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Abstract
Background  Chronic diseases such as obesity, hypertension, and metabolic syndrome are major health concerns 
worldwide. Ursodeoxycholic acid (UDCA) is a bile acid that is naturally produced in the liver and has been used for the 
treatment of various liver disorders. In this systematic review and meta-analysis, we investigated how UDCA might 
affect inflammation, blood pressure, and obesity.

Methods  Five major databases were searched from inception to August 2024. The investigated outcomes included 
body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), interleukin-6 (IL-6), and tumor 
necrosis factor-alpha (TNF-α). A random effect was carried out to estimate pooled weighted mean difference (WMD) 
with 95% confidence intervals (CI). The registration code is CRD42023428064.

Results  Of the 7912 articles in the initial search, 12 were included in the systematic review and meta-analysis. UDCA 
consumption significantly decreased BMI (WMD: -0.29 kg/m2, 95% CI: -0.58, -0.01, P = 0.044), and DBP (WMD: -2.16 
mmHg, 95% CI: -3.66, -0.66, P = 0.005). It also increased SBP (WMD: 5.50 mmHg, 95% CI: 3.65, 7.35, P < 0.001); however, 
it was not associated with weight loss (WMD: -0.3 kg, 95% CI: -1.3, 0.71, P = 0.561). Our systematic review showed that 
UDCA consumption has no effect on IL-6 and TNF-α.

Conclusion  This systematic review and meta-analysis suggest that UDCA supplementation may improve BMI and 
DBP, whereas it may increase SBP and have no effect on weight or inflammation. Further long-term and well-designed 
RCTs are needed to further assess and confirm these results.
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Background
Chronic diseases such as obesity, hypertension, and met-
abolic syndrome (Mets) are major health concerns world-
wide, affecting millions of individuals and contributing 
to significant morbidity and mortality. These conditions 
are often associated with increased inflammation, which 
can contribute to disease progression and complications 
[1–3]. Ursodeoxycholic acid (UDCA) is a bile acid that 
is naturally produced in the liver and has been used for 
the treatment of various liver diseases including primary 
biliary cholangitis (PBC), primary sclerosing cholangitis 
(PSC), and non-alcoholic fatty liver disease (NAFLD) [4, 
5].

Obesity is a complex chronic disease that is associated 
with multiple comorbidities and decreased life expec-
tancy [6, 7]. The prevalence of obesity has been rapidly 
increasing worldwide so effective treatment options are 
urgently needed. Hypertension is a major public health 
concern and a prominent risk factor for cardiovascu-
lar disease (CVD). Despite the availability of numerous 
antihypertensive medications, many individuals with 
hypertension remain poorly controlled or experience 
adverse effects from their medications [8, 9]. Therefore, 
alternative therapeutic approaches are needed. The drug 
UDCA is used to treat certain liver disorders, such as pri-
mary biliary cholangitis and nonalcoholic steatohepatitis. 
Inflammation and cholestasis (bile build-up) in the liver 
are thought to be the main therapeutic effects of UDCA, 
which can help boost liver health. The exact mechanism 
of action is not fully understood, and the effectiveness of 
UDCA in treating these conditions may differ from per-
son to person [10]. Several studies have investigated the 
effects of UDCA on blood pressure in both animal and 
human studies. In humans, a randomized controlled 
trial found that UDCA treatment for 12 weeks signifi-
cantly reduced systolic blood pressure (SBP) in individu-
als with Mets [11]. Similarly, another study reported that 
six months’consumption of UDCA significantly reduced 
systolic and diastolic blood pressure (DBP) in individu-
als with NAFLD [12]. Numerous chronic diseases such 
as CVD, diabetes, and NAFLD are largely caused by an 
intricate process called inflammation [13–16]. Tumor 

necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) 
are examples of pro-inflammatory cytokines that have 
been shown to be decreased by UDCA treatment [17]. 
In addition, UDCA has been shown to activate the per-
oxisome proliferator-activated receptor (PPAR) pathway, 
which has anti-inflammatory effects [18–20]. It is known 
that UDCA is primarily used to treat liver diseases, and 
its effects on other body systems such as the cardiovas-
cular system are not well understood. Understanding the 
effects of UDCA on cardiometabolic disease could have 
significant implications. In this meta-analysis, we aimed 
to assess the impact of UDCA on anthropometric mea-
surements, blood pressure, and inflammation in indi-
viduals with chronic diseases such as obesity, Mets, and 
hypertension for the first time.

Methods
The present study was designed following preferred 
reporting items for systematic reviews and meta-analyses 
(PRISMA) guideline [21]. The protocol was registered 
in the international prospective register of systematic 
reviews (PROSPERO) database. (​h​t​t​p​​:​/​/​​w​w​w​.​​c​r​​d​.​y​​o​r​k​​.​a​c​.​​
u​k​​/​P​R​O​S​P​E​R​O; registration number: CRD42023428064).

Search strategy
The systematic literature searches were conducted 
until August 31, 2024, on ISI Web of Science, Cochrane 
library, PubMed, Scopus, and Google scholar databases 
for the following search strategy including a combina-
tion of medical subject headings (MeSH) and non-MeSH 
keywords: (“ursodeoxycholic acid“[tiab] OR “ursode-
oxycholic acid“[Mesh]) AND (intervention[tiab] OR 
RCT[tiab] OR randomized[tiab] OR random[tiab] OR 
Randomly[tiab] OR Placebo[tiab] OR Assignment[tiab] 
OR trial[tiab] OR trials[tiab] OR randomised[tiab] 
OR “Methods“[Mesh] OR Cross-Over[tiab] OR 
“Double-Blind“[tiab] OR “Randomized Controlled 
Trial“[Publication Type] OR “Controlled Clinical 
Trial“[Publication Type] OR “Placebos“[Mesh] OR “Pla-
cebo Effect“[Mesh] OR “Clinical Trials as Topic“[Mesh] 
OR “Cross-Over Studies“[Mesh] OR “Double-Blind 
Method“[Mesh]) (Supplementary Table 1). No language 
and time filters were applied and EndNote library (ver-
sion X9, for Windows, Thomson Reuters, Philadelphia, 
PA, USA) was used to screen studies and remove dupli-
cated ones. The bibliographies of retrieved articles were 
manually searched to find other eligible papers.

Selection criteria
For the current systematic review and meta-analysis 
research, as indicated in Table 1, the demographic, inter-
vention, comparison, outcome, and study type criteria 
[22] were applied. The title and abstract of retrieved stud-
ies were scanned by two independent researchers (MRA, 

Table 1  The population, intervention, comparison, outcome, 
and study type criteria
Criteria Description
Population Adult population (≥ 18 years)
Intervention Ursodeoxycholic acid
Comparison Control group (placebo)
Outcome At least one of the following 

outcomes of interest: weight, BMI, 
systolic blood pressure, diastolic 
blood pressure, interleukin 6, tumor 
necrosis factor-alpha

Study types Randomized controlled clinical trials

http://www.crd.york.ac.uk/PROSPERO
http://www.crd.york.ac.uk/PROSPERO
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ER) to find relevant and potentially relevant articles. 
Disagreements were resolved by consensus with AH. 
Studies with randomized controlled trial (RCT) design 
(either parallel or cross-over), which evaluated the effects 
of UDCA on weight, body mass index (BMI), SBP, DBP, 
IL-6, and TNF-α, reporting means and standard devia-
tions (SDs) (or other convertible effect sizes) of afore-
mentioned outcomes at baseline and the end of the study 
for both intervention and control groups, performed on 
adult participants (≥ 18 years) were selected for the full-
text review. Studies were excluded if they had any of 
the following criteria: the recruiting subjects aged less 
than 18 years, the lack of a control group, having a non-
randomized or semi-randomized design, and including 
combined intervention programs in which the net effect 
of UDCA could not be assessed. Conference abstracts, 
books, animal studies, review articles, qualitative studies, 
and observational papers were also excluded.

Data extraction
The following data were collected from each eligible 
study using a standardized form by two independent 
researchers (MRA, ER): general information (the family 
name of the first author, year of publication, and research 
location), participants’ characteristics (age, sex, BMI, and 
health status), trial characteristics (design, sample size, 
intervention duration, and UDCA dose), control group, 
and means and SDs of weight, BMI, SBP, DBP, IL-6, and 
TNF-α before and after intervention for both treatment 
and control groups. If a study did not report the required 
data, we contacted the corresponding author to acquire 
them.

Quality assessment of studies
Using the revised Cochrane Risk of Bias Tool (Rob 1) 
[23], two reviewers independently evaluated papers for 

bias according to the following methodological domains: 
(1) random sequence generation, (2) allocation conceal-
ment, (3) selective reporting, (4) blinding of participants 
and personnel, (5) blinding of outcome assessment, (6) 
incomplete outcome data, and (7) other potential sources 
of bias (Table 2). Any differences were resolved by discus-
sion with AH. Based on the Cochrane Handbook recom-
mendation, studies were classified into three categories 
including high quality (all domains had “low risk”), low 
quality (at least one domain had “high risk”), and moder-
ate quality (at least one domain had “unclear risk”).

Statistical analysis
The mean differences in changes with 95% confidence 
intervals (95% CI) for weight, BMI, SBP, and DBP were 
calculated to be used as effect size for meta-analyses. A 
random-effects meta-analysis was carried out to esti-
mate pooled weighted mean difference (WMD) with 
95% CI for the effect of UDCA supplementation on 
anthropometric indices and blood pressure [24]. We 
conducted only a systematic review on the impact 
of UDCA supplementation on inflammatory mark-
ers since only two studies [25, 26] examined it. In stud-
ies that reported standard error of mean (SEM) in place 
of SDs, the following formula was applied: SD = SEM × 
√n, where n is the number of individuals in each group. 
For articles that provided the median and interquartile 
range, we calculated mean and SD values using formu-
las suggested by Hozo et al. [27]. When change values 
were not provided, by the use of SDdifference = Square 
Root [(SDpre−treatment)2 + (SDpost−treatment)2 − (2 × R × 
SDpre−treatment × SDpost−treatment)], SD for mean changes 
between baseline and final values were estimated in 
which the correlation coefficient (R) was considered 0.8 
[28]. If studies represented outcomes in graphical form, 
we used GetData Graph Digitizer version 2.24 [29] 

Table 2  Risk of bias for randomized controlled trials, assessed according to the revised cochrane risk-of-bias tool for randomized trials 
(RoB 1)
Publications Random 

sequence 
generation

Allocation 
concealment

Selective 
reporting

Blinding (par-
ticipants and 
personnel)

Blinding 
(outcome 
assessment)

Incomplete 
outcome data

other 
source 
of bias

1. Leuschner (2010) L U L L U H L
2. Marks (1996) L L L L U L L
3. Miller (2003) L U L L U L L
4. Shiffman (1995) L U L L U L L
5. Sugerman (1995) L U L L U L L
6. Lindor (2004) L U L L U L L
7. Abouzeid (2018) L H L H H H L
8. Gianturco (2013) L L L L U L L
9. Méndez-Sánchez (2004) L U L L U H L
10. Schiedermaier (2000) L U L L U L L
11. von Haehling (2012) L U L L U L L
12. Balmer (20019) L U L L U L L
L, Low risk of bias; H, High risk of bias; U, Unclear risk of bias



Page 4 of 14Rashidbeygi et al. BMC Cardiovascular Disorders          (2025) 25:125 

to extract them. Cochran’s Q test and I2 statistic were 
applied to check the possibility of heterogeneity and its 
amount, respectively [30]. If I-squared values were more 
than 50% or Cochran’s Q test p values were less than 0.05, 
the between-studies heterogeneity was considered signif-
icant [31]. To explore the source of heterogeneity among 
the analyzed RCTs, we performed subgroup analyses 
based on the duration of intervention (≤ 6 months/ >6 
months) and mean age of participants (≤ 40 years/ > 40 
years). The potential publication bias was detected using 
a visual check of Funnel plots and Egger’s regression test 
[32]. To determine the sensitivity of pooled effect sizes 
to one individual study, we excluded trials one-by-one 
from the meta-analysis and recalculated the pooled effect 
size. Body weight and BMI were reported in kg and kg/
m2, and SBP and DBP were reported in mmHg. Units 
reported for IL-6 and TNF-α were pg/mL. All analyses 
were performed using STATA, version 14 (Stata Corp, 
College Station, Texas, USA). P-values less than 0.05 were 
considered statistically significant.

Results
Literature search
The primary search identified 7910 studies, in addition 
to two new papers found by manual searching. Remov-
ing duplicated papers resulted in 6183 papers that were 
scanned titles and abstracts. Then, 4787 studies were 
excluded due to the lack of relevant or original data, 225 
being animal studies, and 1150 review articles. From 21 
articles included in the full-text review stage, six studies 
were irrelevant, two prescribed control group medicine 
[33, 34] and one was conducted on subjects less than 18 
years old [35]. The remaining 12 papers were included in 
the qualitative and quantitative synthesis except for two 
studies on IL-6 and TNF-α, which were only included in 
the systematic review. The PRISMA flow diagram of the 
study selection process is shown in Fig. 1.

Study characteristics
Table  3 summarizes the characteristics of selected 
papers. A large number of studies were a parallel double-
blinded trial in design [25, 36–44], and the other stud-
ies were cross-over double-blinded trials [26, 45] with a 
range of publication years between 1995 and 2019. The 
present study included a total of 1796 people aged over 
18 years with an intervention period of 4–96 weeks. The 
dosage of prescribed UDCA ranged between 300 and 
1200 mg/day except for three studies [25, 38, 39] in which 
the UDCA was prescribed in the range from 12 to 28 mg/
kg/day. The median prescribed dose of UDCA was (inter-
quartile range 500–1200 mg/day). The majority of studies 
were performed on both genders [25, 36–40, 42–45], and 
two studies were conducted on only females [41] or males 
[26]. The mean BMI of participants in ten studies [25, 26, 

36, 37, 39–44] that provided it, was in the range of obe-
sity. Except for three studies [40, 43, 45] conducted on 
healthy individuals, others were carried out on unhealthy 
subjects. In the majority of selected studies, UDCA was 
prescribed as a part of a regular diet; however, one RCT 
examined the effect of UDCA in the context of a very 
low-calorie diet [40] and one along with a health man-
agement program [43]. All co-interventions (very low-
calorie diet and health management program) were also 
considered in the control groups. In terms of study qual-
ity (Table 2), nine [25, 26, 37, 39, 40, 42–45] out of 12 tri-
als were categorized as moderate quality whereas others 
were low quality studies [36, 38, 41].

Qualitative synthesis
Six studies did not report any significant effects on body 
weight [38–40, 42–44]. Although seven arms [36, 39–41, 
43] indicated that UDCA intervention had no significant 
effect on BMI, one study [37] found a negative effect on 
BMI. From three trials investigated the impact of UDCA 
supplementation on SBP, two studies [26, 45] did not find 
any substantial effects while one study [37] indicated a 
positive effect. Except for one study [37] reporting a non-
significant effect on DBP, the other two studies [26, 45] 
showed a significant reduction in DBP.

Meta-analyses
Since the data for inflammatory markers were not 
enough to be quantitatively synthesized, we analyzed 
data concerning anthropometric measurements and 
blood pressure.

UDCA and anthropometric measurements
A meta-analysis including six articles (1510 participants) 
indicated that UDCA supplementation did not have any 
significant effect on body weight (WMD: -0.3 kg, 95% CI: 
-1.3, 0.71, P = 0.561), there was no evidence of heteroge-
neity among studies (I2 = 0%, P = 0.891) (Fig.  2). When 
trials were stratified based on the intervention period 
(≤ 6 months/ >6 months) and the age of participants 
(≤ 40 years/ > 40 years), the impact of UDCA on weight 
remained non-significant (Table 4). The pooled estimate 
(six articles, including 1190 participants) showed a sig-
nificant reduction in BMI following UDCA consumption 
(WMD: -0.29 kg/m2, 95% CI: -0.58, -0.01, P = 0.044), there 
was no evidence of heterogeneity among studies (I2 = 0%, 
P = 0.802) (Fig.  3), which remained significant when the 
mean age of participants was over 40 years (Table 4).

UDCA and blood pressure
Three studies (129 participants) revealed that SBP 
increased in the intervention group compared to the con-
trol group following UDCA supplementation (WMD: 
5.50 mmHg, 95% CI: 3.65, 7.35, P < 0.001), there was 
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no evidence of heterogeneity among studies (I2 = 0%, 
P = 0.574) (Fig.  4); however, a significant decline was 
observed in DBP in comparison to the control group 
(WMD: -2.16 mmHg, 95% CI: -3.66, -0.66, P = 0.005), 
there was no evidence of heterogeneity among studies 
(I2 = 0%, P = 0.530) (Fig. 5).

UDCA and inflammation
Based on the results of two studies [25, 26], no significant 
changes were noted for IL-6 and TNF-α. IL-6 and TNF-α 
were not taken into account for the current meta-analysis 
due to the dearth of accessible data.

Publication bias and sensitivity analysis
The results of Egger’s test indicated no evidence of pub-
lication bias for the weight (P = 0.468), BMI (P = 0.193), 

SBP (P = 0.712), and DBP (P = 0.906), which was in accor-
dance with the visual inspection of funnel plots. To deter-
mine the dependency of pooled effect sizes on any single 
RCT, we eliminated each study at a time and recalculated 
the overall estimates. Sensitivity analysis for weight, BMI, 
SBP, and DBP showed that the overall effect sizes were 
not influenced by the exclusion of included studies.

Discussion
We performed a systematic review and meta-analysis 
to investigate the effects of UDCA supplementation on 
anthropometric measurements, blood pressure, and 
inflammation in adults. In this meta-analysis, we inves-
tigated the effects of UDCA on weight, BMI, SBP, DBP, 
TNF-α, and IL-6. To our knowledge, this is the first sys-
tematic review and meta-analysis to evaluate the effects 

Fig. 1  Flow chart of the number of studies identified and selected into the meta-analysis
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of UDCA on anthropometric measurements, blood pres-
sure, and inflammation in adults. Twelve studies were 
included in the systematic review and 11 of them were 
included in the meta-analysis with 17 arms and 1796 par-
ticipants. These studies suggest that UDCA supplemen-
tation has significant beneficial effects on BMI and DBP. 
According to subgroup analysis, BMI has decreased sig-
nificantly at the age of ≥ 40 years. No substantially signifi-
cant correlations were identified for body weight, TNF-α, 
or IL-6. Additionally, it was found that UDCA consump-
tion caused a significant increment in SBP.

The mechanism of UDCA consumption on BMI and 
blood pressure is unclear, but UDCA may decrease 
weight by activating bile acid receptors, and increasing 
thyroid-stimulating hormone (TSH) and glucagon-like 
peptide-1 (GLP-1) levels [46–49]. In terms of UDCA 
consumption’s influence on blood pressure, there is a 
controversy. Chronic administration of UDCA decreases 
portal pressure through inducible NO synthase (iNOS) 
and thromboxane A2 (TXA2). However, UDCA may 
cause SBP to rise due to fluid retention [50].

UDCA, or ursodiol, a secondary bile acid in humans, 
dissolves cholesterol gallstones [51], which is actually an 
isomer of deoxycholic acid, with well-established thera-
peutic and cytoprotective properties [52–54]. UDCA 
supplementation has various therapeutic properties for 
various and numerous diseases such as antihyperlipid-
emic, antifibrotic, antiproliferative liver protection, and 
weight reduction effects in numerous in vivo and in vitro 
studies [26, 41, 42, 55–58]. According to the study’s find-
ings, UDCA had a significant decrease in BMI compared 
with baseline. The present study’s results align with some 
RCTs that have been done so far [40, 41]. In a double-
blind, placebo-controlled trial, a significant decrease in 
BMI was reported with UDCA supplementation com-
pared to the placebo group. This study examined women 
with a BMI of > 30 and NAFLD. This study showed that 
daily supplementation with 1200  mg of UDCA for 6 
weeks caused a significant reduction in BMI in the group 
treated with UDCA [41]. In our study, subgroup analysis 
showed that the BMI decreased in patients younger than 
40 years old. Thus, it seems that UDCA is more effective 
in younger people in the reduction of BMI. Marks et al. 
showed that the consumption of 1200  mg ursodiol for 
12 weeks was well tolerated by 47 obese patients, with 
an average age of 40.5 years. At the end of this clinical 
trial, ursodiol supplementation decreased the mean BMI 
of the intervention group significantly [40]. In Winston 
et al. study, a significant decrease in body weight was 
observed. In this in vivo study, three doses of ursodiol 
(50, 150, or 450 mg/kg/day) were given for 3 weeks. They 
reported significant weight reduction in animals treated 
with the 50 and 450  mg/kg/day doses of ursodiol [59]. 
Unlike BMI, no significant effect on weight was observed Fi

rs
t A

ut
ho

r 
(y

ea
r)

Lo
ca

tio
n

St
ud

y 
D

es
ig

n
H

ea
lth

 s
ta

tu
s

Se
x

Sa
m

-
pl

e 
si

ze

D
ur

a-
tio

n
(w

ee
k)

M
ea

n 
ag

e 
(y

ea
r)

Ba
se

lin
e 

BM
I 

(k
g/

m
2 )

In
te

rv
en

tio
n 

gr
ou

p
Co

m
pa

ra
to

r g
ro

up
O

ut
co

m
e

12
. A

bo
uz

ei
d 

(2
01

8)
Eg

yp
t a

nd
 

Sa
ud

i A
ra

bi
a

Tw
o-

ce
nt

er
, R

C
T,

 
do

ub
le

-b
lin

d,
 p

ar
al

le
l

Pa
tie

nt
s w

ith
 

Po
st

 la
pa

ro
-

sc
op

ic
 sl

ee
ve

 
ga

st
re

ct
om

y 
(L

SG
)

Bo
th

89
48

38
.3

47
50

0 
m

g/
da

y 
U

D
CA

Pl
ac

eb
o

BM
I

13
. G

ia
nt

ur
co

 
(2

01
3)

Ita
ly

RC
T,

 d
ou

bl
e-

bl
in

d,
 

pa
ra

lle
l

N
AF

LD
Bo

th
93

48
61

.5
29

.5
30

0 
m

g/
da

y 
U

D
CA

Pl
ac

eb
o

BM
I/S

BP
/

D
BP

14
. M

én
de

z-
Sá

nc
he

z 
(2

00
4)

M
ex

ic
o

RC
T,

 d
ou

bl
e-

bl
in

d,
 

pa
ra

lle
l

N
AF

LD
Fe

m
al

e
23

6
38

.7
5

33
.7

5
12

00
 m

g/
da

y 
U

D
CA

Pl
ac

eb
o

BM
I

15
. S

ch
ie

de
rm

ai
er

 
(2

00
0)

G
er

m
an

y,
RC

T,
 d

ou
bl

e-
bl

in
d,

 
cr

os
s-

ov
er

H
ea

lth
y

Bo
th

20
4

28
.5

N
ot

 re
po

rt
ed

75
0 

m
g/

da
y 

U
D

CA
Pl

ac
eb

o
SB

P/
D

BP

16
. v

on
 H

ae
hl

in
g 

(2
01

2)
U

ni
te

d 
Ki

ng
do

m
RC

T,
 d

ou
bl

e-
bl

in
d,

 
cr

os
s-

ov
er

Ch
ro

ni
c 

he
ar

t 
fa

ilu
re

 (C
H

F)
M

al
e

16
4

65
.7

5
29

.1
10

00
 m

g/
da

y 
U

D
CA

Pl
ac

eb
o

SB
P/

D
BP

/IL
-6

/
TN

F-
α

17
. B

al
m

er
 

(2
00

19
)

Sw
itz

er
la

nd
RC

T,
 d

ou
bl

e-
bl

in
d,

 
pa

ra
lle

l
N

AS
H

Bo
th

27
96

46
.5

30
.5

12
–1

5 
m

g/
kg

/d
ay

 U
D

CA
Pl

ac
eb

o
IL

-6
/

TN
F-

α

Ta
bl

e 
3 

(c
on

tin
ue

d)

 



Page 8 of 14Rashidbeygi et al. BMC Cardiovascular Disorders          (2025) 25:125 

in the current study. This discrepancy in findings may 
be explained by the different studies included for weight 
and BMI. Among the included studies, some reported 
data only for weight and some only for BMI. Therefore, 
the analysed studies were not the same for weight and 
BMI and consequently, we observed a significant effect 
for BMI, but the result was not significant for weight. 
The different nature of weight and BMI may also partially 
explain this discrepancy. Weight is a direct measurement 

of mass, while BMI is a calculated value that takes into 
account height and weight. BMI is calculated using the 
formula: BMI = weight (kg)/(height (m)2. Therefore, two 
participants with the same weight but different heights 
will have different BMIs. This means that variations in 
weight can lead to different BMI values.

The mechanism of weight loss caused by ursodiol 
administration is probably due to the effect of bile acids 
on G protein-coupled bile acid receptor 1 (GPBAR1) 

Table 4  Subgroup analysis of included randomized controlled trials in meta-analysis of the effect of ursodeoxycholic acid on weight 
and BMI
Group No. of effect size WMD (95% CI) P value I2 (%) P-heterogeneity P for between subgroup heterogeneity
Weight
Pooled effect size 11 -0.30 (-1.30, 0.71) 0.561 0.0 0.891 -
Duration (month) 0.135
  ≤ 6 7 -1.13 (-2.61, 0.35) 0.136 0.0 0.933
  > 6 4 0.41 (-0.96, 1.77) 0.559 0.0 0.822
Mean age 0.486
  ≤ 40 6 -0.86 (-2.73, 1.01) 0.369 0.0 0.604
  > 40 5 -0.07 (-1.26, 1.12) 0.907 0.0 0.927
BMI
Pooled effect size 8 -0.29 (-0.58, -0.01) 0.044 0.0 0.802 -
Duration (month) 0.986
  ≤ 6 5 -0.29 (-0.77, 0.19) 0.238 0.0 0.967
  > 6 3 -0.29 (-0.65, 0.06) 0.103 38.4 0.197
Mean age 0.742
  ≤ 40 3 -0.18 (-0.90, 0.54) 0.625 0.0 0.678
  > 40 5 -0.31 (-0.62, -0.00) 0.048 0.0 0.572
Abbreviations: BMI, Body mass index; WMD, Weight mean difference

Fig. 2  Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of ursodeoxycholic acid on weight
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and Takeda G protein-coupled receptor 5 (TGR5), bile 
acid-activated receptors, and stimulating the increase in 
conversion of thyroxine into thyroid hormone [48, 49]. 
This increase in the levels of the thyroid hormone 4 (T4) 
causes an increase in the level of energy consumption in 
people [46]. TGR5 plays a role in regulating functions 
such as thermogenesis and resting energy expenditure 
(REE) [47, 60]. It is activated in adipose tissue and skel-
etal muscle mass and increases the conversion of thyroid 

hormones from inactive form to active form by the iodo-
thyronine deiodinase enzyme, which increases REE [46]. 
Another effective mechanism for body weight changes 
is related to another bile acid receptor, the farnesoid 
X receptor (FXR), which causes a change in the meta-
bolic response of people by regulating the metabolism 
of glucose, insulin, and lipids [47, 60, 61]. Bile acids can 
increase the secretion of fibroblast growth factor 19 
(FGF19), which activates the FXR, inhibits lipogenesis, 

Fig. 4  Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of ursodeoxycholic acid on SBP

 

Fig. 3  Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of ursodeoxycholic acid on BMI
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and increases the oxidation of fats in the liver (the FXR-
FGF pathway) [62, 63]. FXR controls the expression of 
different genes, which reduce the hepatic synthesis of 
different fats [46]. Moreover, TSH, GLP-1 secretion, and 
FGF are targets of bile acid receptors, including TGR5 
and FXR [48, 61, 63]. Another mechanism that may play 
a role in body weight changes is probably the microbi-
ome population of the gastrointestinal (GI) tract [59]. 
The ursodiol supplementation can change the microbiota 
community structure and GI ecosystem [59]. Several pre-
vious studies have shown that some types of bacteria are 
associated with adiposity, overweight, and obesity [64, 
65]. For example, Parabacteroides distasonis can increase 
the secretion of secondary bile acids and control weight 
gain by controlling intestinal gluconeogenesis and the 
FXR-FGF15 pathway [62]. Indeed, Obesity causes detri-
mental changes in white adipose tissue, which can result 
in metabolic dysfunction [66, 67]. As well as weight and 
birth weight are associated with cardiometabolic risk in 
childhood and adolescence [68].

In this meta-analysis, UDCA increased the SBP, 
which was mainly affected by the Gianturco et al. study 
[37] because the weight% of this study was high. It also 
reduced DBP, which is the reason for the high weight% 
of the Gianturco study [37]. In the trial of Gianturco and 
colleagues, a significant decrease in DBP and a significant 
increase in SBP were reported with UDCA supplemen-
tation. This study demonstrated that UDCA supplemen-
tation reduced DBP in adults. Based on the obtained 
results, it can be stated that UDCA can be suitable for 
decreasing DBP in patients with metabolic syndrome; 
however, it increases SBP in patients with metabolic 
syndrome. In our meta-analysis, the finding that UDCA 

decreases DBP but increases SBP may be influenced by 
multiple factors. Publication bias could skew the results 
if studies showing significant effects are more likely to 
be published, while neutral or conflicting data might be 
underreported. Also, confounding factors such as the 
use of other medications or the presence of comorbidi-
ties (e.g., cardiovascular or liver disease) could influence 
blood pressure differently. Moreover, fluid retention 
caused by UDCA could raise SBP through increased 
blood volume. Additionally, changes in metabolic or 
inflammatory pathways may also contribute to these con-
trasting effects.

Yang et al. showed the decreasing effect of chronic 
administration of UDCA on portal pressure, transform-
ing growth factor-β1 (TGF-β1), iNOS, and TXA2 in rats 
with biliary cirrhosis [50]. The mechanism of action of 
UDCA could be due to its antioxidant property, which 
causes the reduction of portal pressure by increasing the 
antioxidant defense [50]. Also, in another in vitro study, 
the administration of 70 mg/kg/day of UDCA in C57Bl6 
wild-type mice caused a decrease in blood pressure after 
24 weeks due to the reduction of the angiotensin II level 
[69]. Similar to our results, Schiegermaier et al. showed 
that the consumption of 750 mg/d of UDCA for 4 weeks 
was well tolerated by 20 healthy volunteers and caused 
a mild decrease in DBP due to the impact on vascular 
smooth muscles [45].

In contrast to our results, Berzigotti et al. showed that 
the consumption of the NCX-1000 derivative of UDCA 
for 16 days in animal models of cirrhosis caused a sig-
nificant reduction of SBP due to a vasodilatory effect on 
intrahepatic circulation. There was no significant effect 
on DBP [70]. Bile acids have vasodilation properties. Bile 

Fig. 5  Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of ursodeoxycholic acid on DBP
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acids have receptors in vascular muscle cells, includ-
ing the X receptor and TGR5, which play an important 
role in lowering systemic and portal blood pressure [71]. 
Also, in another trial, the administration of UDCA for 6 
months prevented hypertension in wild-type mice main-
tained on a high-fat and high-fructose diet [72].

The present systematic review and meta-analysis indi-
cated that there were no significant effects on TNF-α and 
IL-6 concentrations in adults by consuming the UDCA. 
There were no consistent results about the UDCA effects 
on inflammatory biomarkers. Inflammation is a central 
factor in the development of hypertension and is closely 
linked to variations in blood pressure [73]. Evidence 
showed that inflammation triggers early microvascular 
dysfunction in atherosclerotic lesions [74]. We did not 
observe any significant effect on inflammatory biomark-
ers. Similar to this meta-analysis, Balmer et al. did not 
report the overall favorable effect of UDCA on TNF-α 
and IL-6 [25]. In an RCT by Balmer et al. on 14 patients 
treated with 12–15 mg/kg/day UDCA, 14 patients treated 
with 12–15 mg/kg/day UDCA plus 400 IU vitamin E, and 
13 patients received a placebo, there was no significant 
association between UDCA intake and inflammatory 
markers including TNF-a, monocyte chemoattractant 
protein-1 (MCP-1), IL-6, and IL-8 [25]. Oh et al. showed 
a trend for decreasing TNF-α and IL-6 after UDCA sup-
plementation in mice with UDCA supplementation for 
25 weeks [75]. However, the reduction of TNF-α mRNA 
levels was not significant in female mouse hepatocytes 
[75]. In this study, there was no change in phosphorylated 
nuclear factor kappa-light chain enhancer of activated 
B cells (NF-κB) and IκBα levels in mice, but there was a 
decrease in hepatic phospho-JNK [75]. Moreover, UDCA 
can reduce inflammation through three possible mecha-
nisms including NF-κB/TNF-α, Bax/Bcl-xl/Caspase-3, 
and eNOS/iNOS signaling pathways [76]. However, there 
are no consistent results in different studies about the 
effects of UDCA supplementation on different inflam-
matory biomarkers. We did not observe any improve-
ment effect on inflammation. This effect is likely because 
prior studies involved more intense inflammatory condi-
tions like cancer, whereas our patients, who were healthy 
or had metabolic syndrome, had a low chronic level of 
inflammation. Additionally, these inconsistent results 
may be due to differences in study design, methodolo-
gies, the dose and duration of the intervention, charac-
teristics of the sample populations, or the presence of 
confounding factors. Future studies with larger sample 
sizes conducted over a longer duration will be essential to 
validate these findings. Also, research could explore the 
potential underlying mechanisms, particularly the role of 
bile acid receptors, the autonomic nervous system, and 
fluid balance. Additionally, subgroup analyses can help 
understand how factors like pre-existing conditions and 

medications affect outcomes, while RCTs specifically 
focused on cardiometabolic risk factors as a primary out-
come are needed for more definitive conclusions.

This study has some limitations. Different labora-
tory kits have been used to measure desired outcomes. 
Most of the included studies in this systematic review 
and meta-analysis were conducted in Europe. So, these 
results might not fully translate to other individuals living 
in different areas and regions. In our study, there was no 
evidence of statistical heterogeneity among studies. How-
ever, there were differences between studies in terms of 
methodology and clinical factors. Therefore, to address 
these issues, we used subgroup analysis in addition to 
the random effects model. There was no evidence of 
heterogeneity between subgroups in subgroup analyses 
stratified by study characteristics including duration of 
intervention and age. However, a non-significant P value 
for the Q statistic and an I2 estimate of 0% should not be 
interpreted as the absence of heterogeneity. Therefore, 
the results of the subgroup analysis should be interpreted 
with caution. Also, the other limitations of the study are 
potential biases in the included studies, heterogeneity 
among study populations, and short follow-up periods. 
Another limitation of this study is the absence of data 
on “hard outcomes.” Also, the use of a meta-analysis to 
evaluate “tertiary” outcomes in CVD represents a sub-
stantial limitation. Lastly, the influence of UDCA on BMI 
and hypertension should be evaluated alongside other 
confounding factors such as the effects of additional 
medications and the presence of other underlying health 
conditions. Due to all these limitations, more long-term, 
well-designed, and rigorous RCTs are needed to confirm 
the role of UDCA as a human therapeutic strategy.

This study has some advantages. This is a comprehen-
sive systematic review and meta-analysis that includes all 
RCTs. We did not set any limitations in terms of dates or 
language. We used a standardized methodology in this 
study, which is an important strength. Due to the exist-
ing heterogeneity, we performed subgroup analysis to 
find the exact impact of UDCA with the reduction in 
heterogeneity.

Conclusion
In adults, UDCA supplementation may improve BMI 
and DBP; however, it might increase SBP with no effect 
on weight or inflammation, according to this compre-
hensive review and meta-analysis. These findings could 
significantly influence future research directions and sup-
port the creation of comprehensive guidelines for UCDA 
use in managing CVD, especially in areas where there are 
substantial evidence gaps or where the existing data is 
inconclusive. UDCA may help manage cardiometabolic 
risk factors in patients with metabolic syndrome and liver 
diseases. Additionally, its positive effects on BMI can 
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benefit overall metabolic health. As such, UDCA could 
be integrated into a comprehensive treatment strategy 
alongside lifestyle modifications and other pharmacologi-
cal interventions. Further research is needed to optimize 
its use in clinical practice.
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