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Purpose: The incidence of gallstone disease and cholecystectomy is increasing worldwide. The aim of this study was to
determine trends in the incidence of cholecystectomy in Korea.

Methods: The National Health Insurance Services database was used to determine patterns in proportion of
cholecystectomy and cholecystostomy in the total population of Korea from 2003 to 2017. The age-standardized rate (ASR)
was calculated to compare the cholecystectomy and cholecystostomy according to changes in the population structure
over time. The ASR was investigated according to patient age, sex, socioeconomic status, use of computed tomography,
and type of hospital to identify trends.

Results: The ASR per 100,000 based on the 2010 population of cholecystectomy cases increased markedly from 67.7 to
211.4 between 2003 and 2017. The ASR was consistently higher in female than male (71.9 vs. 63.6 in 2003, 221.8 vs. 201.8
in 2017). Furthermore, the ASR for cholecystectomy increased with age, and surgery for gallstone disease was performed
more often at a specialized center than at other medical facilities. The length of hospital stay of cholecystectomy decreased
steadily from 10.6 days in 2003 to 6.9 days in 2017.

Conclusion: This study shows that the incidence of cholecystectomy and cholecystostomy has steadily increased over the
years in Korea, with a trend toward older age and higher socioeconomic status in patients undergoing cholecystectomy.
Increasing use of computed tomography investigations could be a primary cause for this trend. An integrated strategy is
needed to manage the increase in older patients undergoing cholecystectomy and shorten their hospital stay with medical
safety.

[Ann Surg Treat Res 2022;102(4):205-213]
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INTRODUCTION

Gallstone disease is a common digestive disease that

is expensive to treat and shows geographical and ethnic
differences worldwide [1]. Compared with the Western
populations, East Asians (e.g., Koreans, Japanese, and Chinese)
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have a higher prevalence of pigment stones, stones in the
common bile duct and intrahepatic duct, and less female
predominance [2]. Acute cholecystitis, which occurs at a rate
of 1% per year, is one of the most common complications of
gallstone disease [3].

The primary treatment for symptomatic gallstone disease
is the surgical removal of the gallbladder. By the mid-1990s,
laparoscopic management of gallstone disease had replaced
open surgery and become a standard procedure with benefits
in terms of a shorter hospital stay, less postoperative pain, and
a more rapid return to normal activity [4]. According to the
National Health Insurance Service (NHIS) yearbook, admissions
for gallstones and cholecystitis increased by 135% from 40,592
in 2005 to 95,337 in 2019 [5,6]. However, there are no reports on
the prevalence of cholecystitis based on the number of surgeries
performed.

The aim of this study was to determine the current trends
in cholecystectomy in Korea based on the number of surgical
codes recorded in a nationwide database by year.

METHODS

The study was approved by the Institutional Review Board of
the Gachon University Gil Medical Center, Gachon University
College of Medicine (No. GFIRB2020-134) and conducted in
accordance with the Declaration of Helsinki. The need for
informed consent was waived.

Data source
Data on cholecystectomy and cholecystostomy-related

medical utilization from 2003 to 2017 were obtained from
the NHIS. The NHIS is a mandatory single-payer health care
system in Korea; thus, all medical utilization data for the
Korean population can be identified. The NHIS claims data
contain 4 categories for collection of insurance premiums and
reimbursement of insurance claims. Personal demographic
data are collected, including patient age and sex, region, and
income category. Diagnosis codes are entered using the Korean
Standard Classification of Diseases and Causes of Death, 7th
edition, a modified version of the International Classification
of Disease, 10th revision. Medical procedure codes consisting
of procedures, admissions, and operations are included. The
gallstone disease and cholecystitis are defined with surgical
codes, gallstone (K80), and cholecystitis (K81). During the study
period (2003-2017), we collected 2,050,791 diagnoses of patients
with gallstone and cholecystitis. Finally, the number of patients
with cholecystectomy was 665,428 after excluding no inpatients
and surgical operations. Prescriptions are also included in
the NHIS data. The Minister of Health and Welfare in Korea
classifies hospitals as tertiary referral, general, specialized,
and others. According to the medical service act, The Minister

of Health and Welfare may designate a general hospital
specializing in providing medical services requiring a high level
of expertise for treating diseases as a tertiary referral hospital.
A general hospital shall be equipped with at least 100 patient
beds with medical specialists exclusively dedicated to every
specialized department. Specialized hospitals in this study
provide medical services requiring a high level of expertise in
a surgical department or treating a specific disease related to
general surgery. Other hospitals include those with a limited
number of beds. In this study, demographic records, diagnosis
codes, and procedure codes were used to identify medical
utilization related to cholecystectomy and cholecystostomy.

Study design and definition

This study was based on descriptive analysis. Patients
who underwent cholecystectomy and cholecystostomy were
defined as those who met two of the following criteria: (1)
acute cholecystitis (K81) or gallstones (K80) as the main
diagnosis code and (2) having a procedure or operation code
for cholecystectomy (Q7380) or cholecystostomy (97390 and
M6690) (Supplementary Fig. 1). To analyze the incidence
patterns of cholecystectomy and cholecystostomy, we
performed subgroup analysis by sex (male and female), age (0-9,
10-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, and =80
years), whether or not CT scans were obtained (NHIS code of
HA465), type of surgical facility (tertiary, general, specialized, or
others), and patient income group (1st-5th, 6th-10th, 11th-15th,
and 16th-20th). The average length of stay (LOS; the number of
days from hospitalization to discharge) was also calculated to
estimate the performance of the medical provider.

Statistical analysis
The age-standardized rate (ASR) was used to compare trends

in cholecystectomy and cholecystectomy according to changes
in the population structure over time. The standard Korean
population in 2011 was used to calculate the ASR. The equation
used to calculate ASR per 100,000 is as follows:

ASR = Y{(ASR) x (Age—specific standard population)}
- Standard population

x 100,000

All statistical analyses were performed using SAS ver. 9.4 (SAS
Institute Inc., Cary, NC, USA).

RESULTS

Incidence of cholecystectomy in Korea
The ASR for cholecystectomy cases increased markedly from

67.7 to 211.4 between 2003 and 2017. The total crude number
of patients by year also increased with time from 18,081 in
2003 to 56,470 in 2017. A subgroup analysis according to sex
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showed that the ASR for cholecystectomy increased during the  indicating a greater increase in male. However, the trend
study period from 71.9 (crude number 9,540) to 221.2 (crude  according to sex showed a similar increasing tendency (data not
number 29,353) in female and from 63.6 (crude number 8542)  shown) (Fig. 1).

to 201.8 (crude number 27,116) in male. Overall, the ASR was

consistently high in female; compared with 2003, the ASR in Changes in patient age over time

2017 had increased by 307.7% in female and 317.4% in male, Subgroup analysis was performed according to age. In all age
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of cholecystectomy in Korea.
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Age 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
(yr)
>80 62.9 (15.6%) | 76.8 (16.6%) | 98.2 (17.8%) | 118.2 (18.6%)[147.9 (21.1%)[161.3 (21.1%)|201.2 (23.4%)| 232.1 (24.7%)| 266.5 (25.7%)|306.1 (27.1%)|333.7 (28.3%)|362.0 (29.7%)|411.3 (31.8%)|485.5 (33.2%)|564.2 (35.5%),
70-79 91.3 (22.7%) |107.5 (23.3%)| 130.5 (23.7%)| 158.1 (24.9%)| 181.7 (25.9%)| 199.3 (26.1%)|217.1 (25.3%)|236.1 (25.1%)| 262.1 (25.2%)| 286.2 (25.3%)|297.0 (24.6%)|299.7 (24.6%)|307.5 (23.8%)|335.3 (22.9%)|349.9 (22.0%)|
B60—-69 |106.1(26.4%)|119.3 (25.8%)|132.5 (24.1%)|143.6 (22.6%)[149.0 (21.2%)[158.5 (20.8%)[170.1 (19.8%)| 180.5 (19.2%)| 184.6 (17.8%)| 196.8 (17.4%)|199.6 (16.9%)|205.6 (16.9%)[212.6 (16.5%)|244.1 (16.7%)|257 .4 (16.2%)
50-59 57.4 (14.3%) | 63.7 (13.8%) | 76.7 (13.9%) | 88.0 (13.8%) | 88.8 (12.6%) | 98.8 (12.9%) | 110.1 (12.8%)| 119.4 (12.7%)|136.7 (13.2%)|145.0 (12.8%)|149.7 (12.7%)| 143.8 (11.8%)| 151.1 (11.7%)| 166.6 (11.4%)|174.8 (11.0%)|
40-49 40.8 (10.1%) | 45.1(9.8%) | 53.6 (9.7%) | 61.0(9.6%) | 60.8 (8.7%) | 66.6 (8.7%) | 74.2(8.6%) | 78.4 (8.3%) | 87.0(8.4%) | 92.2(8.2%) | 96.1(8.1%) | 97.4 (8.0%) | 100.6 (7.8%) | 111.6 (7.6%) | 120.6 (7.6%)
30-39 29.7 (7.4%) | 34.6 (7.5%) | 41.8(7.6%) | 46.5(7.3%) | 51.2(7.3%) | 55.5(7.3%) | 59.3 (6.9%) | 63.9 (6.8%) | 69.9 (6.7%) | 74.1 (6.6%) | 74.7 (6.3%) | 76.1(6.2%) | 76.7 (5.9%) | 83.1(5.7%) | 85.9 (5.4%)
20-29 12.6 (3.1%) | 13.3(2.9%) | 15.6 (2.8%) | 18.8 (2.9%) | 20.6 (2.9%) | 21.2(2.8%) | 24.4 (2.8%) | 25.3 (2.7%) | 27.6 (2.7%) | 26.5(2.3%) | 26.6 (2.3%) | 29.6 (2.4%) | 28.5 (2.2%) | 32.7 (2.2%) | 33.4 (2.1%)
10-19 1.1 13 1.1 16 19 19 26 2.9 33 35 3.1 35 34 33 2.9
0-9 0.4 03 0.3 0.3 0.4 0.4 0.2 0.5 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Fig. 2. Change in the age of patients undergoing cholecystectomy during the study period. The age-standardized rate (ASR)
continued to increase with age below the 60s from 2003 to 2005 and below the 70s from 2006 to 2010. Since 2011, this
increase has continued in patients aged >80 years.
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groups over the 20s, it was confirmed that the ASR continued
to increase as time passed. During the study period, the ASR
for cholecystectomy was divided into three phases. From 2003
to 2005, the ASR continued to increase in the population aged
younger than the 60s and from 2006 to 2010 increased steadily
in the 70s. Since 2011, the ASR has continued to increase in the
population aged older than 80 years (Fig, 2).

Changes according to diagnostic and therapeutic

modalities used
During the study period, there was an increase in the number

of CT scans performed to diagnose gallbladder disease and the
diagnostic yield using CT from 4.3% in 2003 to 51.0% in 2017.
However, the growth rate has remained similar since 2014,
with no significant fluctuations (Fig. 3). Moreover, the ASR for
cholecystectomy steadily increased during the study period,
resulting in a 312% increase in ASR in 2017 compared to 2003.
Similarly, the number of cholecystostomy procedures, such
as percutaneous transhepatic cholecystostomy, increased by
approximately 313%, from 9.4 in 2003 to 295 in 2017. The crude

number of cholecystectomy and cholecystostomy was found to
have discrepancies, but the rate of increase was similar (Fig, 4).

The proportion of cholecystectomy by the facility

and the difference in hospital stay over time
We investigated the cholecystectomy rate according to

the type of hospital facility where gallstone disease surgery
was performed during the study period. The ASR for surgery
performed at specialized hospitals was higher than that
for tertiary or general hospitals during the study period.
The proportion of surgery in the specialized hospital was
maintained at 60% or more during the study period, and the
proportion continued to increase over time. On the other hand,
the proportion of tertiary hospitals continued to decrease from
more than 30% at the beginning of the study to less than the
mid-20% at the end of the study, and the proportion of general
hospitals was almost the same (Fig. 5). We also analyzed the
length of hospital stay of cholecystectomy patients over time
during the study period. The average LOS for cholecystectomy
decreased steadily and remarkably from 10.6 days in 2003 to
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Tertiary 213 23.0 27.0 28.4 29.8 31.9 34.7 36.9 40.7 4338 433 445 44.1 487 51.4
hospital | (31.5%) | (30.0%) | (29.9%) | (27.6%) | (27.3%) | (26.8%) | (26.5%) | (26.2%) | (26.3%) | (26.5%) | (25.5%) | (25.8%) | (24.7%) | (24.4%) | (24.3%)
General 5.6 6.9 7.6 9.3 10.4 10.6 11.2 11.2 13.1 13.9 14.1 14.0 14.7 15.8 16.8
hospital | (8.3%) | (9.0%) | (84%) | (9.1%) | (95%) | (8.9%) | (8.6%) | (8.0%) | (8.4%) | (84%) | (83%) | (81%) | (8:2%) | (7.9%) | (7.9%)
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Fig. 5. Types of health care facilities performing cholecystectomy during the study period. The age-standardized rate (ASR) for
cholecystectomy performed at specialized hospitals was higher than that for tertiary hospitals and general hospitals.
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6.9 days in 2017 (Fig. 6). LOS by facility could be confirmed over
time through another statistical analysis of the open national
big data from the Health Insurance Review and Assessment
database. Although the decrease showed some differences
depending on the surgical facility, a continuous decrease could
be confirmed in common (Supplementary Fig, 2).

Differences according to socioeconomic status
We analyzed the socioeconomic status of the patient by

dividing income during the study period into 20 quintiles,
ranging from the poorest group (group 1) to the most affluent
group (group 20) and then merged them into 4 groups (groups

1st-5th, low income; groups 6th-10th, lower-middle income;
groups 11th-15th, upper-middle income; and groups 16th-20th,
upper income). During the 14 years of observation, the ASR for
cholecystectomy was consistently highest in the upper income
group (groups 16th-20th) (Supplementary Fig. 3).

DISCUSSION

This study is the first to analyze trends in cholecystectomy
in Korea based on a population-based approach using data
from the NHIS without limitations on age or sex. We found
a marked increase in the number of cholecystectomies
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performed in Korea over a 14-year period. According to a Health
Insurance Review and Assessment Service, cholecystectomy
was the seventh most common type of surgery performed in
Korea in 2015 [7]. During the study period, the annual ASR for
cholecystectomy increased from 67.7 to 211.4, and the rate for
cholecystostomy, such as percutaneous transhepatic gallbladder
drainage, also showed a steady increase. The results of this
study are consistent with previous reports of an approximately
3-fold increase in the number of patients with a diagnosis of
gallstones between 1996 and 2015 [8]. The study mentioned
above is quite different from our study in that it was limited
to tertiary hospitals in Korea and analyzed the chronological
changes of patients by focusing on the classification of
gallstone. However, it is meaningful because the study
examined the characteristics of patients with gallstone disease
based on 20 years of records, and it is considered comparable to
our study in that it confirmed the increase in gallstone patients
over time. According to a previous study, the prevalence of
gallbladder polyp increased linearly from 2.9% in 2002 to 85% in
2012 [9]. Additionally, trends of the increasing gallbladder-stone
cases and decreasing common bile duct- and intrahepatic duct
stone cases were identified [10]. Such changes in gallbladder
disease may have significantly affected the surgical indication
for cholecystectomy. Acute cholecystitis (K81) or gallstones
(K80) was used as the primary diagnosis in this study, and the
relationship between these diagnoses and cholecystectomy was
analyzed. Since diagnostic codes such as gallbladder polyp were
not included in the cohort of this study, it was not possible to
confirm the changing pattern. Nevertheless, since cholecystitis
is known to account for more than 80% of cholecystectomy,
the analysis of this study is valuable [11]. Also, during the study
period, no remarkable change in the national health insurance
system that could shift the paradigm of surgical indication for
cholecystectomy was confirmed, so the effect of the indication
change on the incidence of cholecystectomy can be evaluated as
relatively low.

Cholecystectomy is one of the basic procedures in the field
of general surgery, and it is performed not only in tertiary
hospitals but also in hospitals of various scales, especially
specialized hospitals. Therefore, it is judged that a study
using NHIS claims data would be more effective than a
retrospective study of a single big center to know the trend of
cholecystectomy or cholecystostomy in Korea. Another study
reported that the number of inpatient discharges related to
cholecystitis continued to increase, and the cholecystectomy
rates increased and remained stable at a higher level. These
studies were also comparable to the increasing trend of our
study [12,13].

Regarding cholecystitis, either elective or emergency
cholecystectomy or delayed cholecystectomy after
cholecystostomy is performed depending on the degree of

inflammation (gallbladder empyema, etc.) or the patient's
general condition. Therefore, to investigate all cholecystitis
patients, it is appropriate to include cholecystostomy as well.
In addition, the reason for comparing the two procedures was
to analyze whether the detection by an early diagnostic tool
such as CT or medical examination increased and whether
severe symptomatic gallbladder disease occurred more
frequently. Information on acute vs. chronic disease, elective
vs. emergency operations, open vs. minimally invasive surgery,
and postoperative complications and mortality can be inferred
through information on diagnostic codes and hospitalization
routes. Still, these methods are quite inaccurate, and there
is a problem in that bias increases because not all chronic
cholecystitis is operated on. Therefore, this study using data
from the NHIS is considered meaningful and appropriate.

In Korea, confirmed cases of symptomatic gallbladder disease
have been covered by NHIS since 1996, and the increase in
the number of CT investigations performed likely reflects this
change in health care policy. This change in health care policy
is reflected in the marked increase in the number of CT scans
performed during the study period, which probably explains
the increased number of patients undergoing surgery for
asymptomatic or mildly symptomatic gallstone disease and the
trend of a shorter LOS after surgery. The number of diagnostic
tests performed for gallstone disease can be expected to
increase in the future, given that NHI cover was extended to
include ultrasound treatment in 2018 and CT screening in 2019.
The role of ultrasonography in diagnosing gallbladder disease
is significant and cannot be overlooked. However, according to
the NHIS, health insurance for epigastric ultrasound has been
implemented since 2018. Since the timing of such insurance
application is somewhat different from the progress of this
study, there is a limitation in that it is challenging to evaluate
ultrasound diagnosis performed without insurance accurately.
Therefore, we used a CT scan (NHIS code HA465) that can be
confirmed with the NHIS database in this study. The use of
these diagnoses is judged to be appropriate.

Higher body mass index, obesity, abdominal fat, metabolic
syndrome, and diabetes mellitus are confirmed risk factors for
gallstones and cholecystectomy [7]. A diet high in fat, advanced
age, female sex, and a high cholesterol saturation index have
also been associated with increased occurrence of gallstones [14].
In Korea, the obesity rate increased by 1.19-fold between 1998
and 2011, and the prevalence of abdominal obesity has also
gradually increased over the years [15]. In 1 study, the morbidity
of obesity and abdominal obesity increased to 35.7% and 23.8%,
respectively, between 2009 and 2018, and an upward trend
of obesity and abdominal obesity was observed in both sexes
and in nearly all age groups [16]. Moreover, in a study that
analyzed data from the Korea National Health and Nutrition
Examination Survey, the frequency of metabolic syndrome
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increased from 249% in 1998 to 31.3% in 2007 [17]. Metabolic
syndrome has shown a greater trend of increase in Korea than
in other countries [18]. In Korea, the number of individuals aged
=05 years reached 7 million (14.2% of the overall population) in
2018, which officially defines Korea as an ‘aged’ society. Korea
is expected to progress to a 'super-aged society' within 12 years
based on the rapid ongoing trend of aging and is projected to
have the world's highest life expectancy by 2030 [19,20]. Our
present findings confirm that the ASR for cholecystectomy
increases with age, which is consistent with the results of
previous studies [21]. These findings indicate that the ASR for
cholecystectomy increased during all periods and in age groups
and was especially apparent in the elderly. Given the rapid
acceleration of population aging in Korea, the proportion of
elderly patients with gallbladder-related disease and rates of
cholecystectomy are expected to increase in the future,

In this study, the ASR for cholecystectomy increased most
in the section of the population with the highest income.
Universal NHIS cover became available in Korea in 1989
and was expanded to include the entire population in 2000.
Approximately 97% of all Koreans now have NHIS cover. The
remaining 3% are covered by the medical aid program for low-
income citizens [22]. The high ASR for cholecystectomy in
the more affluent section of the population despite the broad
coverage afforded by the NHIS is likely explained by the indirect
costs of hospitalization, additional CT investigations, and
accessibility to health checkups. However, other characteristics
in the high-income group, including whether or not they were
older, need to be investigated further in the future.

The ASR for cholecystectomy was higher in specialized
hospitals than in tertiary referral hospitals or general hospitals,
increasing proportions in all three types of centers. Previous
studies showed reductions in postoperative morbidity and
mortality rates and wound infection and pneumonia rates
with the advent of laparoscopic cholecystectomy [23]. High
numbers of surgical procedures are now being performed in
specialized hospitals that are relatively small, probably because
of increased use of minimally invasive surgery and the safety
afforded by improved postoperative outcomes. The hazard
identification and risk assessment system also classifies various
disease groups to allow efficient delivery of health care services
and distribution of roles among medical institutions and to
ensure the objectivity of the patient classification system. As
part of this policy, medical resources are allocated to increase
the capacity of tertiary referral hospitals and general hospitals,
which has resulted in an increased ASR for smaller specialized
surgical facilities.

In this study, the LOS decreased from 10.6 days in 2003 to
6.9 days in 2017. In previous studies, the median LOS reported
ranged between 2 days and 2.2 days [13,24]. Moreover, a
recent meta-analysis that included 10,615 patients found that

the mean LOS was 61.2 hours [25]. However, given that the
hospitals enrolled in this meta-analysis were diverse and
that the LOS can be affected by financial or organizational
factors, differences may occur depending on hospital size
and insurance coverage between countries. The LOS after
cholecystectomy in Korea would be expected to be shorter in
the future. The development of minimally invasive surgery,
such as single-incision laparoscopic cholecystectomy and robotic
cholecystectomy [26], and improvements in medical care, such
as enhanced recovery after surgery, is thought to reduce the
LOS after cholecystectomy [11,27].

This study had several limitations. First, it was based on
NHIS data, so it was not possible to obtain detailed information
on patient characteristics, symptoms, and compliance or on the
preferences of attending physicians. Furthermore, given that
NHIS data are collected based on a diagnosis and treatment
modality code, the possibility of missing information or
information bias cannot be excluded. Second, the up-to-date
trend cannot be grasped since the study was conducted on data
up to 2017, Further extensive research using more recent data is
needed.

In conclusion, this study is the first to investigate the
nationwide prevalence of cholecystectomy in Korea and found
an increasing trend of older age and a higher socioeconomic
level in patients undergoing cholecystectomy. On the other
hand, it was confirmed that the LOS for cholecystectomy
continued to decrease. A multidisciplinary strategy will be
needed to manage the increasing number of older patients who
underwent cholecystectomy and keep their hospital stay as
short as possible while ensuring medical safety.

SUPPLEMENTARY MATERIALS

Supplementary Figs. 1-3 can be found via https://doi.
org/10.4174/astr.2022.102.4.205.
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