Original Article

Korean J Health Promot 2015;15(4):217-224 e pISSN: 2234-2141 e elSSN: 2093-5676
http://dx.doi.org/10.15384/kjhp.2015.15.4.217

MEd
SPBystn olujthst ZLANEY Kargolstat

A Cohort study of Gallstones and Incidence of Diabetes in a
Korean population
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Background: Gallstones are associated with insulin resistance but the relation between gallstone disease and
the risk of developing diabetes mellitus (DM) is unclear. We examined if gallstones are associated with an in-
creased incidence of DM compared to no gallstones.

Methods: A cohort study was performed in 41,518 Koreans aged 30-59 without DM, who underwent a health
checkup during 2005-2006 and then were followed annually or biennially until December 2011. Throughout the
study period, gallstones were defined as ultrasound-documented gallstones by standard criteria and DM was
defined as fasting serum glucose >7.0 mmol I'1, A1c >6.5%, or use of DM medications.

Results: During 192999 person-years of follow-up, 2,232 participants developed DM (incidence rate 11.6 per
1,000 person-years). The incidence of DM was higher in subjects with gallstones or cholecystectomy than in
those without gallstones for women but not for men. In multivariate-adjusted models, the hazard ratios (95%
confidence intervals) for DM comparing gallstones and cholecystectomy vs. no gallstones were 0.95
(0.63-1.42) and 1.13 (0.53-2.38), respectively, in men and 1.64 (1.13-2.40) and 2.04 (1.01-4.11), respectively,
in women. These associations did not differ significantly between relevant subgroups.

Conclusions: In an apparently healthy population, gallstones were independently and modestly associated with
increased incidence for DM in women but not in men. Women with gallstones should be provided with adequate
measures for preventing DM.
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INTRODUCTION

worldwide.” In addition to the direct complications of

gallstones,” studies have shown a positive independent as-

Gallstones are a common condition worldwide whose
prevalence is increasing with the increase in obesity and the
westernization of the socioeconomic environment. They are

associated with high financial costs for health care systems
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sociation between gallstone disease (GSD) and cardiovascular

) overall, cancer, and car-

morbidity,” extrabiliary cancer,’
diovascular mortality,s) suggesting a possible role of GSD as
a predictor for other diseases directly unrelated to gallstones.

Insulin resistance, an important pathogenic factor of car-
diovascular disease and type 2 diabetes mellitus (DM), was
found to promote cholesterol gallstones through an in-
crease in biliary cholesterol secretion and lithogenic bile
salt profile.” Epidemiologic studies also demonstrated an

.« . . . . 7-9,
association between insulin resistance and gallstones.”” All
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these raise a possibility that GSD as a manifestation of in-
sulin resistance predicts incident DM. Recently, a pro-
spective cohort study found that self-reported GSD in-
creased the risk for self-reported DM.'” The majority of
gallstones do not develop symptoms: less than 25% of ul-
trasound-diagnosed gallstones eventually become sympto-
matic."” Thus, ascertainment of gallstones solely based on
self-report can underestimate the gallstone status. Ultraso-
nography (US) is the procedure of choice for identifying
gallstones, being a noninvasive and safe imaging technique
that accurately detects the point prevalence of gallstones in
a defined asymptomatic population.'”

To our best knowledge, no study has examined whether
US-documented gallstones are associated with an increased
incidence of DM. If the previously documented relation-
ship of gallstones with incident DM was also observed in
asymptomatic population, it would indicate that individuals
with gallstones should be supported with adequate pre-
vention measures, regardless of gallstone-related symptoms
or complications. We hypothesized that gallstones, as a
manifestation of insulin resistance, increase the develop-
ment of DM even in an asymptomatic individuals. The aim
of our study was to examine whether GSD based on US
is associated with incident DM compared with no gall-

stones in an apparently healthy population.

Figure 1. Flow diagram for the selection of study subjects.

METHODS

1. Study population

The study population comprised workers and their spous-
es from one of the largest companies in Korea and its 13
affiliates. In Korea, the Industrial Safety and Health Law
requires employees to participate in annual or biennial
health examinations. These companies also support health
screening program of spouses of their employees according
to their welfare policies. Study subjects included all work-
ers 30-59 years of age and their spouses participating in
comprehensive health examinations at Kangbuk Samsung
Hospital in Seoul, Korea from 2005 to 2006 (n=47,834),
then followed annually or biennially until December 2011.
Of the 47,834 subjects, 2,156 were excluded for any of the
following reasons: missing data on abdominal US or other
covariates, DM, a history of malignancy, and a history of
liver cirrhosis or US finding suggestive of cirrhosis (Figure
1). As some individuals met more than one criterion for
exclusion, the total number of eligible subjects for the study
was 45,678 at baseline. Further, 4,160 subjects (9.1%) were
excluded for not attending any follow-up visits by December
2011. Finally, 41,518 subjects were included in the analysis.

Those not attending any follow-up visits were, on average,

Employees and their spouses, aged 30-59, from one of the largest semiconductor manufacturing
companies and its thirteen affiliates, who underwent a comprehensive health checkup
at Kangbuk Samsung Hospital in Seoul, Korea from 2005 to 2006 (n=47834)

Exclusions (n=2156 )

Missing data on ultrasound or on other covariates (n=724)
Diabetes (fasting serum glucose =126 mg/dL, HbA1c 26.5% or
use of blood glucose lowering agents) (n=1163)
A history of malignancy at baseline (n=269)
A history of liver cirrhosis or liver cirrhosis on ultrasound at baseline(n=25)

Potential participants (n=45678)

Exclusions (n=4160 )
Follow-up loss until December 2011

Diabetes -free participants included for the
analysis (n=41518)




0.3 years younger and tended to have more favorable meta-
bolic profiles at baseline than the remaining participants (data
not shown).

This study was approved by the Institutional Review
Board of Kangbuk Samsung Hospital, which exempted the
requirement for informed consent as we only retrospectively

accessed data that were de-identified.
2. Measurements

Abdominal ultrasounds were performed using the Logic
Q700 MR 3.5-MHz transducer (GE, Milwaukee, WI, USA)
by 11 experienced radiologists who were unaware of the
aims of the study. Gallstones were defined as US-docu-
mented gallstones by the presence of strong intraluminal
echoes that were gravity-dependent or that attenuated ul-
trasound transmission (acoustic shadowing)."”” Cholecys-
tectomy was defined as evidence of a cholecystectomy, a
right upper quadrant or epigastric scar and the absence of
a gallbladder, by standard criteria.” GSD was defined as
either having gallstones or having had a cholecystectomy.
An ultrasonographic diagnosis of fatty liver was defined as
the presence of a diffuse increase of fine echoes in the liver
parenchyma compared with the kidney or spleen paren-
chyma."

To assess the intra- and inter-observer reliability of the
ultrasound diagnosis of gallstones, a random sample of 200
stored ultrasonographic images were re-read at least two
weeks apart by the eleven radiologists. All radiologists were
blinded to clinical information. The inter-observer reli-
ability and intra-observer reliability for gallstones diagnosis
were substantial (kappa statistic of 0.75) and excellent (kappa
statistic of 0.96), respectively.

Metabolic syndrome (MetS) was defined using the modi-
fied National Cholesterol Education Program Adult Treat-
ment IIT as the presence of three or more of the following
criteria: 1) abdominal obesity; 2) fasting blood glucose X
5.6 mmol 1"; 3) triglycerides >1.7 mmol I''; 4) HDL-cho-
lesterol <1.0 mmol I" for men and <1.3 mmol 1" for
women; and 5) BP>130/85 mmHg. Since waist circum-
ference measurements were not available for all subjects,
we substituted overall adiposity (i.e., body mass index [BMI]
>25 kg m?, a proposed cut-off for the diagnosis of obesity
in Asians) for abdominal obesity. Hypertension was defined
as systolic BP>140 mmHg or diastolic BP>90 mmHg or
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the use of anti-hypertensive medications. Diabetes mellitus
was defined as fasting serum glucose >7.0 mmol 1", Alc
>6.5%, or the use of blood glucose lowering agents. An-
thropometric measurements and procedures for obtaining
the blood samples were described in detail elsewhere." The
glycated hemoglobin determination using the Cobas Integra
800 (Roche Diagnostics, Rotkreuz, Switzerland) was based
on the turbidimetric inhibition immunoassay for hemolyzed
whole blood. The intra- and inter-assay coefficient of var-

iation was 2.3% and 2.4%.
3. Statistical analyses

The y’-test and student t-test were used to compare the
characteristics of the study participants at baseline between
GSD and no GSD groups. The distribution of continuous
variables was evaluated and log-transformations for right-
skewed variables were done during analyses.

Incidence density was expressed as the number of cases
divided by person-years. Follow-up extended from the base-
line exam until the development of DM, or the last health
exam conducted for each participant. Since we knew that
the gallstones had occurred between two visits but did not
know the precise time of diabetes development, we used a
parametric Cox model to take into account this type of in-
terval censoring (stpm command in Stata).'” In these mod-
els, the baseline hazard function was parameterized with
restricted cubic splines in log time with four degrees of
freedom. We estimated the adjusted hazard ratios (aHR)
with 95% confidence intervals (CI) for incident diabetes
comparing gallstones and cholecystectomy to the no GSD
group. For time-dependent analyses, we used a pooled lo-
gistic regression model that closely approximates a Cox
model when the risk of outcome between intervals is low.

The models were initially adjusted for age, and then, for
smoking, alcohol intake, exercise, BMI, total cholesterol,
triglyceride, HDL-cholesterol, and HOMA-IR. To determine
linear trends of risk, the number of categories was used as
a continuous variable and tested on each model. We assessed
the proportional hazards assumption by examining graphs
of estimated log(-log) survival.

In addition, we performed stratified analyses in pre-speci-
fied subgroups defined by gender, age (<40, >40 years),
MetS (yes, no), BMI (<25, >25 kg m”), HOMA-IR (<2.5

vs. >2.5),"”) and fatty liver (yes, no); and the interactions
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by subgroups were tested.
Statistical analyses were performed using STATA version
11.2 (StataCorp LP, College Station, TX, USA). All P values

were 2-tailed, and statistical significance was set at P<0.05.

RESULTS

The baseline characteristics of subjects by GSD are pre-
sented in Table 1. The prevalence of GSD was 1.9% in men
and 2.5% in women. In both genders, age, BMI, diastolic
BP, glucose, GGT, and HOMA-IR were associated positively
with GSD, whereas HDL-C was associated negatively. The
proportions of obesity, MetS, and fatty liver were also pos-

itively associated with GSD in both men and women. Tri-

glycerides, systolic BP, and hypertension were associated
with GSD in women, whereas ALT and CRP were asso-
ciated with GSD in men.

The average follow-up period for participants who did
not develop DM was 4.7 years. During 192,999 person-years
of follow-up, 2,232 participants developed DM (for men,
incidence rate 11.0 per 1000 person-years; for women, in-
cidence rate 12.6 per 1000 person-years) (Table 2). Incidence
of DM was higher in subjects with gallstones or chol-
ecystectomy than those without gallstones in women but
not in men; but the association between GSD and DM did
not differ statistically by sex (P for interaction >0.05). In
multivariate-adjusted models, the HR (95% CI) for DM

comparing gallstones and cholecystectomy vs. no GSD were

Table 1. Baseline characteristics of study population according to gallstone diseases (GSD)

Men

Women

Characteristics P value Pvalue®
No GSD GSD No GSD GSD

Number 26,057 498 14,587 376

Age y* 37.0 (4.6) 383 (4.9) <0.001 364 (42) 37.5 (4.4) <0.001
BMI, kg m™ 243 (2.8) 249 (3.1) <0.001 21.7 (27) 22.8(3.3) <0.001
Current smoke, % 48.1 45.0 0.171 2.2 2.7 0.505
Alcohol intake, %° 43.1 37.6 0.014 9.4 9.6 0.930
Regular exercise, %° 45.9 47.2 0.554 353 39.1 0.125
Obesity, % 38.9 45.8 0.002 11.0 23.9 <0.001
Hypertension, % 11.9 14.1 0.150 2.7 5.1 0.005
Metabolic syndrome, % 17.7 21.7 0.021 3.9 8.0 <0.001
Fatty liver on ultrasound,% 37.8 44.8 0.001 6.8 15.7 <0.001
Systolic BP, mmHg" 115.9 (12.4) 116.4 (12.0) 0446 1059 (11.2) 108.9 (11.9) <0.001
Diastolic BP,mmHg" 75.3 (8.7) 76.4 (8.7) 0.006 67.3(7.9) 69.1(8.3) <0.001
Glucose, mmol 1™* 5.2 (0.4) 5.3 (0.5) 0.028 5.0 (0.4) 5.1 (0.4) <0.001
HbAlc, % 5.3(03) 5.4(0.3) 0.880 5.4 (0.3) 5.4 (0.3) 0.283
Total cholesterol, mmol I'"* 5.0 (0.8) 4.9 (0.9) 0.159 4.6 (0.8) 4.6 (0.8) 0.733
LDL-C, mmol I'* 2.9(0.7) 2.9 (0.8) 0.415 2.5 (6.4) 2.6 (0.7) 0.283
HDL-C, mmol I'* 1.3 (0.3) 13 (0.2) 0.001 1.5 (0.3) 1.5(0.3) 0.004
Uric acid, pmol I 370.0 (70.2) 371.2 (71.4) 0.758 2457 (49.4) 249.8 (48.8) 0.137
Triglycerides, mmol I™® 1.4 (1.0-2.0) 1.4 (1.0-1.9) 0.271 0.9 (0.7-1.2) 0.9 (0.7-13) 0.027
AST, U™ 24 (20-29) 25 (20-29) 0.310 20 (17-23) 20 (17-24) 0.808
ALT,UI" 26 (19-37) 27 (19-39) 0.011 16 (13-20) 16 (13-21) 0.622
GGT, U™ 27 (18-44) 29.5 (20-55) 0.049 11 (8-15) 12 (9-17) <0.001
hsCRP, mg I 0.50 (0.30-1.10)  0.60 (0.30-1.40) 0.007  030(0.20-0.70)  0.40 (0.20-1.00) 0.903
HOMA-IR® 1.98 (1.58-2.55)  2.15(1.67-2.80)  <0.001 179 (1.45-2.28)  1.95(1.57-2.63)  <0.001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BP, blood pressure; GGT, o] Z0];
HDL-C, high-density lipoprotein-cholesterol; hsCRP, high sensitivity C-reactive protein; HOMA-IR, homeostasis model assessment of in-

sulin resistance. LDL-C, low-density lipoprotein cholesterol.

.. b . . .
Data are “Mean (standard deviation), "Median (interquartile range), or percentage.

> once time per week.
2
42 test and student ¢-test were used.
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Table 2. Development of type 2 diabetes according to gallstone diseases (GSD)

o G
Multivariate HR® (95% CI)  HR (95% CI)"in

Number Person- Incident dc}:sciltc}lze(rﬁ)eoo Age-adjusted HR tbe model using
years case person-year) (95% CI) Model 1 Model 2 tlme—dfependent
variables
Men 26,555
No GSD 26,057 122,403.3 1,343 11.0 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
GSD 498 2,377.1 31 13.0 1.10(0.77-1.58) 0.97 (0.68-1.38) 0.98 (0.69-1.40) 0.88 (0.63-1.23)
Gallstone 406 1,945.6 24 12.3 1.06 (0.71-1.59) 0.96 (0.64-1.44) 0.95 (0.63-1.42) 0.88 (0.60-1.29)
Cholecystectomy 92 4315 7 16.2 1.26 (0.60-2.65) 0.98 (0.46-2.07) 1.13 (0.53-2.38) 0.87 (0.43-1.77)
P for trend 0.520 0.866 0.975 0.456
Women 14,963
No GSD 14,587  66,578.6 821 12.3 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
GSD 376 1,6403 37 22,6 1.88 (1.35-2.62) 1.66 (1.14-2.42) 1.74 (1.24-2.43) 1.73 (1.24-2.42)
Gallstone 300 1,312.2 29 221 1.83 (1.26-2.64) 1.66 (1.14-2.42) 1.64 (1.13-2.40) 1.67 (1.14-2.44)
Cholecystectomy 76 328.1 8 244 2.14 (1.06-4.29) 2.08 (1.03-4.18) 2.04 (1.01-4.11) 2.00 (1.003-3.97)
P for trend <0.001 0.001 0.001 0.001
P for interaction by gender 0.124 0.202 0.236 0.202

Abbreviations: CI, confidence intervals; HR, hazard ratio.
*Estimated from Parametric Cox models

*Model 1: adjusted for age, smoking status, alcohol intake regular exercise, and BMI; model 2: model 1 plus adjusted for total cholesterol, tri-

lyceride, HDL-cholesterol, and HOMA-IR.

"Estimated from a pooled logistic regression models with GSD as a time-dependent categorical variable adjusted for other covariates (smoking
status, alcohol intake, regular exercise, triglyceride, HDL-cholesterol, and HOMA-IR over time as time-dependent variables).

0.95 (0.63-1.42) and 1.13 (0.53-2.38) in men and 1.64 (1.13-
2.40) and 2.04 (1.01-4.11) in women. After adjustment for
glucose and insulin instead of HOMA-IR in multivariate-
adjusted models, the results were virtually unchanged. For
women, this association persisted after introducing GSD and
metabolic risk factors as time-dependent exposures. There
was not a significant difference between the association of
diabetes with gallstones and cholecystectomy among wom-
en when cholecystectomy is compared with gallstones as
the reference group (P value=0.55).

The association between GSD and the risk of incident
DM were similar across the subgroups of study partic-
ipants with no statistically significant interactions with age
(<40, >40 years), MetS (yes, no), BMI (<25, >25 kg m?),
HOMA-IR (<25 vs. >2.5), and fatty liver (yes, no).

DISCUSSION

We found that GSD was associated with increased in-
cidence of DM in women but not in men. In women, both
gallstones and cholecystectomy were significantly associated
with the development of DM, and these associations per-
sisted after adjusting for age, BMI, lipid profiles, HOMA-IR,

and possible confounders, suggesting that GSD is an in-
dependent risk factor for the development of DM in women.

To our knowledge, this is the first cohort study demon-
strating a prospective relationship of US-diagnosed gall-
stones on the incidence of DM while accounting for possi-
ble confounders. Our results agree with prior cross-sectional
studies' and a recent prospective cohort study.'® Contrary
to the prospective study where gallstones and DM were
based on self-report, which could introduce misclassification
bias,” we were able to use objective measures for defining
exposure and outcome status. Throughout the study peri-
od, gallstones based on US, an ideal method to identify
gallstone discase,”” and DM based on the levels of fasting
glucose and Alc, recently adopted criteria for diagnosing
diabetes,'” as well as self-reported history were assessed
repeatedly over time, along with other confounders, allow-
ing us to evaluate the association between US-diagnosed
gallstones, even in the case of silent gallstones found in-
cidentally during health checkup, and the development of
DM even though individuals were unaware of having DM.
Additionally, after introducing gallstones and other con-
founders as time-dependent exposures, the association be-

tween gallstones and incident DM persisted in women. For
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women, when analyzed in the model using time-dependent
variables, the HR of GSD categories did not change much
compared to the previous multivariate-adjusted model, which
could suggest that both baseline and recent GSD status
similarly predicts incident DM, after taking into account all
other factors.

Like a previous cross-sectional study in the general pop-
ulation," we found no significant association between gall-
stones and DM in men. This may be explained possibly by
a greater heterogeneity of gallstones in men." Even in a
population where gallstones are mainly composed of cho-
lesterol stones, the proportion of cholesterol stones differs
by sex and is lower in men than in women.” Moreover,
in Asia, pigment stone diseases are relatively common.*”
The greater heterogeneity of gallstones in Asian men could
explain this gender difference in the association between
gallstones and DM seen in our study. Alternatively, the
pathogenesis of gallstones might be different by sex. Female
sex hormones have been implicated as contributory factors
to the promotion of gallstones by increasing the hepatic se-
cretion of biliary cholesterol, diminishing bile salt secretion,
and increasing gallbladder stasis."” Estrogen and progester-
one receptors have been documented in gallbladders of gall-
stone patients, and the proportion of gallbladders express-
ing estrogen receptors is higher in women than in men.””
Further, obese men generally secrete more bile acids and
phospholipids into bile than do obese women; consequently,
the bile of obese men is less lithogenic.” Also, in a study
addressing the relationship between adiponectin and type
of gallstones, decreased adiponectin levels were associated
with cholesterol gallstones, whereas increased adiponectin
levels were associated with pigment gallstones.”” The heter-
ogeneity of gallstones in men and its different pathogenesis
by sex and stone type may be responsible for the differ-
ences between men and women in this study. Therefore,
for establishing that gallstones are risk factors or risk mark-
ers for DM, further studies addressing gallstone type and
sex difference are needed.

We hypothesized that gallstones, as a manifestation of
insulin resistance, possibly mainly cholesterol stones pre-
dict incident DM. In East Asians, pigment stones still com-
prise some portion of gallstones,” but gallstone composi-
tion has changed over the past decades in East Asian coun-
tries,"” and epidemiological and composition characteristics

of gallstone disease have become similar to that seen in

Western countries.” If pigment stones are included, the as-
sociation between gallstones and DM may be attenuated.

Compared with previous findings, in this study, the
prevalence of GSD at baseline was 2.1% (95% CI, 2.0-2.2),
which is lower than in the general population.” Since GSD
increases with increasing age, this smaller prevalence of GSD
can be explained by age and ethnic differences. The fre-
quency of gallstones increases with age, escalating markedly
after age 40 to 4-10 times more likely”. In our study, 75%
of the subjects were younger than 40 years old. Addition-
ally, in Asian population, a lower prevalence of GSD has
been reported than in Western countries.” Despite the
lower prevalence of GSD and a healthy young population,
a large sample size made it possible to show a significant
association between gallstones, cholecystectomy, and in-
cident DM in women.

The association between gallstones and incident DM can
be explained by the relationship of gallstones with insulin
resistance.”” An in vitro study suggested that insulin re-
sistance could play a major role in the pathogenesis of gall-
stone by favoring the production of cholesterol-super-
saturated bile and inducing gallbladder inflammation with
increased mucus production and by altering gallbladder
function.” Another experimental animal study indicated
that mice with only hepatic insulin resistance, created by
liver-specific disruption of the insulin receptor, were mark-
edly predisposed toward cholesterol gallstone formation
due to an increase in biliary cholesterol secretion and litho-
genic bile salt profile.” And epidemiological studies have
demonstrated that insulin resistance was independently as-
sociated with gallstone disease even in individuals without
diabetes."™® Therefore, gallstones as a manifestation of in-
sulin resistance, a key pathogenic factor in DM, can predict
increased incidence of DM.

There were several limitations in this study. First, even
though abdominal ultrasound is an ideal method to identi-
fy gallstone disease,” we did not have information on the
intra- or interobserver variability of gallbladder ultrasound
examinations. However, all examinations were interpreted
by experienced radiologists, unaware of the aims of the
study, using widely established methods and criteria. Second,
values of fasting glucose and Alc were based on single
measurements, but should have been repeated to determine
the individual’s status."” However, for defining DM, we

included Alc which has good pre-analytical stability and is



not affected by acute perturbations including stress, ex-
ercise and smoking.™ If ascertaining DM was misclassified
due to a single measurement, the association between gall-
stones and DM could be attenuated. Third, indications for
cholecystectomy were not available, which can be other
reason unrelated to gallstones.”® For example, cholecystec-
tomy can be performed by acalculous gallbladder diseases
such as gallbladder polyps, tumor, acalculous cholecystitis,
and biliary dyskinesia, which represent between 5% and
30% of laparoscopic cholecystectomies.”® In this study, the
association between gallstones and DM in women was sim-
ilar to that between cholecystectomy and DM. However,
due to the unavailability of cholecystectomy indications, we
cannot conclude that symptomatic gallstone disease or chol-
ecystectomy is a stronger predictor for DM than asympto-
matic gallstones. Finally, we studied a young, healthy work-
ing Korean population with only low prevalence of gall-
stones and moderate prevalence of obesity and insulin re-
sistance; thus our findings may not be generalizable to oth-
er populations. However, the major strength of our study
was that gallstones based on ultrasound and laboratory
measures were assessed repeatedly over time, along with
other confounders, allowing us to evaluate the association
between gallstones and the development of DM.

This cohort study demonstrated that gallstone disease is
independently associated with increased incidence of DM
compared with no gallstone disease in apparently healthy
women, supporting the role of insulin resistance in the
pathogenesis of gallstones in human population. Gallstones,
regardless of gallstone-related complications, as a risk fac-
tor for incident DM, may provide physicians with an op-
portunity to implement adequate preventive measures in

women with gallstone disease.

12
30 59*11«] Dﬂztﬂol Sl ”H*é?l 41
=20

Byung Seong Suh. Gallstones and Diabetes 223

mmol ™), GEFHMA(65%), FrgoF Bgelo] gl
B2 AoJsigict g5l e Jded HA e
Cox proportional hazard model& ©]83}o] EAs5}%th

2k 192,99921- W (person-years) =4 3zt 7]
223290l A Gy HhAjo] EEATHUAYE, 11.6/1000
¢I-9). FA50] gle itk §4F B HdEAeS
oA G WA EC] oA E8kaL, oleet #
= TE H

N
of
<

K3
ox
2
x
2
rid
ﬂ.l.,NJ
I'd
50
=
rlot
s
(R
_1

il

A A E(95% A2 F1h)= A A = B4 0.95H)
(0.63-1.42), T AA| &S B Ao 1138)(0.53-2.38) =3t
a1, oJz}o| A= TR 1.644(1.13-2.40), TFAA| ST
of| Al 2.048}(1.01-4.11) Tt BFAIS|T 0] =ofr),
B2 A7 Aol Ao A EaFo] e A9 T

WAL o] fofEtA Eou EAelAE ole
Ago] %i?i‘:} %I-HZQ] olL o:‘/Hoﬂ/q El—_lu__tﬁ HFAY o:ﬂlﬂ—
13t wejo] WasiArt.

B4 ool H4Z, Gud, AEUATY, TEEAT,
Ay

REFERENCES

1. Shaffer EA. Epidemiology and risk factors for gallstone disease:
has the paradigm changed in the 21st century? Curr Gastroen-
terol Rep 2005;7(2):132-40.

2. Everhart JE, Ruhl CE. Burden of digestive diseases in the
United States Part III: Liver, biliary tract, and pancreas. Gastro-
enterology 2009;136(4):1134-44.

3. Mendez-Sanchez N, Bahena-Aponte ], Chavez-Tapia NC,
Motola-Kuba D, Sanchez-Lara K, Ponciano-Radriguez G, et al.
Strong association between gallstones and cardiovascular disease.
Am J Gastroenterol 2005;100(4):827-30.

4. Grimaldi CH, Nelson RG, Pettitt D], Sampliner RE, Bennett
PH, Knowler WC. Increased mortality with gallstone disease:
results of a 20-year population-based survey in Pima Indians.
Ann Intern Med 1993;118(3):185-90.

5. Ruhl CE, Everhart JE. Gallstone disease is associated with in-
creased mortality in the United States. Gastroenterology 2011;
140(2):508-16.

6. Biddinger SB, Haas JT, Yu BB, Bezy O, Jing E, Zhang W, et al.
Hepatic insulin resistance directly promotes formation of cho-
lesterol gallstones. Nat Med 2008;14(7):778-82.

7. Nervi F, Miquel JF, Alvarez M, Ferreccio C, Garcia-Zattera MJ,
Gonzalez R, et al. Gallbladder disease is associated with insulin
resistance in a high risk Hispanic population. ] Hepatol
2006;45(2):299-305.

8. Chang Y, Sung E, Ryu S, Park YW, Jang YM, Park M. Insulin
resistance is associated with gallstones even in non-obese, non-
diabetic Korean men. ] Korean Med Sci 2008;23(4):644-50.

9. Hendel HW, Hojgaard L, Andersen T, Pedersen BH, Paloheimo
LI, Rehfeld JF, et al. Fasting gall bladder volume and lith-



224 Korean J Health Promot Vol. 15, No. 4, 2015

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

ogenicity in relation to glucose tolerance, total and intra-ab-
dominal fat masses in obese non-diabetic subjects. Int J Obes
Relat Metab Disord 1998;22(4):294-302.

Weikert C, Weikert S, Schulze MB, Pischon T, Fritsche A,
Bergmann MM, et al. Presence of gallstones or kidney stones
and risk of type 2 diabetes. Am ] Epidemiol 2010;171(4):447-54.
Portincasa P, Moschetta A, Palasciano G. Cholesterol gallstone
disease. Lancet 2006;368(9531):230-9.

Stinton LM, Shaffer EA. Epidemiology of gallbladder disease:
cholelithiasis and cancer. Gut Liver 2012;6(2):172-87.

Everhart JE, Khare M, Hill M, Maurer KR. Prevalence and eth-
nic differences in gallbladder disease in the United States. Gas-
troenterology 1999;117(3):632-9.

Mathiesen UL, Franzen LE, Aselius H, Resjo M, Jacobsson L,
Foberg U, et al. Increased liver echogenicity at ultrasound ex-
amination reflects degree of steatosis but not of fibrosis in
asymptomatic patients with mild/moderate abnormalities of
liver transaminases. Dig Liver Dis 2002;34(7):516-22.

Ryu S, Chang Y, Kim SG, Cho J, Guallar E. Serum uric acid lev-
els predict incident nonalcoholic fatty liver disease in healthy
Korean men. Metabolism 2011;60(6):860-6.

Royston P, Parmar MK. Flexible parametric proportional-hazards
and proportional-odds models for censored survival data, with
application to prognostic modelling and estimation of treatment
effects. Stat Med 2002;21(15):2175-97.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC. Homeostasis model assessment: insulin resist-
ance and beta-cell function from fasting plasma glucose and in-
sulin concentrations in man. Diabetologia 1985;28(7):412-9.
Ruhl CE, Everhart JE. Association of diabetes, serum insulin,
and C-peptide with gallbladder disease. Hepatology 2000;31(2):
299-303.

American Diabetes Association. Diagnosis and classification of

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

diabetes mellitus. Diabetes Care 2010;33 Suppl 1:562-9.
Schafmayer C, Hartleb J, Tepel J, Albers S, Freitag S, Volzke H,
et al. Predictors of gallstone composition in 1025 symptomatic
gallstones from Northern Germany. BMC Gastroenterol 2006;
6:36.

Stinton LM, Myers RP, Shaffer EA. Epidemiology of gallstones.
Gastroenterol Clin North Am 2010;39(2):157-69, vii.
Ranelletti FO, Piantelli M, Farinon AM, Zanella E, Capelli A.
Estrogen and progesterone receptors in the gallbladders from
patients with gallstones. Hepatology 1991;14(4 Pt 1):608-12.
Bennion L], Grundy SM. Effects of obesity and caloric intake
on biliary lipid metabolism in man. ] Clin Invest 1975;56(4):996-
1011.

Wang SN, Yeh YT, Yu ML, Wang CL, Lee KT. Serum adipo-
nectin levels in cholesterol and pigment cholelithiasis. Br J Surg
2006;93(8):981-6.

Yoo EH, Lee SY. The prevalence and risk factors for gallstone
disease. Clin Chem Lab Med 2009;47(7):795-807.

Shaffer EA. Gallstone disease: Epidemiology of gallbladder stone
disease. Best Pract Res Clin Gastroenterol 2006;20(6):981-96.
Twisk J, Hoekman MF, Lehmann EM, Meijer P, Mager WH,
Princen HM. Insulin suppresses bile acid synthesis in cultured
rat hepatocytes by down-regulation of cholesterol 7 alpha-hy-
droxylase and sterol 27-hydroxylase gene transcription. Hepa-
tology 1995;21(2):501-10.

Misciagna G, Guerra V, Di Leo A, Correale M, Trevisan M.
Insulin and gall stones: a population case control study in south-
ern Italy. Gut 2000;47(1):144-7.

Bonora E, Tuomilehto J. The pros and cons of diagnosing dia-
betes with A1C. Diabetes Care 2011;34 Suppl 2:5184-90.
Huffman JL, Schenker S. Acute acalculous cholecystitis: a
review. Clin Gastroenterol Hepatol 2010;8(1):15-22.



