
patients with gallstone disease and ductal calculi by single‑stage 
laparoscopic cholecystectomy and bile duct exploration. 
Wideochir Inne Tech Maloinwazyjne 2014;9:179.

4. Chiang JY. Bile acid metabolism and signaling. Compr Physiol 

Table 5: Crude and multivariable‑adjusted odds ratios and their 95% confidence interval of the associations between 
gallstone and dietary total antioxidant capacity

DTAC (µmol TE/100 g) Q1 (n=150) <15,975 Q2 (n=150) 15,975‑19,816 Q3 (n=150) 19,817‑25,037 Q4 (n=150) >25,037 P‑trend
Model 1 1 0.25 (0.12‑0.55) 0.36 (0.18‑0.73) 0.34 (0.16‑0.69) <0.001
Model 2 1 0.27 (0.12‑0.59) 0.37 (0.18‑0.76) 0.34 (0.16‑0.71) <0.001
Model 3 1 0.31 (0.14‑0.76) 0.39 (0.17‑0.98) 0.27 (0.12‑0.75) <0.001
BMI, Body mass index; DTAC=Dietary total antioxidant capacity; OR=Odds ratio; Q=Quartile, Model 1: Crude, Model 2: Adjusted for 
age, sex, education, Model 3: Adjusted for age, sex, education, BMI, marital status, physical activity, energy

[Downloaded free from http://www.ijpvmjournal.net on Sunday, January 16, 2022, IP: 176.102.244.236]



Saadati, et al.: Dietary total antioxidant capacity and gallstone disease

International Journal of Preventive Medicine 2021, 12: 1786

2013;3:1191‑212.
5. Cao AM, Eslick GD. Epidemiology and pathogenesis of 

gallstones. InThe Management of Gallstone Disease. Cham: 
Springer; 2018. p. 53‑66.

6. Gurusamy KS, Davidson BR. Gallstones. BMJ 2014;348:g2669.
7. Grattagliano I, Ciampi SA, Portincasa P. Gallbladder disease: 

Relevance of oxidative stress. In Gastrointestinal Tissue. 
Academic Press; 2017. p. 187‑94.

8. Sipos P, Krisztina H, Blázovics A, Fehér J. Cholecystitis, 
gallstones and free radical reactions in human gallbladder. Med 
Sci Monit 2001;7:84‑8.

9. Geetha A. Evidence for oxidative stress in the gall bladder 
mucosa of gall stone patients. J Biochem Mol Biol Biophys 
2002;6:427‑32.

10. Soloway RD, Weinman SA. Oxidative stress as a cause of biliary 
lithiasis: New possibilities for medical therapy of stones or a 
false alarm? Hepatology 2000;32:670‑1.

11. Björkhem I, Kallner A. Hepatic 7alpha‑hydroxylation of 
cholesterol in ascorbate‑deficient and ascorbate‑supplemented 
guinea pigs. J Lipid Res 1976;17:360‑5.

12. Bergman F, Curstedt T, Eriksson H, Sjövall J. Gallstone 
formation in guinea pigs under different dietary conditions. 
Effect of vitamin C on bile acid pattern. Med Biol 1981;59:92‑8.

13. Gaby AR. Nutritional approaches to prevention and treatment of 
gallstones. Altern Med Rev 2009;14:258.

14. Pellegrini N, Serafini M, Colombi B, Del Rio D, Salvatore S, 
Bianchi M, et al. Total antioxidant capacity of plant foods, 
beverages and oils consumed in Italy assessed by three different 
in vitro assays. J Nutr 2003;133:2812‑9.

15. Haidari F, Aghamohammadi V, Mohammadshahi M, 
Ahmadi‑Angali K. Effect of whey protein supplementation on 
levels of endocannabinoids and some of metabolic risk factors 
in obese women on a weight‑loss diet: A study protocol for a 
randomized controlled trial. Nutr J 2017;16:70.

16. Haytowitz DB, Bhagwat S. USDA Database for the Oxygen 
Radical Absorbance Capacity (ORAC) of Selected Foods, 
Release 2. US Department of Agriculture; 2010. p. 10‑48.

17. Sotoudeh G, Abshirini M, Bagheri F, Siassi F, Koohdani F, 
Aslany Z. Higher dietary total antioxidant capacity is 
inversely related to prediabetes: A case‑control study. Nutrition 
2018;46:20‑5.

18. Eder MI, Miquel JF, Jüngst D, Paumgartner G, Von Ritter C. 
Reactive oxygen metabolites promote cholesterol crystal 
formation in model bile: Role of lipid peroxidation. Free Radic 
Biol Med 1996;20:743‑9.

19. Winkler BS. Unequivocal evidence in support of the 
nonenzymatic redox coupling between glutathione/glutathione 

disulfide and ascorbic acid/dehydroascorbic acid. Biochim 
Biophys Acta 1992;1117:287‑90.

20. Frei B, Stocker R, Ames BN. Antioxidant defenses and lipid 
peroxidation in human blood plasma. Proc Natl Acad Sci 
1988;85:9748‑52.

21. Waniek S, di Giuseppe R, Esatbeyoglu T, Ratjen I, Enderle J, 
Jacobs G, et al. Association of circulating vitamin E (α‑and 
γ‑Tocopherol) levels with gallstone disease. Nutrients 
2018;10:133.

22. Phillips JR, Angulo P, Petterson T, Lindor KD. Fat‑soluble 
vitamin levels in patients with primary biliary cirrhosis. Am J 
Gastroenterol 2001;96:2745‑50.

23. Worthington HV, Hunt LP, McCloy RF, Maclennan I, 
Braganza JM. A pilot study of antioxidant intake in patients with 
cholesterol gallstones. Nutrition 1997;13:118‑27.

24. Worthington HV, Hunt LP, McCloy RF, Ubbink JB, Braganza JM. 
Dietary antioxidant lack, impaired hepatic glutathione reserve, 
and cholesterol gallstones. Clin Chim Acta 2004;349:157‑65.

25. Simon JA, Hudes ES. Serum ascorbic acid and other correlates 
of gallbladder disease among US adults. Am J Public Health 
1998;88:1208‑12.

26. Simon JA, Hudes ES. Serum ascorbic acid and gallbladder 
disease prevalence among US adults: The Third National Health 
and Nutrition Examination Survey (NHANES III). Arch Intern 
Med 2000;160:931‑6.

27. Walcher T, Haenle MM, Kron M, Hay B, Mason RA, Walcher D, 
et al. Vitamin C supplement use may protect against gallstones: 
An observational study on a randomly selected population. BMC 
Gastroenterol 2009;9:74.

28. Masri OA, Chalhoub JM, Sharara AI. Role of vitamins 
in gastrointestinal diseases. World J Gastroenterol 
2015;21:5191‑209.

29. Jessri M, Rashidkhani B. Dietary patterns and risk of gallbladder 
disease: A hospital‑based case‑control study in adult women. 
J Health, Popul Nutr 2015;33:39.

30. Pixley F, Wilson D, McPherson K, Mann J. Effect of 
vegetarianism on development of gall stones in women. Br Med 
J (Clin Res Ed) 1985;291:11‑2.

31. Tsai CJ, Leitzmann MF, Willett WC, Giovannucci EL. Fruit and 
vegetable consumption and risk of cholecystectomy in women. 
Am J Med 2006;119:760‑7.

32. Makiuchi T, Sobue T, Kitamura T, Ishihara J, Sawada N, 
Iwasaki M, et al. The relationship between vegetable/fruit 
consumption and gallbladder/bile duct cancer: A population‑
based cohort study in J apan. Int J Cancer 2017;140:1009‑19.

33. Chen YC, Chiou C, Lin MN, Lin CL. The prevalence and risk 
factors for gallstone disease in taiwanese vegetarians. PloS One 
2014;9:e115145.

[Downloaded free from http://www.ijpvmjournal.net on Sunday, January 16, 2022, IP: 176.102.244.236]


