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Introduction
Obese persons are at risk for cholesterol gallstones 
because of high saturation of cholesterol in their bile. 
About 75% of gallstones are of cholesterol type. Th e 
risk increases during rapid weight loss using   low-calorie 
diets and after bariatric surgery. Th e mechanism for 
gallstone formation during rapid weight loss is not 
completely understood; several mechanisms have 
been suggested including increased bile cholesterol 
saturation and gallbladder stasis, increased secretion of 
mucin and calcium, and increased prostaglandins [1–4].

To reduce the risk for gallstone formation, policies 
of prophylactic cholecystectomy are proposed [5]. 
However, this is not widely accepted.

Th e risk of developing gallstones during weight 
reduction is well accepted [6,7]. Between 10 and 25% 
of persons who lose weight through very   low-calorie 

dieting develop gallstones [8,9]. In addition, 35–38% 
of patients develop gallstones as they lose weight after 
bariatric surgery [10–12]. A routine cholecystectomy 
during bariatric surgery is recommended by some 
 centers [13], but it may be a diffi  cult procedure with an 
incidence of complications [14,15]. Ursodeoxycholic 
acid enhances the conversion of cholesterol to bile 
acids  [16]. It also enhances cholesterol transport as 
liquid crystals [17]. Furthermore, it has an inhibitory 
action on the prostaglandins and biliary glycoprotein, 
which is the possible explanation for its action on 
decreasing the saturation index [18].

Ezetimibe is a cholesterol-lowering agent that inhibits 
intestinal cholesterol absorption [1]. A long-term 
study is needed to observe whether ezetimibe can 
reduce gallstone prevalence [19]. Unexpectedly, it was 
found that ezetimibe treatment can induce a complete 
resistance to cholesterol gallstone formation [20,21].
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Th e recommended dose for gallstone prophylaxis 
for ursodeoxycholic acid appears to be 600 mg or 
4–5 mg/kg [19,21]. Th is is approximately half of the 
therapeutic dose for dissolution of cholesterol stones.

Shiff man et al. [22] showed that ursodeoxycholic 
acid (600 mg/day) is eff ective in preventing gallstone 
formation in patients undergoing dietary-induced 
weight reduction. Th e prophylactic administration of 
ursodeoxycholic acid has been shown to be eff ective in 
gastric bypass procedure [23,24] as well as in vertical 
banded gastroplasty [25,26].

Aim
Th e aim of this study was to defi ne the incidence of 
gallstone formation and timing of its occurrence in 
obese patients after laparoscopic sleeve gastrectomy in 
addition to highlight the risk factors for the development 
of gallstones after bariatric surgery, including age, sex, 
diabetes mellitus, dyslipidemia, preoperative  BMI, and 
excess weight loss percentage ( EWL%) of the original 
weight. Furthermore, we evaluated the prophylactic 
eff ect of ursodeoxycholic acid and ezetimibe treatment 
for its prevention.

Patients and methods
All patients submitted to laparoscopic sleeve 
gastrectomy performed between 2009 and 2011 at Al 
Rashid Hospital were  enrolled in the study. A total of 
215 patients completed the study, whereas 48 patients 
were excluded for having history of cholecystectomy, 
gallstone disease, or they refused to share in the study.

All patients were subjected to follow-up abdominal 
ultrasonography (US) obtained preoperatively and at 
3, 6, and 12 months after surgery or until gallstone 
formation [27].

Eligible patients were between 20 and 60 years of 
age and had a BMI of at least 40 kg/m2 or BMI of 
at least 35 kg/m2 with comorbidities according to 
the guidelines of the National Institutes of Health 
Consensus Development Conference Statement [28].

Exclusion criteria were history of cholecystectomy, 
presence of gallstones, pregnancy, or inadequate use of 
contraceptive methods.

All patients were subjected to preoperative clinical 
examination with obesity evaluation and laboratory 
evaluation performed before surgery, including  fasting 
blood sugar, lipid profi le,  ECG, chest radiography, 
abdominal US, gastroscopy, hormonal level (thyroid 

function test and serum cortisol), vitamin assays of 
B1 and B12, and ferritin, and other basic preoperative 
work was performed. Laparoscopic sleeve gastrectomy 
was performed by one operator and two assistants for 
all the cases.

We divided patients randomly into three groups: group 
1, the control group; group 2, using ursodeoxycholic 
acid at a dose of 4–5 mg/kg/day in divided oral doses; 
and group 3, using ezetimibe at a dose of 10 mg/day 
orally. All treatments initiated 10 days after surgery 
and continued for 12 months or until gallstone 
development.

Patients agreed to take the trial medication for 12 
months or until gallstones developed. Medication 
compliance was monitored at every visit. Th ere were no 
serious or signifi cant adverse eff ects experienced during 
the study. EWL was recorded and abdominal US was 
performed blindly by two radiologists for all patients at 
every visit (at 3, 6, and 12 months). Informed consent 
was obtained from each patient before initiation of the 
study, and hospital ethical committee approval was 
obtained for the protocol of the study.

Statistical analysis
All data were  analyzed by a personal computer using 
the software  program; median, SD, range, and mean 
values were calculated. Univariate analyses were 
performed using the Wilcoxon–Mann–Whitney 
U-test for continuous variables and using the χ2-test, 
and statistically signifi cant levels are those below 0.05.

Results
Table 1 shows basal clinical and laboratory 
characteristics. Sixty-eight patients without medication 
were compared with 146 patients on medications (75 
on ursodeoxycholic acid and 72 on ezetimibe). Th ere 
were no signifi cant diff erences between the two groups 
with respect to age, BMI, waist circumference, blood 
pressure, fasting blood sugar, and lipid profi le.

Table 2 reveals the number and percentage of gallstone 
formation in the three groups. It shows that 12 (17.6%) 
of 68 patients developed gallstones in group 1 and six 
(8%) of 75 patients developed gallstones in group 2, 
whereas only four (5.5%) of 72 patients developed 
gallstones in group 3. Table 2 shows no signifi cant 
diff erence in gallstone formation between the control 
and ursodeoxycholic acid groups, whereas a statistically 
signifi cant reduction in gallstone formation was 
observed in the ezetimibe group compared with the 
control group.
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Table 3 shows some risk factors for gallstone formation. 
We found a signifi cant association of gallstone 
formation with EWL after 1 year; it was 38.5% versus 
28.2% in patients with gallstones versus patients 
without gallstones. With respect to other risk factors, 
we did not fi nd any signifi cant variation in patients 
with gallstones versus patients without gallstones.

Table 4 shows the comparison of EWL during the 
study duration at intervals of 3, 6 months, and 1 year 
in patients with gallstone formation in the treatment 
groups, showing no signifi cant diff erence in the degree 
of weight loss during the duration of the study in both 
group 2 and group 3.

Table 5 shows the timing of gallstone formation 
during the fi rst 6 months versus next 6 months; it was 
4.7 versus 2.04% in the treatment group, whereas in 
the control group it was 11.76 versus 5.88%.

Discussion
Because of increasing incidence of obesity and its 
complications, the demand for bariatric surgery is 
increasing [29]. Morbid obesity has a high incidence 
of gallstone formation. Postoperatively, gallstone 
formation is correlated with rapid weight loss in a high 

incidence [22]. In the last few years, laparoscopic sleeve 
gastrectomy is rising to be one of the most eff ective 
surgeries; especially, it reverses some metabolic 
abnormalities such as diabetes mellitus, hypertension, 
and dyslipidemia. A fi ve-fold increased risk for 
gallstone disease was found after antiobesity surgery 
compared with that in the general population [5].

Festi et al. [30] reported that 54% of patients developed 
gallstones during low-fat diet. Relatively high-fat 
intake could prevent gallstone formation, probably by 
maintaining an adequate gallbladder emptying.

Controversy exists whether the gallbladder should 
be removed when performing gastric restrictive 
procedures. Amaral and Th ompson [10] recommended 
a routine cholecystectomy at the time of bariatric 
surgery. Other surgeons only recommend removal 
of the gallbladder in the presence of gallbladder 
disease   [31,32]. Pure restrictive surgery such as 
laparoscopic sleeve gastrectomy should result in less 
gallstone formation because the food continues to 
follow the normal gastrointestinal transit maintaining 
the enteric–endocrine refl ex.

A trial of ursodeoxycholic acid during weight loss 
after vertical banded gastroplasty suggests that it is 
fully eff ective in prevention of gallstone formation, 
whereas 24% of patients on control developed 
gallstones [27].

Ezetimibe reduces plasma cholesterol concentrations 
by inhibiting the Niemann-Pick C1-like 1 protein, 
an intestinal sterol infl ux transporter that facilitates 
the uptake of cholesterol for intestinal absorption 
inducing a resistance to cholesterol gallstone formation 
due to 60% reduction in biliary cholesterol saturation 
index [33].

Table 1 Basal clinical and laboratory characteristics of the study groups

Group 1 (control) 
(N = 68)

Medication group (group 2+3) 
(N = 75+72 = 147)

T-value P-value

Sex [n (%)]
Female 52 (76.4) 126 (85.7)
Male 16 (23) 21 (14.2)

Age (years) 34.75 ± 8.39 35.12 ± 6.12 0.929 0.179
BMI (kg/m2) 47.3 ± 1.2 46.2 ± 6.12 0.192 0.181
Waist circumference (cm) 115.62 ± 7.7 114.25 ± 2.05 0.635 0.263
BP (mmHg)

Systolic 133.62 ± 14.61 141.5 ± 14.41 0.413 0.338
Diastolic 84.37 ± 10.15 85.25 ± 9.99 0.893 0.186

FBS (mmol/l) 6.98 ± 1.29 7.92 ± 0.85 0.087 0.465
Total cholesterol (mmol/l) 5.57 ± 1.38 5.96 ± 1.2 0.665 0.253
 LDL (mmol/l) 4.41 ± 0.86 4.36 ± 0.61 0.917 0.180
 HDL (mmol/l) 0.92 ± 0.2 0.97 ± 0.36 0.76 0.224

Triglycerides (mmol/l) 2.72 ± 0.54 3.02 ± 1.25 0.34 0.367

BP, blood pressure; FBS, fasting blood sugar; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; 
Signifi cance, P < 0.05.

Table 2 Percentage of gallstone formation in the treatment 
groups versus control

Total 
(n)

Number with 
gallstones (%)

χ2 P-value

Group 2 75 6 (8) 2.166 0.141
Group 1 68 12 (17.6)
 Group 3 72 4 (5.5) 7.759 0.005
Group 1 68 12 (17.6)

Signifi cance, P < 0.05.
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In our study, the incidence of gallstone formation 
postoperatively in the control group was 17.6 versus 
6.8% in the treatment group. Th ere are a lot of diverse 
results as in the study by Li et al. [34] who showed that 
the overall incidence of gallstone formation was 7.8% 
in a group without prophylactic drugs. Miller et al. [27] 
showed 22% gallstone formation in control versus 3% 
in the ursodeoxycholic acid group during the fi rst 12 
months.

Kielani et al. [35] proposed that the incidence of 
gallstone formation is highest during the fi rst 6 months 
after surgery showing 33.8% in the fi rst 6 months 
versus 21.6% in the next 6 months postoperatively. In 
our study, the percentage of patients with gallstones 
in the treatment group was 4.7% during the fi rst 6 
months versus 2.04% in the next 6 months. However, 
in the control group, it was 11.76 versus 5.88% in the 
fi rst 6 months versus next 6 months, which supports 
the hypothesis that gallstone formation is highest 
during the fi rst 6 months following surgeries due to 
rapid weight loss during that period.

Some studies settled that the duration of use 
of prophylactic medications is between 2 and 
6  months  [36]; however, Sugerman et al. [26] 

suggested the duration of 12 months, whereas Dietel 
and Petrov [11] showed the peak incidence of gallstone 
formation at 16 months after surgery.

In our study, ezetimibe use appears to be more 
eff ective in prevention of gallstone formation than 
ursodeoxycholic acid in comparison with the control 
group. Th e explanation of this diff erence is not clear; 
however, it may be because both drugs have diff erent 
mechanisms. On this basis, we recommend the use of 
both drugs in the same patients to get better eff ects.

In this study, we found that the most relevant risk 
factor associated with gallstone formation is the degree 
of weight loss. It was 38.5% in those with gallstones 
versus 28.2% in those without gallstones. Th ere was no 
clear association between some other risk factors and 
gallstone formation in our study. In a study conducted 
by Li et al. [34], postoperative weight loss of more 
than 25% of original weight was associated with 
symptomatic gallstone formation.

We suggest a combination of ursodeoxycholic acid 
and ezetimibe in prevention of gallstone formation 
after laparoscopic sleeve gastrectomy. Th e base of such 
combination was suggested by De Bari et al. [33], who 
stated that the cholelitholytic mechanism of ezetimibe 
is totally diff erent from that of hydrophilic bile acids 
such as ursodeoxycholic acid; it has been proposed that 
a combined therapy of ezetimibe and ursodeoxycholic 
acid could be a faster means to promote the dissolution 
of cholesterol gallstones. Th is can be due to the two 
distinct mechanisms: the formation of unsaturated 
micelles by ezetimibe and a liquid crystalline mesophase 
by ursodeoxycholic acid [19].

Conclusion
Increased gallstone formation after laparoscopic 
sleeve gastrectomy is associated mainly with the 
degree of weight loss. Risk for gallstone formation 
after laparoscopic sleeve gastrectomy during the fi rst 
6 months doubles the risk during second 6 months 

Table 3 Some risk factors for gallstone formation

Patients with gallstones (N = 22) Patients without gallstones (N = 193) T-value P-value

Age (years) 28.79 ± 8.22 32.12 ± 9.28 0.54 0.294
Female sex (%) 86.36 (19/22) 82.38 (159/193) 0.32 0.374
EWL degree (kg) and percentage after 1 year 49.59 ± 6.35 (38.5%) 37.04 ± 7.38 (28.28%) 1.67 0.048
Waist circumference (cm) 116 ± 4.56 117.37 ± 2.87 0.37 0.333
BMI 45.87 ± 2.1 46.2 ± 1.52 0.38 0.352
FBS (mmol/l) 6.58 ± 1.14 6.98 ± 1.29 0.43 0.333
Total cholesterol (mmol/l) 6.10 ± 0.80 5.97 ± 0.78 0.77 0.221
Triglycerides (mmol/l) 2.71 ± 0.88 2.72 ± 0.54 0.93 0.176
Family history (%) 36.3 (8/22) 31.6 (60/193) — —

EWL, excess weight loss; FBS, fasting blood sugar; Signifi cance, P < 0.05.

Table 4 Excess weight loss in patients with gallstone 
formation in the treatment groups

Group 2 Group 3 T-value P-value

Initial weight (kg) 126 ± 14.24 138.5 ± 122.12 0.183 0.427
Weight loss at 
3 months

17.83 ± 2.78 20.75 ± 3.86 0.124 0.450

Weight loss at 
6 months

23.83 ± 3.43 32.75 ± 0.95 1.416 0.338

Weight loss at 
12 months

40 ± 1.67 41.5 ± 3.10 0.212 0.416

Signifi cance, P < 0.05.

Table 5 Timing of gallstone formation in the treatment group 
versus the control group

First 6 months Next 6 months

Treatment group (n = 147) 7/147 (4.7%) 3/147 (2.04%)
Control group (n = 68) 8/68 (11.76%) 4/68 (5.88%)
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postoperatively. We found that ezetimibe is eff ective in 
reducing relative risk by 70% and ursodeoxycholic acid 
by 50%; hence, we recommend the use of one of these 
medications for 1 year postoperatively. Furthermore, 
we recommend more studies on combining both 
medications together to observe if we will have more 
favourable outcome compared to one medicine alone.
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