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Abstract We aim to review the available literature on obese
patients treated with ursodeoxycholic acid (UDCA) in order to
prevent gallstone formation after bariatric surgery. A system-
atic literature search was performed in PubMed, Cochrane
library, and Scopus databases, in accordance with the
PRISMA guidelines. Eight studies met the inclusion criteria
incorporating 1355 patients. Random-effects meta-analysis
showed a lower incidence of gallstone formation in patients
taking UDCA. Subgroup analysis reported fewer cases of
gallstone disease in the UDCA group in relation to different
bariatric procedures, doses of administered UDCA, and time
from bariatric surgery. Adverse events were similar in both
groups. Fewer patients required cholecystectomy in UDCA
group. No deaths were reported. The administration of
UDCA after bariatric surgery seems to prevent gallstone
formation.
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Introduction

Obesity is a rising epidemic with more than 30% of
Americans being obese [1]. In this context, bariatric surgery
continues to be the main therapeutic mode for a high rate of
sustainable weight loss [2—4]. However, morbid obesity, along
with bariatric surgery and the subsequent weight loss, is asso-
ciated with an increased risk for the development of gall-
stones. In fact, a study [5] that incorporated over 90,000 mor-
bid obese patients reported a sevenfold risk of gallstone for-
mation compared with normal weight population. The risk is
higher during a period of acute weight loss [6]. Approximately
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one fourth (25%) of patients carrying gallstones develop com-
plications, such as cholecystitis, cholangitis, or pancreatitis
[7], and may require hospitalization, thus representing a major
economic burden [8].

Ursodeoxycholic acid (UDCA) is a secondary bile acid that
was associated with prevention of gallstone formation in
obese patients undergoing acute weight loss. During weight
loss, it is believed to decrease bile lithogenicity [9]. In fact,
UDCA reduces the intestinal absorption and biliary secretion
of cholesterol [10]. The main advantages regarding adminis-
tration of UDCA are its short-term duration and safety [6].

Currently, there is no consensus regarding gallstone pre-
vention in obese patients undergoing bariatric procedures.
Prophylactic cholecystectomy has been proposed as a preven-
tive strategy [11] given that it has not been associated with
increased morbidity or mortality [12, 13]. Even though con-
comitant cholecystectomy at laparoscopic RYGB is much
more challenging [11], it has been proven feasible and safe
[14, 15], especially in cases of ultrasonography-confirmed
gallbladder pathology [14]. In contrast, cholecystectomy per-
formed after RYGB has been associated with increased inci-
dence of adverse events [16]. However, the cost-effectiveness
of this option remains debatable. Consequently, UDCA re-
mains an attractive alternative during rapid weight loss.

Nearly 1 decade after the first meta-analysis [17] that
assessed the role of UDCA in the prevention of gallstone
formation after bariatric surgery, it is necessary to reexamine
its effectiveness considering new studies have emerged. For
this purpose, we conducted an updated meta-analysis in order
to summarize the existing evidence regarding the effective-
ness of UDCA for prevention of gallstone formation after
bariatric surgery.

Materials and Methods
Search Strategy and Articles Selection

The present systematic review and meta-analysis was con-
ducted in accordance with the protocol agreed by all authors
and the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [18]. A thorough liter-
ature search was performed in PubMed (Medline), Cochrane
Central Register of Controlled Studies (CENTRAL), and
Scopus (ELSEVIER) databases (last search: February 15,
2017) using the following terms in every possible combina-
tion: “ursodesoxycholic acid,” “udca,” “bariatric surgery,”
“sleeve gastrectomy,” “sg,” “roux-en-y gastric bypass,”
“rygb,” “cholelithiasis,” “gallbladder complication,” “gall-
bladder disease,” “gallbladder stone,” “gallstone,” and “gall-
stones.” Inclusion criteria were (1) original reports with > 10
patients, (2) written in the English language, (3) published
from 1980 to 2017, (4) conducted on human subjects, and
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(5) reporting outcomes of UDCA in the prevention of gall-
stone formation after bariatric surgery.

Two independent reviewers (DEM, VST) extracted the da-
ta from the included studies. Any discrepancies between the
investigators about the inclusion or exclusion of studies were
discussed with the guarantor author (DZ) in order to include
articles that best matched the criteria, until consensus was
reached. Moreover, the reference lists of all included articles
were assessed for additional potentially eligible studies.

Data Extraction

For each eligible study, data were extracted relative to demo-
graphics (number of patients, sex, mean age, preoperative
body mass index (BMI), comorbidities), dose and duration
of UDCA administration, the incidence of cases presented
with gallstones, and the mean weight loss along with the in-
cidence of adverse events. Two authors (DEM, VST) per-
formed the data extraction independently and compared the
validity of the data. Any discrepancies were discussed with
the guarantor author (DZ), until consensus was reached.

Statistical Analysis

Regarding the categorical outcomes, the odds ratio (ORs) and
95% confidence interval (CI) were calculated, based on the
extracted data, by means of random-effects model (Mantel-
Haenszel statistical method), where the number of studies
providing data was sufficient. OR < 1 denoted outcome was
more frequent in the control group. Continuous outcomes
were evaluated by means of weighted mean difference
(WMD) with its 95% CI, using random-effects (inverse vari-
ance statistical method) models, appropriately to calculate
pooled effect estimates. In cases where WMD < 0, values in
the control group were higher.

We chose the random-effects model because we did not
expect that all the included studies would share a common
effect size. Between-study heterogencity was assessed
through Cochran Q statistic and by estimating /> [19] (values
of 25, 50, and 75% indicated low, moderate, and high hetero-
geneity, respectively [20]).

In cases that multiple studies analyzed the same population
(i.e., series from the same hospital), only the larger study or
the one with the longest follow-up (if the sample was similar)
was included in the meta-analysis.

Quality and Publication Bias Assessment

The Newcastle-Ottawa Quality Assessment Scale (NOS) [21]
was used as an assessment tool to evaluate non-RCTs. The
scale’s range varies from zero to nine stars, and studies with a
score equal to or higher than five were considered to have
adequate methodological quality to be included. There were
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six RCTs in the literature to be included. The RCTs were
assessed for their methodological quality with the tools that
are used to evaluate the risk of bias according to the Cochrane
Handbook for Systematic Reviews of Interventions [22]. Two
reviewers (DEM, VST) rated the studies independently and
final decision was reached by consensus.

The existence of publication bias could not be evaluated
using the Egger’s formal statistical test [23] because the num-
ber of the included in the analyses studies was not adequate
(less than 10), thus compromising substantially the power of
the test.

Results
Article Selection and Patient Demographics

The flow diagram of the search of the literature is shown in
Fig. 1 and the research strategy in Table S1. Among the 72
articles in PubMed, CENTRAL, and Scopus that were re-
trieved, eight comparative studies were included in the quali-
tative and quantitative synthesis [6, 24-30]. The study design
was retrospective in one study [24], prospective non-
randomized in one study [26], and randomized controlled in
six studies [6, 25, 27-30]. The included studies were conduct-
ed in Egypt [24], USA [25, 28, 30], France [26], Austria [27],
and Canada [6, 29] and were published between 1993 and
2016. The UDCA sample size was 816 patients and ranged
from 10 to 247 patients. The total sample size was 1355 pa-
tients. Preoperative mean BMI was > 30 kg/m? in all included
patients.

Characteristics of studies comparing the outcomes between
patients treated with UDCA and control group are provided in
Table 1. The duration of treatment by UDCA for each study is
shown in Table 1. The period of assessment was 3 months in
one study [6], 6 months in two studies [28, 30], 12 months in
three studies [24-26], 18 months in one study [29], and
24 months in one study [27]. The Newcastle-Ottawa rating
scale assessment for all studies is shown in Table 1. The risk
assessment according to the Cochrane Handbook for
Systematic Reviews of Interventions is shown in Table S2.
The summary of the assessment of postoperative gallstone
formation and adverse events is shown in Table 2. Pooled
ORs, P2, and p values of heterogeneity for all outcomes are
summarized in Table 3.

Ursodeoxycholic Acid and Incidence of Gallstones
Formation in Relation to Different Procedures

In our study, we investigated the postoperative incidence
of gallstone formation (Fig. 2). Gallstone formation was
assessed with routine postoperative abdominal imaging.
Our total analysis showed significantly lower incidence

of gallstone formation in patients treated with UDCA
(OR 0.25 [95% CI 0.17, 0.38]; p < 0.00001). According
to subgroup analysis, the incidence of gallstone formation
was lower in UDCA group both in patients treated with
SG (OR 0.14 [95% CI 0.05, 0.39]; p = 0.0002) and
RYGB (OR 0.25 [95% CI 0.15, 0.44]; p < 0.00001).
Outcomes were similar regarding both groups treated with
VBG (OR 0.30 [95% CI 0.04, 2.61]; p = 0.28).

Incidence of Gallstones Formation in Relation to Different
Doses of UDCA

We performed a subgroup analysis of the postoperative inci-
dence of gallstones formation in relation to different doses of
UDCA (Fig. 3). Six studies [24-28, 30] with seven arms
assessed the administration of 500-600 mg of UDCA.
Patients treated with UDCA reported fewer postoperative
cases of gallstone formation (OR 0.21 [95% CI 0.12, 0.38];
p <0.00001). A two-arm analysis [6, 28] was performed re-
garding doses of 1000-1200 mg of UDCA. Patients treated
with 1000-1200 mg UDCA reported fewer cases of postop-
erative gallstone disease (OR 0.13 [95% CI 0.13, 0.33];
p =0.0002).

Incidence of Gallstones Formation in Relation to Time
from Surgery

Three studies [24-26] assessed the incidence of gallstone for-
mation 6 months after bariatric surgery (Fig. S1). Incidence of
gallstones was significantly reduced in the UDCA group (OR
0.11 [95% C1 0.04, 0.26]; p < 0.00001). Five studies [24-28]
were included in the subgroup analysis regarding gallstone
formation 12 months after surgery. Gallstone formation was
significantly lower in UDCA group (OR 0.18 [95% CI 0.12,
0.29]; p < 0.00001).

Adverse Events

No deaths were reported. According to our analysis, the inci-
dence of adverse events was similar between the two groups
(OR 1.67 [95% CI 0.67, 4.14]; p = 0.27) (Fig. S2).
Considering all included studies, only a few cases of adverse
events were reported. The main most commonly reported ad-
verse events were nausea, constipation, vomiting, and medi-
cation intolerance.

Incidence of Post-bariatric Surgery Cholecystectomy

We performed a four-arm analysis [6, 26—28] in order to
assess the incidence of urgent cholecystectomy after bar-
iatric surgery (Fig. S2). According to our analysis, pa-
tients treated with UDCA presented lower rate of required
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Fig. 1 Urs.odeoxychohc acid in 72 articles identified from search strategy
the prevention of gallstone Pubmed = 26
formation after bariatric surgery CENTRAL = 1
flow diagram -
Scopus =45 - 20 articles excluded as duplicate

- 4 articles excluded after filter:

| B

v

English language

48 articles screened
(title and abstract)

34 articles excluded:

irrelevant (n=22)

\4

v

reviews (n=8)
letters (n=4)

14 full texts assessed for eligibility

7 articles excluded:

irrelevant (n=6)
review (n=1)

v

\ 4

1 study identified through reference
list

8 articles included in qualitative
synthesis (systematic review)

N EIEC

8 articles included in quantitative
synthesis (meta-analysis)

cholecystectomy (OR 0.18 [95% CI 0.09, 0.34];
p < 0.00001).

Weight Loss

Bariatric surgery was associated with significant weight loss.
The mean weight loss as shown in Table 2 was similar in both
groups. The administration of UDCA did not affect the out-
comes regarding postoperative mean weight loss.

Compliance

Compliance was reported in all included studies.
Compliance for the trial drug regiment was similar be-
tween the UDCA and control groups in most studies
[24—28] and compliance rate exceeded 80% [24-28].
However, two other studies [29, 30] reported poor com-
pliance. According to Wudel et al. [30], compliance was
28.3% and 31.7% of patients were lost to follow-up.
According to Adams et al. [25], compliance was associat-
ed with lower rate of gallstone/sludge formation.
Sugerman et al. [28] have reported that compliance was
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increased in patients receiving UDCA 300 mg twice daily
compared with those receiving 600 mg once daily.

Quality and Publication Bias

Quality assessment of each non-randomized study according
to Newcastle-Ottawa Assessment Scale is shown in Table 1
and for each randomized controlled trial is presented in
Table S2. Heterogeneity was low in all variables except from
gallstone formation in patients underwent VBG which asso-
ciated with a moderate heterogeneity. Egger test was not per-
formed for the outcomes because of the small number of the
studies that were included.

Discussion

The increasing popularity of bariatric surgery as the main
therapeutic method of morbid obesity [2] along with its effect
on multiple metabolic and hormonal parameters [31] has led
to an increased effort to improve the efficacy and reduce the
complications of the method. This meta-analysis identified
eight articles assessing the postoperative administration of
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Table 2

Summary of the assessment of the incidence of gallstone formation, adverse events, and mean weight loss is demonstrated where available

Study ID, year Gallstone Adverse events, n (%)

formation, n (%)

Mean weight loss (kg)

UDCA Control UDCA Control UDCA Control
Abdallah 2016 0(0) 8(5) N/R N/R 71.4 £ 246 EWL  71.7 +18.08
[24]
Adams 2015 4 13 N/R N/R 1-year ultrasounds based on
[25] (14- (44.- %EWL (p = 0.614)
3) 8)
Coupaye 2016 24 38 N/R N/R SG29.0+7.1 SG
[26] (10- (22.- RYGB (250 x 2) 26.7 + 8.-
4) 6) 32.7+9.1 6
RYGB (500 x 1) RYGB
305+ 7.6 31.3+£7.-
5
Miller 2003 709.2) 22 Nausea, constipation (7 = 6) Nausea, constipation 50 51
[27] (28.- n=2)
9)
Sugerman 12 18 Vomiting or skin rashes (N/R) Vomiting or skin 40 38
1995 [28] (6.- (32.- rashes (N/R)
8) 1)
Williams 1993 8 11 Medication intolerance (n = 9) Medication 40 43
[29] (18- (26.- intolerance (n = 7)
2) 2)
Worobetz 00) 6 Epigastric burning on medication and ingestion and ~ N/R 25 29
1993 [6] 42.- was withdrawn (n = 1)
9)
Wudel 2002 7 7 Mainly inconvenience (n = 7) N/R 98.5+ 72 Ib.
[30] (46- (63.-
7 6)

UDCA ursodeoxycholic acid, %EWL % excess weight loss, MWL mean weight loss, SG sleeve gastrectomy, RYGB Roux-en-Y gastric bypass, N/R not

reported

UDCA in patients undergoing bariatric surgery, measuring
patients’ outcomes and published between 1993 and 2016.
Since 2008 when the previous similar meta-analysis [10]
was published, new studies have emerged reporting on the
administration of UDCA.

The present study demonstrates that the postoperative
administration of UDCA is a well-tolerated, feasible, and
effective approach in order to reduce postoperative inci-
dence of gallstone formation. Gallstone formation repre-
sents a certain threat after bariatric procedures and its inci-
dence ranges from 10 to 38% [3]. Several studies reported
an incidence of complicated gallstone formation after bar-
iatric surgery requiring cholecystectomy that ranged be-
tween 6.2 and 14.7% [32-34]. Furthermore, it has been re-
ported that the postoperative complication risk after chole-
cystectomy was increased in patients with previous RYGB
[16]. In fact, cholecystectomy after bariatric surgery, and
especially after RYGB, is a challenging option due to the
formation of adhesions and the consequent limitation of
laparoscopic visualization of intraabdominal anatomy [11,
28] and has been associated with greater risk of adverse
events [35]. The administration of UDCA as a preventive
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agent regarding gallstone formation during weight loss was
first reported by Broomfield et al. [9] in 1998. A large
amount of cholesterol can be mobilized from adipose tissue
in obese persons undergoing weight loss. UDCA decreases
biliary cholesterol and glycoprotein secretion to lower bili-
ary cholesterol saturation and nucleating factors [29].

The included studies reported outcomes regarding pa-
tients treated with different surgical procedures. In fact,
our findings showed significantly lower incidence of gall-
stone formation after SG and RYGB in patients treated
postoperatively with UDCA compared to the control
group. In contrast, outcomes were similar for both groups
treated with VBG. However, the study of Wudel et al. [30]
that was included in the two-arm analysis assessing the
VBG is associated with high proportion of patients lost
to follow-up (31.7%), along with poor compliance
(28%), thus posing a certain limitation. In addition, in
the second study included in the same subgroup analysis
[6], the incidence of gallstone formation after VBG was
lower in the UDCA group.

Another important aspect that our study examined was the
impact of the different administered doses of UDCA on
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Table 3 ~ Summary of the analysis of the categorical outcomes
Comparison regarding gallstone formation n OR (95% CI) Heterogeneity
P p
UDCA vs control total analysis 9 0.25(0.17, 0.38) 17% 0.29
SG 3 0.14 (0.05, 0.39) 4% 0.35
RYGB 3 0.25 (0.15, 0.44) 21% 0.28
VBG 2 0.30 (0.04, 2.61) 53% 0.15
500-600 mg UDCA 7 0.21 (0.12, 0.38) 28% 0.21
1000-1200 mg UDCA 2 0.13 (0.04, 0.38) 0% 0.61
250 mg twice vs 500 mg once 1 0.27 (0.09, 0.75) NA NA
6 months after surgery 3 0.11 (0.04, 0.26) 0% 0.70
12 months after surgery 5 0.18 (0.12, 0.29) 0% 0.52
Comparison regarding adverse events n OR (95% CI) Heterogeneity
P p
UDCA vs control 2 1.67 (0.67, 4.14) 0% 0.40
Patients requiring cholecystectomy 4 0.18 (0.09, 0.34) 0% 0.88

UDCA ursodeoxycholic acid, OR odds ratio, WMD weighted mean difference, C/ confidence intervals

Odds Ratio Odds Ratio
Study or Subgroup  Weight M-H, Random, 95% CI M-H, Random, 95% ClI
1.1.1 SG
Abdallah 2016 2.1% 0.04 [0.00, 0.63] ¢
Adams 2015 9.7% 0.23[0.07, 0.80] —
Coupaye 2016 3.8% 0.07 [0.01, 0.57] \
Subtotal (95% CI) 15.5% 0.14 [0.05, 0.39] -l
Total events
Heterogeneity: Tau? = 0.04; Chi? = 2.08, df = 2 (P = 0.35); 1> = 4%
Test for overall effect: Z = 3.75 (P = 0.0002)
1.1.2 RYGB
Coupaye 2016 29.0% 0.30[0.17, 0.54] ——
Sugerman 1995 18.8% 0.15 [0.07, 0.35] I —
Wudel 2002 6.2% 0.50 [0.10, 2.46] —
Subtotal (95% Cl) 54.0% 0.25 [0.15, 0.44] ‘
Total events
Heterogeneity: Tau? = 0.05; Chi® = 2.53,df = 2 (P = 0.28); I° = 21%
Test for overall effect: Z = 4.95 (P < 0.00001)
1.1.3 VBG
Williams 1993 13.1% 0.63[0.22, 1.75] -
Worobetz 1993 1.9% 0.06 [0.00, 1.27] ¢
Subtotal (95% CI) 14.9% 0.30 [0.04, 2.61] ——e
Total events
Heterogeneity: Tau? = 1.47; Chi? = 2.11,df = 1 (P = 0.15); I> = 53%
Test for overall effect: Z = 1.09 (P = 0.28)
1.1.4 Combined VBG and AGB
Miller 2003 15.6% 0.25[0.10, 0.63] -
Subtotal (95% CI) 15.6% 0.25 [0.10, 0.63] -
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 2.96 (P = 0.003)
Total (95% CI) 100.0% 0.25[0.17, 0.38] ‘
Total events
o 2 _ . 2 _ _ _ 12 = 0, I t + {
Heterogeneity: Tau’? = 0.07; Chi* = 9.68, df = 8 (P = 0.29); I° = 17% o1 o1 10 100

Test for overall effect: Z = 6.50 (P < 0.00001)
Test for subgroup differences: Chi? = 1.14,df = 3 (P = 0.77), I = 0%

Gallstones [UDCA] Gallstones [Control]

Fig. 2 Forest plot describing the differences in incidence of gallstone formation after bariatric surgery in relation to different bariatric procedures
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Odds Ratio
Study or Subgroup  Weight M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% ClI

2.1.1 500-600 mg UDCA

Abdallah 2016 2.7% 0.04 [0.00, 0.63]
Adams 2015 12.1% 0.23[0.07, 0.80]
Coupaye 2016 4.8% 0.07 [0.01, 0.57]
Coupaye 2016 33.0% 0.30[0.17, 0.54]
Miller 2003 18.8% 0.25[0.10, 0.63]
Sugerman 1995 5.0% 0.04 [0.00, 0.27]
Wudel 2002 7.8% 0.50 [0.10, 2.46]
Subtotal (95% CI) 84.2% 0.21 [0.12, 0.38]

Total events

Heterogeneity: Tau? = 0.16; Chi? = 8.38,df = 6 (P = 0.21); I> = 28%

Test for overall effect: Z = 5.30 (P < 0.00001)

2.1.2 1000-1200mg

Sugerman 1995 13.4% 0.14 [0.04, 0.46]
Worobetz 1993 2.4% 0.06 [0.00, 1.27]
Subtotal (95% CI) 15.8% 0.13 [0.04, 0.38]

Total events

Heterogeneity: Tau? = 0.00; Chi? = 0.26, df = 1 (P = 0.61); I> = 0%

Test for overall effect: Z = 3.72 (P = 0.0002)

Total (95% CI) 100.0%

Total events

0.20 [0.13, 0.33]

>

Heterogeneity: Tau? = 0.09; Chi® = 9.75,df = 8 (P = 0.28); I’ = 18% | t t {

Test for overall effect: Z = 6.56 (P < 0.00001)

0.01 0.1 10 100
UDCA Control

Test for subgroup differences: Chi? = 0.65, df = 1 (P = 0.42), I> = 0%

Fig. 3 Forest plot describing the differences in incidence of gallstone formation after bariatric surgery in relation to different doses of UDCA

gallstone formation incidence. Doses of 500-600 mg UDCA
and 1000-1200 mg UDCA were effective in reducing gall-
stone formation incidence. No significant difference was re-
ported when doses of 250 mg twice and 500 mg once were
compared. According to Coupaye et al. [26], 500 mg of
UDCA once daily was more efficient to prevent gallstone
disease after SG compared with RYGB, thus proposing dif-
ferent response of patients undergoing RYGB to certain dos-
ages of UDCA. A possible explanation could be the differ-
ences in postoperative bile acid profile between the two pro-
cedures. Furthermore, according to our subgroup analysis, the
incidence of gallstone disease was lower in patients treated
with UDCA after 6 and 12 months.

Safety is a crucial parameter when comparing two different
clinical practices. According to our meta-analysis, the admin-
istration of UDCA is a safe treating modality. No deaths were
reported and the average incidence of adverse events was low
in all included studies. The main adverse events were consti-
pation, nausea, vomiting, and inconvenience. In addition, few-
er patients required urgent cholecystectomy in UDCA group
compared to the control group.

There was no significant difference between the two
groups regarding weight loss. In all included studies, patients
in both groups presented similar weight loss. Further meta-
analysis could not be performed due to the diversity of the
available data.

The compliance to treatment is another significant param-
eter that was examined in the present study. In fact, the in-
creased compliance rate has been associated with lower risk of

@ Springer

postoperative gallstone formation [25]. The compliance rate in
UDCA group was over 80% and similar to control group in
most studies [24-28]. Only two older studies reported low
compliance rate [29, 30]. According to another study [28],
the administration of UDCA 300 mg twice daily instead of
600 mg once daily was associated with increased compliance.
Furthermore, it has been found that when the administered
dose of UDCA is higher than 1000 mg, the compliance is
lower [28, 29].

This meta-analysis demonstrates the safety and feasibility
of UDCA in the prevention of gallstone formation after bar-
iatric surgery. In fact, fewer patients in UDCA group required
urgent cholecystectomy. According to our findings, adminis-
tration of either 500—-600 mg of UDCA once or 250-300 mg
twice daily for a time period of 6 months was associated with
reduced risk of postoperative risk of gallstone disease. In con-
trast, administrated dosages that exceed 1000 mg were asso-
ciated with poor compliance.

The limitations of this meta-analysis reflect the limitations
of'the studies included. Six studies [6, 25, 27-30] (75%) were
RCTs. There was one retrospective study [24] and one pro-
spective non-randomized trial [26]. The inclusion of two non-
randomized prospective trials poses a certain limitation in this
study. Furthermore, the small number of the included studies
represents another limitation.

On the other hand, the strengths of this study are (1) the
clear data extraction protocol, (2) the well-specified inclusion-
exclusion criteria, (3) the search in three different databases,
(4) the quality assessment of the included studies, and (5) the
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detailed presentation of the results of data extraction and
analysis.

Conclusion

This meta-analysis identified eight unique peer-reviewed stud-
ies assessing the efficiency and safety of administering UDCA
in order to prevent gallstone formation after bariatric surgery.
These studies suggest that administration of 500-600 mg of
UDCA for a period of 6 months was associated with reduced
incidence of gallstone formation. Moreover, fewer patients in
the UDCA group required urgent cholecystectomy. There was
no significant difference between the two groups regarding the
%EWL and BMI reduction after 6 and 12 months. No deaths
were reported. These results should be interpreted with cau-
tion due to the small number of the included studies. Given the
latest reports regarding the effect of bariatric surgery on gut
microbiota, metabolic profile, and diabetes remission [31], we
suggest a new randomized controlled study to investigate the
possible effect of UDCA on these parameters, along with the
long-term incidence of gallstones and their complications.
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