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Abstract
Background  Obesity is a risk factor for cholelithiasis. Besides, rapid weight loss after bariatric surgery upsurges the rate 
of cholelithiasis and acute cholecystitis. This study aimed to compare gallstone development frequency after LSG under 
ursodeoxycholic acid (UDCA) prophylaxis.
Methods  This prospective controlled study included 332 patients scheduled for LSG randomized to receive 500 mg UDCA 
daily for 12 months (UDCA Group) or no treatment (Control Group). Ultrasonography was done 6 and 12 months after 
surgery to detect gallstones. Cholecystectomy was done for complicated cases of cholelithiasis.
Results  Seventy-one patients were lost to follow-up, and 3 developed severe adverse effects of UDCA and excluded. Data 
are presented for 130 patients in the UDCA group and 128 in the Control group. Collectively, 11 patients (8.5%) of the 
UDCA group and 41 (32.0%) of the Control group developed gall stones during the first postoperative year (p < 0.001). 
Cholecystectomy was indicated in 3 patients (2.3%) of the UDCA group and 9 (7.0%) of the Control group (p = 0.072). On 
multivariate analysis, higher BMI, dyslipidemia, and lacking UDCA prophylaxis were the independent factors significantly 
associated with stone development. Also, stone development was associated with higher weight loss after 6 and 12 months.
Conclusion  UDCA 500 mg once daily for 12 months after LSG is effective in reducing gallstone formation at 1 year. UDCA 
administration reduced the frequency of cholecystectomies from 7 to 2.3%. High BMI and dyslipidemia are the independent 
preoperative factors significantly associated with stone development.

The global obesity epidemic continues to advance and grasp 
more of the world population. It is currently affecting more 
than 2 billion people [1]. Obesity is a major risk factor for 
many diseases, particularly diabetes mellitus, cardiovascu-
lar disorders, and cancer [2], and the list is expanding. A 
Mendelian randomization study has demonstrated a causal 
association between high body mass index (BMI) and gall-
stone formation [3].

Patients with morbid obesity have a 3–5 times higher 
risk of gallstone formation [4, 5]. Bariatric surgery is estab-
lished as an effective and sustainable method of weight loss 
and improvement of obesity-related diseases [6]. Despite 
its safety, bariatric procedures may lead to some complica-
tions. After surgery, rapid weight loss upsurges the rate of 

cholelithiasis and acute cholecystitis [4, 7, 8]. Over 10 years 
after bariatric surgery, gallstone formation was detected in 
17.4% of the patients [9]. In a retrospective analysis, the 
incidence of cholelithiasis and symptomatic gallstones 
after laparoscopic sleeve gastrectomy (LSG) was 47.9% 
and 22.9%, respectively [10]. In another retrospective study 
including 1397 patients subjected to various bariatric pro-
cedures, postoperative gallstone development incidence was 
8.4% after LSG [8].

Prophylactic laparoscopic cholecystectomy (LC) was sug-
gested to prevent gallstone formation after bariatric surgery. 
However, this policy is a matter of controversy [11]. The 
procedure may be technically challenging as the gallbladder 
may be engulfed by the large liver [12]. The difficulty can 
be increased if the gallbladder is thickened, fibrosed, and 
adherent [13]. Worni et al. reported increased morbidity and 
mortality if bariatric surgery was combined by cholecystec-
tomy [14].
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Therefore, drug therapy is the recommended alterna-
tive for the prevention of gallstone formation in this situ-
ation. A meta-analysis has demonstrated that postoperative 
administration of ursodeoxycholic acid (UDCA) effectively 
reduces postoperative gallstone formation after bariatric 
surgery [15]. This study aimed to compare gallstone devel-
opment frequency after LSG under ursodeoxycholic acid 
prophylaxis.

Patients and methods

This prospective controlled study included all patients 
(n = 332) scheduled for LSG from June 2017 to June 2019. 
The inclusion criteria were body mass index (BMI) > 35 kg/
m2 with at least one comorbidity or BMI > 40 kg/m2 irre-
spective of comorbidities. Patients with preoperative gall-
stones and abnormal liver function tests or previous history 
of cholecystectomy were excluded from the study.

The patients were randomly divided into two groups. The 
UDCA group received 500 mg ursodeoxycholic acid cap-
sules once daily for 12 months postoperatively. The Control 
group received the routine follow-up protocol during the 
first postoperative year. Patient allocation to either arm of 
the study was done with simple randomization using closed 
envelopes.

The following data were collected: patients’ character-
istics, including age, sex, preoperative weight and BMI, 
and weight loss after 6 and 12 months. Dyslipidemia was 
defined as Serum total Cholesterol over 200 mg/dL, TG 
over 150 mg/dL, LDL-C levels over 130 mg/dL, or HDL-C 
levels under 40 mg/dL. Ultrasonography (US) for detecting 
gall stones was done before surgery and 6 and 12 months 
after surgery for all patients. Our expert radiology and gas-
troenterology members reviewed ultrasounds. If gallstones 
were detected at 6 months, the patients were subjected to 
cholecystectomy if they had biliary colic or developed 
complications induced by gall stones (acute cholecystitis or 
obstructive jaundice). Other patients with silent gall stones 
continued the follow-up for another 6 months.

Surgical technique

A 12-mm optical trocar is placed under direct vision or after 
insufflation by veres needle, approximately 15 cm below 
the xiphoid and 3 cm to the left of midline. A 30-degree 
angled laparoscope is placed through the port into the peri-
toneal cavity, and two working ports are inserted to the 
right and the left of the camera port. Next, a 5-mm trocar 
port is placed below the xiphoid process for liver retrac-
tion, and another 5 mm port is placed in the left anterior 
axillary line for assistance. The pylorus of the stomach 
is then identified, and the greater curve of the stomach is 

elevated. An ultrasonic scalpel or LigaSure™ is then used 
to enter the lesser sac via division of the greater omentum. 
The stomach’s greater curvature is then dissected free from 
the omentum and the short gastric blood vessels using the 
laparoscopic ultrasonic scalpel or LigaSure™. The dissec-
tion is started 4 to 6 cm from the pylorus and proceeds to the 
Angle of His. An endoscopic linear cutting stapler is used 
to serially staple and transect the stomach staying just to the 
left and lateral to bougie size 36 French. The staple line is 
concurrently evaluated for bleeding, and further endoclips 
were used if necessary. No buttress suture was used for the 
staple line. We close the fascia of the left flank port site 
with an absorbable suture by suture passer to prevent bowel 
herniation but do not close the fascia defects at the remain-
ing port sites.

The primary outcome measure was the frequency of gall-
stones detected on ultrasonography. The secondary outcome 
measures were factors associated with gallstone formation 
after surgery.

Statistical methods

Statistical analysis was done using IBM© SPSS© Statistics 
version 23 (IBM© Corp., Armonk, NY, USA). Numerical 
data were expressed as mean and standard deviation. Quali-
tative data were expressed as frequency and percentage. 
Chi-square test (Fisher’s exact test) was used to examine 
the relation between qualitative variables. For quantitative 
data, comparison between two groups was made using inde-
pendent sample t test. Multivariate analysis was done using 
logistic regression method for the significant factors affect-
ing gallstone formation on univariate analysis. Odds ratio 
(OR) with 95% confidence interval (CI) were used for risk 
estimation. A p value < 0.05 was considered significant.

Results

Out of the 332 patients, 71 were lost to follow-up, 33 of the 
UDCA group and 38 in the control group. Besides, three 
patients of the UDCA group developed severe adverse 
effects in the form of allergy and severe gastrointestinal (GI) 
symptoms and, consequently, were excluded from the study 
(Fig. 1). The results are displayed for the remaining 258 
patients. Patients of the UDCA group (n = 130) were sig-
nificantly older than the Control group (n = 128, p < 0.001).

Also, the UDCA group’s weight was significantly lower 
than that of the control group (p = 0.040), but the two groups 
had a comparable BMI (p = 0.377). Other baseline charac-
teristics are shown in Table 1. After surgery, no mortalities 
were recorded. Four patients had bleeding, and two devel-
oped gastric leaks; both had stenting, and one mandated 
re-exploration.
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Six and 12 months after surgery, the percentage of excess 
weight loss (%EWL) was significantly higher in the Control 
group. A significantly higher proportion of the Control group 
developed gall stones after 6 months (p < 0.001). Three 
patients of those who developed gallstones in the UDCA 
group and 9 of the Control group (33.3% and 25.7%, respec-
tively, p = 0.687) were subjected to cholecystectomy (Fig. 2). 
Few more patients developed gall stones after 12 months in 
the two groups with no significant difference (p = 0.145). 
Collectively, 11 patients (8.5%) of the UDCA group and 41 
(32.0%) of the Control group developed gall stones during 
the first postoperative year (p < 0.001). Cholecystectomy was 
indicated in 3 patients (2.3%) of the UDCA group and 9 
(7.0%) of the Control group (p = 0.072) (Table 2).

Table 3 shows a comparison between patients who devel-
oped gall stones and others who did not, regarding possible 
preoperative factors. Gallstone developers were significantly 
younger (p = 0.025), having higher weight (p = 0.003) and 
BMI (p < 0.001), and having dyslipidemia (p < 0.001). 
On multivariate analysis, higher BMI, dyslipidemia, and 
lacking UDCA prophylaxis were the independent factors 

significantly associated with stone development (Table 4). 
Also, stone development was associated with higher weight 
loss after 6 and 12 months.

Discussion

This study demonstrated that prophylactic use of UDCA 
in a daily dose of 500 mg for 12 months after LSG sig-
nificantly reduced the frequency of gallstone formation to 
8.5% compared to 32.0% in the Control group. Using UDCA 
decreased the number of cholecystectomies from 7 to 2.3%. 
Gallstone formation was associated with younger age, heav-
ier weight, higher BMI, dyslipidemia, and higher weight 
loss after 6 and 12 months. On multivariate analysis, higher 
BMI, dyslipidemia, and lacking UDCA prophylaxis were 
the independent factors significantly associated with stone 
development.

Gallstone formation is a complex problem in morbidly 
obese patients. Obesity—per se—is a risk factor for devel-
oping gallstones. At the same time, rapid weight loss after 
bariatric surgery is a known cause of gallstone formation. 

Fig. 1   CONSORT diagram

Table 1   Baseline characteristics 
of the two studied groups

Data are presented as mean ± SD, or number (%)

UDCA Group n = 130 Control Group n = 128 p value

Age (years) 39.3 ± 9.0 34.7 ± 9.9  < 0.001
Sex (male/female) 43/87 50/78 0.317
Height (cm) 165 ± 8 167 ± 8 0.096
Weight (kg) 117.4 ± 13.2 120.9 ± 13.7 0.040
Body mass index (kg/m2) 42.9 ± 3.6 43.3 ± 3.6 0.377
Dyslipidemia 52 (40.0) 55 (43.0) 0.628
Diabetes mellitus 45 (34.6) 41 (32.0) 0.660

Fig. 2   Gallstone formation 6 and 12 months after surgery in the two 
studied groups
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Gallbladder stones include cholesterol stones and black pig-
ment stones [16]. Cholesterol stones frequently appear after 
rapid weight loss due to gallbladder hypomotility and cho-
lesterol hypersaturation of bile resulting from reduced bile 
salt secretion [17]. Also, dividing the hepatic branch of the 
vagus nerve causes gallstone formation [18].

At present, there is no consensus about gallstone preven-
tion after bariatric procedures. Prophylactic concomitant 
cholecystectomy was a common practice in the early era of 
open bariatric surgery. Now, with the development of lapa-
roscopic surgery, most surgeons refrained from this routine 
[19]. Drug therapy is now recognized as the prophylactic 
method of choice to prevent gallstone formation.

UDCA for 6 months is recommended to prevent gallstone 
formation after Roux-en-Y gastric bypass (RYGB) [20, 21]. 
UDCA is a natural bile acid that constitutes about 5% of the 

human bile acid pool [22]. It has choleretic, anti-inflamma-
tory, and cytoprotective properties [23]. Oral administration 
of the drug is used for gallstone dissolution since the 1970s 
[24]. Dissolution is above 50% in cases of small non-calci-
fied stones, at a dose of 10 mg/kg/day for 12 months [25]. 
UDCA therapy reduces cholesterol intestinal absorption and 
secretion into bile [26].

The preventive use of UDCA after SG is not proven 
yet. Few studied have addressed the role of UDCA in this 
respect. The present study is the largest prospective study 
investigating the prophylactic effect of UDCA after LSG. 
One previous randomized study reported about 30% overall 
gallstone formation rate. The authors randomized 75 patients 
to receive a 600 mg daily dose of UDCA or no treatment. 
UDCA reduced incidence of gallstones after 6  months 
(p = 0.032), but after 1 year (p = 0.553) [27]. Another study 

Table 2   Outcome of treatment 
after 6 and 12 months in the two 
studied groups

Data are presented as mean ± SD, or number (%)
%EWL percentage of excess weight loss

UDCA Group n = 130 Control Group n = 128 p value

After 6 months
 Weight (kg) 87.3 ± 9.5 86.8 ± 10.2 0.679
 Body mass index (kg/m2) 31.6 ± 2.2 31.0 ± 2.3 0.037
 %EWL 50.9 ± 11.1 55.9 ± 11.0  < 0.001
 Gall stones on ultrasonography 9 (6.9) 35 (27.3)  < 0.001

After 12 months
 Weight (kg) 74.0 ± 8.5 74.5 ± 8.7 0.587
 Body mass index (kg/m2) 26.9 ± 1.8 26.7 ± 1.9 0.361
 %EWL 74.0 ± 8.6 76.4 ± 10.4 0.043
 Gall stones on ultrasonography 2 (1.5) 6 (4.7) 0.145

Table 3   Univariate analysis of 
factors associated with stone 
development within the first 
year after bariatric surgery

Data are presented as mean ± SD, or number (%)
%EWL percentage of excess weight loss

Stone developers n = 52 Stone non-developers 
n = 206

p value

Age (years) 34.3 ± 9.9 37.7 ± 9.6 0.025
Sex (male/female)
 Male 20 (21.5) 73 (78.5)
 Female 32 (19.4) 133 (80.6) 0.685

Weight (kg) 124.1 ± 14.7 117.9 ± 12.9 0.003
Body mass index (kg/m2) 45.4 ± 4.4 42.5 ± 3.1  < 0.001
Dyslipidemia
 Yes 37 (34.6) 70 (65.4)
 No 15 (9.9) 136 (90.1)  < 0.001

Diabetes mellitus 74.0 ± 8.5 74.5 ± 8.7 0.587
 Yes 17 (19.8) 69 (80.2)
 No 35 (20.3) 137 (79.7) 0.913

%EWL 6 60.4 ± 10.9 51.6 ± 10.7  < 0.001
%EWL 12 78.4 ± 8.8 74.4 ± 9.6 0.006
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compared the effect of UDCA 500 mg once daily for 6 
months in patients subjected to RYGB and SG. It proved 
effective in both procedures after 1 year [9]. A retrospec-
tive Egyptian study compared those who received UCDA 
for 6 months after LSG with those who did not. Gallstone 
formation was found in 5% of untreated patients and none 
of those under UCDA [28]. Another study reported similar 
conclusions [29]. A more recent study found that 23% of the 
patients developed cholelithiasis after LSG. UDCA prophy-
laxis with 500 mg daily reduced the frequency to 10.5% 
compared to 37.5% in untreated patients [30]. A single pro-
spective randomized study confirmed the effectiveness of 
UDCA in preventing gallstone formation up to 12 months 
postoperatively [31].

The inclusion of a prophylactic measure to prevent 
cholelithiasis after LSG is a matter of controversy based 
on the low incidence of 6.0%–7.5% reported in some stud-
ies [32–35]. However, other studies reported incidences that 
are high enough to justify prophylaxis [10, 30, 36]. Out of 
the 258 patients in the current study, 20% developed chole-
lithiasis at 1 year. More importantly, complicated cases 
necessitating cholecystectomy represented 23.5% of stone 
developers. We studied preoperative factors that may help 
patient selection to receive prophylactic treatment. Higher 
preoperative BMI and dyslipidemia independently predicted 
stone development. Coupaye et al. found that only preopera-
tive BMI > 50 kg/m2 was associated with developing gall-
stones [29]. It has been stated that traditional risk factors for 
gall bladder disease may not be predictive of post-bariatric 
cholelithiasis [37, 38]. Nevertheless, rapid weight loss has 
been reported as the most important risk factor for gallstone 
formation after SG [28, 34, 38, 39]. In the current study, 
higher weight loss at six but not 12 months was an independ-
ent predictor of stone formation.

Another question is how long UDCA should be adminis-
tered. Most studies prescribe the drug for 6 months [9, 27, 
28, 30, 31]. However, this period may not be sufficient based 
on the results of previous studies. It has been shown that the 

peak incidence of symptomatic gallstones was at 16 months 
after surgery [37, 40, 41]. Therefore, in this study, we 
extended the treatment period to 12 months. This approach 
may overcome the problem of decreased compliance due to 
the daily use of the drug over a long time. We did not face 
a significant problem of incompliance because the patients 
used to follow a regimen of administration of vitamin sup-
plements for 12 months after surgery. The addition of UDCA 
tablets did not constitute a burden for the patients and did 
not result in major incompliance.

Novelty of the study

Although, there are some previous studies addressing the 
topic of UDCA use after bariatric Surgery, yet, up to our 
knowledge, the current research seems to be the first one, 
or at least one of the first researches, that focused on LSG 
as the most commonly performed bariatric surgery in many 
centers worldwide.

Furthermore, among the strengths of this study are the 
large number of included patients with a good follow-up 
period. This point may make our study fairly unique as the 
first prospective randomized design addressing this topic. 
Therefore, the current study adds more and more strength 
to the available evidence on whether UDCA after LSG is 
needed or not.

Moreover, a new insight into the advantages of UDCA 
use after LSG with minimal side effects may trigger the bari-
atric surgeons to use it routinely especially in patients with 
high BMI and co-exisiting dyslipidemia. Yet, these sugges-
tions should be advocated in future studies.

One of the limitations of this study includes lack of data 
regarding the size of gall stones. Another liming factor is 
the absence of standardization of postoperative eating habits 
which could be one of the contributing factors that trigger 
gall stone formation.

In conclusion, this randomized trial showed that UDCA 
500 mg once daily for 12 months after LSG is effective in 
reducing gallstone formation for at least 1 year. The inci-
dence of gallstone formation after LSG in this study was 
20%. Prophylactic use of UDCA reduced the incidence from 
32 to 8.5%. Also, UDCA administration reduced the number 
of cholecystectomies from 7 to 2.3%. High BMI and dyslipi-
demia are the independent preoperative factors significantly 
associated with stone development.
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