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Background: To assess the subsequent risk of coronary heart disease (CHD) after the diagnosis of
gallbladder polyp (GP).
Methods: We identified 2,815 GP patients aged ≥20 years from the Longitudinal Health Insurance
Database between 2000 and 2011 and followed up the patients until the occurrence of CHD or the end of
2011, the patient would be censored in the occurrence of death, missed information, or withdrawal from the
NHI. We selected 11,260 non-GP subjects by 4:1 randomly matching with the case cohort according to age,
sex, and index date of GP diagnosis.
Results: GP cohort had greater risk of CHD than the control cohort [11.1 vs. 8.07 per 1,000 person-y,
adjusted HR (aHR) of 1.28, 95% confidence interval (CI), 1.07–1.53] after adjusting age, sex, hypertension,
diabetes, hyperlipidemia, gallstone, chronic obstructive pulmonary disease, and arrhythmia. The risk of CHD
was significantly higher in the non-cholecystectomy cohort of GP patients than that in the non-GP cohort
(10.9 vs. 8.07 per 1,000 person-y; aHR =1.28; 95% CI, 1.06–1.55). However, the risk of CHD contributed by
GP was not significant after cholecystectomy (12.3 vs. 8.07 per 1,000 person-y; aHR =1.24; 95% CI, 0.83–
1.85). Compared with the non-GP cohort without hypertension, the risk of CHD increased for GP cohort
without (aHR =1.48; 95% CI, 1.18–1.87) or with hypertension (aHR =3.00; 95% CI, 2.30–3.92). Compared
with the non-GP cohort without diabetes, the risk of CHD increased for GP cohort without diabetes (aHR =
1.46; 95% CI, 1.21–1.76) or with diabetes (aHR =2.07; 95% CI, 1.35–3.18). Compared with the non-GP
cohort without hyperlipidemia, the risk of CHD increased for GP cohort without (aHR =1.37; 95% CI,
1.10–1.70) or with hyperlipidemia (aHR =2.63; 95% CI, 2.01–3.44). Compared with the non-GP cohort
without arrhythmia, the risk of CHD for GP patients increased without (aHR =1.40; 95% CI, 1.17–1.69) or
with arrhythmia (aHR =2.88; 95% CI, 1.82–4.57).
Conclusions: GP is associated with increased risk of developing CHD, and the risk increases with the
presence of coexisting hypertension, diabetes, hyperlipidemia, or arrhythmia.
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Introduction
Gallbladder polyp (GP) is diagnosed based on the presence
of soft tissue mass within the gallbladder wall, and
ultrasonography has over 90% of sensitivity and specificity
in ascertaining the diagnosis of GP (1-3). GPs are classified
into true polyps and pseudopolyps; the former include
adenomas and adenocarcinomas, and the latter mainly
include cholesterol polyps and inflammatory polyps. About
70% of GPs are cholesterol polyps, and the prevalence
of true GPs is only approximately 4–7%. Most GPs are
clinically diagnosed based on ultrasonography and only few
undergo surgery to have histopathological confirmation.
Most studies of GPs have focused on the prevalence or
the associated risk factors; nevertheless, the clinicians are
mainly concerned about the indication for surgery although
the malignant potential of GP is quite low (4-6).
The prevalence of GPs for Chinese is approximately
6.9–9.5%, which is greater than that for Danish and
Japanese populations (5-9). The pathophysiological
mechanisms for gallbladder stones and GPs are different.
The reported risk factors for gallbladder stones include
aging, sex (female), race, a family history of gallbladder
stones, obesity, diabetes, and hypertriglyceridemia (10-12).
In the contrast, GPs are generally suggested to be related
to sex (male), glucose intolerance, obesity, or metabolic
syndrome. Moreover, it remains debated about the role
of chronic hepatitis B virus (HBV) infection as the risk
factor for GPs (5-9,13-17). The variation of race, diet,
and environmental characteristics may contribute to the
inconsistent conclusions about the risk factors for GPs.
The association between metabolic disorders and GPs
might portend the association of GP with cardiovascular
disease (5,13,16,17). However, most GP literature focuses
on cross-sectional associations and cohort studies are
therefore needed, although our former cohort study has
evidenced the close association of GP with stroke (18).
Coronary heart disease (CHD) constitutes a considerable
global public health burden, thus it is critical to identify its
associated risk factors for the prevention of this potentially
fatal disease. The contribution of metabolic syndrome to
the development CHD has been consistently documented
in Western and Eastern areas (19-23). Furthermore, the
reported prevalence of CHD has also increased in AsiaPacific areas, including Taiwan, due to the increasing
prevalence of sedentary lifestyles, unhealthy dietary habits,
and metabolic disorders (19).
With the wide application of ultrasonography, the
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reported prevalence of GP may increase. Since GPs and
CHD share several common risk factors, it is warranted
to assess the association between CHD and GP for
the prevention of CHD. We conducted a nationwide
population-based cohort study by analyzing data from
a nationwide medical database, namely the National
Health Insurance Research Database (NHIRD), to
assess the association between GP and subsequent risk of
CHD development. We also assessed the contribution of
cholecystectomy to the risk of CHD for the GP patients.
Methods
Data source
The Taiwan National Health Insurance (NHI) program
has started since 1995 and this mandatory governmentmonopolized program has covered more than 99.2% of the
residents in Taiwan (24). The National Health Research
Institutes (NHRI), which owns many good statisticians and
computer experts, is the largest health research institute
in Taiwan and has been authorized by the government to
establish NHIRD for storing the database of NHI program.
The NHRI is responsible for the provision of appropriate
data files to the researchers. We obtained the Longitudinal
Health Insurance Database 2000 (LHID 2000), a database
containing the claims data for hospitalization for one
million people from 1996 to 2011, randomly sampled from
2000 NHIRD enrollment records after application to the
NHRI. The distributions of sex, age and health care cost
between the one million population of the LHID 2000 and
the 23 million population of the NHI program were similar.
All the data have been de-identified and the diagnostic
codes in the LHID 2000 were based on the International
Classification of Disease, Ninth Revision, Clinical
Modification (ICD-9-CM). The NHRI assigned a random
number for each person by Knuth and Park and Miller’s
method (25,26).
Data availability statement
Any researcher can access this data after approval from the
Taiwan Ministry of Health and Welfare (MOHW), and
the patient consent is exempted due to de-identification of
the NHIRD (27). The contact information for MOHW is:
Taiwan Ministry of Health and Welfare Address: No. 488,
Sec. 6, Zhongxiao E. Rd., Nangang Dist., Taipei City 115.
Phone: +886-2-8590-6848. Email: stcarolwu@mohw.gov.tw.
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Ethics statement
The authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved. The Institutional Review Board (IRB) of China
Medical University (CMUH104-REC2-115-CR4) has
approved this study and waived the consent requirement.
Sampled participants
Retrieved from the LHID 2000, the GP cohort consisted of
patients aged ≥20 years who had been diagnosed with GPs
(ICD-9-CM code 575.6) between 2000 and 2011. For each
GP case, 4 patients without GP matched by age (every 5-y
span), sex, and index date year were randomly selected from
the LHID 2000 as the non-GP cohort. With the date of GP
diagnosis defined as the index date, this study excluded the
individuals diagnosed with CHD (ICD-9-CM codes 410414) before the index date, with missing information, or
aged <20 years. The comorbidities considered for analysis
in this study included hypertension (ICD-9-CM codes
401-405), diabetes (ICD-9-CM code 250), hyperlipidemia
(ICD-9-CM code 272), congestive heart failure (CHF;
ICD-9-CM code 428), alcohol-related illness (ICD-9-CM
codes 291, 303, 305, 571.0-571.3, 790.3, A215, and V11.3),
gallstone (ICD-9-CM code 574), obesity (ICD-9-CM code
278), chronic obstructive pulmonary disease (COPD) (ICD9-CM codes 491, 492, and 496), and arrhythmia (ICD-9CM codes 426 and 427).
Outcomes
CHD was the primary endpoint, and each patient was
followed until the occurrence of CHD or the end of
2011, the patient would be censored due to death, missed
information, withdrawal from the NHI. The diagnoses of
CHD included acute myocardial infarction (ICD-9-CM
codes 410), acute or subacute forms of ischemic heart disease
(ICD-9-CM codes 411), old myocardial infarction (ICD-9CM code 412), angina pectoris (ICD-9-CM code 413), and
chronic ischemic heart disease (ICD-9-CM code 414).
Statistical analysis
We compared the distributions of categorical variables
by the chi-square test and examined the differences of
continuous variables by the Student t-test. A Kaplan-Meier
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curve was plotted to show the cumulative incidence of
CHD, and the differences between the cohorts was analyzed
by the log-rank test. The incidence densities of CHD were
expressed as person-years for the cohorts. Univariate and
multivariate Cox proportional hazards models were used for
the expression of hazard ratios (HRs) and 95% confidence
intervals (CIs). We used a test of scaled Schoenfeld residuals
to examine the proportional hazard model assumption.
The proportionality assumption would be violated if the
results of the test revealed a significant relationship between
Schoenfeld residuals for GP and follow-up time (P value =
0.01). In the subsequent analyses, we stratified the follow-up
duration to deal with the violation of proportional hazard
assumption. The risk factors for adjustment in multivariate
Cox models included age sex, and comorbidities of
hypertension, diabetes, hyperlipidemia, gallstone, COPD,
and arrhythmia. The software used for statistical analyses
was SAS version 9.4 (SAS Institute Inc., Cary, NC, USA),
and a 2-sided test with a P value <0.05 was considered
statistically significant.
Results
Table 1 presents the baseline demography of the cohorts
with and without GP. The GP cohort consisted of
2,815 patients (mean age 46.2±13.4) and the non-GP
cohort consists of 11,260 subjects (mean age 45.8±13.6),
respectively. In both cohorts, 59.1% of the patients were
male and most patients were aged ≤49 years (63.4%).
The GP cohort had a higher prevalence of hypertension,
diabetes, hyperlipidemia, alcohol-related illness, gallstone,
obesity, COPD, and arrhythmia than the non-GP cohort
(all P<0.05). The mean follow-up period for the GP cohort
and non-GP cohort was 5.42±3.28 and 5.65±3.24 years,
respectively. Figure 1 illustrates that GP cohort had higher
cumulative incidence of CHD than the non-GP cohort
(log-rank test, P<0.001).
Table 2 compares the incidence and HR of CHD between
the GP and non-GP cohorts stratified by sex, age, and the
presence of comorbidity. The GP cohort had a higher risk
of CHD [adjusted HR (aHR) =1.28; 95% CI, 1.07–1.53],
with an incidence of 11.1/1,000 person-y incidence for the
GP cohort and 8.07/1,000 person-y for non-GP cohort after
adjustment for age, sex, and comorbidities of hypertension,
diabetes, hyperlipidemia, gallstone, COPD, and arrhythmia.
The contribution of GP to the development of CHD was
greater in men (aHR =1.33; 95% CI, 1.06–1.66), but not
significant in women (aHR =1.18; 95% CI, 0.87–1.60).
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Table 1 The baseline demography of the cohorts with and without GP
Gallbladder polyp
Variable

No

Yes

P value

N=11,260 (%)

N=2,815 (%)

Gender

0.99

Female

4,608 (40.9)

1,152 (40.9)

Male

6,652 (59.1)

1,663 (59.1)

Stratify age

0.99

≤34

2,424 (21.5)

606 (21.5)

35–49

4,712 (41.9)

1,178 (41.9)

50–64

3,068 (27.3)

767 (27.3)

1,056 (9.38)

264 (9.38)

45.8 (13.6)

46.2 (13.4)

0.20

1,881 (16.7)

551 (19.6)

<0.001

607 (5.39)

193 (6.86)

0.003

1,351 (12.0)

576 (20.5)

<0.001

Alcohol-related illness

372 (3.30)

189 (6.71)

<0.001

Gallstone

190 (1.69)

383 (13.6)

<0.001

Obesity

129 (1.15)

50 (1.78)

0.008

COPD

581 (5.16)

248 (8.81)

<0.001

355 (3.15)

134 (4.76)

<0.001

65+
#

Age, mean (SD)
Comorbidity
Hypertension
Diabetes

Hyperlipidemia

Arrhythmia
#

Cumulative incidence of coronary heart disease

Chi-square test; , 2-sample t-test. GP, gallbladder polyp;
COPD, chronic obstructive pulmonary disease.

0.12
Without gallbladder polyp
With gallbladder polyp

0.10

Log-rank test: P value <0.001

0.08
0.06
0.04
0.02
0.00
0

2

4

6
years

8

10

12

Figure 1 Cumulative incidence of coronary heart disease for
patients with and without gallbladder polyp.
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The patients aged less than 34 years with GP had a
3.02-fold higher risk of CHD than the non-GP cohort (aHR
=3.02; 95% CI, 1.28–7.11). The patients aged 35–49 years
with GP had a 1.51-fold higher risk of CHD than nonGP cohort (aHR =1.51; 95% CI, 1.10–2.08). The patients
aged more than 65 years with GP had a 1.48-fold higher
risk of CHD than the non-GP cohort (aHR =1.48; 95%
CI, 1.01–2.16). It was noted that the contribution of GP to
the development of CHD was greater for patients without
comorbidity (aHR =1.43; 95% CI, 1.03–1.97) than those
with comorbidity (aHR =1.07; 95% CI, 0.87–1.33).
Within ≤3 years of follow-up, the GP cohort had a
higher risk of CHD than the non-CP cohort (aHR =1.36;
95% CI, 1.21–1.52). Moreover, the risk of CHD in the CP
cohort was consistently higher than that in the non-CP
cohort after more than 3 years of follow-up (aHR =1.22;
95% CI, 1.08–1.37).
Table 3 presents the HRs of CHD based on age, sex, and
comorbidities in the univariate and multivariate Cox regression
models. Compared with patients aged ≤34 years, the risk of
CHD was 1.27-fold higher in those aged 35–49 years (95%
CI, 1.06–1.52), 3.57-fold higher in those aged 50–64 years
(95% CI, 2.36–5.42), and 6.79-fold higher in those aged
≥65 years (95% CI, 4.48–10.3). The aHR of CHD was
1.33-fold greater for men than women (95% CI, 1.14–1.55).
Besides, the multivariable models also showed that CHD
was independently associated with hypertension (aHR
=1.99; 95% CI, 1.67–2.37), diabetes (aHR =1.28; 95% CI,
1.02–1.61), hyperlipidemia (aHR =1.55; 95% CI, 1.29–1.86),
COPD (aHR =1.34; 95% CI, 1.06–1.70), and arrhythmia
(aHR =1.99; 95% CI, 1.54–2.57).
Table 4 shows the risk of CHD by the Cox proportional
hazards regression analysis based on the status of GP and
coexisting comorbidities. Compared with the non-GP
patients without hypertension, the risk of CHD for GP
patients without hypertension increased to 1.48 (95% CI,
1.18–1.87) and the risk increased to 3.00 (95% CI, 2.30–
3.92) in the presence of coexisting hypertension. Compared
with the non-GP patients without diabetes, the risk of
CHD for GP patients without diabetes increased to 1.46
(95% CI, 1.21–1.76) and the risk increased to 2.07 (95% CI,
1.35–3.18) in the presence of coexisting diabetes. Compared
with the non-GP patients without hyperlipidemia, the risk
of CHD for GP patients without hyperlipidemia increased
to 1.37 (95% CI, 1.10–1.70) and the risk increased to
2.63 (95% CI, 2.01–3.44) in the presence of coexisting
hyperlipidemia. Compared with the non-GP patients
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Table 2 The comparison of the incidence and HR of CHD between the GP and non-GP cohorts stratified by sex, age, and the presence of
comorbidity
Gallbladder polyp
Variables

No

Yes

Crude HR
(95% CI) Crude H

Adjusted HR†
(95% CI)

Event

PY

Rate#

Event

PY

Rate#

514

63,674

8.07

169

15,254

11.1

1.37 (1.15, 1.63)***

1.28 (1.07, 1.53)**

Female

193

26,228

7.36

61

6,355

9.60

1.30 (0.97, 1.73)

1.18 (0.87, 1.60)

Male

321

37,446

8.57

108

8,900

12.1

1.41 (1.14, 1.76)**

1.33 (1.06, 1.66)*

≤34

12

14,097

0.85

13

3,491

3.72

4.35 (1.98, 9.53)***

3.02 (1.28, 7.11)*

35–49

145

28,054

5.17

59

6,760

8.73

1.69 (1.25, 2.29)***

1.51 (1.10, 2.08)*

50–64

240

16,101

14.9

60

3,888

15.4

1.03 (0.78, 1.37)

0.87 (0.64, 1.17)

65+

117

5,421

21.6

37

1,116

33.2

1.51 (1.04, 2.19)*

1.48 (1.01, 2.16)*

No

197

46,319

4.25

45

7,915

5.69

1.34 (0.97, 1.86)

1.43 (1.03, 1.97)*

Yes

317

17,355

18.3

124

7,340

16.9

0.93 (0.76, 1.15)

1.07 (0.87, 1.33)

≤3

252

30,022

8.39

93

73,520

12.7

1.51 (1.34, 1.69)***

1.36 (1.21, 1.52)***

>3

262

58,273

4.50

76

13,833

5.49

1.22 (1.08, 1.39)**

1.22(1.08, 1.37)**

All
Gender

Stratify age

Comorbidity‡

Follow-up years

#

†

, incidence rate per 1000 person-years; , multivariate analysis including age, sex, and comorbidities of hypertension, diabetes,
hyperlipidemia, gallstone, COPD, and arrhythmia; Comorbidity‡, patients with a comorbidity of hypertension, diabetes, hyperlipidemia,
alcohol-related illness, gallstone, obesity, COPD, or arrhythmia were classified in the comorbidity group; *, P<0.05; **, P<0.01; ***, P<0.001.
PY, person-years; Crude HR, relative hazard ratio; CHD, coronary heart disease; GP, gallbladder polyp; COPD, chronic obstructive
pulmonary disease.

without arrhythmia, the risk of CHD for GP patients
without arrhythmia increased to 1.40 (95% CI, 1.17–1.69)
and the risk increased to 2.88 (95% CI, 1.82–4.57) in the
presence of coexisting arrhythmia.
Table 5 shows the risk of CHD in patients with GP based
on the status of cholecystectomy and in patients without
GP. The risk of CHD was significantly higher in the noncholecystectomy cohort of GP patients than that in the
non-GP cohort (10.9 vs. 8.07 per 1000 person-y), with an
aHR of 1.28 (95% CI, 1.06–1.55) (Table 5). However, the
risk of CHD contributed by GP was not significant after
cholecystectomy (12.3 vs. 8.07 per 1,000 person-y; aHR =
1.24; 95% CI, 0.83–1.85).
Discussion
To our knowledge, our population-based study is the first to

© Annals of Translational Medicine. All rights reserved.

demonstrate the risk of CHD will increase after diagnosis
of GP. Most former GP-associated studies focused on
the prevalence or risk factors of GP alone, even though
some risk factors for CHD have been found to be related
to the development of GP (5-9,13-15). The use of a
nationwide database with a large population and the 12-year
observation enhanced the statistical power and provided the
generalization in Taiwan.
In contrast to gallstones, our study showed that GP had
the predilection of male gender. Estrogen may protect from
the development of GP since it can impair the esterification
of cholesterol by reducing the activity of both hepatic and
intestinal acyl-CoA: cholesterol acyltransferase 2 (ACAT2),
an enzyme facilitating the pinocytosis of cholesterol and
papillary hyperplasia in the gallbladder mucosa (28).
Hyperlipidemia, hypertension, gallstones, and diabetes
were the most common comorbidities for GP, and our
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Table 3 Incidence and hazard ratio for CHD and CHD-associated risk factor
Event

PY

Rate#

Crude HR (95% CI)

Adjusted HR† (95% CI)

No

514

63,674

8.07

1.00

1.00

Yes

169

15,254

11.1

1.37 (1.15, 1.63)***

1.28 (1.07, 1.53)**

≤34

25

17,588

1.42

1.00

1.00

35–49

204

34,814

5.86

4.10 (2.71, 6.22)***

1.27 (1.06, 1.52)***

50–64

300

19,989

15.0

10.5 (6.98, 15.8)***

3.57 (2.36, 5.42)***

65+

154

6,537

23.6

16.4 (10.8, 25.1)***

6.79 (4.48, 10.3)***

Female

254

32,583

7.80

1.00

1.00

Male

429

46,346

9.26

1.19 (1.02, 1.39)*

1.33 (1.14, 1.55)***

No

385

66,644

5.78

1.00

1.00

Yes

298

12,284

24.3

4.19 (2.60, 4.87)***

1.99 (1.67, 2.37)***

No

584

75,014

7.79

1.00

1.00

Yes

99

3,914

25.3

3.24 (2.61, 4.01)***

1.28 (1.02, 1.61)*

No

472

69,209

6.82

1.00

1.00

Yes

211

9,719

21.7

3.18 (2.70, 3.74)***

1.55 (1.29, 1.86)***

No

655

76,378

8.58

1.00

1.00

Yes

28

2,551

11.0

1.26 (0.86, 1.84)

No

644

75,868

8.49

1.00

1.00

Yes

39

3,061

12.7

1.50 (1.09, 2.07)*

0.96 (0.69, 1.35)

No

672

78,114

8.60

1.00

1.00

Yes

11

814

13.5

1.55 (0.86, 2.82)

No

598

74,961

7.98

1.00

1.00

Yes

85

3,967

21.4

2.67 (2.13, 3.36)***

1.34 (1.06, 1.70)*

No

616

76,546

8.05

1.00

1.00

Yes

67

2,382

28.1

3.48 (2.71, 4.49)***

1.99 (1.54, 2.57)***

Variable
GP

Age, year

Sex

Comorbidity
Hypertension

Diabetes

Hyperlipidemia

Alcohol-related illness

Gallstone

Obesity

COPD

Arrhythmia

#

, incidence rate, per 1,000 person-years; †, multivariate analysis including age, sex, and comorbidities of hypertension, diabetes,
hyperlipidemia, gallstone, COPD, and arrhythmia; *, P<0.05; **, P<0.01; ***, P<0.001. Crude HR, relative hazard ratio; CHD, coronary heart
disease; GP, gallbladder polyp; COPD, chronic obstructive pulmonary disease.
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Table 4 The risk of CHD by the Cox proportional hazards regression analysis based on the status of GP and coexisting comorbidities
Gallbladder polyp

N

Event n

PY

Rate#

No

No

9,379

288

5.32

5.32

1 (Reference)

Yes

No

1,881

226

23.7

23.7

2.48 (2.04, 3.00)***

No

Yes

2,264

97

7.75

7.75

1.48 (1.18, 1.87)***

Yes

Yes

551

72

26.3

26.3

3.00 (2.30, 3.92)***

No

No

10,653

437

7.20

7.20

1 (Reference)

Yes

No

607

77

26.0

26.0

2.05 (1.60, 2.63)***

No

Yes

2,622

147

10.3

10.3

1.46 (1.21, 1.76)***

Yes

Yes

193

22

23.1

23.1

2.07 (1.35, 3.18)***

No

No

9,909

366

56,871

6.44

1 (Reference)

Yes

No

1,351

148

6,802

21.8

2.21 (1.82, 2.68)***

No

Yes

2,239

106

12,337

8.59

1.37 (1.10, 1.70)**

Yes

Yes

576

63

2,917

21.6

2.63 (2.01, 3.44)***

No

No

10,905

466

61,955

7.52

1 (Reference)

Yes

No

355

48

1,719

27.9

2.59 (1.92, 3.50)***

No

Yes

2,681

150

14,591

10.3

1.40 (1.17, 1.69)***

Yes

Yes

134

19

663

28.7

2.88 (1.82, 4.57)***

Variables

Adjusted HR† (95% CI)

Hypertension

Diabetes

Hyperlipidemia

Arrhythmia

#

†

, incidence rate, per 1,000 person-years; , adjusted for age and sex; **, P<0.01; ***, P<0.001. PY, person-years; CHD, coronary heart
disease; GP, gallbladder polyp.

Table 5 The risk of CHD in patients with GP based on the status of cholecystectomy and in patients without GP
Event

PY

Rate#

514

63,674

8.07

No

140

12,887

10.9

1.34 (1.11, 1.62)**

1.28 (1.06, 1.55)*

Yes

29

2,367

12.3

1.52 (1.04, 2.21)*

1.24 (0.83, 1.85)

Variable
Control patients

Crude HR (95% CI)
1 (Reference)

Adjusted HR†

(95 % CI)

1 (Reference)

GP patients
Cholecystectomy

#

†

, incidence rate, per 1,000 person-years; , multivariate analysis including age, sex, and comorbidities of hypertension, diabetes,
hyperlipidemia, gallstone, COPD, and arrhythmia; *, P<0.05; **, P<0.01; ***, P<0.001. Crude HR, relative hazard ratio; CHD, coronary heart
disease; GP, gallbladder polyp; COPD, chronic obstructive pulmonary disease.
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findings show that GP and CHD share several common risk
factors (5-9,13-15). The association between GP and CHD
may be an epiphenomenon, rather than a causal effect, due
to shared common risk factors. However, we have tried to
minimizing the confounding effect of CHD risk factors in
the multivariate Cox proportional hazards model (Table 3).
In addition, the significant contribution of GP for the
CHD development in the younger individuals may be
due to the absence or low prevalence of CHD-associated
comorbidities in the younger patients. The contribution
of GP to the development of CHD was similarly greater
for patients without comorbidity (Table 2). Furthermore,
the cumulative incidence of CHD was higher in the GP
cohort than in the non-GP cohort even though the mean
follow-up period was shorter in the GP cohort (5.42±
3.28 y) than in the non-GP cohort (5.65±3.24 y) (Figure 1).
Irrespective of the duration of follow-up, the risk of CHD
was persistently for the GP cohort than that for the nonGP cohort. The risk of CHD was significantly higher in
the non-cholecystectomy cohort of GP patients than that
in the non-GP cohort, but the risk of CHD contributed
by GP was not significant after cholecystectomy. All these
findings support that GP may be a risk factor of CHD, but
our results show that GP was inferior to the traditional risk
factors, such as hypertension, diabetes, and hyperlipidemia,
in contributing to the development of CHD (Table 4).
However, it needs more studies to ascertain the to ascertain
the causal effect of GP on the development of CHD due
to lacking potential confounding factors and the inherent
limitation of this observational study.
Some studies have suggested that the association between
GP and CHD may be due to the following pathophysiological
features. First, the genotype with change in the XbaI
restriction fragment length polymorphisms of apolipoproteins
B (apoB), predisposes to the development of GP and is a wellknown risk factor for the development of atherosclerosis (29).
Furthermore, ACAT2 can esterify cholesterol in the
gallbladder to facilitate the development of GP by cholesterol
phagocytosis in the gallbladder mucosa and by reducing
gallbladder contractility with cholesterol deposition in
the gallbladder wall (28). On the other hand, ACAT2 can
enhance the incorporation of cholesteryl esters into apoB
in the blood to increase low-density lipoprotein particles.
Second, the activation of the immune response enhances
both the development of GP and atherosclerosis (30).
Finally, the interactive linkage between obesity, diabetes,
and inflammation can induce the development of both
GP and atherosclerosis (31-33). Adipose tissue can

© Annals of Translational Medicine. All rights reserved.

produce adipokines to induce endothelial dysfunction
and atherosclerosis by stimulating innate immune system.
Furthermore, increasing insulin resistance, common for
obesity and diabetes, can enhance the development of GP
by reducing gallbladder contractility and modifying the
bile cholesterol and can induce atherosclerosis by initiating
oxidative stress and dyslipidemia.
Strengths and limitations
The present study had several strengths. First, the largescale national database provided a statistical power to our
study. Second, the recruited patients were sampled from a
stable population of Taiwan to provide the generalization in
Taiwan. Third, our study adopted a longitudinal rather than
cross-sectional approach to provide a temporal relationship
between GP and CHD.
Nevertheless, our study had some limitations. First, the
potential CHD-related confounding factors could not be
fully assessed in this study. Second, we could not confirm
the histopathological nature of polypoid lesions to make the
differentiation between true polyps and pseudopolyps due
to the unavailability of histopathology in the database. Most
GP patients will not undergo cholecystectomy without signs
of malignancy and all the literature on the epidemiology
of GP made the diagnosis by using only ultrasonography.
However, the accuracy of ultrasonography in diagnosing
GP exceeds 90% and cholesterol polyps are assumed to be
the most common type of GP (2,3). Third, the diagnosis
of GP identified in this study was made by the discretion
of the doctors in charge of the symptomatic disease, rather
than screening of the general population, based on the
claims data for hospitalization. Therefore, there might be
a cohort specific bias or mis-classification of asymptomatic
GP patients into non-GP patients in our study. However,
the possible skewed association has been minimized by
assessing the risk of CHD in GP patients with and without
cholecystectomy. The risk of difference was significant
between the non-cholecystectomy cohort of GP patients
and the non-GP cohort; nevertheless, the risk difference
of CHD was comparable between the cholecystectomy
cohort of GP patients and the non-GP cohort. Our findings
supported that GP per se is associated the subsequent
development of CHD, but we could not ascertain GP is
an epiphenomenon or independent risk factor of CHD.
Finally, the pathogenesis for the association between GP
and CHD development could not be ascertained in our
observational study.
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Conclusions
This retrospective observational study had its inherent
limitation for the unavailability of possible confounding
factors. This nationwide population-based cohort study
revealed that GP is associated with increased risk of
developing CHD and the risk increases with coexisting
hypertension, diabetes, hyperlipidemia, or arrhythmia.
However, GP may be less influential than other risk factors,
such as hypertension, diabetes, and hyperlipidemia, in
contributing to CHD development. Our findings of this
study were consistent with our former literature, which
similarly showed GP was inferior to the conventional risk
factors in contributing to the development of stroke and the
risk of GP associated stroke increased in subjects of younger
age or without comorbidity (16). Further study is required
to clarify whether GP is an epiphenomenon or independent
risk factor for cardiovascular disease development. However,
the risk of cardiovascular disease increased in GP patients
with co-existing comorbidity.
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