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Abstract

Purpose The aim of this study was to evaluate the influence of bariatric surgery on gallstone disease in obese patients.
Materials and Methods This large cohort retrospective study was conducted based on the Taiwan National Health Insurance Research
Database. All patients 18-55 years of age with a diagnosis code for obesity (ICD-9-CM codes 278.00-278.02 or 278.1) between 2003
and 2010 were included. Patients with a history of gallstone disease and hepatic malignancies were excluded. The patients were
divided into non-surgical and bariatric surgery groups. Obesity surgery was defined by ICD-9-OP codes. We also enrolled healthy
civilians as the general population. The primary end point was defined as re-hospitalization with a diagnosis of gallstone disease after
the index hospitalization. All patients were followed until the end of 2013, a biliary complication occurred, or death.

Results Two thousand three hundred seventeen patients in the bariatric surgery group, 2331 patients in the non-surgical group,
and 8162 patients in the general population were included. Compared to the non-surgery group (2.79%), bariatric surgery
(2.89%) did not elevate the risk of subsequent biliary events (HR =1.075, p=0.679). Compared to the general population
(1.15%), bariatric surgery group had a significantly higher risk (HR =4.996, p <0.001). In the bariatric surgery group, female
gender (HR =1.774, p=0.032) and a restrictive procedure (HR = 1.624, p = 0.048) were risk factors for gallstone disease.
Conclusion The risk for gallstone disease did not increase after bariatric surgery, although the risk was still higher than the general

population. The benefit of concomitant cholecystectomy during bariatric surgery should be carefully evaluated.
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Introduction

Obesity is related to multiple comorbidities, including meta-
bolic syndromes and malignancies [1], and is a reported risk
factor for gallstone formation. Bariatric surgery has been
shown to be a most effective and durable treatment of obesity
and associated co-morbidities [2]; however, bariatric surgery
leads to rapid weight loss, which is also a risk factor for gall-
stone formation.

The reported postoperative biliary complication rate requir-
ing cholecystectomy is 0.9~7.5% after laparoscopic sleeve
gastrectomy [3—5] and 6-50% after laparoscopic gastric by-
pass [6-9]. Therefore, some surgeons perform concomitant
cholecystectomies for patients who undergo bariatric surgery
without significantly increased operative times, length of hos-
pital stay, and morbidity and mortality rates [7, 10, 11]. In
contrast, Warschkow et al. [12] conducted a meta-analysis
involving concomitant cholecystectomies and reported signif-
icantly higher complication and mortality rates than bariatric
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surgery alone. Moreover, Worni et al. [13] concluded that
concomitant cholecystectomies have higher postoperative
complications, including infections, gastrointestinal and pul-
monary complications, reintervention rates, and longer hospi-
tal stays.

Thus, there is an ongoing debate regarding concomitant
cholecystectomy during bariatric surgery; however, most
studies have involved gallstone formation and cholecystecto-
my after bariatric surgery, and the difference between obese
patients who do and do not undergo bariatric surgery is un-
known. Moreover, selective concomitant cholecystectomies
can be performed if risk factors for gallstone disease are pres-
ent. Until now, with the exception of age [14], no risk factors
for gallstone disease after bariatric surgery have been identi-
fied [5, 15]. Therefore, decisions regarding cholecystectomies
during bariatric surgery vary, from routine prophylactic cho-
lecystectomies [16] to cholecystectomies only in patients with
biliary symptoms [17].

The aim of this study was to determine the incidence of
gallstone disease after bariatric surgery and identify the influ-
ence of bariatric surgery on gallstone disease in obese patients.
In addition, we attempted to identify the risk factors for gall-
stone disease after bariatric surgery. Using a nationwide
population-based dataset, we analyzed sufficient patient data
and performed comprehensive follow-up to answer these
questions.

Method

This retrospective study was fully evaluated and approved by
the Institutional Review Board of Buddhist Dalin Tzu Chi
Hospital (approval B10502007) and was conducted in accor-
dance with the principles of the Helsinki Declaration. For this
type of study, formal consent is not required. We extracted the
dataset used in this study from the Taiwan National Health
Insurance Research Database (NHIRD; registered number
NHIRD-103-246). The database was cross-checked, and med-
ical charts were validated by the Taiwan Bureau of National
Health Insurance. For this analysis, we extracted the data from
the inpatient expenditures by admission, the registry for ben-
eficiaries, and the Registry for Catastrophic Illness Patient
Database from the NHIRD database (1996-2013).

Inclusion Criteria

In Taiwan, patients must meet several criteria in order for the
National Health Insurance (NHI) to pay for bariatric surgery.
Specifically, the following criteria must be met: (1) between
18 and 55 years of age, (2) attempted conservative methods to
lose weight for at least 6 months, (3) BMI > 35 kg/m* with
comorbidities or > 40 kg/mz, and (4) no psychiatric disease.
Thus, we included all patients 1855 years of age with the

diagnosis code for overweight or obesity (ICD-9 codes
278.00-278.02 or 278.1) [18, 19] on admission between
2003 and 2010. The patients were separated into two groups
(bariatric surgery and non-surgical groups).

We defined bariatric surgery based on ICD-9 codes, as
follows: malabsorptive procedures (high gastric bypass,
ICD-9-CM OP44.31; laparoscopic gastroenterostomy, ICD-
9-CM OP44.38; and other gastroenterostomy without gastrec-
tomy, ICD-9-CM OP44.39) and restrictive procedures (lapa-
roscopic sleeve gastrectomy, ICD-9-CM OP43.82; open and
other partial gastrectomy, ICD-9-CM OP43.89; laparoscopic
gastroplasty, ICD-9-CM OP44.68; other repair of stomach,
ICD-9-CM OP44.69; laparoscopic gastric restrictive proce-
dure, ICD-9-CM OP44.95; and other operations on the stom-
ach, ICD-9-CM OP44.99) [20, 21].

Exclusion Criteria

Patients were also excluded for the following reasons: (1) < 18
or >55 years of age, (2) had a history of cholelithiasis or
choledocholithiasis, (3) a history of cholecystectomy (before
or concomitant with the index date), (4) a history of
hepatobiliary cancer (ICD-9-CM code 155, 156), (5) died dur-
ing admission or within 30 days of the index admission [22],
or (6) undetermined gender.

Patients who did not meet these criteria were given the
option to self-pay for bariatric surgery. In the non-surgical
group, we excluded patients admitted to the surgical ward to
prevent this event. In the bariatric surgery group, we also
excluded patients with a primary diagnosis other than obesity
to exclude those patients who underwent surgery for other
reasons.

Covariates

Several comorbidities, including diabetes (ICD-9 diagnostic
code, 250.x), hypertension (ICD-9 diagnostic code, 401.x—
405.x) [23], hyperlipidemia (ICD-9 diagnostic code, 272.x),
and gout (ICD-9 diagnostic code, 274.x). These patients were
matched 1:1 based on age, gender, and comorbidities by pro-
pensity score matching.

Validation

Although several validation studies have confirmed the reli-
ability of this database [24-27], the validity of bariatric pro-
cedure codes in the NHI database has not been well-docu-
mented. We applied the inclusion criteria for bariatric surgery
as detailed in the “Inclusion Criteria” section to patients who
underwent bariatric surgery covered by the NHI program at
Buddhist Dalin Tzu Chi Hospital (a 1000-bed regional hospi-
tal in Taiwan) from July 2001 to February 2016. Two general
surgeons (Drs. Cheng-Hung Lee and Chi-Fu Cheng)
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independently reviewed the clinical data, medical records, and
operative notes from all patients. Disagreements were re-
solved by discussion until consensus was reached. The sensi-
tivity, specificity, positive predictive value (PPV), and nega-
tive predictive value (NPV) of bariatric surgery procedure
codes were determined.

General Population

We randomly selected 100,000 adult patients (= 18 years of
age) from the Registry for Beneficiaries in 2002. Patients
> 55 years of age with unknown gender, obesity, a history
of hepatobiliary malignancies, and a history of admissions
before 2003 were excluded. The included patients were
matched 1:4 based on age and gender with patients in the
surgical group by propensity score matching. Figure 1
shows the study algorithm.

End Point

The primary end point was the development of biliary compli-
cations. Development of gallstone disease after bariatric sur-
gery was defined as rehospitalization with a diagnosis of cho-
lelithiasis (ICD-9-CM codes 574.x, 575.0, 575.1, and 575.6)
after the index hospitalization. Patients with cholecystitis
(ICD-9-CM codes 574.0, 574.1, 574.3, 574.4, 574.6, 574.7,
574.8, 575.0, and 575.1) and choledocholithiasis ((ICD-9-CM
codes 574.30-1, 574.40-1, 574.50-1, 574.60-1, 574.70-1,
574.80-1, and 574.90-1) were also identified. All patients were
followed until 31 December 2013, gallstone disease devel-
oped, or withdrawn from the database because of death.

Statistical Analysis

We used SPSS software (IBM, Chicago, IL, USA) for the
descriptive statistics and contingency tables for data analysis.

1996-2013 NHIRD with obesity diagnosis
(ICD-9-CM codes 278.00-278.02 or 278.1)
N =22,088

Exclusion

A 4

History of HCC
Age <18 or age>55

History of Cholecystectomy : 3
History of Biliary events 141

: 81
: 5478

A 4

18-55 y/o Obesity patients without HCC history
N = 14,785

100,000 Random select > 18 y/o civilians

v v

Non-surgical group

Bariatric Surgery group

26,038 Age > 55
2 Undeterminated Gender

ke L g »| 112 Obesity diagnosis
189 Liver cancer history
Exclusion Exclusion 12,302 admission before 2003
Not in 2003-2010 :3,288 Notin2003-2010  :3,241
Un-determined sex 1 [ > Un-determined sex : 1 v
3AO(;(ri'nai}(Istcr)nsour:;ttayl ward 6;3 ?JobZZiZi :r?’:t?:\:?/n Dx; 7§ 61,357 Hea Ithy civilians

Non-surgical group
N=4,783

N= 2,683

Bariatric Surgery group

[ |
1:1 Propensity Score match by
Gender, Age,
Comorbidities:
Diabetes, Hypertension, Hyperlipidemia, Gout

1:4 Propensity Score match by
Gender, Age,

Non-surgical group

N=2,331 N=2,317

Bariatric Surgery group

General population
N= 8,162

Fig. 1 Study algorithm
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Differences among age groups, gender, and comorbidities are
listed in the contingency table and compared using a chi-
square test. We used Kaplan—Meier (KM) analysis to identify
the percentage of patients who did not have a biliary compli-
cation during the follow-up period. The risk of developing
gallstone disease among different covariates was evaluated
using a backward stepwise Cox proportional hazards model.
Variables with p values < 0.2 were entered into a Cox regres-
sion for multivariable analysis. A p value <0.05 was consid-
ered significant.

Results

We identified 22,088 patients who were diagnosed with obe-
sity from 1996 to 2013. After applying the exclusion criteria
and a 1:1 propensity score match with gender, age, and co-
morbidities, there were 2331 patients in the non-surgical
group and 2317 patients in the bariatric surgery group. The
study algorithm is presented in Fig. 1.

Gallstone Disease: Difference Between Obese Patients
in the Bariatric Surgery and Non-surgical Groups

Table 1 demonstrates the clinical characteristics of the obese
patients in the non-surgical and bariatric surgery groups.
There was no significant difference between the two groups
with respect to age (p =0.053), gender (p =0.635), diabetes
(»p=0.679), hypertension (p =0.082), hyperlipidemia (p =
0.088), and gout (p =0.158).

The overall median duration of follow-up was 71.40 months.
By the end of the study, 67 patients (2.89%) developed gall-
stone disease in the bariatric surgery group. The median time to
gallstone disease was 33.89 +24.32 months; 33% (22/67) de-
veloped gallstone disease within 2 years and 82% (55/67)

developed gallstone disease within 5 years. Among the patients
with gallstone disease, 5 (7.58%) had choledocholithiasis and
36 (53.73%) had cholecystitis.

Sixty-five patients (2.79%) had gallstone disease in the
non-surgical group. The median time to develop gallstone
disease was 37.01 £26.02 months; 7 (8.33%) had choledo-
cholithiasis and 29 (44.62%) had cholecystitis.

No significant difference in the prevalence of gallstone
disease existed between the two groups (p = 0.860). Figure 2
demonstrates the results of Kaplan—Meier analysis. There was
no difference between the non-surgical and bariatric surgery
groups (p =0.678).

We used COX regression to evaluate the hazard ratios
(HRs) of gallstone disease as a function of age, gender, co-
morbidities, and effect of bariatric surgery. Univariate analysis
demonstrated that patients in the bariatric surgery group had a
similar risk for gallstone disease (HR = 1.075, 95% C1 0.764—
1.512, p = 0.679) as the non-surgical group. No other indepen-
dent risk factors for gallstone disease were identified during
COX regression analysis (Table 2).

Gallstone Disease: Difference Between the Bariatric
Surgery Group and the General Population

After a 1:4 propensity score match by age and gender with the
bariatric surgery group, we selected 8162 patients as the gen-
eral population via the criteria specified in the “Method” sec-
tion. Table 3 demonstrates the clinical characteristics of the
patients. There was no significant difference between age (p =
0.483) and gender (p=0.417).

At the end of the study, 94 patients (1.15%) developed gall-
stone disease in the general population. The bariatric surgery
group had a significantly higher rate of biliary events (67 pa-
tients [2.89%,] p < 0.001) than the general population. Based on
multivariate analysis, patients in the bariatric surgery group had

Table 1 Clinical characteristics

of non-surgical and bariatric sur- Non-surgical group Bariatric surgery group p
gery groups
N=2331 N=2317
Age, mean (SD), year 33.32 (8.87) 32.83 (8.55) 0.053
Gender 0.635
Female 1321 56.67% 1330 57.40%
Male 1010 43.33% 987 42.60%
Comorbidities
Diabetes 157 6.74% 149 6.43% 0.679
Hypertension 258 11.07% 220 9.50% 0.082
Hyperlipidemia 136 5.83% 109 4.70% 0.088
Gout 84 3.60% 66 2.85% 0.158
Gallstone disease 65 2.79% 67 2.89% 0.860
With choledocholithiasis 7 8.33% 5 7.58% 0.558
With cholecystitis 29 44.62% 36 53.73% 0.303

@ Springer



OBES SURG (2019) 29:464-473

468
Fig. 2 Kaplan—Meier analysis of ]
gallstone disease -
2
2
@
o 098
o
&
o
I
©
& 096
k-]
S
o
]
°
)
o 094
©
O | s
o
2
=
o} 092 |
F
£
5 s
(8]
090 _|

Non-Surgery group

General Population

Log rank p < 0.001

Bariatric Surgery Group

Log rank p = 0.678

a significantly higher risk of gallstone disease (HR =4.996,
95% CI 3.553-7.026, p < 0.001) than the general population.

Risk Factors of Gallstone Disease in Obese Patients
Undergoing Bariatric Surgery

We applied COX regression to 2317 patients in the bariatric
surgery group to identify the risk factors for following biliary
events (Table 4). Univariate analysis demonstrated that only
female patients had a significantly increased risk for gallstone
disease (HR = 1.706, 95% CI 1.011-2.880, p = 0.045). Based
on multivariate analysis, restrictive procedures were associat-
ed with a significantly higher risk for gallstone disease (HR =
1.624, 95% CI 1.005-2.626, p=0.048) than malabsorptive

Table 2 Risk for gallstone disease in obese patients
Univariant analysis
HR 95% C1 P
Age 1.013 (0.994-1.032) 0.189
Gender
Female 1
Male 0.779 (0.546-1.110) 0.167
Bariatric surgery 1.075 (0.764-1.512) 0.679
Comorbidities
Diabetes 0.973 (0.476-1.990) 0.941
Hypertension 1.163 (0.679-1.990) 0.583
Hyperlipidemia 0.867 (0.382-1.965) 0.732
Gout 1.477 (0.651-3.350) 0.351

@ Springer
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procedures. Female gender (HR 1.774, 95% CI 1.049—
2.998, p =0.032) was identified as another risk factor for gall-
stone disease.

Validation of Bariatric Surgical Codes

Between July 2001 and February 2016, 59 patients
underwent bariatric surgery that was covered by National
Health Insurance. Among the 59 patients, 54 underwent re-
strictive procedures and 5 underwent malabsorptive proce-
dures. The sensitivity, specificity, PPV, and NPV of bariatric
surgery procedure codes are listed in Table 5. The sensitivity
of bariatric surgery codes was 98.3% with a PPV 100%. The
restrictive procedure codes had a 98.15% sensitivity and a
98.15% PPV. The sensitivity and PPV of malabsorptive pro-
cedure codes were 80% and 100%, respectively.

Discussion

Based on this study, we describe several points about gallstone
disease after bariatric surgery. First, the prevalence of gall-
stone disease in patients who underwent bariatric surgery
was similar to obese patients who did not undergo bariatric
surgery (2.79% in the non-surgery group vs. 2.89% in the
bariatric surgery group, p = 0.860). Moreover, the risk for gall-
stone disease (HR =1.075, 95% CI 0.764-1.512, p =0.679)
did not increase after bariatric surgery with a median follow-
up duration of 71.4 months. Second, compared to the general
population, patients who underwent bariatric surgery had a
higher risk of gallstone disease. Third, after bariatric surgery,
female patients (HR 1.774, p=0.032) and patients who
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Table 3 Clinical characteristics ] o
of the general population and General population Bariatric surgery group p
bariatric surgery groups
N=28162 N=2317
Age, mean (SD), year 33.08 (10.20) 32.83 (8.55) 0.483
Gender 0.417
Female 4762 58.34% 1330 57.40%
Male 3400 41.66% 987 42.60%
Gallstone disease 94 1.15% 67 2.89% <0.001*
With cholecystitis 58 61.70% 36 53.73% 0.334
*p<0.05

underwent restrictive procedure (HR = 1.624, p = 0.048) were
at higher risk for gallstone disease.

Cholecystitis is a common disease worldwide. The inci-
dence of gallbladder stones in the general population based
on ultrasonography ranges from 2 to 15% [28], and it has been
reported that 6-25% of individuals with asymptomatic gall-
bladder stones in the healthy population will develop symp-
toms with time [29]. A previous study demonstrated that fe-
male gender, patients > 40 years of age, obesity, and a rapid
change in body weight are risk factors for gallstones [30].
Obese individuals were reported not only to have an elevated
risk of cholelithiasis, up to eightfold higher than the general
population [28, 31], but also gallstone disease, including cho-
lecystitis, choledocholithiasis, obstructive jaundice, and bili-
ary pancreatitis [32]. When a patient develops biliary colic,
cholecystitis, or other biliary events, such as obstructive
cholangitis or biliary pancreatitis, the recurrence risk for bili-
ary events is as high as 30% [33]. Thus, it is recommended
that patients who develop biliary events due to gallstones un-
dergo cholecystectomy to prevent a recurrence.

Table 4  Risk for gallstone disease in the bariatric surgery group

Obese patients are at higher risk for gallstone formation.
Patients who undergo bariatric surgery are also at high risk for
gallstone formation due to a rapid reduction in weight. The
incidence of gallstone formation ranges from 6 to 7% follow-
ing gastric band procedures [34, 35], 10% following laparo-
scopic sleeve gastrectomy [36], and 13.4—71% after Roux-en-
Y gastric bypass [31, 37—41]. Gallstone formation is increased
compared with the risk of cholelithiasis in the general popu-
lation, which is 10-20% [42]. It may relate to the postopera-
tive diet change. After bariatric surgery, most patients should
be taught to change their diet to a low-calorie and low-fat diet.
It may alternate the hepatic cholesterol synthesis, bile secre-
tion, and even alternate the contraction of the gallbladder to
enhance the gallstone formation [43]. Moreover, it is reported
that the level of cholecystokinin decreased after metabolic
surgery, such as gastric bypass. It may induce incomplete gall-
bladder contraction, bile stasis, and gallstone formations [44].

Moreover, the reported prevalence of postoperative gall-
stone disease requiring cholecystectomy was 3.4-16% [8, 9,
14, 42, 45], which is slightly higher than the general

Univariable analysis

Multivariable analysis

HR 95% CI )4 HR 95% CI )4

Age 1.002 (0.974-1.030) 0.909*
Gender

Male 1 1

Female 1.706 (1.011-2.880) 0.045* 1.774 (1.049-2.998) 0.032*
Bariatric surgery

Mal-absorptive 1 1

Restrictive 1.557 (0.964-2.514) 0.070* 1.624 (1.005-2.626) 0.048*
Comorbidities

Diabetes 0.726 (0.228-2.310) 0.587*

Hypertension 0.629 (0.229-1.728) 0.368*

Hyperlipidemia 0.314 (0.044-2.262) 0.250*

Gout 1.593 (0.500-5.071) 0.431*
*p<0.05
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The sensitivity, specificity, positive predict value (PPV), and negative predict value (NPV) of bariatric procedure codes

Table 5

Inclusion criteria

Dalin Hospital database

Specificity (95% CI)

Sensitivity (95% CI)
98.31% (90.91-99.96)

PPV (95% CI) NPV (95% CI)
100%

Non-recorded

Recorded

58

Inclusion Criteria

Identified

All bariatric surgery

Non-identified
Identified

80.00% (28.36-99.49)

80.00% (35.34-96.70) 98.15% (90.11-99.95)

98.15% (90.18-99.67)

53

Restrictive procedure

Non-identified
Identified

80.00%(28.36-99.49) 100%(93.40-100)

98.18%(90.34-99.68)

100%

Mal-absorptive procedure

54

Non-identified

population (1-5%) [46]. The highest incidence of gallstone
disease is within the first 12 months to 2.5 years following
the procedure [8, 31, 45]. The incidence of biliary complica-
tion has been reported to be 0.9~13% after laparoscopic sleeve
gastrectomy [3-5, 47, 48] and 6-50% after laparoscopic gas-
tric bypass [6-9]. These differences reflect differences in the
management of gallbladder disease. Some surgeons are in
favor of combining laparoscopic cholecystectomy with the
primary bariatric procedure, while other surgeons oppose do-
ing so [16, 38, 49-51] because of the higher morbidity [13].
Grover et al. [28] reported that an intraoperative cholangio-
gram was routinely performed on patients undergoing Roux-
en-Y gastric bypass. Few groups recommend ursodeoxycholic
acid after bariatric surgery for 6-12 months, while there are
other groups that think consider ursodeoxycholic acid [39,
52]. Post-bariatric laparoscopic cholecystectomy has been ad-
vised for patients with symptomatic disease by few groups
[17,53].

To date, there are a limited number of journals that address
whether or not bariatric surgery increases the risk for gallstone
disease. If bariatric surgery increases the risk for gallstone
disease, a concomitant cholecystectomy may be justified.
Although several studies have reported that concomitant cho-
lecystectomy is safe [7, 10, 11], concomitant cholecystectomy
has several challenges, including a high intra-abdominal pres-
sure [54] and different trocar sites than conventional laparo-
scopic cholecystectomy. Moreover, obesity has been reported
to be a risk factor for conversion and bile duct injuries [55,
56]. These challenges may give rise to significantly higher
complication and mortality rates in patients undergoing con-
comitant cholecystectomy than bariatric surgery alone [12,
13]. Therefore, Yardimci et al. [5] suggested observation after
bariatric surgery, even for patients with asymptomatic
gallstones.

Our analysis demonstrated that the prevalence and risk for
gallstone disease between obese patients who did and did not
undergo bariatric surgery were similar (2.79% in the non-
surgery group vs. 2.89% in the bariatric surgery group, p =
0.860; HR =1.075, p=0.679). Furthermore, patients who
underwent bariatric surgery were at higher risk for gallstone
disease than the general population, which demonstrated that
the risk for gallstone disease increases when patients are
obese. Bariatric surgery did not change the risk for gallstone
disease in obese patients. Thus, patients with gallbladder dis-
ease who undergo bariatric surgery should be treated similar to
the general population.

Risk factors predicting the development of gallstone dis-
ease after bariatric surgery is very important in decision-
making for concomitant cholecystectomy; however, most re-
ported risk factors exist postoperatively. Morais et al. [15]
could not identify any predictors of developing symptomatic
gallbladder disease after bariatric surgery. Li et al. [57] report-
ed that a >25% loss of original body weight is the only
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predictive factor for gallstone formation. Some studies have
reported that patients with normal preoperative hepatobiliary
ultrasound findings who develop gallbladder stones during the
weight loss process are more likely to be symptomatic [15, 58,
59]. Only one study has indicated that advanced age (>
50 years) is an independent predictive factor for gallstone
formation [14]. Based on our analysis, we identified two risk
factors (female gender [HR =1.774, p =0.032] and patients
who underwent a restrictive procedure [HR =1.624, p=
0.048]) were at higher risk for gallstone disease.

Based on our analysis, patients who underwent a restrictive
procedure were at higher risk for gallstone disease than pa-
tients who underwent a malabsorptive procedure. This finding
differs from a previous report. Specifically, Tsirline et al. [60]
reported that laparoscopic Roux-en-Y bypass had a threefold
increase in the incidence of cholecystectomy compared to lap-
aroscopic sleeve gastrectomy (10.6% vs. 3.5%). In contrast,
Moon et al. [41] reported that the frequency of symptomatic
gallstones was not significantly different (6.1% vs. 5.7%) be-
tween the two surgical procedures; however, even patients
who underwent restrictive bariatric surgery were at higher risk
for gallstone disease, especially choledocholithiasis and ob-
structive cholangitis. Such patients can be easily treated via
an endoscopic procedure because restrictive surgery maintains
the normal anatomy of the gastrointestinal tract.

Limitations

There were limitations to our study. First, the database we
used was secondary and administrative in nature; thus, there
is a risk of miscoding. Some details, including patient body
weight, initial BMI, change in BMI, the details of each oper-
ation (operative time, blood loss, conversion status, length of
bypassed intestine during bypass surgery, bougie size, or the
length of the residual antrum following sleeve gastrectomy),
and other details were not recorded in the database, and there-
fore, could not be obtained. Also, the database included only
five procedure codes and five diagnostic codes; thus, some
details of admission may have been lost. Most ICD-9 codes
during admission were assigned by professional coders based
on the records collected during admission because these codes
are directly related to payments from NHI. We used relatively
reliable data, such as age, gender, date of admission, discharge
condition, and death to make the results more reliable.
Second, patient selection bias was possible. Obese patients
who were admitted may have had a relatively poor general
health status compared to those patients not admitted or ad-
mitted for bariatric surgery. This finding may have influenced
the incidence of gallstone disease. Third, we only used inpa-
tient expenditures by admissions to detect gallstone disease.
Thus, we could not identify those patients who have gallstone
disease without admission via this database; however, NHIRD
covers almost all medical providers and citizens in Taiwan and

records all medical behaviors in the country. Thus, we detect-
ed any gallstone disease or death when a patient was admitted
to a hospital in Taiwan. We estimated that a long duration of
follow-up (median, 71 months) could identify most gallstone
disease after bariatric surgery in Taiwan. Although the abso-
lute number of gallstone disease may have been higher than
suggested in the data presented herein, coupled with the use of
data regarding admissions, we presented estimates that reflect
the rate of clinically significant gallstone disease.

Conclusion

Our analysis demonstrated that bariatric surgery does not
change the risk for gallstone disease in obese patients.
Although patients who underwent bariatric surgery are still
at a higher risk for gallstone disease than the general popula-
tion, the prevalence and risk for gallstone disease was similar
between the non-surgical and bariatric surgery groups after a
median follow-up of 71.4 months. Other than female gender
and restrictive procedures, there were no other risk factors for
developing gallstone disease after bariatric surgery. Taken to-
gether, we recommend a more careful evaluation of the benefit
of concomitant cholecystectomy during bariatric surgery.
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