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Ovo-lactovegetarian diet as a possible protective factor against gallbladder
polyps in Taiwan: A cross-sectional study
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ABSTRACT

Objective: Gallbladder polyps (GBPs) are an increasingly common incidental finding
and 3% to 8% of GBPs become malignant. A poor prognosis is expected in patients
with gallbladder cancer. No studies have considered the relationship between diet
and the development of GBPs in the Taiwanese population. The objective of this
study was to investigate whether a vegetarian diet protects against GBP development.
Materials and Methods: This cross-sectional study included 11,717 individuals who
received a health checkup at Taipei Tzu Chi Hospital (New Taipei City, Taiwan) between
October 2011 and October 2016. All individuals completed questionnaires that collected
data about their characteristics, dietary patterns, and lifestyle. Physical examinations
were conducted, and blood chemistry tests were performed. The presence of GBPs was
determined using ultrasonography. We subsequently evaluated the association between
diet and GBP prevalence using multivariate analysis. Results: The prevalence of GBPs
for the entire group was 8.3%. GBPs were significantly less common in the vegetarian
groups (vegans 9.0%, ovo-lacto vegetarians 7.5%, and semi-vegetarians 7.2%) compared
with the omnivore group (9.6%) (P = 0.002). Step-wise logistic regression revealed that an
ovo-lacto vegetarian diet was a possible protective factor (odds ratio = 0.83, P = 0.015).
Conclusions: The study findings showed a strong negative association between an

ovo-lacto vegetarian diet and GBP occurrence.
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INTRODUCTION

ny lesion projecting from the surface of the gallbladder

wall mucosa into the gallbladder interior is defined as a
gallbladder polyp (GBP) [1]. Although most GBPs are benign
lesions, there is still a 3% to 8% chance of a polyp becom-
ing malignant [2]. A poor prognosis has been noted in patients
with gallbladder cancer [2]. When a GBP is larger than 1 cm,
the prevalence of malignancy rises markedly, and cholecys-
tectomy is usually suggested [3]. When gallbladder cancer
produces symptoms, it is often at an incurable stage [2].
Thus, GBPs have important clinical significance. Nonetheless,
there are few studies of the prevalence of and risk factors for
GBPs [4-6].

GBPs are nonspecific and asymptomatic in most patients [2].
Due to the increasing the use of abdominal ultrasounds in
health checkups, and the symptomology of GBPs, they are
becoming a common incidental finding [7,8]. The prevalence
of GBPs differs between countries and areas, with percent-
ages ranging from 0.3% to 9.9%. The prevalence of GBP in
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Taiwan (9.5%) is high, and the risk factors for the develop-
ment of GBPs are not clearly established. The reported risk
factors for GBP are male sex [3,6-9], old age [4,5], and chronic
hepatitis B viral infection [5,8,9]. Previous studies have also
identified metabolic syndrome factors (including obesity, high
body mass index [BMI], dyslipidemia, and glucose intolerance)
as risk factors for GBPs [2-6,8-12].

A vegetarian diet has been shown to have positive effects
on metabolic characteristics and reduce the risk of development
of metabolic syndrome in many studies [13-20]. In addition,
the role of diet has been associated with the incidence of gall-
bladder cancer [21]. One study in Taiwan reported that 2.3% of
men and 4.4% of women over 45 years of age were vegetar-
ians in 1993-1996 [22]. In Taiwan, as in other Asian countries,
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many people choose a vegetarian diet due to religious beliefs
and health issues. There are no data on the prevalence of and
the risk factors for GBPs in the general vegetarian popula-
tion. We hypothesized that vegetarianism could be a protective
factor against GBPs in the general population of Taiwan. In our
cross-sectional study, we aimed to verify this hypothesis.

MATERIALS AND METHODS
Study participants

In this cross-sectional study, participants were enrolled from
the health examination center at Taipei Tzu Chi Hospital (New
Taipei City, Taiwan), which was founded by the Buddhist
Compassion Relief Tzu Chi Foundation. We assessed those who
received a paid advanced health checkup package (including
physical examination, serial blood tests, abdominal sonography,
and tumor marker testing) from October 2011 to October 2016.
Patients who had previously undergone a cholecystectomy were
excluded from the study. The study was conducted in accordance
with the Declaration of Helsinki and was approved by the Local
Ethics Committee of the institution (05-XD20-048). Informed
written consent was waived because the study was a retrospec-
tive data analysis. Strengthening the Reporting of Observational
Studies in Epidemiology guidelines were followed in this study.

Clinical assessment

After the patient had fasted for at least 8 h, abdom-
inal  ultrasound was performed by a well-trained
specialist in gastroenterology with a GELogiq S7 ultrasound
machine (Seongnam-Si, Korea). A diagnosis of GBP was made
when hyperechoic and immobile echoes projecting from inside
the GB wall into the lumen were observed without an acoustic
shadow [2]. The size of the largest polyp and the total number
of polyps were recorded.

A structured questionnaire was administered by a trained
nurse when each participant first visited our health exami-
nation center. The self-reporting questionnaire included
questions about patient characteristics, alcohol consumption,
betel nut chewing, cigarette smoking, medical history, amount
of exercise per week, and dietary patterns. If participants had
consumed any alcohol in the past 12 months, had ever chewed
betel nuts, or had ever used tobacco, a “yes” response was
recorded for the respective variable. Physical inactivity was
defined as < 30 min/week of exercise [23]. Levels of exer-
cise were classified into four groups for comparative purposes:
(1) <30 min/week, (2) 30-60 min/week, (3) 60—180 min/week,
and (4) >180 min/week. For comparative purposes, age
was grouped into five categories: <30 years, 30-39 years,
4049 years, 50-59 years, and > 60 years.

The dietary patterns of the participants were reported using
a self-reporting questionnaire, which was also completed at the
first visit. Participants were asked whether they were vegans,
ovo-lacto vegetarians, semi-vegetarians, or omnivores. Dietary
patterns were defined as follows: ovo-lacto vegetarian (con-
suming eggs or dairy products or both, but no other animal
products), semi-vegetarian (consuming plant-based food in
principle, with occasional meat products, no more than once a
week), vegan (plant-based foods only), or omnivore (consum-
ing both plants and animals).
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An automatic electronic meter (SECA GM-1000,
Seoul, Korea) was used to measure height and weight.
BMI was determined by dividing the weight (kg) by
the height (m?). For comparative purposes, BMIs were
grouped into six categories according to the defini-
tions of the Health Promotion Administration (HPA) and
the Ministry of Health and Welfare (MOHW) in Taiwan.
That is, a BMI <18.5 kg/m? is underweight, >18.5 kg/m’
and <24 kg/m? is normal weight, >24 kg/m?> and <27 kg/m? is
overweight, >27 kg/m? and <30 kg/m? is mild obesity, >30 kg/
m? and <35 kg/m? is moderate obesity, and >35 kg/m? is severe
obesity [24]. We measured the waist circumference (WC) at
the mid-level between the lower edge of the rib cage and the
iliac crest, with participants in a standing position. Body fat
percentages were recorded using a bioelectrical impedance ana-
lyzer (TANITA TBF-410GS, Tokyo, Japan). Abdominal obesity
was defined using the Taiwan HPA MOHW definition. That
is, a WC of >90 ¢m in men and a WC of >80 ¢cm in women
was classified as abdominal obesity. Body fat percentages were
categorized into two groups using the Taiwan HPA MOHW
definition: >30% and <30% in women, and >25% and <25%
in men [25]. An automatic blood pressure machine (Welch
Allyn 53000, New Jersey, U. S. A.) was used to measure blood
pressure.

Blood was drawn after at least 8 h of fasting. Measures
included glucose, serum total cholesterol (TCH), triglycer-
ides (TG), high-density lipoprotein-cholesterol (HDL-C),
and low-density lipoprotein-cholesterol (LDL-C) (Dimension
RXL Max integrated chemistry system, Siemens, Erlangen,
Germany). The hemoglobin AlIC (HbAIC) concentra-
tion was determined using Variant II (Bio-Rad, Richmond,
CA, USA). Fasting glucose levels were categorized into
two groups [24]: 2100 mg/dL and <100 mg/dL. TCH levels
were divided into three categories according to the National
Cholesterol Education Program Adult Treatment Panel III
report [26,27]: >240 mg/dL, >200 mg/dL, but <240 mg/
dL, and >200 mg/dL. For LDL-C [26], there were four cat-
egories: >190 mg/dL, >160 mg/dL but <190 mg/dL, >130 mg/
dL but <160 mg/dL, and <130 mg/dL. For HDL-C [26], there
were two categories: <40 mg/dL and >40 mg/dL in men,
and <50 mg/dL and >50 mg/dL in women. For TG, there were
two categories: <150 mg/dL and >150 mg/dL.

Serum virus markers included hepatitis B virus surface
antigen (HBsAg) and anti-hepatitis C virus (anti-HCV) anti-
body were checked by immunoassay analyzer (ARCHITECT
PLUS i2000SR Immunoassay Analyzer, Abbott, IL, USA).

Statistical analysis

Variables are expressed as mean + standard deviation or
number (%). We used a Chi-square test for categorical vari-
ables and Fisher’s exact test to analyze categorical values <5.
For continuous variables, we applied one-way ANOVA with
Scheffe post hoc tests. The results of the univariate analy-
sis were expressed as odds ratios (ORs) and 95% confidence
intervals (CIs). A value of P < 0.05 indicated statistical sig-
nificance and all variables significantly associated with GBP in
the univariate analysis were included in the multivariate analy-
sis. Step-wise logistic regression was performed for estimating
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the possible risk factors for GBP, and other confounding vari-
ables were adjusted. We used SPSS software (version 22, IBM,
Armonk, NY, USA) to analyze all data.

RESuULTS

Of the 11,717 over 18 years old participants included in this
study, 41.4% (4854) were men and 58.6% (6863) were women.
Of these, 3749 were omnivores, 1128 were vegans, 6451 were
ovo-lacto vegetarians, and 389 were semi-vegetarians. The
baseline clinical characteristics of the participants are shown in
Table 1. The smoking, alcohol drinking, and betel nut chewing
rates were significantly lower in the vegan and ovo-lacto
vegetarian groups than in the semi-vegetarian and omnivore
groups (P < 0.001) [Table 1]. The vegans had the highest mean
age of all groups. The omnivores had a higher BMI, a larger
WC, higher body fat, higher glucose levels (fasting glucose,
HbAIlc), and a higher lipid profile (TCH, LDL, TG) than the
other groups. The crude prevalence of GBP was 8.3% (972) in
this study. There was a significant difference in the prevalence
of GBPs according to the dietary pattern as follows: Omnivores
9.6%, vegans 9.0%, ovo-lacto vegetarians 7.5%, and semi-veg-
etarians 7.2% [Table 1].

Table 2 shows crude risks determined using univari-
ate analysis. The following factors were significantly
associated with GBPs: male sex (OR = 1.87, 95%
CI = 1.64-2.13), positive smoking status (OR = 1.31, 95%
CI = 1.08-1.58), high diastolic blood pressure (OR = 1.00, 95%
CI = 1.00-1.01), 4) high BMI (OR = 1.21, 95% CI = 1.0-1.4
for >24.0 kg/m*> and <27.0 kg/m?), large WC (OR = 0.84,
95% CI = 0.74-0.96), HBsAg positivity (OR = 1.49, 95%
CI = 1.25-1.78), high TCH (OR = 0.63, 95% CI = 0.47-0.85
for >240 mg/dL; OR = 0.76, 95% CI = 0.65-0.90

for >200 mg/dL and <240 mg/dL), high LDL (OR = 0.71, 95%
CI = 0.54-0.93), and ovo-lacto vegetarianism (OR = 0.76, 95%
CI = 0.66-0.87). However, GBPs were not associated with age,
alcohol consumption, betel nut chewing, level of exercise, sys-
tolic blood pressure, body fat, anti-HCV positivity, or levels of
HDL and TG.

On step-wise logistic regression, male sex and HBsAg posi-
tivity were independent risk factors for GBPs, while TCH level
between >200 mg/dL and <240 mg/dL, and ovo-lacto veg-
etarianism were possible protective factors for GBP [Table 2].
There were no significant associations between polyp number
and size and the different dietary patterns [Supplementary
Table 1].

DiscussION

GBPs are common in the Chinese population [8,9]. The
study showed that different dietary patterns might influence
the prevalence of GBPs. Multivariate logistic regression anal-
ysis showed that an ovo-lacto vegetarian diet (OR = 0.76,
95% CI = 0.66-0.87) was a possible protective factor against
GBPs. This was the first study which focused on the associa-
tion between GBPs and different vegetarian diets in Taiwan.

There is only one previous similar study in which GBP
prevalence and risk factors were compared between Korean
Buddhists (vegetarians) and omnivores [27]. The findings
from our study were different from those in this 2015 Korean
study [27], which compared Korean Buddhist priests and the
general population and found that the incidence of GBPs was
not significantly associated with vegetarianism. However, our
participants were mostly volunteers from the Buddhist Tzu
Chi Foundation and were not Buddhist priests. The Buddhist
priests in the Korean study lived an ascetic and communal life

Table 1: Comparison of characteristics between different diet groups

Characteristic Vegan group Ovo-lactovegetarian group Semi-vegetarian group Omnivore group
(n=1128) (n=6451) (n=389) (n=3749)
Age (years)+SD* 62.2+9.6 59.1+9.1 59.3+9.3 59.3+10.4
Sex, female (%)* 729 (64.6) 4287 (66.5) 221 (56.8) 1626 (43.4)
Smoking (%)* 80 (7.1) 572 (8.9) 47 (12.1) 693 (18.5)
Alcohol (%)* 93 (8.2) 724 (11.2) 87 (22.4) 1076 (28.7)
Betel nuts (%)* 39(3.5) 194 (3.0) 18 (4.6) 206 (5.5)
Physical inactivity (%)* 312(27.7) 1683 (26.0) 103 (26.5) 902 (24.1)
Systolic pressure (mmHg)* 122.0+16.7 121.0+15.3 122.1+15.0 123.5+¢15.5
Diastolic pressure (mmHg)* 71.7£11.3 72.3+13.4 75.8+31.3 74.4+11.0
BMI (kg/m?)* 23.1+3.4 232433 23.543.2 24.343.5
Waist (cm)* 82.149.4 81.749.2 83.149.2 85.1+9.6
Body fat (%)* 25.5+7.9 26.3+£7.5 26.0£7.7 26.147.7
HBsAg positive (%) 152 (13.5) 843 (13.1) 50 (12.9) 428 (11.4)
Anti-HCV positive (%) 31(2.7) 138 (2.1) 7(1.8) 80 (2.1)
HbAlc (%)* 5.70+0.9 5.64+0.8 5.63+0.7 5.76+0.9
Fasting glucose (mg/dL)* 100.0+£25.3 99.8+21.4 101.5+21.1 105.1£27.3
Total cholesterol (mg/dL)* 176.6+33.8 182.7+35.4 192.6+36.8 191.74£37.0
HDL-C (mg/dL)* 50.0+14.1 50.8+14.5 50.7+14.9 49.9+15.7
LDL-C (mg/dL)* 112.7429.2 116.7+30.2 125.14£31.3 123.8431.6
TG (mg/dL)* 106.2+64.8 108.1+67.8 116.0£77.3 117.9475.2
Gallbladder polyps (%)* 101 (9.0) 483 (7.5) 28 (7.2) 360 (9.6)

*Statistically significant. HBsAg: Hepatitis B virus surface antigen, HCV: Hepatitis C virus, HbAlc: Hemoglobin Alc, TG: Triglycerides, BMI: Body mass
index, HDL-C: High-density lipoprotein-cholesterol, LDL-C: Low-density lipoprotein-cholesterol, SD: Standard deviation
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Table 2: Univariate and multivariate analysis of possible risk factors for gall bladder polyps

Variable Gallbladder polyps Univariate analysis, P Multivariate analysis, P
Yes (1=972), n (%)  No (n=10,745), n (%) OR (95% CI) OR (95% CI)
Age (years)
<30 3(0.3) 23(0.2) 1.000
30-49 20(2) 244 (2.3) 0.878 (0.290-2.658) 0.818
40-49 156 (16.0) 1236 (11.5) 1.008 (0.354-2.873) 0.987
50-59 364 (37.4) 3768 (35.1) 0.838 (0.295-2.364) 0.735
>60 429 (44.1) 5474 (50.9) 0.688 (0.243-1.945) 0.481
Sex
Male 541 (55.7) 4313 (40.1) 1.872 (1.640-2.137) <0.001* 1.832 (1.542-2.178) <0.001*
Female 431 (44.3) 6432 (59.9) 1.000 1.000
Smoking
Current, previous 143 (14.7) 1249 (11.6) 1.311 (1.088-1.581) 0.004* 0.917 (0.750-1.121) 0.399
Never 829 (85.3) 9496 (88.4) 1.000 1.000
Alcohol
Current, previous 174 (17.9) 1806 (16.8) 1.079 (0.909-1.281) 0.384
Never 798 (82.1) 8939 (83.2) 1.000
Betel nut
Current, previous 42 (4.3) 415 (3.9) 1.124 (0.813-1.555) 0.480
Never 930 (95.7) 10,330 (96.1) 1.000
Exercise (/week)
<30 min 236 (24.3) 2764 (25.7) 1.000
30-60 418 (44.3) 4171 (38.8) 1.174 (0.994-1.387) 0.060
60-180 176 (18.1) 2194 (20.4) 0.940 (0.767-1.151) 0.547
>180 130 (13.3) 1531 (15.1) 0.994 (0.796-1.243) 0.961
Systolic pressure (mmHg) 122.4£15.1 122.0+15.7 1.002 (0.997-1.008) 0.435
Diastolic pressure (mmHg) 74.2+10.6 73.0+13.8 1.005 (1.001-1.018) 0.015* 1.002 (0.997-1.006) 0.433
BMI (kg/m?)
<18.5 33(3.4) 479 (4.5) 0.803 (0.558-1.155) 0.237 0.856 (0.591-1.240) 0.411
>18.5,<24 509 (52.3) 5931 (55.2) 1.000 1.000
>24, <27 287 (29.5) 2763 (25.7) 1.210 (1.040-1.408) 0.014* 1.136 (0.960-1.345) 0.137
>27,<30 100 (10.2) 1109 (10.3) 1.051 (0.840-1.314) 0.665 1.014 (0.781-1.317) 0.915
>30, <35 37(3.8) 393 (3.7) 1.097 (0.774-1.555) 0.603 1.188 (0.808-1.745) 0.381
>35 6 (0.6) 70 (0.6) 0.999 (0.432-2.310) 0.998 0.937 (0.396-2.219) 0.883
Waist (cm)
>80 (female), >90 (male) 389 (40) 4735 (44.1) 0.847 (0.741-0.968) 0.015 0.938 (0.791-1.113) 0.465
<80 (female), <90 (male) 583 (60) 6010 (55.9) 1.000 1.000
Body fat (%)
>30 (female), >25 (male) 343 (35.3) 4038 (37.6) 0.906 (0.790-1.039) 0.157
<30 (female), <25 (male) 629 (64.7) 6707 (62.4) 1.000
HBsAg positive 167 (17.2) 1306 (12.2) 1.498 (1.255-1.787) <0.001* 1.540 (1.287-1.844) <0.001*
Anti-HCV positive 15 (1.5) 241 (2.2) 0.683 (0.404-1.155) 0.155
HbAlc (%) 5.7+0.9 5.7+0.8 0.978 (0.905-1.058) 0.584
Fasting glucose (mg/dL)
>100 390 (40.1) 4320 (40.2) 0.997 (0.872-1.139) 0.961
<100 582(59.9) 6425 (59.8) 1.000
Total cholesterol (mg/dL)
>240 51(5.3) 807 (7.5) 0.638 (0.476-0.855) 0.003* 0.729 (0.464-1.148) 0.173
>200, <240 210 (21.6) 2763 (25.7) 0.767 (0.654-0.900) 0.001* 0.785 (0.628-0.981) 0.033*
<200 711 (73.1) 7175 (66.8) 1.000
HDL-C (mg/dL)
<50 (female), <40 (male) 404 (41.6) 4308 (40.1) 1.063 (0.930-1.214) 0.371
>50 (female), >40 (male) 568 (58.4) 6437 (59.9) 1.000
LDL-C (mg/dL)
>190 13 (1.3) 198 (1.9) 0.694 (0.394-1.224) 0.207 1.033 (0.502-2.125) 0.930
>160, <190 60 (6.2) 892 (8.3) 0.711 (0.541-0.935) 0.015%* 1.006 (0.682-1.482) 0.978
>130, <160 233 (24) 2611 (24.3) 0.944 (0.808-1.103) 0.467 1.142 (0.930-1.403) 0.205
Contd...
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Table 2: Contd...

Variable Gallbladder polyps Univariate analysis, P Multivariate analysis, P
Yes (n=972), n (%)  No (n=10,745), n (%) OR (95% CI) OR (95% CI)

<130 666 (68.5) 7044 (65.6) 1.000 1.000

TG (mg/dL)
>150 189 (19.4) 2177 (20.3) 0.950 (0.805-1.121) 0.544
<150 783 (80.6) 8568 (79.7) 1.000

Diet
Vegan group 101 (10.4) 1027 (9.6) 0.926 (0.735-1.167) 0.514 0.997 (0.786—1.264) 0.978
Ovo-lactovegetarian group 483 (49.7) 5968 (55.5) 0.762 (0.660-0.879) <0.001* 0.830 (0.715-0.965) 0.015*
Semi-vegetarian group 28 (2.9) 361 (3.4) 0.730 (0.490-1.089) 0.123 0.775 (0.518-1.159) 0.215
Omnivore group 360 (37) 3389 (31.5) 1.000 1.000

*Statistically significant. Data are shown as n (%) or mean+SD. HBsAg: Hepatitis B virus surface antigen, HBV: Hepatitis B virus, HCV: Hepatitis C virus,
HbA Ic: Hemoglobin Alc, TG: Triglycerides, BMI: Body mass index, HDL-C: High-density lipoprotein-cholesterol, LDL-C: Low-density lipoprotein-cholesterol,

SD: Standard deviation, OR: Odds ratio, CI: Confidence interval

with little exercise and they had higher BMIs, blood pressures,
and HbAI1C, and TG levels than the general population [27].
In Yang et al’s study, a Chinese lacto-vegetarian diet was
found to exert favorable effects on metabolic parameters [16].
Weaver’s study also reported that a lactovegetarian diet pro-
vided greater health benefits and reduced health risks compared
with a vegan diet [28]. The benefits probably depend on the
dietary calcium-to-protein ratio that is comparable between lac-
tovegetarians and vegans [29]. Further studies are needed to
identify what it is in the ovo-lacto vegetarian diet that helps
prevent GBPs.

T with increasing numbers of people receiving
health-screening examinations and abdominal ultrasounds, the
rate of incidental detection of GBPs has increased in recent
years [3,8]. In our cross-sectional study, the prevalence of
GBPs was 8.3%, which is less than that reported in a previous
study based in another hospital in Taiwan (9.5%) [8].

There was a large proportion of ovo-lacto vegetar-
ians in this study (55%). The second largest group was
the omnivores (32%), followed by vegans (10%), and
semi-vegetarians (3%). The prevalence of GBPs was the
highest in omnivores (9.6%) and the lowest in vegetar-
ians (7.7%) [Table 1]. The size of GBPs and the number of
GBPs was similar to that in a previous study [4]. There
were no significant differences for different dietary pat-
terns [Supplementary Table 1].

This study also found that omnivores had a higher BMI, larger
WC, higher body fat, higher glucose levels (fasting glucose,
HbAlc), and a higher lipid profile (TCH LDL, TG) than the
vegetarian diet groups. Many previous studies, including those
from the Western and Eastern populations, have demonstrated
that a vegetarian diet is associated with a more favorable profile
of metabolic risk factors and a lower risk of metabolic syn-
dromes [13-20]. Although the etiology is not fully understood,
studies assessing the risk factors and pathogenesis of GBPs
have suggested that multiple metabolic disorders are associated
with the development of GBPs [3-6,8-10,12].

Cholesterol polyps are the most common type and account
for 60%—-90% of all GBPs [30]. However, in a previous study,
blood cholesterol concentration was not found to be an inde-
pendent risk factor for GBPs [4,6,12]. Interestingly, we found

that a TCH level between >200 mg/dL and <240 mg/dL
(OR = 0.78, 95% CI = 0.62-0.98) was a protective factor
for GBPs in the present study. This finding has not been
reported previously [5,9] and thus, further trials are needed for
confirmation.

This study found hepatitis B virus infection was an inde-
pendent risk factor for GBPs, and this finding is consistent
with previous studies [4-6,8]. Hepatitis B infection may lead
to an inflammatory reaction and cause abnormalities of the
gallbladder wall with bile composition [31]. However, the
pathophysiology of GBPs and the relationship between GBPs
and hepatitis B infection remains unclear.

Step-wise  logistic ~ regression  found  that male
sex (OR = 1.83, 95% CI = 1.54-2.17) was an independent
risk for GBPs in this study. Many previous studies have dem-
onstrated an association between sex and GBPs [5,6,12].
However, other studies have revealed no difference between
the sexes in the prevalence of GBPs [4,7].

There were a few limitations to this study. First, there may
have been a selection bias, in that our participants were mostly
volunteers from the Buddhist Tzu Chi Foundation motivated to
have a health check-up, and they may not be representative of
the general population. However, due to the high percentage of
vegetarians in this population, it provided us with an opportu-
nity to evaluate the risk factors for GBPs with different dietary
patterns, especially different vegetarian diet patterns. Second,
there was no detailed information on portion size, number of
calories consumed, nutrient composition of foods consumed by
the participants, or duration of the dietary regimen. Third, this
study had a cross-sectional design, and hence, causality could
not be established because the temporal relationship between a
vegetarian diet and GBPs is uncertain. Nevertheless, this is the
first study to show an association between GBPs and different
dietary patterns in Taiwanese patients.

CONCLUSIONS

The development of GBPs was significantly associated with
male sex and HBsAg positivity. An ovo-lacto vegetarian diet
may be a protective factor for the development of GBPs.
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Supplementary Table 1: Characteristics of gall bladder polyps

Characteristic Vegan group (n=101)  Ovo-lactovegetarian group (n=483)  Semi-vegetarian group (n=28) Omnivore group (#=360) P
Polyp number
Single 66 (65.3) 334 (69.1) 17 (60.7) 253(70.2) 0.614
Multiple 35(34.7) 149 (30.9) 11 (39.3) 107 (29.8)
Polyp size (mm)
<5 78 (77.2) 359 (74.3) 22 (78.5) 272 (75.5) 0.738
5-10 21(20.7) 116 (24.0) 6(21.5) 86 (23.8)
>10 2(2.1) 8 (1.7) 0 2(0.7)




