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Abstract 

Background & Objectives: In Korea, stroke incidence is projected to rise due to the rapid aging 
of the Korean population. Additionally, gallstone disease incidence is increasing in Korea, due 
to dietary and westernized lifestyle. In this cross-sectional study, we investigated the association 
between gallstone disease and ischemic stroke in Korea. Methods: We included 566 patients aged 
40‒89 years who underwent abdominal ultrasound or abdominal computed tomography at the VHS 
Medical Center between January 2008 and December 2010. Patient records were reviewed for the 
presence of hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, obstructive coronary artery 
disease, and smoking history. The associations between risk factors, including gallstone disease, and 
ischemic stroke were analyzed using Pearson’s chi-square tests. Multiple logistic regression analysis 
was performed with age, sex, smoking history, hypertension, obstructive coronary artery disease, and 
atrial fibrillation as covariates. Results: Age, sex, hypertension, obstructive coronary artery disease, 
atrial fibrillation, and smoking history were identified as significant risk factors for ischemic stroke 
(p-value < 0.05). Gallstone disease demonstrated an unadjusted odds ratio for ischemic stroke of 
2.171 (95% confidence interval, 1.264‒3.729); after adjustment for risk factors, the odds ratio was 
2.015 (95% confidence interval, 1.151‒3.528). Conclusion: In Korean patients, gallstone disease and 
ischemic stroke are correlated. Despite an unclear causality, the risk for ischemic stroke is significantly 
increased in patients with gallstone disease, even after adjusting for various confounders. Clinicians 
should be aware of the possibility of ischemic stroke in patients with gallstone disease, and should 
manage and educate patients accordingly.
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ORIGINAL ARTICLES

INTRODUCTION

Stroke is a leading cause of death along with 
ischemic heart diseases worldwide and a major 
disease that may cause a severe disability.1 In 
2015 in Korea, the direct costs of strokes were 
1.68 trillion Korean Won (KRW), including 1.11 
trillion KRW for ischemic strokes, and compared 
to 2011, the direct costs for all strokes and 
ischemic stroke had increased by 29.6%, 36.2%, 
and 27.9%, respectively.2 According to a 2018 
Statistics Korea report, stroke accounts for 7.7% 
of all deaths in South Korea, and is ranked as the 
fourth leading cause of death following cancer, 
heart disease, and pneumonia.3 The incidence of 
stroke is projected to rise further as a result of the 
rapid population aging of Korean society, with an 

estimated 350,000 new stroke cases annually by 
2030.4 Despite revolutionary advances in medicine 
and active research on stroke, a substantial number 
of patients still suffer from stroke. 
 Gallstone disease is particularly common in 
western societies5, with a prevalence of 10%–
15%6, and in the USA, 300,000 patients undergo 
cholecystectomy due to gallstone disease every 
year.7 Although there is no available data on the 
overall prevalence of gallstone disease in the 
Korean population, the prevalence reported by 
hospitals ranges from 3%–5%, which is lower 
than that in western countries.8 However, growing 
adoption of a westernized lifestyle in Korea has 
led to an increase in the incidence of gallstone 
disease, from 127,000 in 2012 to 163,000 in 2017, 
showing an average annual increase rate of 5.1%.9 
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 Stroke and gallstone disease share risk factors, 
such as age, obesity, diabetes mellitus (DM), 
dyslipidemia, and alcohol drinking, and also share 
aspects of pathogenesis.10,11 From this perspective, 
the two conditions are thought to be associated, 
and although several studies have investigated the 
relationship, they have had some limitations.12-14 
First, most previous studies classified stroke based 
on the International Classification of Disease 
(ICD) codes using insurance claims data, but 
the validity of ICD codes as a means for stroke 
classification needs to be established. ICD codes 
are often inaccurately entered, depending on 
the level of knowledge and experience of the 
healthcare provider.15 In fact, Shima et al16. 
reported that the positive-predictive value of ICD 
codes for ischemic stroke was only 31.0%. Second, 
previous studies diagnosed gallstone disease based 
on self-reported questionnaires and ICD codes, but 
80%–90% of gallstone disease are asymptomatic, 
and most cases are accidentally discovered during 
routine examination.17-19 Thus, it is highly likely 
that asymptomatic gallstone disease cases were 
not included in previous studies, which would 
have undermined the accuracy of their analysis 
of the association between gallstone disease 
and stroke. Finally, previous studies were all 
conducted outside of Korea12-14, and there is a 
paucity of studies on the association between 
gallstone disease and ischemic stroke in Korea.
 Therefore, this study aimed to address the 
limitations of existing studies and to gain a better 
understanding of the association between gallstone 
disease and ischemic stroke by classifying and 
analyzing clinically diagnosed gallstone disease 

and ischemic stroke based on imaging data and 
medical records, in Korea. 

METHODS

Study population and methods 

In this retrospective cross-sectional study, we 
reviewed the medical records of 2,915 patients 
aged 40–89 years who had undergone abdominal 
ultrasound or abdominal computed tomography 
(CT) between January 2008 and December 2010 
at the VHS Medical Center, followed by brain CT 
or brain magnetic resonance imaging (MRI) before 
November 2016. Of these patients, those with a 
history of cancer (n = 1,359), cholecystectomy
(n = 201), stroke (n = 632), traumatic brain 
hemorrhage (n = 67), and brain tumor (n = 2), 
patients without imaging data (n = 14), and 
patients with missing data (n = 77) were excluded, 
resulting in a total of 566 patients for analysis 
(Figure 1).
 Diagnosis of gallstone disease was defined 
as a radiologist’s diagnosis of gallstone disease 
on abdominal ultrasound or abdominal CT, and 
ischemic stroke was defined as the presence of 
neurological symptoms in medical records and a 
radiologist’s diagnosis of ischemic stroke based 
on brain CT or brain MRI taken 24 hours after 
symptom onset. 
 Factors such as hypertension (HTN), DM, 
dyslipidemia, atrial fibrillation (AF), obstructive 
coronary artery disease (OCAD), and smoking 
history were obtained by medical record review by 
a single researcher. HTN was defined as records 

 
566 subjects included in final analysis

Figure 1. Criteria for selection of research subjects

Excluded (n = 2,349):
Cancer (n = 1,359)
Cholecystectomy (n = 201)
Brain tumor (n = 2)
History of stroke (n = 632)
History of traumatic brain hemorrhage (n = 67)
No image reading result (n = 14)
Missing data (n = 77)

2,915 subjects with abdominal ultrasound or abdominal CT
(between January 2008 and December 2010) and brain CT and 
MRI (until November 2016)
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of HTN or use of antihypertensive drugs in the 
patient’s medical records. DM was defined as 
records of DM or use of oral glucose-lowering 
drugs or insulin, or the satisfaction of one of 
the diagnostic criteria presented in the 2015 
Guidelines for the Care of DM published by the 
Korean Diabetes Association.20 Dyslipidemia 
was defined as a record of dyslipidemia, use of 
dyslipidemia medications, or one or more of the 
following findings in blood tests: total cholesterol 
(TC) > 240 mg/dL, triglyceride (TG) > 200 mg/
dL, low-density lipoprotein-cholesterol (LDL-C) 
> 160 mg/dL, high-density lipoprotein cholesterol 
(HDL-C) < 40 mg/dL.21 AF was defined as records 
of AF in the medical records or a researcher’s 
determination of AF based on electrocardiogram 
(ECG) analysis. OCAD was defined as > 
50% coronary artery stenosis or records of 
percutaneous coronary artery intervention (PCI) 
or coronary artery bypass graft (CABG).22 Past 
or current smokers were defined as smokers, and 
patients with no smoking history were defined as 
nonsmokers.
 The protocol of this study was approved by the 
Institutional Review Board at the VHS Medical 
Center (IRB File No. 2017-04-004), who also 
waived the need for obtaining informed patient 
consent for this study. 

Statistical analysis

The association between risk factors, including 
gallstone disease and ischemic stroke, was 
analyzed using Pearson’s chi-square test. Multiple 
logistic regression analysis was performed, with 
age, sex, smoking history, HTN, OCAD, and 
AF, which were statistically significant in the 
χ2 test, as covariates. The odds ratio (OR) and 
confidence interval (CI) of each risk factor, 
including gallstone disease, for ischemic stroke 
were computed. Statistical significance was set at 
p < 0.05. All statistical analyses were performed 
using SPSS/WIN software ver. 18 (SPSS Inc., 
Chicago, IL, USA).

RESULTS

General characteristics

The general characteristics of the patients included 
in the study are summarized in Table 1. Of the 
participants, 56.5% were between the ages of 
65–89 years, and 71.6% were men. As shown 
in Table 1, among the various comorbidities 
examined, HTN and dyslipidemia were the most 
prevalent. 

Prevalence of ischemic stroke by factor 

The prevalence of ischemic stroke was significantly 
higher in smokers, males, and the 65–89-year age 
group. The prevalence of ischemic stroke was also 
significantly higher in individuals with HTN, AF, 
OCAD, and gallstone disease (Table 2).

Odds ratios of risk factors for ischemic stroke 

Logistic regression was performed with age, 
sex, HTN, OCAD, AF, and smoking history as 
covariates, as they were shown to be significantly 
associated with stroke in univariate analyses. 
Table 3 displays the ORs for ischemic stroke 
before and after adjustment for each of these 
factors. After adjustment, the OR of the 65–89-
year age group for ischemic stroke was 1.903 (95% 
CI, 1.143–3.169) and that of gallstone disease 
was 2.015 (95% CI, 1.151–3.528). The remaining 
factors were not significant after adjustment. 

DISCUSSION

In this study, we examined the association between 
gallstone disease and ischemic stroke by reviewing 
the imaging data and medical records of 566 
patients. The prevalence of ischemic stroke was 
significantly higher in the older (65–89 years) 
group as well as in individuals with HTN, AF, 
OCAD, and gallstone disease. The OR of gallstone 
disease for ischemic stroke, even after adjustment 
for other risk factors, was significantly increased.
 Our study included a greater percentage of 
male subjects as well as a higher percentage of 
older adults (65–89 years). The demographics 
were largely due to the nature of the veterans 
hospital, which services the recipients of the 
Korean National Merit—a population that 
features a higher percentage of male and older 
patients. While we found an association between 
gallstone disease and ischemic stroke in our study 
population, gallstone disease is reportedly more 
common in women10, which may have influenced 
our results. 
 The prevalence of HTN, AF, and OCAD, 
which were statistically significant risk factors, 
were 61.1%, 5.8%, and 12.0%, respectively. The 
previously reported prevalence of HTN (33.3%)23,  
AF (1.53%)24, and physicians’ diagnosis of 
ischemic heart disease (1.9%) in the Korean 
population are lower than those found in our 
study.25 This may be because the present study only 
enrolled patients aged 40–89 years from a single 
hospital, whose population composition differs 
from that of the general population. Additionally, 
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we only enrolled patients who had undergone both 
abdominal and brain imaging, leaving the study 
vulnerable to a selection bias. In addition, a large 
number of patients with a history of cancer and 
stroke were excluded from this study, which may 
have further contributed to the selection bias.
 However, gallstone disease and ischemic 
stroke were significantly correlated even after 
adjusting for age, sex, HTN, AF, and OCAD; 
thus, these factors would not have had an impact 
on the relationship between the two factors. Our 
results were consistent with previous reports 
that have shown an association between stroke 

and gallstone disease. A study by Wei et al.13 
showed that the hazard ratio for ischemic stroke 
in patients with gallstone disease was 1.28 (95% 
CI, 1.25–1.31) even after adjusting for age, sex, 
and comorbidities. Furthermore, Olaiya et al.22 
also reported an OR of gallstone disease for stroke 
of 1.15 (95% CI, 1.01–1.32). Studies examining 
gallstone disease and heart disease have also 
shown similar correlations. Wirth et al.14 reported 
a risk ratio for myocardial infarction and stroke 
of 1.24 (95% CI, 1.02–1.50) in individuals with 
gallstone disease, while Lv et al.26 suggested that 
gallstone disease was associated with a higher 

Table 1: Baseline characteristics of study subjects (N = 566)

Variable n (%) 
Age (years) 66.5 ± 8.99
  40 – 64 246 (43.5)
  65 – 89 320 (56.5)
Sex
  Male 405 (71.6)
  Female 161 (28.4)
Medical history
HTN
  Yes 346 (61.1)
  No 220 (38.9)
DM
  Yes 200 (35.3)
  No 366 (64.7)
Dyslipidemia
  Yes 314 (55.5)
  No 252 (44.5)
AF
  Yes 33 (5.8)
  No 533 (94.2)
OCAD
  Yes 68 (12.0)
  No 498 (88.0)
Smoking history
  Yes 241 (42.6)
  No 325 (57.4)
Gallstone disease
   Yes 90 (15.9)
   No 476 (84.1)
Ischemic stroke
   Yes 88 (15.5)
   No 478 (84.5)

Values are presented as mean ± standard deviation or number (%). 
Abbreviations: HTN, hypertension; DM, diabetes mellitus; AF, atrial fibrillation; OCAD, obstructive coronary artery 
disease.
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Table 2: Associated factors for ischemic stroke in the study subjects (N = 566) 

Variable
Ischemic stroke

P valueaYes (n = 88) No (n = 478)
n (%) n (%)

Age (years)
   40 – 64 25 (10.2) 221 (89.8) 0.002
   65 – 89 63 (19.7) 257 (80.3)
Sex
   Male 74 (18.3) 331 (81.7) 0.005
   Female 14 (8.7) 147 (91.3)
Medical history
HTN
   Yes 63 (18.2) 283 (81.8) 0.028
   No 25 (11.4) 195 (88.6)
DM
   Yes 36 (18.0) 164 (82.0) 0.234
   No 52 (14.2) 314 (85.8)
Dyslipidemia
   Yes 45 (14.3) 269 (85.7) 0.373
   No 43 (17.1) 209 (82.9)
AF
   Yes 10 (30.3) 23 (69.7) 0.016
   No 78 (14.6) 455 (85.4)
OCAD
   Yes 18 (26.5) 50 (73.5) 0.008
   No 70 (14.1) 428 (85.9)
Smoking history
   Yes 47 (19.5) 194 (80.5) 0.025
   No 41 (12.6) 284 (87.4)
Gallstone disease
   Yes 23 (25.6) 67 (74.4) 0.004
   No 65 (13.7) 411 (86.3)

Values are presented as number(%), aby Pearson Chi-square test. 
Abbreviations: HTN, hypertension; DM, diabetes mellitus; AF, atrial fibrillation; OCAD, obstructive coronary artery 
disease.

Table 3: Odds ratio and 95% confidence interval of risk factors for ischemic stroke

Variable
Unadjusted Adjusteda

OR 95% CI OR 95% CI
Age (65 – 89 years) 2.167 1.318 – 3.562 1.903 1.143 – 3.169
Male 2.347 1.284 – 4.292 1.691 0.845 – 3.386
HTN 1.736 1.055 – 2.857 1.462 0.865 – 2.470
AF 2.536 1.162 – 5.534 2.108 0.935 – 4.754
OCAD 2.201 1.214 – 3.991 1.645 0.875 – 3.094
Smoking history 1.678 1.063 – 2.650 1.327 0.783 – 2.249
Gallstone disease 2.171 1.264 – 3.729 2.015 1.151 – 3.528

Values are presented as odds ratio (95% confidence interval). 
aAfter adjusting for age, sex, HTN, AF, OCAD, Smoking history, Gallstone disease using logistic regression analysis. 
Abbreviations: OR, odds ratio; CI, confidence interval; HTN, hypertension; AF, atrial fibrillation; OCAD, obstructive 
coronary artery disease.
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risk of ischemic heart disease.
 In this study, dyslipidemia was not associated 
with ischemic stroke. In fact, previous studies 
reported that high LDL-C and low HDL-C, 
as opposed to TC and TG, elevate the risk of 
ischemic stroke.27 However, we comprehensively 
considered TC, LDL-C, HDL-C, and TG to define 
dyslipidemia in this study, which may have 
contributed to the absence of association. 
 The association between ischemic stroke and 
gallstone disease might arise from the similar 
pathophysiological mechanisms of these two 
conditions. First, accumulation of cholesterol 
contributes to the onset of both diseases, where 
elevated cholesterol levels induce oversaturation 
of cholesterol in the bile, and nucleation in the 
bile and reduced gallbladder motility lead to 
the formation of gallstones.28 Ischemic stroke 
is also caused when atherosclerotic plaques 
formed as a result of intravascular accumulation 
of cholesterol, which leads to thrombosis and 
thus provokes cerebral circulatory disturbance.29 
Second, common genetic factors are involved in 
the onset of both diseases. One of these genetic 
factors involves a gene related to cholesterol 
metabolism, i.e., the ApoE ε4 allele. This genetic 
factor is linked to high levels of LDL-C, TC, and 
non-HDL-C30, and previous studies confirmed 
that the ApoE ε4 allele is both a risk factor for 
gallstone disease and a factor involved in ischemic 
stroke.31,32

 This study had several limitations. First, this 
was a cross-sectional study, and thus causality 
cannot be determined. Subsequently, prospective 
studies should be conducted to determine the 
nature of this causality by examining whether 
ischemic stroke occurs in patients with gallstone 
disease. Second, gallstone disease can be broadly 
divided into cholesterol and pigment gallstones, 
depending on their formation mechanisms, but 
we could not examine the association of each of 
these types of gallstone disease with ischemic 
stroke. However, based on a Korean report of 
gallstone composition analysis that showed an 
elevated prevalence of cholesterol gallstones 
(60%–70% of all cases)33, and given that a 
westernized lifestyle would have further increased 
the percentage of cholesterol gallstones34, this 
is believed to have had minimal impact on our 
findings. Third, although our results were adjusted 
for age and sex, the study population had a larger 
proportion of older adults and was predominantly 
male (M:F ratio of 3:2), which could affect the 
generalizability of our findings. 

 Despite these limitations, this study was 
significant in the following respects. Although 
previous studies utilized ICD codes in the 
diagnosis of gallstone disease and stroke, without 
verifying the accuracy of the codes12,13, ICD codes 
are mainly used for insurance claims purposes 
and may be inaccurately entered depending 
on the level of knowledge and proficiency of 
the healthcare provider. To address this, one 
researcher in our study meticulously reviewed 
patients’ medical records to enhance the diagnostic 
accuracy of gallstone disease and stroke in this 
study. Another significance strength of this study 
is that we included asymptomatic cases in the 
analysis of the association between gallstone 
disease and ischemic stroke, thereby improving 
the accuracy of the analysis, as asymptomatic 
gallstone disease accounts for 80%–90% of all 
cases.17-19 
 In this study, gallstone disease was correlated 
with ischemic stroke. Although the causal link 
is unclear, the risk for ischemic stroke was 
significantly increased in patients with gallstone 
disease, even after adjusting for various risk 
factors. Clinicians should be aware of the 
possibility of ischemic stroke in patients with 
gallstone disease, and should manage patients 
accordingly, and educate them about stroke risk 
factors. 
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