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Abstract

AIM: To investigate the association between metabolic
syndrome (MetS) and the development of gallstone
disease (GSD).

METHODS: A cross-sectional study was conducted in
7570 subjects (4978 men aged 45.0 £ 8.8 years, and
2592 women aged 45.3 + 9.5 years) enrolled from the
physical check-up center of the hospital. The subjects
included 918 patients with gallstones (653 men and
265 women) and 6652 healthy controls (4325 men and
2327 women) without gallstones. Body mass index
(BMI), waist circumference, blood pressure, fasting
plasma glucose (FPG) and serum lipids and lipoproteins
levels were measured. Colorimetric method was used
to measure cholesterol, high-density lipoprotein cho-
lesterol (HDL-C) and low-density lipoprotein cholesterol
(LDL-C). Dextrose oxidizing enzyme method was used
to measure FPG. Subjects were asked to complete a
questionnaire that enquired about the information on
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demographic data, age, gender, histories of diabetes
mellitus, hypertension, and chronic liver disease and
so on. Metabolic syndrome was diagnosed according
to the Adult Treatment Panel III (ATP III) criteria. Gall-
stones were defined by the presence of strong intralu-
minal echoes that were gravity-dependent or attenu-
ated ultrasound transmission.

RESULTS: Among the 7570 subjects, the prevalence
of the gallstone disease was 12.1% (13.1% in men and
10.2% in women). BMI, waist circumference, systolic
blood pressure, diastolic blood pressure, fasting blood
glucose and serum triglyceride (TG) in cases group
were higher than in controls, while serum high-density
lipid was lower than in controls. There were significant
differences in the waist circumference, blood pressure,
FPG and TG between cases and controls. In an age-
adjusted logistic regression model, metabolic syndrome
was associated with gallstone disease. The age-adjust-
ed odds ratio of MetS for GSD in men was 1.29 [95%
confidence interval (CI), 1.09-1.52; P = 0.0030], and
1.68 (95% CI, 1.26-2.25; P = 0.0004) in women; the
overall age-adjusted odds ratio of MetS for GSD was
1.42 (95% CI, 1.23-1.64; P < 0.0001). The men with
more metabolic disorders had a higher prevalence of
gallstone disease, the trend had statistical significance (P
< 0.0001). The presence of 5 components of the MetS
increased the risk of gallstone disease by 3.4 times (P
< 0.0001). The prevalence of GSD in women who had
5 components of MetS was 5 times higher than in those
without MetS component. The more the components of
MetS, the higher the prevalence of GSD (P < 0.0001).
The presence of 5 components of the MetS increased
the risk of gallstone disease by 4.0 times.

CONCLUSION: GSD appears to be strongly associated
with MetS, and the more the components of MetS, the
higher the prevalence of GSD.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

China is one of the fastest developing countries. Rapid
economic development and industrialization have
brought about changes in traditional diets and increas-
ingly sedentary lifestyles. Metabolic syndrome (MetS) is
defined as a cluster of multiple cardiovascular risk fac-
tors, including central obesity, elevated fasting plasma
glucose, high blood pressure, lower high-density lipid
(HDL), and higher serum triglyceride (T'G) levels. The
prevalence of MetS has been increasing gradually in Chi-
na. In 1992, the overall prevalence of MetS in China was
13.3% (12.7% in men and 14.2% in women)". By 2000,
the prevalence of MetS had elevated to 15.1%; 13.6% in
men and 16.6% in women®. In 2009, a population-based
cross-sectional survey in China showed that the crude
and age-standardized prevalence of MetS was 31.5%
and 30.5%, respectivelym. Numerous studies have indi-
cated that MetS is closely associated with some common
diseases, such as diabetes, hypertension, cardiovascular
diseases, cancer, and gallstone discase. Consequently, the
increasing prevalence of MetS may potentially associate
with the increased prevalence of these diseases. Stud-
ies about the association between gallstone disease and
MetS suggested that MetS is a risk factor for gallstone
disease (GSD)", and some studies concluded that GSD
might be a component of MetS"™” although it needs to
be validated by more evidences.

GSD represents a significant burden for health care
wotldwide” and is one of the most common disorders
among the patients admitted to the emergency rooms
with abdominal discomfort, epigastric pain, nausea, vom-
iting, loss of appetite, erd”. Ethnicity and family traits are
recognized as contributing factors™. GSD is known to af-
fect 60%-70% of native Americans and a proportionately
smaller number of individuals of mixed hispanic/na-
tive American origin[()]. The incidence of GSD is at least
10% among white adults in Western countries"”, but it
is lower in African Americans and East Asians”. GSD
is also on the rise and becoming a major health problem
in China[“’lz]; according to the reported estimates that
the prevalence of GSD increased from 4.3% in 1989 to
as high as 10.7% in 1995, Risk factors associated with
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cholelithiasis include female gender, age, obesity, diabetes,
hyperlipidemia, rapid appetite loss, hepatitis C, cirrhosis,
and high caloric intake”"™'". The association between
GSD and MetS has been a focus of some recent stud-
ies. To the best of our knowledge, the prevalence of the
disease and the association between the development of
GSD and MetS ate not fully elucidated. Moreover, there
is currently only minimal data regarding the relationship
between GSD and MetS in apparently healthy Asian peo-
ple. This study aimed to establish if there is an associa-
tion between the presence of MetS and the development
of GSD. MetS is known to be strongly associated with
lifestyle, and if MetS is proved to be related to gallstone,
we may reduce the prevalence of gallstones through life-
style interventions.

MATERIALS AND MIETHODS

Data resource and data collection

We conducted a cross-sectional study in 7570 subjects
enrolled from the Physical Check-Up Center of the
Sir Run Run Shaw Hospital. Among them, there were
4978 men, aged 45.0 + 8.8 years, and 2592 women, aged
45.3 + 9.5 years. The study protocol was approved by
the Ethics Committee of the hospital. All the subjects
signed the informed consent. And 918 (653 men and
265 women) subjects were found to have gallstones.
The gallstone cases and controls consisted of a series of
consecutive asymptomatic subjects. Exclusion criteria in-
cluded histories of cholecystectomy, pancreatitis, sequela
of clonorchis sinensis infection, gallbladder polyps, silt,
dimly disease or gallbladder wall thickening, chronic
kidney disease, pregnancy, and major gastrointestinal
surgeries. Blood samples were collected via venipunc-
ture from the study participants after they had fasted
overnight for laboratory tests. Fasting plasma glucose
(FPG), TG, total cholesterol, high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein cho-
lesterol (LDL-C) concentrations were measured using
the AEROSET analyze system (ADDOTT, America).
Colotrimetric method was used to measure cholesterol,
HDL-C and LDL-C. Dextrose oxidizing enzyme method
was used to measure FPG. Ultrasonographic examina-
tions were also done.

Questionnaire

Subjects were asked to complete a questionnaire that
enquired for information on demographic data, age,
gender, marital status, address, telephone, histories of
diabetes mellitus, hypertension, chronic liver disease, hy-
petlipidemia, systemic diseases, gastrointestinal surgery
(vagotomy gastrectomy for peptic ulcer, ileal resection
for inflammatory bowel disease, or any other disease or
cause), gravidity, and the use of oral contraceptives, any
other medications, and family history.

Physical examination
Body weight of the subjects, dressed in light clothing
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Variables Cases (n=918) Controls (7=6652) P values
Age (yr) 485+9.1 447+9.0 <0.0001
Height (cm) 165.6 +7.9 165.6 +7.7 0.2791
Weight (kg) 72.6+11.3 694+122  <0.0001
Body mass index 26.3+3.0 252+34 <0.0001
(kg/m?)

Waist circumference 91.6+9.4 87.8 £10.7 <0.0001

(cm)

Systolic blood pressure  123.6 + 14.3 119.8 £14.5 <0.0001

(mmHg)

Diastolic blood pressure 741+98 722+104 <0.0001

(mmHg)

Fasting blood glucose 5.39+1.37 511+1.04 <0.0001

(mmol/L)

High density lipid 44.6+10.9 46.0 £0.58 0.0004

(mg/L)

Triglyceride (mg/L) 201.1+183.3 183.7 £182.7 0.0069
Male 653 (71.1) 4325 (65.0) 0.0003
Larger waist 673 (73.3) 3918 (58.9) <0.0001
circumference
Higher blood 401 (43.7) 2072 (31.2) <0.0001
pressure
Higher FPG 146 (15.9) 600 (9.0) <0.0001

Lower high-density 407 (44.3) 2842 (42.8) 0.3551

lipid

Higher triglyceride 473 (51.5) 3044 (45.8) 0.0010

Student ¢ test was applied to compare the differences between cases and
controls for all continuous variables. Larger waist circumference denotes
waist circumference = 80 cm for females or = 90 cm for males; higher
blood pressure denotes systolic blood pressure = 130 or diastolic blood
pressure = 85 mmHg or drug treatment; raised fasting plasma glucose
(FPG) denotes FPG = 5.6 mmol/L or drug treatment; raised triglyceride
denotes triglyceride = 1.70 mmol/L or drug treatment; lower HDL-C
denotes HDL < 1.29 mmol/L for females or < 1.03 mmol/L for males or
drug treatment. »* test was used to compare the differences between cases
and controls for all category variables. HDL: High blood pressure; HDL-C:
High-density lipoprotein cholesterol.

and without shoes, was measured to the nearest 0.10 kg,
Height was measured to the nearest 0.5 cm. Body mass
index (BMI) was calculated as weight (kg) divided by
height (m) squared (kg/m*). Waist circumference (at the
nearest 0.1 cm) was measured at the midpoint between
the lower border of the rib cage and the iliac crest.
Three blood pressure readings were obtained at 1-min
intervals, and the second and third systolic and diastolic
pressure readings were averaged and used in the analyses.

Diagnostic criteria

MetS was diagnosed using the Adult Treatment Panel III
(ATP I) criteria. According to the ATP III criteria, MetS
was defined as the presence of any three of the follow-
ing five traits: (1) Abdominal obesity, defined as a waist
circumference in men = 90 cm and in women = 80 cm;
(2) Serum triglycerides = 150 mg/dL (1.7 mmol/L) or
medicinal treatment for elevated TG; (3) Serum HDL
cholesterol < 40 mg/dL (1.03 mmol/L) in men and
< 50 mg/dL (1.29 mmol/L) in women or medication
for low HDL-C; (4) Blood pressure = 130/85 mmHg
or medication for high blood pressure; and (5) Fasting
plasma glucose (FPG) = 100 mg/dL (5.6 mmol/L) or
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MetS status Gallstone status OR (95% CI) P values
Cases Controls

Male
Non-MetS 343 (11.6) 2600 (88.4) 0.0030
MetS 310 (15.2) 1725 (84.8) 1.29 (1.09-1.52)

Female
Non-MetS 169 (84) 1852 (91.6) 0.0004
MetS 9 (16.8)  475(82.2) 1.68 (1.26-2.25)

Total
Non-MetS 512 (10.3) 4452 (89.7) <0.0001
MetS 406 (15.6) 2200 (84.4) 1.42 (1.23-1.64)

Age-adjusted logistic regression model was used to test the associations
between metabolic syndrome (MetS) and human gallstone. OR: Odds ra-
tio; CI: Confidence interval.

medication for elevated blood glucosem

The diagnosis of GSD was established on the basis
of the results of abdominal ultrasound (US) using a
3.5-MHz transducer. US was conducted by an experi-
enced radiologist, who was unaware of the objectives of
the study and blinded to laboratory values. Gallstones
were defined by the presence of strong intraluminal
echoes that were gravity-dependent or that attenuated
ultrasound transmission (acoustic shadowing)"".,

Statistical analysis

All statistical analyses were conducted using SPSS ver-
sion 13.0 (SPSS Inc, Chicago, 11I). The results were
expressed as the mean * SD. Binary variables were sum-
marized by N and percentage. Student 7 test was applied
to compare the differences between cases and controls
for all continuous variables. ;(2 test was used to compare
the differences between cases and controls for all cat-
egory variables. Age-adjusted logistic regression model
was used to test the association between MetS and hu-
man gallstones.

RESULTS

Of the 7570 examined subjects, the prevalence of the
GSD was 12.1% (13.1% in men and 10.2% in women).
The results of univariate analysis of vatious factors and
its relationship with GSD are shown in Table 1. In com-
parison with subjects without GSD, those with GSD
were significantly older and had a higher waist circumfer-
ence (WC), BMI, systolic blood pressure, diastolic blood
pressure, fasting blood glucose and TG. Moreover, sub-
jects with GSD had a significantly lower HDL cholester-
ol level than those without GSD. The incidence of larger
waist circumference, higher blood pressure, increased
FPG and TG was obviously higher in cases group than
in the controls.

In age-adjusted logistic regression analyses (Table 2),
MetS was significantly associated with the risk of GSD
irrespective of the sex of the subjects. The age-adjusted
odds ratio of MetS for GSD was 1.29 [95% Confidence
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Figure 1 Trend test of the prevalence of gallstone disease and the num-
ber of metabolic syndrome components in males, females and total study
subjects respectively. Trend test of the prevalence of gallstone disease and
the number of metabolic syndrome components in males, in females and in
total study subjects. MS: Metabolic syndrome.

interval (CI), 1.09-1.52; P = 0.0030] in men, and 1.68
(95% ClI, 1.26-2.25; P = 0.0004) in women,; and the ovet-
all age-adjusted odds ratio of MetS for GSD was 1.42
(95% CI, 1.23-1.64; P < 0.0001).

We also analyzed the association between the preva-
lence of GSD and the number of MetS components.
Figure 1 shows that the more the components of MetS,
the higher the prevalence of GSD in men, and the trend
was significant (P < 0.0001). The presence of 5 compo-
nents of the MetS increased the risk of gallstone disease
by 3.4 times (P < 0.0001). We found the same trend in
the women. The prevalence of GSD in women who had
5 components of MetS, was 5 times that of those with-
out MetS component. The overall prevalence of GSD,
and the trend was also significant (P < 0.0001).

DISCUSSION

In China, the study about the prevalence of GSD is rare,
and the available studies are not sufficient in sample size
or lack of appropriate statistical methods. We designed
the cross-sectional study with a large sample of Chinese
population. We found that the prevalence of the GSD
was 12.1% (13.1% in men and 10.2% in women), which
was slightly higher than the figure presented in a previous
hospital-based study conducted at the West China Hospi-
tal, Sichuan University , which was reported to be 10.7%
(9.9% in men and 11.6% in women)!"". A population-
based screening study conducted in Taiwan in 2006 re-
ported that the overall prevalence of GSD was 5.0% (4.6%
in men, 5.4% in women), without significant gender dif-
ferences'”. The apparently higher prevalence rate in our
study may contribute to the Westernized lifestyle of our
subjects who were of middle-to-high income class.
According to most of the previous epidemiologic
studies, women have a higher prevalence of GSD than
men in the Western world, and estrogen is considered to
be an obvious factor for the gender difference”. How-
ever, our findings showed that the prevalence of GSD
was higher in men than in women. Actually, gender as a
risk factor for cholelithiasis still remains controversial.
While the majority of studies conducted in the West have
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concluded that women are more likely to develop chole-
lithiasis™" than men, studies among Asian patients have
failed to identify a gender-related difference™. In fact,
Liu et a/*" found a higher incidence of cholelithiasis in
men than in women below 50 years of age, but a higher
incidence in women than in men in age groups above
50 years. And Hung ez al™ indicated that menopause is
a risk factor for cholelithiasis in women. Moreover, fe-
male predominance is less evident in Asia where the pig-
mented stone diseases are more common””. So the male
predominance with GSD in our study may be attributed
to the fact that our subjects were of Asian ethnicity and
most of them were aged below 50 years, meanwhile most
of our female subjects were premenopausal women.

Older age is another significant risk factor for GSD¥,
so we used age-adjusted logistic regression model to test
the associations between MetS and human gallstone. It has
been reported that the presence of MetS as an insulin re-
sistance phenotype was associated with an increased preva-
lence of gallstones[z()]. In our age-adjusted logistic regres-
sion analysis, MetS was associated with an increased risk of
GSD.

Obesity is a major cornerstone of MetS, in our study,
the presence of a high waist circumference was common
in patients with GSD. A population-based follow-up
study on GSD in Kinmen also showed that greater waist
citcumference was associated with the development of
GSD among type 2 diabetics™. Cojocaru et al” found
that waist circumference and BMI were significantly asso-
ciated with a higher risk of cholesterol gallstone. Obesity
1s a major risk factor for developing GSD because it can
increase hepatic secretion of cholesterol®".

Although dyslipidemia is very common in MetS, no
conclusive evidence links dyslipidemia and GSD. A Ko-
rean study demonstrated that HDL cholesterol level was
significantly lower in subjects with GSD; howevet, they
did not find any component of dyslipidemia related to
MetS that could be correlated with GSD formation"”
A cross-sectional study in a check-up unit in a university
hospital in Mexico City described the influence of low
HDL cholesterol on developing GSD (OR = 2.32)"%. In
our study, subjects with GSD had lower HDL cholesterol
and higher TG, but there was only difference in the in-
cidence of higher TG between cases and controls. The
relationship between HDL and GSD remains unclear.
In most patients with higher TG, an association with
overweight and insulin resistance is often observed based
on the supersaturated (cholesterol) bile and diminished
gallbladder motility, both contributing to gallstone forma-
tion"". Phase separation of cholesterol crystals from su-
persaturated bile is considered the key event in cholester-
ol gallstone formation. It is a basal framework of the in-
teractions between the sterol, bile salts and phospholipids
in aqueous solutions. Biliary bile acid and phospholipids
are important to solubilize cholesterol™. Phospholipid
transfer protein (PLTP) transfers lipids from low-density
lipoproteins to high-density lipoproteins. It was found
that an inhibitory effect of haptoglobin over PLTP activ-
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ity in hyperlipidemic plasma may contribute to the regula-
tion of reverse cholesterol transportmj. Huang et al™ re-
vealed a hitherto unrecognized role of protein kinase Cf3
(PKCp) in the fine tuning diet-induced cholesterol and
bile acid homeostasis, thus identifying PKCf as a major
physiological regulator of both triglyceride and cho-
lesterol homeostasis. Moreover, polymorphisms in the
gene encoding are also found to increase the gallstone
risk. Such as the cholesterol transporter ABCG5-G8 and
phospholipid floppase ABCB4".

Considering the obvious association between gall-
stone disease and MetS in this study, the fact that higher
blood pressure was associated with MetS and GSD ap-
pears reasonable. Systolic blood pressure and diastolic
blood pressure were higher in patients with GSD as com-
pared with the controls. A study in Taiwan documented
that cholelithiasis in Asian obese patients is significantly
associated with increased diastolic blood pressurem.
Blood pressure = 130/85 mmHg was significantly asso-
ciated with a higher risk of cholesterol gallstonel%]. The
mechanism why higher blood pressure increased the risk
of GSD still remains unclear. Some scholars considered
that this association could be explained by the action of
insulin in hypertension. To validate the mechanism, we
will further study the relationship between hypertension
and GSD. We have designed a study to investigate the as-
sociation between BP and GSD, as well as the impact of
medication for hypertension on GSD.

Previous studies indicated that diabetes mellitus was a
tisk factor for GSD""™. GSD appeared strongly associ-
ated with fasting glycemialzgj. We noted that there was a
positive correlation between prevalence of gallstone with
higher FPG. The possible mechanisms for this associa-
tion may be as follows: hyperglycemia inhibits bile secre-
tion from the liver and disturbs gallbladder contractionm;
hyperglycemia may affect gallbladder motility[4”; or some
factors modifying the crystal nucleation and mucous se-
cretion in bile!*.

Finally, GSD appears to be strongly associated with
MetS. The result is consistent with the hypothesis that
insulin resistance plays an important role in the patho-
genesis of GSD. Animal experiments demonstrated that
mice with isolated hepatic insulin resistance created by
liver-specific disruption of the insulin receptor [Liver
insulin receptor knockout (LIRKO) mice] are markedly
predisposed towards cholesterol gallstone formation.
After only one week on a lithogenic diet, 36% of LIRKO
mice developed gallstones and 100% had gallstones by 12
wk*, Chang e al"” showed that insulin resistance was
positively associated with gallstones in non-diabetic Ko-
rean men, and this occurred regardless of obesity. Taking
into account this association, some authors raised the
question whether administration of lipid-lowering drug
is a therapeutic option for GSD? Ezetimibe was shown
to have a beneficial effect against cholelithiasis in both
animal and humans™, it is, therefore, possible to suggest
that a clinical trial designed to investigate the potential
efficiency of ezetimibe for reducing biliary cholesterol
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saturation and insulin resistance in populations with a
predisposition to cholelithiasis should be now warranted.
In conclusion, GSD is common in China, and the
present study shows an obvious association between
MetS and GSD, and the more the metabolic components
of MetS, the higher the prevalence of the GSD. But the
mechanism for the association remains unclear, further
reseatch is needed to clarify how BP influences the for-
mation of GSD, whether medication for dyslipidemia
benefits the GSD patients, and whether we can reduce
the prevalence of GSD through lifestyle interventions.
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