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Background: There are very few reports describing the development of gallstone disease 

after renal transplantation (GSDART) in Asia. The aim of this population-based study was to 

explore the prevalence, predictive factors, and outcomes of newly developed GSDART. The 

relationship between immunosuppressant and GSDART was also explored.

Patients and methods: Renal transplantation (RT) recipients were identified from the 

National Health Insurance Research Database of Taiwan during January 1998–December 2012. 

In total, 2,630 adult patients, who had neither been diagnosed with gallstone disease (GSD) nor 

undergone cholecystectomy, were included in this study. These patients underwent follow-up 

till the diagnosis of GSDART was established. Risk factors and post-RT immunosuppressant 

treatments were investigated and analyzed using Cox regression analysis. The cumulative 

mortality in patients with and without GSDART was also evaluated.

Results: The final dataset comprised 143 patients who developed GSDART and 2,487 patients 

who had not been diagnosed with GSDART during the follow-up period. The prevalence of 

GSDART was 5.4%. On performing univariate analysis, age (p=0.0276) and certain immunosup-

pressant administrations were identified as significant risk factors for GSDART. After adjusting 

for age, multivariable analysis showed that everolimus (adjusted hazard ratio 0.287, p=0.0013) 

was independently associated with the development of GSDART. The overall mortality rate 

(6.99%, p=0.0341) was significantly decreased in the GSDART group.

Conclusion: Increased age was the most consistent risk factor for GSD, and everolimus-based 

immunotherapy indicated a decreased incidence of GSDART in RT recipients. The long-term 

mortality rate was significantly decreased in patients with GSDART.
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Introduction
Gallstone disease (GSD) is prevailing throughout the world. It is usually discovered 

incidentally by abdomen ultrasonography during a health survey. The prevalence of 

GSD in Taiwan has been reported ranging from 4.3% to 10.7%, which appears to be 

approximately half the rate found in the West.1 According to previous studies, patients 

with GSD may remain asymptomatic; however, approximately one-third of victims 

developed symptoms, of which 80% presented as biliary colic.2,3 Complications associ-

ated with GSD, such as acute cholecystitis, pancreatitis, and cholangitis, were reported 

to be the major causes of gastrointestinal morbidity that led to hospital admission.4

The pathogenesis of GSD has been deemed multifactorial. Former epidemiology 

studies have suggested that age, sex, obesity, diabetes mellitus, dyslipidemia, fatty 

liver, cirrhosis, hepatitis C virus infection, and chronic kidney disease are possible 

Correspondence: huang-Ping Yu
Department of anesthesiology, Chang 
gung Memorial hospital, 5 Fu-shin 
street, Kwei-shan, Taoyuan 333, Taiwan, 
Republic of China
Tel +886 3 328 1200 ext 2324
Fax +886 3 328 1200 ext 2787
email yuhp2001@adm.cgmh.org.tw 

Journal name: Therapeutics and Clinical Risk Management
Article Designation: Original Research
Year: 2017
Volume: 13
Running head verso: Liu et al
Running head recto: New onset gallstone disease in renal transplantation recipients
DOI: http://dx.doi.org/10.2147/TCRM.S144975

T
he

ra
pe

ut
ic

s 
an

d 
C

lin
ic

al
 R

is
k 

M
an

ag
em

en
t d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/TCRM.S144975
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:yuhp2001@adm.cgmh.org.tw


Therapeutics and Clinical Risk Management 2017:13submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1392

liu et al

risk factors for the condition in the general population. 

Additionally, other constitutive elements were observed in 

these specific populations. In diabetic patients, impaired cho-

lesterol metabolism due to insulin resistance was proposed as 

a possible mechanism for gallstone formation.5 Meanwhile, 

abnormally regulated gastrointestinal mobility that results in 

gallbladder stasis has been the leading hypothesis of gallstone 

formation in patients with chronic renal failure.6,7

The development of cholelithiasis in renal transplantation 

(RT) recipients was known to be higher than in the general 

population. A previous study8 reported a prevalence of 20.7% 

among patients who received RT and developed gallstones 

thereafter during the 7.7-year period of follow-up. In another 

cohort consisting of 1,608 RT recipients, 267 (17%) patients 

were diagnosed with gallstones, 62% of whom developed 

them after undergoing RT.9 It was believed that immuno-

suppressants prescribed following RT played an important 

role in this phenomenon.10,11 Meanwhile, immunosuppressed 

patients with GSD seemed to exhibit a significant morbidity 

and mortality during a flare up of the disease and the con-

sequent emergent cholecystectomy. Ultrasound screening 

for GSD or prophylactic cholecystectomy before RT was 

suggested12 and raised wide discussions over a period 

of time.9,13,14

The prevalence of cholelithiasis has varied depending 

on the region of the world. However, reports describing the 

development of GSD after renal transplantation (GSDART) 

in Asia are scarce.15 Therefore, to identify independent risk 

factors and to elucidate the effect of GSD in patients under-

going RT, we conducted a retrospective population-based 

study using RT recipients from the Taiwanese National 

Health Insurance (NHI) database and investigated the preva-

lence, predictive factors, and outcomes of newly developed 

GSDART.

Patients and methods
Data sources
This retrospective population-based cohort study was evalu-

ated and approved by Taiwan’s National Health Insurance 

Research Database (NHIRD) research committee and the 

institutional review board of Chang Gung Memorial Hospital. 

Taiwan’s NHI is a universal and mandatory health insurance 

program that was launched in 1995. This medical benefit pro-

gram provides comprehensive coverage for health services, 

including ambulatory care, hospital services, and prescrip-

tion drugs. Computerized data are compiled and encrypted 

by the National Health Research Institute (NHRI), which 

are made available for research purposes without disclosing 

identifiable patient data. This study was conducted using 

ambulatory claims and inpatient claims with beneficiaries 

aged 20 years or older from 1998 to 2012.

Patient selection
Figure 1 shows the flowchart of how the study population 

was selected. RT recipients were identified from the NHIRD 

using the International Classification of Diseases, Ninth 

Revision, Clinical Modification (ICD-9-CM) code 55.6, 

76020A, 76020B, or 97416K from January 1998, when RT 

was first included in the health insurance system in Taiwan, 

to December 2012. During this time, 2,979 patients who 

received RT were registered in the NHIRD. Of these, we 

excluded 198 patients who had been diagnosed with GSD 

(ICD-9-CM 574) or had undergone cholecystectomy (ICD-9

-CM 51.22 or 51.23) prior to RT surgery, another 150 patients 

who were younger than 20 years at the time of receiving RT, 

and one patient whose sex was not disclosed. The final study 

cohort consisted of 2,630 RT recipients (Figure 1).

Covariates and end points
Preoperative medical comorbidities were included when the 

corresponding diagnosis appearing in the medical record 

existed for more than three times in the outpatient depart-

ment or once in the inpatient department. All diagnoses 

were verified using the ICD-9-CM codes. The comorbidi-

ties (ICD-9-CM) investigated in our study cohort included 

hypertension (401–405), diabetes mellitus (249, 250), 

hyperlipidemia (272), gout (274), obesity (278), peptic ulcer 

(531, 532, 533), fatty liver (571.0, 571.8), liver cirrhosis 

(571.2, 571.5, 571.6), chronic hepatitis (070, 571, 573.3, 

A347), hepatitis B (070.2, 070.3, V0261, V0269), hepatitis C 

(070.41, 070.44, 070.51, 070.54, 070.7, V0262), inflamma-

tory bowel disease (555, 556, 557.0), cerebrovascular disease 

(433–438), coronary heart disease (410–414, A279), chronic 

obstructive pulmonary disease (490, 491, 495, 496), and 

hemolytic anemia (282–283).

All patients in the study cohort were followed up from 

the index day of RT surgery till the date when the diagnosis 

of GSDART was established. GSDART was identified using 

ICD-9-CM code 574 with at least one presentation in ambu-

latory visits or hospitalization claims. Mortality was defined 

as detection of insurance death codes or the termination of 

inclusion in the NHI program.

Measurements
The primary outcome parameter was the prevalence of 

GSDART and the independent risk factors for GSDART. In 

addition to previously identified epidemic risk factors, post-RT 

immunosuppressant administration was also investigated.  
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The complications associated with GSDART and subse-

quent surgeries to treat GSD were described. The cumula-

tive mortality in patients with and without GSDART was 

evaluated during the follow-up periods of 1, 3, 5, 10, and 

16 years.

statistical analysis
Between-group differences in the distribution of demo-

graphic data and coexisting medical diseases were compared 

using independent Student’s t-test, chi-square test, or Fisher’s 

exact test, whenever appropriate. To identify independent risk 

factors for GSDART, multivariable Cox regression analysis 

was adopted adjusting for significant covariates. Hazard 

ratios (HRs) with 95% confidence intervals (CIs) were cal-

culated for the identified relevant factors. All analyses were 

performed using SAS software (version 9.3; SAS Institute 

Inc., Cary, NC, USA) with a two-tailed p-value ,0.05 being 

assumed to indicate statistical significance.

Results
study population and baseline 
characteristics
The study population comprised 143 patients who developed 

GSDART and 2,487 patients who had not been diagnosed 

with GSDART during the follow-up period. Relevant 

demographic data and clinical characteristics are shown in 

Table 1. Patients with GSDART were significantly older in 

age (p=0.0276) than patients without GSDART. However, 

there were no differences between these two groups in 

sex and the presence of comorbidities, including diabetes 

mellitus, hyperlipidemia, and cirrhosis, which were previ-

ously proposed to be clinical risk factors for GSD.

Prevalence of new-onset cholelithiasis 
after RT
A total of 143 patients with new-onset cholelithiasis were 

diagnosed after RT surgery during the study period. The 

prevalence of newly developed GSD in recipients after 

RT was 5.4% during the overall 16-year follow-up period. 

Among patients with GSDART, 50% of patients developed 

GSD within 4 years following RT surgery. The cumulative 

rate of GSDART during the 16-year follow-up is shown in 

Figure 2.

immunosuppressants associated with 
new-onset cholelithiasis after RT
Six common immunosuppressants were analyzed and are 

listed in Table 2. Compared to the patient group without 

Figure 1 Study design and flow chart of patient selection.
Abbreviations: nhiRD, national health insurance Research Database; RT, renal transplantation.
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GSDART, patients who developed GSDART were more 

likely to take cyclosporine (p=0.0198) and azathioprine 

(p=0.0142). On the contrary, tacrolimus (p=0.0261) and 

everolimus (p,0.0001) were significantly less used in the 

group with GSDART. After adjusting for age, multivariate 

Cox regression analysis showed that everolimus (adjusted 

HR 0.287, p=0.0013) was independently associated with a 

diminishing hazard of developing new-onset cholelithiasis 

after RT surgery (Table 3).

adverse events of new-onset 
cholelithiasis after RT
In all, 27 (18.88%) of 143 patients who developed new-

onset cholelithiasis after RT experienced acute cholecystitis 

as a major complication. Other complications associated 

with GSDART included biliary pancreatitis occurring in 

12 (8.39%) patients and acute cholangitis occurring in 

11 (7.69%) patients. Subsequent cholecystectomy was per-

formed in 44 (30.77%) patients with GSDART, of whom 

33 (24.48%) patients underwent elective cholecystectomy 

and nine (6.29%) patients underwent nonelective cholecys-

tectomy. There were eight (5.59%) patients with GSDART 

who underwent endoscopic retrograde cholangiopancre-

atography (ERCP). The details of the aforementioned 

clinical variables are listed in Table 4.

Figure 2 Cumulative prevalence of gsDaRT.
Notes: The cumulative prevalence of gsDaRT over the 16 years of follow-up is shown. in all, 50% of cases developed gsD within 4 years following RT surgery.
Abbreviations: gsDaRT, gallstone disease after renal transplantation; gsD, gallstone disease; no, number; RT, renal transplantation.

Table 1 general demographics and clinical characteristics of the 
RT recipients in the study

Variable Recipients without 
GSDART (n=2,487)

Recipients with 
GSDART (n=143)

p-value

Age (years) 43.27±11.37 45.41±10.39 0.0276a

Sex 0.1974
F 1,115 (44.83) 72 (50.35)
M 1,372 (55.17) 71 (49.65)
Comorbidity
hypertension 2,040 (82.03) 110 (76.92) 0.1271
Diabetes mellitus 422 (16.97) 23 (16.08) 0.7855
hyperlipidemia 772 (31.04) 36 (25.17) 0.1400
gout 499 (20.06) 27 (18.88) 0.7326
Obesity 15 (0.60) 2 (1.40) 0.2352
Peptic ulcer 680 (27.34) 40 (27.97) 0.8673
Fatty liver 27 (1.09) 0 (0.00) 0.3979
liver cirrhosis 31 (1.25) 2 (1.40) 0.6996
Chronic hepatitis 620 (24.93) 37 (25.87) 0.7976
hepatitis B 162 (6.51) 7 (4.90) 0.4433
hepatitis C 127 (5.11) 10 (6.99) 0.3229
Inflammatory 
bowel disease

42 (1.69) 2 (1.40) 1.0000

Cerebral vascular 
disease

141 (5.67) 11 (7.69) 0.3128

Coronary heart 
disease

489 (19.66) 29 (20.28) 0.8549

COPD 243 (9.77) 17 (11.89) 0.4085
hemolytic anemia 45 (1.81) 1 (0.70) 0.5143

Notes: Data are presented as mean ± sD or number of patients (%). ap,0.05.
Abbreviations: RT, renal transplantation; gsDaRT, gallstone disease after renal 
transplantation; F, female; M, male; COPD, chronic obstructive pulmonary disease.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management 2017:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1395

new onset gallstone disease in renal transplantation recipients

Mortality rate of new-onset cholelithiasis 
after RT
Figure 3 shows the trend of cumulative mortality rates at 

the indicated years of follow-up. Probability of death after 

diagnosis of GSDART was 13.64% in the first year, which 

lowered to 7.14% in the third year and 6.99% in the sixteenth 

year of follow-up. In contrast, the probability of death in 

patients who had not been diagnosed with GSDART was 

maintained (12.73% during the first year and 13.07% dur-

ing the last year of follow-up). The overall mortality rate 

(6.99%, p=0.0341) was significantly decreased in patients 

with GSDART.

Discussion
The prevalence of GSDART in this study population was 

5.3%, which lies within the lower range of the previously 

reported data in other populations in Taiwan.1,16,17 Nota-

bly, the prevalence varied from the different subjects and 

methods adopted. One prospective ultrasonographic study 

of GSD conducted in a Chinese population enrolled subjects 

who exhibited gallbladder stones upon ultrasonography, or 

cholecystectomy for gallstones, in the GSD group. This study, 

after excluding cases with mixed gallstones and polyps, found 

that the overall prevalence of GSD was 10.7%.16 Compared 

to prior studies, our study focused on subjects with newly 

developed GSD as we excluded RT recipients who had been 

diagnosed with GSD and/or had undergone cholecystectomy 

before RT surgery. The advantage is that once our study 

population was traced from the index day of RT surgery, data 

were not influenced by preexisting GSD. However, since we 

did not consider the recurrence rate of GSD, the prevalence 

of GSD may have been lower in our study. In addition, our 

GSD group, which was determined using the ICD-9-CM code 

574, included patients with gallstones that caused symptoms 

or were detected using abdomen ultrasonography, while those 

with silent gallbladder stones would not be identified.

The risk factors for GSD found in the RT population 

appeared to be different from those in other populations. The 

main risk factors for GSD reported in community studies 

included older age of both sexes, hepatitis C virus infection, 

and fatty liver.1,16,17 Other hospital-based studies found that 

increasing age, chronic kidney disease, high body mass index, 

metabolic syndrome, and cirrhosis were significantly related 

to GSD.18,19 However, in our cohort study of RT recipients, 

age and the use of certain immunosuppressants were associ-

ated with the occurrence of GSDART. No associations were 

found in comorbidities and metabolic profiles, which was 

consistent with a population-based study on kidney trans-

plantation in Finland.9

Immunosuppressant use has been proposed as an impor-

tant risk factor for gallstone formation in the context of 

transplantation surgeries.11 In particular, cyclosporine use 

was associated with the development of cholelithiasis 

in transplantation recipients. Alberu et al found that RT 

recipients who had used cyclosporine for more than 2 years 

exhibited an increased prevalence of gallstones (odds 

ratio 6.1, p=0.046).10 Although the specific mechanism for 

lithogenesis of cyclosporine use has not been definitively 

elucidated, human and animal studies have suggested that 

cyclosporine’s metabolism in liver and predominant excre-

tion via biliary secretion, impaired biliary excretion of biliary 

salts, thereby resulting in cholestasis.20,21 Tacrolimus, which, 

like cyclosporine, is a calcineurin phosphatase inhibitor 

(CNI), was found to increase the risk of gallstone formation 

Table 2 immunosuppressant use in RT recipients with or without 
gsDaRT

Immuno-
suppressant

Recipients without 
GSDART (n=2,487)

Recipients with 
GSDART (n=143)

p-value

Cyclosporine 1,299 (52.23) 89 (62.24) 0.0198a

Tacrolimus 1,860 (74.79) 95 (66.43) 0.0261a

MMF 1,959 (78.77) 112 (78.32) 0.8987
azathioprine 176 (7.08) 18 (12.59) 0.0142a

sirolimus 1,240 (49.86) 76 (53.15) 0.4445
everolimus 492 (19.78) 7 (4.90) ,0.0001a

Notes: Data are presented as number of patients (%). ap,0.05.
Abbreviations: RT, renal transplantation; gsDaRT, gallstone disease after renal 
transplantation; MMF, mycophenolate mofetil.

Table 3 Multivariable Cox regression analysis of immunosuppressant use for gsDaRT

Immunosuppressant Crude HR (95% CI) p-value Adjusted HR (95% CI) p-value

Cyclosporine 0.916 (0.645, 1.301) 0.6237 0.972 (0.684, 1.383) 0.8753
Tacrolimus 0.816 (0.575, 1.157) 0.2540 0.847 (0.597, 1.203) 0.8599
MMF 0.746 (0.501, 1.113) 0.1511 0.793 (0.531, 1.183) 0.2562
azathioprine 1.163 (0.705, 1.918) 0.5540 1.227 (0.742, 2.028) 0.4254
sirolimus 0.966 (0.695, 1.343) 0.8365 1.045 (0.750, 1.456) 0.7942
everolimus 0.275 (0.129, 0.589) 0.0009a 0.287 (0.134, 0.615) 0.0013a

Note: ap,0.05.
Abbreviations: GSDART, gallstone disease after renal transplantation; HR, hazard ratio; CI, confidence interval; MMF, mycophenolate mofetil.
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in transplantation recipients. However, it was reported that 

tacrolimus increased bile secretion with little influence on 

bile flow in a rat model.22,23 In a heart transplantation study, 

Stief et al found that female patients seemingly benefited 

from a tacrolimus-based treatment as the occurrence of 

gallstones was rare.11

In our study, the univariate analysis in Table 2 shows 

consistent findings with previous studies that previously 

documented when cyclosporine and tacrolimus were used. 

The common use of azathioprine in combination with 

cyclosporine may account for the observation that azathio-

prine use increased the incidence of GSDART. However, 

after adjusting for age (the major risk factor for GSD), only 

everolimus use was shown to be independently associated 

with and protective against the occurrence of GSDART. 

Since CNIs may potentially result in serious side effects, such 

as nephrotoxicity and neurotoxicity,24,25 diminishing or even 

eliminating CNI use has become the focus of further opti-

mization of immunosuppressive therapy in RT. Everolimus, 

a mammalian target of the rapamycin inhibitor (mTORi), 

is 100-fold more potent than cyclosporine and it binds to 

the identical intracellular immunophilin as tacrolimus but 

exhibits a divergent mode of action in comparison to CNIs. 

The side effects of everolimus are also different from those of 

CNIs.26 Furthermore, everolimus may improve renal function 

and reduce the occurrence of malignancy, which makes it an 

attractive alternative to CNIs for maintenance therapy after 

RT.27 The use of everolimus with either a reduced or elimi-

nated dose of CNIs in RT recipients might partly account 

for the decreased incidence of GSDART. However, as the 

other mTORi, sirolimus, did not show advantage in reducing 

the incidence of GSDART in our study, the possibility that 

a direct effect of anti-cholestasis comes from everolimus 

cannot be ruled out.

Because of this immunosuppressive therapy, complica-

tions associated with GSD can be severe and the diagnosis 

can be delayed during the posttransplantation period.14 In 

our study, there were 27 (18.88%) patients with GSDART 

whose cases became complicated with acute cholecystitis, of 

whom nine (6.29%) underwent nonelective cholecystectomy. 

In a prior study,9 among 165 patients with GSDART, there 

were 13 (8%) patients who required emergent surgery due to 

biliary complications. This outcome was comparable to our 

study. However, the overall cumulative mortality rate was 

significantly decreased in the GSDART group in our study. 

Although there has been controversy as to whether GSD 

should be screened for or treated prior to transplantation, we 

agree that the expectant management28 for GSDART based 

on symptoms, without precedent screening or prophylactic 

cholecystectomy, is safe for RT recipients.

limitations
Our large retrospective population-based study has several 

limitations that warrant consideration. The NHIRD is a 

secondary database and, therefore, does not include actual 

medical measurements, such as physical examination find-

ings, laboratory data, or ultrasound imaging reports. How-

ever, given the nature of the NHIRD, we did not have access 

to the actual medical measurements mentioned. The discrep-

ancies in consideration of GSD risk factors among previous 

hospital- and community-based studies may possibly be due 

Figure 3 long-term mortality rates.
Notes: The mortality rates of RT recipients with or without gsDaRT are shown. 
The long-term mortality rate (6.99%, p=0.0341) was significantly decreased in 
patients with gsDaRT.
Abbreviations: RT, renal transplantation; gsDaRT, gallstone disease after renal 
transplantation.

Table 4 adverse events of RT recipients with gsDaRT (n=143)

Adverse event ICD-9-CM Recipients with 
GSDART (n)

%

Complication
acute cholecystitis 574.0, 574.3, 574.6, 574.8 27 18.88
Biliary pancreatitis 574 plus 577.0, 577.1 12 8.39
acute cholangitis 574 plus 576.1 11 7.69
Surgery
Cholecystectomy 574 plus 51.22, 51.23 44 30.77
elective 
cholecystectomy

574, 574.1, 574.2, 574.4, 
574.5, 574.7, 574.9 plus 
51.22, 51.23

35 24.48

nonelective 
cholecystectomy

574.0, 574.3, 574.6, 574.8 
plus 51.22, 51.23

9 6.29

gallstones 
receiving eRCP

574 plus 51.10, 51.11, 
51.64, 51.84, 51.85, 
51.86, 51.87, 51.88, 52.13

8 5.59

Abbreviations: RT, renal transplantation; gsDaRT, gallstone disease after renal 
transplantation; ICD-9-CM, International Classification of Disease, Ninth Revision, 
Clinical Modification; ERCP, endoscopic retrograde cholangiopancreatography.
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to various study designs and settings. Additionally, consider-

ing the previous diagnosis of GSD could adhere to the 

patients permanently, we did not include the RT recipients 

with previous history of GSD nor subsequently analyze 

the precipitating factors for recurrence of GSD in patients 

undergoing RT surgery.

Apart from detection of insurance death codes, we enlisted 

patients who terminated the NHI program as definition of 

mortality. According to the regulations, there are three possi-

ble situations, including death, disappearance for 6 months, 

and loss of the qualification of residency in Taiwan, when the 

insured people terminate the program. Despite this, patients 

who received RT surgery were cautiously tracked in the docu-

mentation of catastrophic illness, and very few patients who 

were still living would forgo the beneficial social assistance 

because of the expensive medical expenditure.

As there were numerous recommended immunosuppres-

sant regimens with various doses initiated after RT surgery, it 

was impossible for us to discuss the influence of each combina-

tion of immunosuppressants on lithogenesis in RT recipients. 

Thus, we adopted the form of an immunosuppressant-based 

treatment to describe the major action of the indicated immu-

nosuppressant. Unlike the maintenance therapy, the course 

of induction therapy is usually short (~1 week), which is 

considered to have little impact on the long-term development 

of GSDART, and thus, we did not incorporate the induction 

therapy into analysis. However, future randomized controlled 

trials are needed to prove if everolimus can directly decrease 

the effect of cholestasis in RT recipients.

Conclusion
The prevalence of GSDART was 5.4% in Taiwan, with 

increasing age being the most consistent risk factor for GSD. 

Immunosuppressive therapy with everolimus-based treat-

ment indicated a decreased incidence of GSDART in RT 

recipients, and further prospective clinical studies are sug-

gested to prove the effect of everolimus on newly developed 

cholestasis in recipients of RT. Because of no increased risks 

of adverse outcomes observed in this study, the expectant 

management for GSDART is agreed to be safe for patients 

referred for RT surgery.
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