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Background: Patients on dialysis have numerous gastrointestinal problems related to uremia, which may represent concealed chole-
cystitis. We investigated the incidence and risk of acute cholecystitis in dialysis patients and used national health insurance data to 
identify acute cholecystitis in Korea. 
Methods: The Korean National Health Insurance Database was used, with excerpted data from the insurance claim of the Interna-
tional Classification of Diseases code of dialysis and acute cholecystitis treated with cholecystectomy. We included all patients who 
commenced dialysis between 2004 and 2013 and selected the same number of controls via propensity score matching. 
Results: A total of 59,999 dialysis and control patients were analyzed; of these, 3,940 dialysis patients (6.6%) and 647 controls 
(1.1%) developed acute cholecystitis. The overall incidence of acute cholecystitis was 8.04-fold higher in dialysis patients than in con-
trols (95% confidence interval, 7.40–8.76). The acute cholecystitis incidence rate (incidence rate ratio, 23.13) was especially high in 
the oldest group of dialysis patients (aged ≥80 years) compared with that of controls. Dialysis was a significant risk factor for acute 
cholecystitis (adjusted hazard ratio, 8.94; 95% confidence interval, 8.19–9.76). Acute cholecystitis developed in 3,558 of 54,103 he-
modialysis patients (6.6%) and in 382 of 5,896 patients (6.5%) undergoing peritoneal dialysis. 
Conclusion: Patients undergoing dialysis had a higher incidence and risk of acute cholecystitis than the general population. The pos-
sibility of a gallbladder disorder developing in patients with gastrointestinal problems should be considered in the dialysis clinic. 

Keywords: Acute cholecystitis, Epidemiology, Population, Renal dialysis

Incidence of acute cholecystitis underwent 
cholecystectomy in incidence dialysis patients: a 
nationwide population-based cohort study in Korea
Hanlim Choi1, Soon Kil Kwon2, Joung-Ho Han2, Jun Su Lee2, Gilwon Kang3, Minseok Kang3

1Department of Surgery, Chungbuk National University Hospital, Chungbuk National University College of Medicine, Cheongju, Republic of 
Korea

2Department of Internal Medicine, Chungbuk National University Hospital, Chungbuk National University College of Medicine, Cheongju, 
Republic of Korea

3Department of Health Information and Management, Chungbuk National University College of Medicine, Cheongju, Republic of Korea

Original Article
Kidney Res Clin Pract 2022;41(2):253-262
pISSN: 2211-9132 • eISSN: 2211-9140
https://doi.org/10.23876/j.krcp.20.250

Received: December 6, 2020; Revised: June 22, 2021; Accepted: June 28, 2021
Correspondence: Joung-Ho Han 
Department of Internal Medicine, Chungbuk National University Hospital, Chungbuk National University College of Medicine, 776, 1sunhwan-ro, 
Seowon-gu, Cheongju 28644, Republic of Korea. E-mail: joungho@cbnu.ac.kr
ORCID: https://orcid.org/0000-0003-4469-9215

Hanlim Choi and Soon Kil Kwon contributed equally to this work.

Introduction 

Acute cholecystitis, an inflammatory gallbladder disorder 

usually caused by gallstones, is a common gastrointestinal 

disease in Korea. Despite a good prognosis, it can lead to 

high morbidity and mortality without proper diagnosis and 

http://crossmark.crossref.org/dialog/?doi=10.23876/j.krcp.20.250&domain=pdf&date_stamp=2022-03-25


treatment. The most common symptom is upper abdomi-

nal pain, which usually begins in the epigastric region and 

is then localized to the right upper quadrant. Nausea, vom-

iting, and fever are generally significant [1]. The prevalence 

of acute cholecystitis among individuals with abdominal 

pain is 3% to 8%, and its incidence is markedly increased af-

ter the age of 50 years in the general population [2]. The 30-

day mortality was 1.1% in a Japanese-Taiwanese study with 

similar ethnic characteristics as that of the Korean popula-

tion [3]. 

As life expectancy increases, the number of patients with 

diabetes and hypertension increases globally. The increased 

number of chronic kidney disease cases correspondingly 

increases the dialysis population [4], and improved cardio-

vascular outcomes in the dialysis population result in pro-

longed dialysis duration and enhanced long-term survival 

[5]. However, elderly patients demonstrated a relatively de-

creased survival gain because of multiple medical problems 

[6]. Therefore, general medical care with superior quality 

has become important for dialysis patients. 

Patients with end-stage renal disease (ESRD) have mul-

tiple problems associated with uremia. They have more 

common nonspecific gastrointestinal problems such as ab-

dominal pain, constipation, dyspepsia, nausea, and irritable 

bowel syndrome than controls without renal impairment 

[7]. Although uremia is thought to cause nonspecific gastro-

intestinal problems, it could mimic specific gastrointestinal 

illnesses that could result in the misdiagnosis of an import-

ant disease. Furthermore, dialysis patients have a higher 

incidence of gastrointestinal disease than the general pop-

ulation [8]. However, the incidence of acute cholecystitis, its 

clinical characteristics, and treatment outcomes in dialysis 

patients are still not fully understood. 

This study aimed to determine the incidence and risk of 

acute cholecystitis in the dialysis population and to inves-

tigate the differences among the dialysis modalities in pa-

tients with ESRD. We designed a propensity score-matched 

cohort study using the Korean National Health Insurance 

Service (KNHIS) data. 

Methods 

Database 

Data on patients undergoing dialysis were obtained from 

the Korean National Health Information database. The KN-

HIS, a single national insurance provider, covers almost the 

entire Korean population. This database, which contains 

reimbursement records from all medical facilities across 

the country, was used to develop an exposure cohort. We 

previously reported the incidence of active tuberculosis and 

cancer in dialysis patients using KNHIS data [9,10]. 

Definition and selection of cohort 

All incidental patients with ESRD who underwent dialysis 

for more than 3 months and were diagnosed between 2004 

and 2013 in Korea were selected from the database to estab-

lish the exposure cohort. The dialysis cohort included pa-

tients who claimed insurance for any procedures or services 

for both hemodialysis and peritoneal dialysis, based on the 

Korean electronic data interchange codes (O7020, O7021, 

O9991 for hemodialysis; E6593, O7061, O7062, O7074, 

O7075, O7080 for peritoneal dialysis) combined with the In-

ternational Classification of Diseases (ICD) code of chronic 

kidney disease (N18.**) [10]. Patients who underwent dial-

ysis for more than 3 months were defined by a dialysis code 

that appeared again within 3 months after the initial dialysis 

code appeared. In the peritoneal dialysis patient group, 

codes (O7061 and O7062) were used to find new patients 

receiving peritoneal dialysis. The date these codes appeared 

was the first peritoneal dialysis date, and the cases where 

the peritoneal dialysis code reappeared after 3 months was 

the peritoneal dialysis patient group.  

Patients with a diagnosis of ESRD who were provided with 

medical services in 2003 and received kidney transplan-

tation were excluded from this cohort to rule out chronic 

ESRD (Fig. 1). 

The control cohort was selected from the KNHIS National 

Sample Cohort (NSC) from the National Health Informa-

tion database established by the KNHIS in 2011 [11]. These 

cohort data covered 1,125,691 Korean individuals and rep-

resented 2.2% of all Korean population disease entities. We 

excluded patients with dialysis, diagnosed with cholecystitis 

and/or cholecystectomy, or kidney transplantation (Fig. 1).

 

Definition of acute cholecystitis and covariables 

The incidence of acute cholecystitis was investigated using 

ICD 10th Revision (ICD-10) codes. Acute cholecystitis was 
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defined as follows; admission to an acute care hospital with 

diagnostic codes of acute or other cholecystitis regardless of 

calculus (ICD-10 K80, K81, K82) with confirmed cholecysti-

tis by pathology after performing cholecystectomy (Q7380) 

[12]. We excluded patients who were diagnosed with chole-

cystitis and/or cholecystectomy before the start of dialysis. 

The factors associated with the incidence of acute cholecys-

titis, such as age, sex, income level, Charlson comorbidity 

index (CCI), and comorbidities, were used as independent 

variables. The comorbidities for covariates, such as diabetes 

mellitus, hypertension, hyperlipidemia, connective tissue 

disease, myocardial infarction, heart failure, peripheral 

vascular disease, severe liver disease, dementia, and atrial 

fibrillation, were selected based on a previous Taiwanese 

nationwide study [13,14] (Supplementary Material, avail-

able online). Income level was categorized into three groups 

after it was scored on a scale of 0 to 10. 

Propensity score matching 

We included patients who began dialysis before their di-

agnosis of acute cholecystitis based on the visit date. Di-

alysis cohort data between 2014 and 2015 were excluded 

because in the KNHIS-NSC database only data up to 2013 

was available. The eligible patients, who started dialysis 

between 2004 and 2013 (dialysis cohort), were identified 

after excluding potentially preexisting cases of dialysis or 

acute cholecystitis. We identified individuals without ESRD 

from the KNHIS-NSC database, who were propensity score-

matched to an equal number of ESRD cases. Propensity 

score matching using the nearest neighbor method was 

performed to identify similar individuals in the dialysis and 

Dialysis Cohort
(2004 to 2013)

n = 59,999

Control Cohort
(2004 to 2013)

n = 59,999

Exclusions
Dialysis history in 2003 (n = 24,329)
Dialysis duration of <3 months (n = 88,532)
Missing dialysis deductible code (n = 4,149)
Kidney transplantation (n = 9,440)
Cholecystetomy before dialysis (n = 7,159)
Incorrect or missing values (n = 308)

CCT
n = 3,940

CCT
n = 647

1:1
matching

Dialysis Cohort
(2003 to 2015)

n = 208,512

National Sample Cohort
(2002 to 2013)
n = 1,125,691

Exclusions
Data between 2014 and 2015 (n = 14,579)

Dialysis Cohort
(2004 to 2015)

n = 74,595

Dialysis Cohort
(2004 to 2013)

n = 60,016

Exclusions
Loss of data after matching (n = 17)

Exclusions
Dialysis history in 2002 and 2013 (n = 3,362)
Cholecystetomy before 2004 (n = 31,716) 
Data between 2002 and 2003 (n = 8,829)
Incorrect or missing value (n = 13,696)
Kidney transplantation (n = 179)

Korean National Health Insurance Service 
database

Exclusions
Loss of data after matching (n = 1,007,910)

Control Cohort
(2004 to 2013)
n = 1,067,909

Figure 1. Patient and control enrollment flowchart showing the selection from the database. We evaluated 59,999 patients and 
compared them with 59,999 non-dialysis subjects selected from the National Sample Cohort of 1,125,691 Koreans via propensity 
score matching.
CCT, acute cholecystitis patients who underwent cholecystectomy.
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control cohorts [15]. Logistic regression was used to obtain 

propensity scores for each patient based on their age, sex, 

income level, and CCI as well as comorbidities. Individuals 

in both cohorts were randomly ordered and matched 1:1 

using the nearest neighbor method (Fig. 1). 

Statistical analysis 

Proportional differences in independent variables between 

the dialysis and control cohorts were analyzed using the 

Wald chi-square test. The acute cholecystitis incidence rate 

was expressed as the number of newly diagnosed acute 

cholecystitis cases per 10,000 person-years from the data-

base. The incidence rate ratio (IRR) of dialysis cohorts, rel-

ative to the controls, was calculated with a 95% confidence 

interval (CI). The cumulative incidence of acute cholecys-

titis was calculated by using the Kaplan-Meier method and 

analyzed by the log-rank test. We applied the multivariate 

Cox proportional hazards model to all independent vari-

ables after combining the two cohorts to determine the 

dialysis-associated risk of developing acute cholecystitis, 

which was described as hazard ratio (HR). The follow-up 

period started on the first date of dialysis for the cases and 

on randomly selected visit dates for the controls, which 

occurred in years that matched the start of dialysis for the 

cases. The follow-up period ended on the first date of acute 

cholecystitis diagnosis or the last follow-up date. Analyses 

were performed using the statistical package SAS version 9.4 

(SAS Institute, Cary, NC, USA) and R version 3.4.3 (R Foun-

dation for Statistical Computing, Vienna, Austria). A statisti-

cal significance level of 0.05 was established.  

Ethics statement 

The retrospective protocol of this study was performed in 

accordance with the Declaration of Helsinki and approved 

by the Institutional Review Board (IRB) of Chungbuk Na-

tional University Hospital in Cheongju, Republic of Korea 

(No. 2016-11-009). We used encrypted national insurance 

data. The IRB exempted our study from informed consent. 

All encrypted patients’ records from the KNHIS were ano-

nymized to ensure patient confidentiality. 

Results 

Baseline characteristics of the dialysis and control cohort 

A total of 208,512 patients who were newly diagnosed with 

ESRD were selected from the KNHIS database. Patients who 

had undergone dialysis before 2003 (24,329), with a dialysis 

duration of less than 3 months (88,532), without a dialy-

sis deductible code (4,149), who had incorrect or missing 

value (308), and who had kidney transplantation (9,440) 

were excluded. Patients who underwent cholecystectomy 

before the initiation of dialysis (7,159) were also excluded. 

A total of 59,999 patients were included in the patient arm, 

and 59,999 patients from the NSC of the 1,125,691 Korean 

population were included in the propensity score-matched 

group (Fig. 1). 

The baseline characteristics and comorbidities between 

the dialysis and control cohorts are summarized in Table 1. 

In the dialysis cohort, 34,772 patients (58.0%) were men, 

and the mean duration of dialysis was 2.76 ± 2.76 years. The 

dialysis patients commonly commenced at 50 to 79 years of 

age (43,346, 72.0%) in comparison with a similar number 

of patients in the matched control cohort. In total, 54,103 

patients underwent hemodialysis (90.2%), whereas 5,896 

underwent peritoneal dialysis (9.8%). 

Comparison of acute cholecystitis in the dialysis and con-
trol cohort 

Among the 59,999 dialysis patients and 59,999 controls, 

3,940 dialysis patients (6.6%) developed acute cholecystitis, 

and 647 controls (1.1%) developed cholecystitis (Table 2). 

The overall incidence of acute cholecystitis was remarkably 

higher in the dialysis patients than controls (IRR, 8.04; 95% 

CI, 7.40–8.76). The cumulative incidence of acute chole-

cystitis was significantly higher in dialysis patients than 

controls (p < 0.001), the result is illustrated in Fig. 2. In the 

subgroup analysis, the incidence of acute cholecystitis was 

similarly elevated in the dialysis group (Table 2). Because 

the variables were different between dialysis and the control 

group, we analyzed the HR by multivariate analysis. Mul-

tivariate Cox proportional hazards analysis revealed that 

dialysis was a significant risk factor for acute cholecystitis 

with an HR of 8.94 (95% CI, 8.19–9.76) (Table 3). 

In the subgroup of dialysis modality, acute cholecystitis 
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occurred in 3,558 of 54,103 hemodialysis patients (6.6%) 

and in 382 of 5,896 peritoneal dialysis patients (6.5%). After 

variables were adjusted, hemodialysis patients were at a 

lower risk of acute cholecystitis than peritoneal dialysis pa-

tients (adjusted HRs, 0.84; 95% CI, 0.76–0.94; p < 0.01), and 

a significant difference was observed (Table 4, Fig. 3). 

Discussion 

This nationwide cohort study found that patients with 

ESRD undergoing dialysis were associated with an 8.94-

fold higher risk of acute cholecystitis than the matched 

control group. This is the largest cohort study to investigate 

the incidence and risk factors of acute cholecystitis after the 

initiation of dialysis for ESRD in the Korean population. A 

recent Taiwanese nationwide cohort study that consisted 

of 54,065 patients with new-onset ESRD reported that the 

incidence of acute cholecystitis was 5.8/1,000 patient-years. 

In addition, patients with ESRD were associated with a 6.83-

fold higher risk of developing acute cholecystitis [13].  

Acute cholecystitis is commonly associated with inflam-

mation caused by prolonged obstruction of the cystic duct 

with gallstones [16]. Even though gallstones are the most 

important factor in the pathogenesis of acute cholecystitis, 

there are also many other investigated factors for develop-

ing gallstones [17,18]. Although many studies have investi-

gated the relationship between gallstones and ESRD, it re-

mains to be clarified whether gallstones are more common 

in patients with ESRD [16–18]. Some studies report that the 

incidence of gallstones in patients on hemodialysis was not 

different from that in controls [19–24], whereas others have 

reported a higher incidence of gallstones in patients on he-

modialysis than in the control group [25–30]. In this study, 

both hemodialysis and peritoneal dialysis were associated 

with an increased risk of developing acute cholecystitis. In 

terms of dialysis modality, hemodialysis patients were at a 

lower risk of acute cholecystitis than peritoneal dialysis pa-

tients. 

In patients on hemodialysis, hemodynamic fluctuations 

cause hypoperfusion to organs. The resulting frequent 

mesenteric ischemia leads to disruption of the gut muco-

sal structure with increased gut permeability, and chronic 

malnutrition causing a higher incidence of peptic ulcer 

disease. Dialysis patients with poor nutrition have a high-

er incidence of peptic ulcer disease [31]. This could occur 

in the gallbladder. The ischemia and reperfusion injury 

leads to epithelial damage of the gallbladder. Additionally, 

increased circulating uremic toxin levels in hemodialysis 

patients cause systemic inflammation. Moreover, increased 

leukocyte margination and focal lymphatic dilation with 

interstitial edema are associated with local microvascular 

occlusion [32–34]. In peritoneal dialysis patients, acute 

Table 1. Baseline characteristics of the dialysis patients and con-
trols
Characteristic Dialysis Control

No. of patients 59,999 59,999

Sex

 Male 34,772 (58.0) 31,838 (53.1)

 Female 25,227 (42.0) 28,161 (46.9)

Age (yr)

 0–29 1,083 (1.8) 874 (1.5)

 30–39 3,408 (5.7) 2,630 (4.4)

 40–49 8,849 (14.7) 7,225 (12.0)

 50–59 14,086 (23.5) 13,090 (21.8)

 60–69 16,317 (27.2) 16,943 (28.2)

 70–79 12,943 (21.6) 14,815 (24.7)

 ≥80 3,313 (5.5) 4,422 (7.4)

Income level

 Low 23,301 (38.8) 17,210 (28.7)

 Middle 18,446 (30.7) 21,472 (35.8)

 High 18,252 (30.4) 21,317 (35.5)

CCI score

 ≤1 6,400 (10.7) 5,326 (8.9)

 2 6,332 (10.6) 5,611 (9.4)

 ≥3 47,267 (78.8) 49,062 (81.8)

Comorbidity

 Diabetes mellitus 43,591 (72.7) 43,062 (71.8)

 Hypertension 53,253 (88.8) 55,006 (91.7)

 Hyperlipidemia 40,773 (68.0) 42,083 (70.1)

 Connective tissue disease 5,304 (8.8) 10,172 (17.0)

 Myocardial infarction 6,877 (11.5) 6,211 (10.4)

 Heart failure 19,470 (32.5) 15,240 (25.4)

 Peripheral vascular disease 18,687 (31.1) 27,393 (45.7)

 Severe liver disease 2,016 (3.4) 2,424 (4.0)

 Dementia 3,495 (5.8) 9,591 (16.0)

 Atrial fibrillation 3,637 (6.1) 4,685 (7.8)

Dialysis modality

 Hemodialysis 54,103 (90.0)

 Peritoneal dialysis 5,896 (10.0)

Values are presented as number of patients (%).
CCI, Charlson comorbidity index.
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cholecystitis is caused by chronic active inflammation of 

the peritoneum and endotoxemia [35,36]. We hypothesize 

that chronic inflammation of the gallbladder and decreased 

gallbladder motility due to uremia caused the increased in-

cidence of cholecystitis. 

In the management of acute cholecystitis, laparoscopic 

cholecystectomy is recommended as a first-line treatment 

in the general population [37]. However, previous studies 

on the outcomes of patients with ESRD undergoing cho-

lecystectomy have reported that ESRD is an independent 

risk factor for postoperative morbidity [38,39]. Although 

Table 2. The incidence of acute cholecystitis according to baseline characteristics among dialysis patients and controls

Characteristic
Dialysis (n = 59,999) Control (n = 59,999)

IRR (95% CI)
No. (%) PY IR/1,000 PY No. (%) PY IR

Case 3,940 (6.6) 205,456 19 647 (1.1) 271,419 2 8.04 (7.40–8.76)

Sex

 Male 2,298 (3.8) 117,146 20 370 (0.6) 140,807 3 7.47 (6.69–8.35)

 Female 1,642 (2.7) 88,310 19 277 (0.5) 130,612 2 8.77 (7.71–9.99)

Age (yr) 

 0–29 36 (0.1) 4,979 7 4 (0.0) 4,775 1 8.63 (3.09–33.38)

 30–39 182 (0.3) 15,882 11 28 (0.0) 13,607 2 5.57 (3.73–8.61)

 40–49 569 (0.9) 38,692 15 61 (0.1) 36,188 2 8.72 (6.69–11.56)

 50–59 955 (1.6) 53,090 18 154 (0.3) 64,101 2 7.49 (6.31–8.94)

 60–69 1,165 (1.9) 54,258 21 226 (0.4) 81,384 3 7.73 (6.70–8.96)

 70–79 846 (1.4) 32,456 26 157 (0.3) 58,538 3 9.72 (8.19–11.60)

 ≥80 187 (0.3) 6,100 31 17 (0.0) 12,826 1 23.13 (14.06–40.55)

Income level

 Low 1,745 (2.9) 91,795 19 142 (0.2) 82,767 2 11.08 (9.33–13.24)

 Middle 1,067 (1.8) 59,791 18 252 (0.4) 95,682 3 6.78 (5.90–7.80)

 High 1,128 (1.9) 53,870 21 253 (0.4) 92,969 3 7.69 (6.71–8.85)

CCI score

 ≤1 508 (0.8) 35,361 14 41 (0.1) 34,147 1 11.96 (8.70–16.88)

 2 447 (0.7) 27,335 16 64 (0.1) 29,080 2 7.43 (5.71–9.81)

 ≥3 2,985 (5.0) 142,760 21 542 (0.9) 208,192 3 8.03 (7.33–8.82)

Comorbidity

 Diabetes mellitus 2,670 (4.5) 129,602 21 498 (0.8) 182,565 3 7.55 (6.86–8.33)

 Hypertension 3,310 (5.5) 167,101 20 607 (1.0) 238,249 3 7.77 (7.13–8.49)

 Hyperlipidemia 2,430 (4.1) 118,317 21 477 (0.8) 178,739 3 7.70 (6.97–8.51)

 Connective tissue disease 313 (0.5) 14,118 22 121 (0.2) 49,788 2 9.12 (7.37–11.35)

 Myocardial infarction 476 (0.8) 18,478 26 105 (0.2) 28,073 4 6.89 (5.56–8.59)

 Heart failure 1,252 (2.1) 52,671 24 198 (0.3) 67,532 3 8.11 (6.97–9.47)

 Peripheral vascular disease 1,067 (1.8) 46,129 23 314 (0.5) 124,894 3 9.20 (8.10–10.47)

 Severe liver disease 163 (0.3) 5,161 32 54 (0.1) 9,901 5 5.79 (4.23–8.03)

 Dementia 184 (0.3) 6,255 29 98 (0.2) 40,233 2 12.08 (9.40–15.59)

 Atrial fibrillation 227 (0.4) 9,075 25 76 (0.1) 20,475 4 6.74 (5.18–8.86)

CCI, Charlson comorbidity index; CI, confidence interval; IR, incidence rate; IRR, incidence rate ratio; PY, person-years.

patients on dialysis are at risk of postoperative complica-

tions, laparoscopic cholecystectomy is recommended as a 

first-line treatment for acute cholecystitis even in patients 

undergoing peritoneal dialysis [40–44]. In severe acute cho-

lecystitis, operative management increased morbidity and 

mortality. Chung et al. [45] reported that emergent laparo-

scopic cholecystectomy for acute cholecystitis in patients 

with ESRD was an independent risk factor for mortality. 

Therefore, patients with acute cholecystitis must be treated 

before exacerbation of the inflammation. To avoid operative 

complications, Gunay et al. [46] suggested percutaneous 
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of acute cholecystitis (i.e., emphysematous cholecystitis, 

acalculous cholecystitis) in our dataset, we could not find 

a relationship between ESRD and gallstone disease. Sec-

ond, it is possible that a case diagnosed with cholecystitis, 

but not having surgery or having undergone gallbladder 

drainage, may have been excluded from both groups. Since 

2003, the code for cholecystectomy can be confirmed in 

the data, so patients in the dialysis group and the control 

group belong to the definition of cholecystitis in this study, 

“Cholecystectomy with cholecystitis and histologically con-

firmed” were identified and excluded, and many dialysis 

patients underwent percutaneous cholecystostomy due to 

poor medical conditions with a high rate of readmission [46]. 

Because we used a cholecystectomy code for specifying 

acute cholecystitis, we did not include a cholecystostomy 

code at initiation, which might be an important limitation 

in our study. Third, we used a general Cox model to control 

the selected covariates. After the ‘proportional hazards’ 

assumption is confirmed, stratified Cox analysis should be 

performed rather than general Cox analysis for propensity 

score matching data. However, in the matching, the HR of 

the general Cox analysis is smaller than that of the stratified 

Cox analysis, and the HR is underestimated. Therefore, the 

result does not change even if the analysis method is dif-
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Follow-up (yr) No. at risk (CCT cases)

Controls
Dialysis

59,999 (0)
59,999 (0)

42,527 (253)
36,684 (1,787)

29,212 (167)
21,575 (1,088)

19,040 (118)
11,859 (656)

6,615 (83)
4,530 (359)

392 (26)
0 (50)

Dialysis

Controls

0 4 82 6 10

0.15

0.10

0.05

0.00

Figure 2. Cumulative incidence of acute cholecystitis in patients with end-stage renal disease and controls. The cumulative inci-
dence of acute cholecystitis was significantly higher in dialysis patients (p < 0.001).
CCT, acute cholecystitis patients who underwent cholecystectomy.

Figure 3. Cumulative incidence of acute cholecystitis in pa-
tients with end-stage renal disease by dialysis modality. The 
cumulative incidence of acute cholecystitis in peritoneal dialysis 
patients was higher than in hemodialysis patients (p < 0.01).
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Follow-up (yr) 

4 102 80 6

Peritoneal dialysis

Hemodialysis

cholecystostomy as a bridging method or palliative option 

to treat acute cholecystitis in some selected chronic hemo-

dialysis patients. 

There were limitations to the current study. First, we were 

unable to demonstrate the cause of acute cholecystitis. 

As we were unable to differentiate between the subtypes 
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Table 3. Univariate and multivariate analysis of risk factors for 
acute cholecystitis

Variable Crude HR
(95% CI)

Adjusted HRa

(95% CI)

Dialysis

 No 1.00 1.00

 Yes 8.10 (7.46–8.81) 8.94 (8.19–9.76)

Sex

 Male 1.00 1.00

 Female 0.85 (0.8–0.9) 0.90 (0.84–0.95)

Age (yr)

 0–29 1.00 1.00

 30–39 1.74 (1.24–2.43) 1.64 (1.17–2.29)

 40–49 2.05 (1.49–2.82) 1.94 (1.41–2.67)

 50–59 2.30 (1.68–3.15) 2.36 (1.72–3.24)

 60–69 2.49 (1.82–3.41) 2.80 (2.04–3.84)

 70–79 2.66 (1.94–3.65) 3.26 (2.37–4.49)

 ≥80 2.57 (1.83–3.61) 3.38 (2.40–4.76)

Income level

 Low 1.00 1.00

 Middle 0.78 (0.73–0.84) 0.87 (0.81–0.94)

 High 0.87 (0.81–0.93) 0.90 (0.84–0.97)

CCI score

 ≤1 1.00 1.00

 2 1.15 (1.02–1.29) 1.20 (1.06–1.36)

 ≥3 1.26 (1.15–1.38) 1.30 (1.15–1.47)

Comorbidity

 Diabetes mellitus 1.17 (1.10–1.24) 1.00 (0.92–1.08)

 Hypertension 1.02 (0.94–1.11) 0.89 (0.80–1.00)

 Hyperlipidemia 1.04 (0.98–1.10) 1.06 (0.99–1.14)

 Connective tissue disease 0.68 (0.61–0.75) 1.02 (0.92–1.12)

 Myocardial infarction 1.34 (1.23–1.46) 1.19 (1.09–1.31)

 Heart failure 1.36 (1.28–1.45) 1.16 (1.08–1.24)

 Peripheral vascular disease 0.77 (0.72–0.82) 1.08 (1.01–1.16)

 Severe liver disease 1.52 (1.32–1.74) 1.66 (1.45–1.90)

 Dementia 0.60 (0.54–0.68) 1.04 (0.92–1.18)

 Atrial fibrillation 1.07 (0.95–1.20) 1.12 (1.00–1.27)

CI, confidence interval; CCI, Charlson comorbidity index; HR, hazard ratio.
aAdjusted for sex, age, income level, diabetes mellitus, hypertension, hyper-
lipidemia, connective tissue disease, myocardial infarction, heart failure, 
peripheral vascular disease, severe liver disease, dementia, atrial fibrilla-
tion, and CCI.

ferent. However, because differences due to the size of the 

sample cannot be completely excluded, repeated studies 

are needed for validation. In addition, we could not eval-

uate individual data such as smoking history, body mass 

index, and laboratory values, which can contribute to acute 

cholecystitis with gallstones. Further randomized controlled 

studies would unveil the precise mechanism of the clinical 

course and mortality associated with acute cholecystitis in 

dialysis patients. 

In conclusion, we found that patients undergoing dialysis 

have a higher incidence and risk of acute cholecystitis com-

pared to the general population. As acute cholecystitis in 

a patient with dialysis is associated with high mobility and 

mortality rates, the possibility of developing a gallbladder 

disorder in patients with gastrointestinal problems should 

be considered in the dialysis clinic. Further investigations 

are required to explore the development of acute cholecys-

titis and gallstones in patients with ESRD. 
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Table 4. Hazard ratio (HR) and 95% confidence interval (CI) according to the type of dialysis
Type of dialysis No. of all cases No. of cholecystitis cases (%) Crude HR (95% CI) Adjusted HRa (95% CI)
Peritoneal dialysis 5,896 382 (6.5) 1.00 1.00
Hemodialysis 54,103 3,558 (6.6) 0.88 (0.79–0.97)* 0.84 (0.76–0.94)**

aAdjusted for sex, age, income level, diabetes mellitus, hypertension, hyperlipidemia, connective tissue disease, myocardial infarction, heart 
failure, peripheral vascular disease, severe liver disease, dementia, atrial fibrillation, and Charlson comorbidity index. 
*p < 0.05, ** p < 0.01.
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