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Is Metabolic Syndrome One of the Risk Factors for Gallbladder
Polyps Found by Ultrasonography during Health Screening?
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Background/Aims: We conducted this study to identi-
fy the risk factors for finding gallbladder polyps (GBP)
in Korean subjects during health screening, and to
determine the nature of the association between the
presence of metabolic syndrome (MS) and the devel-
opment of GBP. Methods: A total of 1,523 subjects
were enrolled, comprising 264 with GBP (81 women
and 183 men) and 1,259 controls (696 women and
563 men with normal GB). Body mass index (BMI),
waist circumference (WC), blood pressure (BP), in-
sulin, fasting blood sugar (FBS), lipids, liver enzymes,
hepatitis B antigens (HBs Ag), and hepatitis C anti-
bodies (HCV Ab) were measured. MS was considered
to be present when three or more of the NCEP-ATPIII
(National Cholesterol Education Program-Adult Treat-
ment Panel lll) criteria were satisfied. Insulin resist-
ance was calculated by homeostasis model assess-
ment of insulin resistance (HOMA-IR). Independent
risk factors were analyzed by logistic regression ana-
lysis. Results: Univariate analysis revealed that the
risk factors for GBP were age, sex, WC, smoking his-
tory, BP, BMI, FBS, serum lipids, HOMA-IR score,
and MS. Multivariate logistic regression analysis re-
vealed that the risk factors for GBP were presence of
MS (Odds Ratio (OR)=2.35, 95%Confidence Interval
(Cl)=1.53-3.60), being male (OR=2.34, 95%CI=1.72-
3.18), HOMA-IR score>2.5 (OR=1.64, 95%CI=1.19-
2.26), and higher WC (OR=1.4, 95%CI=1.05-1.88).
MS was present in 20.8% and 5.9% of GBP patients
and controls, respectively, and was the highest risk
factor for GBP. Conclusions: MS, male, insulin re-
sistance, and abdominal obesity are probably risk fac-
tors for GBP, with MS appearing to be strongly asso-
ciated with GBP in Koreans. (Gut and Liver 2007;1:
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INTRODUCTION

Polypoidal lesions of the gallbladder (GBP) may be de-
fined as elevations of gall bladder (GB) mucosa’ and are
usually found incidentally by ultrasonography (USG) or in
resected GB after cholecystectomy. The detection of GBP
has increased particularly since the widespread use of
USG as a diagnostic modality. Such polypoid lesions have
been found in 0.004 to 13.8% of resected GB® and ob-
served in 3-12.8% of GB assessed by USG.>*

We occasionally found that GBP observed incidentally
by the USG during health screening disappeared during
follow-up, and the majority of these cases have undergone
successful weight reduction and improved lipid profiles.
In terms of prevalence of GBP, ethnic differences and
even temporal differences in same area have been
reported.* Obesity,” glucose intolerance,” or increased
BMI”® has been reported in the English literature to be
related to the prevalence of GBP. These reports indicate
that the risk factors of GBP are probably related to life-
style factors such as eating habits or activities. Moreover,
obesity and impaired glucose intolerance are also compo-
nents of metabolic syndrome, which is related to lifestyle
factors. No previous study has been conducted on the re-
lation between GBP and metabolic syndrome. This study
was carried out to explore the association between the
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two as well as to identify the risk factors of GBP found
by USG on health screening in the Korean population.

MATERIALS AND METHODS
1. Materials

We conducted a retrospective, cross-sectional study on
individuals that had undergone health screening at the
Healthcare System Gangnam Center of Seoul National
University Hospital. To assess the prevalence rate of GBP,
we investigated subjects who had received USG of abdo-
men from October 2003 to March 2007.

To investigate the risk factors of GBP, the study in-
cluded 264 subjects (the GBP group) found to have GBP
by USG of abdomen and 1,259 subjects (the control
group) with a normal GB by USG screened from February
to April 2007. Lab results including insulin level were
available for all subjects. Those with GBP and other be-
nign diseases of the hepatobiliary or renal system such as
hepatic cysts or renal cysts were included in the GBP
group. However, those without a GB due to previous
cholecystectomy were excluded from the control group.

2. Methods

1) Diagnosis of GBP

After 10 hours of fasting, abdominal USG was per-
formed using a SEQUOIA 512 (Acuson, Charleston road,
CA, USA) with 3.5 MHz convex probe. Nine radiologists
were involved. GBP were diagnosed as immobile echoes
protruding from inside the GB wall into the lumen.’
Diameters of the largest polyps, polyp numbers, and the
presence of gallstones were recorded.

2) Analysis of risk factors

(1) Questionnaire: We reviewed age, sex, smoking his-
tory, drinking history, and past medical history including
hypertension, diabetes and hyperlipidemia for all 1,523
study subjects.

(2) Physical examination: Body weights and heights
were measured, and body mass indexes (BMI) were calcu-
lated (weight (Kg) divided by height (m) squared). Waist
circumference (WC) was measured at the midpoint be-
tween the lower border of the rib cage and the iliac crest,
and body fat percentages were measured using bipolar
electric impedance (In Body 4.0, Seoul Korea). Blood
pressure readings were obtained after a 10 min rest.

(3) Biochemical laboratory test: After at least 10 hours
of fasting, blood sample was drawn to determine fasting
glucose (FBS), GOT, GPT, alkaline phosphatase, total
cholesterol, triglyceride, high density lipoprotein choles-
terol (HDL-C), insulin, HBsAg, anti hepatitis C antibody

(HCV Ab), thyroid function test (FT4, TSH) and tumor
markers (CA 19-9, CEA, AFP).

(4) Insulin resistance: The homeostasis model assess-
ment (HOMA-IR) was used to assess insulin resistance.’
HOMA-IR was calculated using the following formula:
HOMA index=[fasting insulin («U/mL) - fasting glucose
(mmol/L)]/22.5, high index of insulin resistance a value
>2.5." HOMA-IR is known to closely correlate with the
insulin sensitivity index as determine using the standard
euglycemic hyperinsulinemic clamp, as shown by Matthews
et al.’

(5) Definition of metabolic syndrome: According to
NCEP-ATP 1II criteria'® metabolic syndrome is defined if
three or more of the following criteria are satisfied: @
Abdominal obesity; Waist circumference (WC) in men>
102 cm and in women>88 cm. @ Hypertriglyceridemia;
>1.7 mmol/L (150 mg/dL). ® Low HDL cholesterol;
<1.03 mmol/L (40 mg/dL) in men and <1.29 mmol/L
(50 mg/dL) in women. @ High blood pressure; >130/85
mmHg. ® High fasting plasma glucose; =6.1 mmol/L
(110 mg/dL). We also applied WHO-APR (World Health
Organization-Asian Pacific Region) criteria'’ for abdomi-
nal obesity (WC in men>90 cm and in women>80 cm)
rather than the NCEP-ATP III criteria (also called the
modified ATP III criteria). Cases that were under anti-
hypertensive treatment were considered as having a high
BP, and those receiving antidiabetic treatment were re-
garded to have a high FBS.

(6) Categorization of each variable: BMI was grouped
into 4 categories'’; BMI <18.5 kg/m* as underweight, >
18.5 kg/m” but <23 kg/m’ as normal weight, >23
kg/m* but <25 kg/m’ as overweight, and >25 kg/m” as
obesity.

FBS was also grouped into 3 categories; <110 mg/dL
as normal, =110 mg/dL but <126 mg/dL as impaired,
and =126 mg/dL as diabetic.

Total cholesterol was categorized using the NCEP-
ATPIII (National Cholesterol Education Program, ATPIH)10
criteria into 3 groups; < 200 mg/dL, =200 mg/dL but
<240 mg/dL, >240 mg/dL.

For HDL-C, 2 categories were made; <40 mg/dL and
>40 mg/dL or more in men, and <50 mg/dL and >50
mg/dL or more in women.

Triglyceride was also categorized into 2 groups; <150
mg/dL, and =150 mg/dL.

3. Statistical analyses

Results are expressed as mean+SD. The Chi square-
test was utilized to analyze the categorical differences.
The t-test was used to test differences in characteristics
between the groups. Univariate analysis results are ex-
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pressed by the odds ratio (OR) and 95% confidence inter-
val (CI). To evaluate the putative potential risk factors as-
sociated with GBP, a stepwise multivariate analysis with
logistic regression was performed. A value of p<0.05 was
considered statistically significant. Analyses were per-
formed using the Statistical Package for the Social
Sciences (SPSS v10.0, Chicago, IL, USA).

RESULTS
1. Prevalence rate

Among 43,606 subjects who received USG of abdomen
at our center from October 2003 to March 2007, 3,701
subjects (8.5%) were found to have GBP. GBP were
found in 2,468 subjects (10.5%) of 23,555 men and in
1,233 subjects (6.2%) of 20,051 women. An analysis of
prevalence rates by age showed peaks in the fifth decade
for men (10.3%) and in women (7.0%) (Fig. 1). The
overall prevalence rate of GBP during the three month-
study period (February to April 2007) was 7.9% (459/
5,827). Prevalence of GBP during the study period was
9.2% (294/3,209) in men and 6.3% (165/2,618) in
women.

2. Risk factors

The proportion of men in the GBP group was sig-
nificantly higher (69.3 vs. 44.7%) than in control group.
Cases in the GBP group were older (52 vs. 49 years), had
a greater waist circumference (86.7 vs. 82.1 cm), body
mass index (24.2 vs. 22.5 kg/m’), and higher systolic
(121 vs. 117 mmHg) and diastolic (79 vs. 75 mmHg)
blood pressures, FBS (103 vs. 95 mg/dL), HOMA-IR (2.5
vs. 2.0) and lipid profiles (total cholesterol, triglyceride,
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Fig. 1. The prevalence rate of gallbladder polyps according to

gender and age from October 2003 to March 2007.
% means prevalence rate; F, female; M, male; T, total.

and inverse HDL-C values) (Table 1). The frequencies of a
smoking history and the presence of metabolic syndrome
were also significantly higher in the GBP group than in
the control group (59.1 vs. 47.7% and 20.8 vs. 5.9%, re-
spectively). However, no differences were observed in the
mean of body fat or of liver enzymes, or presence of HBs
Ag or HCV-ADb (data not shown). There was no difference
in the frequency of alcohol consumption, either (data not
shown). Moreover, the mean of three tumor markers and
the frequency of elevation of tumor markers were similar
in the two groups (data not shown).

Table 2 shows the crude (non-controlled) risks de-
termined by univariate analysis. When anthropometric
variables were tested, a higher obesity grade, an older
age, a higher BMI category, a greater number of diag-
nostic metabolic syndrome criteria, a higher FBS, and a
higher total cholesterol were associated with a higher
probability of GBP. Male gender, high blood pressure,
waist circumference, smoking history, BMI, metabolic syn-
drome, and a HOMA-IR of >2.5 were found to be sig-
nificantly associated with higher risk of GBP. However,
liver enzymes, viral hepatitis markers, thyroid function
profiles, and tumor markers were not associated with
GBP (data not shown.).

Table 1. Mean Differences or Frequency Comparison of Vari-
ables between Gallbladder Polyp and Control Groups

Variables GBP Controls  p value
Gender 0.000
Male 183 (69.3) 563 (44.7)
Female 81 (30.7) 696 (55.3)
Age (y1) 520+102  49.4+11.0 0.001
Systolic BP (mmHg) 121.4=16.0 117.1=16.6 0.000
Diastolic BP (mmHg) 78.9x12.0 74.5+12.3  0.000
WC (cm) 86.7%8.0 82.1x7.4 0.000
BMI (Kg/m?) 24.2+3.0 22.5+2.6 0.000
Smoking History (+) 156 (59.1) 601 (47.7) 0.001
Alcohol drinking (+) 155 (58.7) 730 (58.0) 0.827
Metabolic Syndrome (+) 55 (20.8) 74 (5.9) 0.000
FBS (mg/dL) 103.2+22.8 94.8+14.8  0.000
HOMA-IR 2.49+1.93 2.00+1.91 0.000
HOMA-IR >2.5 97 (36.7) 226 (18.0) 0.000
TC (mg/dL) 197.1£35.1 190.8+33.1 0.006
TG (mg/dL) 116.8+71.2 96.1+47.1 0.000
HDL (mg/dL) 54.0=14.2 58.9+14.4 0.000

Data are n (%) or mean=*S.E.
GBP, gallbladder polyps; yr, year; BP, blood pressure; WC,
waist circumference; BMI, body mass index; FBS, fasting blood
glucose; HOMA-IR, homeostasis model assessment of insulin
resistance; TC, total cholesterol; TG, triglyceride; HDL, high
density lipoprotein cholesterol.
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Table 2. Univariate and Multivariate Analysis of the Risk Factors for Gallbladder Polyp

Univariate analysis Multivariate analysis
Variables GBP Control e
p value* OR 95% CI p value® OR  95% CI p value

Gender 0.000
Male 183 (24.5) 563 (75.5) 2.80 2.10-3.71 0.000  2.336 1.72-3.18 0.000
Female 81 (10.4) 696 (89.6)
Age (yr) 0.002(*) 1.012 0.88-1.18 0.086
<30 1 (2.6) 37 (97.4) 1.00
30-39 29(12.4) 242 (87.6) 5.24 0.69-39.61 0.108
40-49 85 (17.9) 389 (82.1) 8.09 1.09-59.75 0.041
50-59 86 (17.7) 401 (82.3) 7.94 1.07-58.63 0.042
60-69 51 (22.2) 178 (77.7) 10.61 1.42-79.16 0.021
>70 12 (19.7) 49 (80.3) 9.06 1.13-72.83 0.038
BP (mmHg) 1.001 0.83-1.27 0.095
SBP 1.02 1.01-1.02 0.000
DBP 1.03 1.02-1.04 0.000
WC (cm) 1.98 1.34-3.03 0.015 1.400 1.05-1.88 0.024
Smoking history (%) 156 (20.6) 601 (79.4) 1.58 1.21-2.07 0.001 1.202 0.67-1.75 0.072
BMI (kg/m?) 1.25 1.19-1.31 0.000 1.324 0.99-1.78 0.063
BMI group (kg/m?) 0.000(*)
<18.5 3 (3.9 74 (96.1) 1.0
>18.5, <23 89 (12.0) 650 (88.0) 3.38 1.04-10.94 0.042
>23, <25 78 (19.4) 325 (8.06) 5.92 1.82-19.28 0.003
>25, <30 80 (28.5) 201 (71.5) 9.82 3.01-32.05 0.000
>30 12 (57.1) 9 (42.9) 32.89 7.78-139.09  0.000
Presence of MS 0.000(*) 4.21 2.89-6.15 0.000  2.347 1.53-3.60 0.000
No. of diagnostic item
0 criterion 55 (11.9) 407 (88.1) 1.0
1 criterion 84 (13.0) 563 (87.0) 1.10 0.77-1.59 0.593
2 criteria 70 (24.6) 215 (75.4) 2.41 1.63-3.56 0.000
3 criteria 37 (38.5) 59 (61.5) 4.77 2.90-7.82 0.000
4 critieria 14 (53.8) 12 (46.2) 8.02 3.48-18.45 0.000
5 critieria 4 (57.1) 3 (42.9) 9.87 2.15-45.26 0.000
FBS (mg/dL) 0.000(*) 1.83 1.56-3.43 0.000 1.148 0.67-1.71 0.195
<110 135 (12.6) 940 (87.4) 1.0
>110, <126 101 (26.3) 283 (73.7) 2.49 1.86-3.32 0.000
>126 28 (43.8) 36 (56.2) 5.42 3.20-9.16 0.000
HOMA-IR >2.5 2.56 1.99-3.54 0.006 1.638 1.19-2.26  0.003
TC (mg/dL) 0.011(*) 1.006 0.54-1.89 0.798
<200 151 (15.9) 799 (84.1) 1.0
200-240 81 (18.1) 367 (81.9) 1.17 0.87-1.57 0.306
>240 32 (25.6) 93 (74.4) 1.82 1.18-2.82 0.007
TG (mg/dL) 0.000 1.175 0.84-1.54 0.081
<150 206 (15.6) 1,115 (84.4) 1.0
>150 58 (28.7) 144 (71.3) 2.23 1.83-3.28 0.006
HDL (mg/dL) 0.091
<40 in M, <50 in F 215 (16.6) 1,077 (83.4) 1.0
>40in M, >50 in F 49 (21.2) 182 (82.7) 0.98 0.97-1.09 0.112

Data are n (%).

*Data are analysed by chi-squre test, esp.(*): p for trend.

TData are analysed by logistic regression test.

Items with Bold character show statistical significance according to multivariate logistic regression analysis.

GBP, gallbladder polyps; OR, odds ratio; CI, confidence interval; yr, year; BP, blood pressure; SBP, systolic blood pressure; DBP,
diastolic blood pressure; WC, waist circumference; (+), presence; BMI, body mass index; MS, metabolic syndrome; FBS, fasting
blood glucose; HOMA-IR, homeostasis model assessment of insulin resistance; TC, total cholesterol; TG, triglyceride; HDL, high
density lipoprotein cholesterol.
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Table 3. Difference of Characteristics of Gallbladder Polyps ac-
cording to Presence of Metabolic Syndrome within Gallbladder
Polyp Group

Total MS (+) MS (-) p value
Polyp number 0.820
Single 126 27 (49.1) 99 (47.4)
Multiple 138 28 (50.9) 110 (52.6)
Polyp size (mm) 0.538
<5 168 37 (67.3) 131 (62.7)
5-10 94 18 (32.7) 76 (36.4)
>10 2 0 (0.0) 2 (1.0)
Gallstone 0.139
Presence 16 1 (98.2) 15 (7.2)
Absence 248 54 (92.8) 195 (92.8)

Data are n (%).
GBP, gallbladder polyps; MS, metabolic syndrome.

Stepwise multivariate logistic regression analysis of the
risk factors identified by univariate analysis confirmed
four factors as being associated with GBP (Table 2).
Metabolic syndrome increased GBP risk, with an OR of
2.35 (95%CI, 1.53-3.60; p=0.000). The other three sig-
nificant anthropometric variables were: male gender (OR
2.34, 95%CI 1.72-3.18, p=0.000), insulin resistance
(HOMA-IR>2.5) (OR 1.64, 95%CI 1.19-2.26, p=0.003),
and abdominal obesity (WC) (OR 1.40, 95%CI 1.05-1.88,
p=0.024).

3. Characteristics of GBP

No statistical relations were found among polyp num-
ber or size, or gallstones and the presence of metabolic
syndrome in the GBP group (Table 3).

DISCUSSION

When GBP are detected by USG, their clinical signifi-
cance lies in the malignant potential. However, the ma-
jority of GBP cases are benign, and are most commonly
cholesterol polyps with a relative frequency of about
46-70% of all GBP cases.' Cholesterol polyp is a poly-
poid form of cholesterolosis, and is characterized by mu-
cosal villous hyperplasia with excessive cholesterol esters
accumulation within epithelial macrophages, and may be
either be diffuse or polypoid in form." Cholesterol polyps
are typically small (2-10 mm in diameter) and peduncu-
lated, and have no neoplastic potential.”'* The majority
(99.2%) of the GBP in this study were less than 10 mm
in size, and thus, were probably cholesterol polyps. The
etiology of this condition is poorly understood but is be-
lieved to be associated with the absorption of cholesterol
from the bile or from blood. Holzbach et al" suggested

that cholesterolosis might be derived from the direct dep-
osition of cholesterol from the blood, in a manner analo-
gous to the plaque formation in atherosclerosis. Other
studies by Tilvis et al'* have suggested that alterations in
hepatic cholesterol metabolism and altered mucosal ester-
ification of free sterols from bile may contribute to the
development of cholesterolosis of the GB."

Studies on the prevalence of GBP can be classified
roughly into 2 types: studies based on resected GB and
USG findings in healthy subjects. We also conducted this
study in healthy adults and obtained a prevalence rate
was 8.5%, which is similar to those of the studies con-
ducted in New Zealand,'® China® and Japam.17 However,
compared to two previous studies in Korea, this preva-
lence of 8.5% is high; the previously reported rates were
2.9% and 2.2%.° This difference may have been due to
different places of residence, i.e., a rural versus an urban
location, and period of time during which study was
conducted. For example, Hayashi et al* reported regional
and temporal differences in the prevalence rate of GBP in
Japan to be 3.9% in a rural area in 1988 and 12.3% in an
urban area in 1993. Rates in healthy adults according to
gender generally indicated*®'”'® a higher prevalence in
men, which concurs with our findings, although one
study in the Danish population' showed no gender
difference. Hence, it appears reasonable to conclude that
Asian men have a higher risk of developing GBP.
However, the mechanism that mediates this gender-de-
termined risk remains unknown.

A review of the literatures regarding the risk factors of
GBP revealed that results are contradictory. Schinchi et
al'"® and Jorgensen et al" reported that smoking tends to
be inversely associated with GBP, and the prevalence of
GBP is not associated with age, sex, social factors, weight
factors, intake of alcohol, glucose tolerance or plasma
lipids. However, studies in China,® Korea,”® and ]apam5
concluded that the life-style related factors such as BM]J,
glucose intolerance, and obesity are also risk factors of
GBP. The present study shows metabolic syndrome, in-
sulin resistance, and abdominal obesity are significantly
associated with the risk of GBP. Based on the above-men-
tioned hypotheses concerning the pathogenesis of choles-
terol polyps, blood lipid profile seems to be related to the
risk factors of GBP found in healthy adults. However, we
found no association between lipid profile, glucose, or
BMI and the risk of GBP by multivariate analysis despite
their significance by univariate analysis.

Metabolic syndrome, which has become a major pub-
lic-health concern worldwide, was found to be most
strongly associated with the risk of GBP in the present
study. Moreover insulin resistance was also found to be
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associated with the risk of GBP. We found that metabolic
syndrome was associated with a 2.5-fold risk of GBP, and
that insulin resistance (HOMA-IR>2.5) had a 1.6-fold
risk in developing GBP. In addition, the presence of three
metabolic syndrome criteria was found to confer a 4.8-
fold increased risk of GBP, and the presence of five cri-
teria were found to confer a 10-fold risk.

Lim et al® reported that the age-adjusted prevalence of
metabolic syndrome according to NCEP-ATP III was sig-
nificantly higher in the 2001 survey than in 1998 survey
(28.0 vs. 23.6%, p<0.01) conducted in the Korean
population.

These findings that metabolic syndrome is a risk factor
of GBP and that the prevalence of metabolic syndrome is
increasing, explain the results of Hayashi et al* and the
difference between the prevalence rates found by Shim et
al” and those found during the present study.

In the present study, 16 cases (6.1%) of GBP group
had concomitant gallstones or sludge, but only one had
metabolic syndrome, indicating no significant interaction
between gallstones and metabolic syndrome in GBP group
in this study.

This present study has several limitations. First of all,
GBP histologic type was not determined. Second, the
sample size was small. Third, the study was conducted on
subjects at single healthcare center. Last, it provides few
details concerning the mechanism of the associations of
metabolic syndrome or insulin resistance and the develop-
ment of GBP. Nevertheless, this is the first study to show
an association between GBP and metabolic syndrome or
insulin resistance in a population.

In conclusion, GBP found incidentally during health
screening appear to be strongly associated with metabolic
syndrome similar to that for cardiovascular disease and
diabetes mellitus. Moreover, our findings also imply that
insulin resistance plays an important role in the patho-
genesis of these diseases. In the future, there is a need to
elucidate the association of metabolic syndrome to GBP
according to its histologic classification.
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