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Abstract

concentrations.

Objective: The aim of this meta-analysis of randomized placebo-controlled trials was to examine whether
ursodeoxycholic acid treatment is an effective lipid-lowering agent.

Methods: PubMed-Medline, SCOPUS, Web of Science and Google Scholar databases were searched in order to find
randomized controlled trials evaluating the effect of ursodeoxycholic acid on lipid profile. A random-effect model
and the generic inverse variance weighting method were used for quantitative data synthesis. Sensitivity analysis
was conducted using the leave-one-out method. A random-effects meta-regression model was performed to
explore the association between potential confounders and the estimated effect size on plasma lipid

Results: Meta-analysis of 20 treatment arms revealed a significant reduction of total cholesterol following
ursodeoxycholic acid treatment (WMD: — 13.85 mg/dL, 95% Cl: -21.45, —6.25, p < 0.001). Nonetheless, LDL-C (WMD:
-6.66 mg/dL, 95% Cl: -13.99, 0.67, p = 0.075), triglycerides (WMD: — 1.42 mg/dL, 95% Cl: -7.51, 467, p = 0.648) and
HDL-C (WMD: -0.18 mg/dL, 95% Cl: -5.23, 4.87, p = 0.944) were not found to be significantly altered by
ursodeoxycholic acid administration. In the subgroup of patients with primary biliary cirrhosis, ursodeoxycholic acid
reduced total cholesterol (WMD: — 29.86 mg/dL, 95% Cl: -47.39, —12.33, p=0.001) and LDL-C (WMD: -37.27 mg/dL,
95% Cl: -54.16, — 20.38, p < 0.001) concentrations without affecting TG and HDL-C.

Conclusion: This meta-analysis suggests that ursodeoxycholic acid therapy might be associated with significant
total cholesterol lowering particularly in patients with primary biliary cirrhosis.
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Introduction

The global prevalence of hypercholesterolemia among
adults is still increased [1]. Abnormal lipid levels, fre-
quently accompanied by central obesity, high blood
pressure and type 2 diabetes, have been clearly identified
as a major risk factor for cardiovascular disease [2].
Moreover, the high prevalence of overweight and obesity
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have led to the increase in lipid disorders [3]. Given that
pharmacological treatment may be insufficient to
achieve the recommended goals for lipid concentrations,
alternative lipid-lowering therapies are needed to reduce
the risk of atherosclerotic cardiovascular disease [4—12].
Ursodeoxycholic acid is a primary bile acid formed in
the human liver [13, 14]. This hydrophilic molecule has
a low toxicity and is usually used at a pharmacological
dose of 10-15 mg/kg/day [14, 15]. Ursodeoxycholic acid
is widely prescribed in the treatment of several chole-
static liver diseases such as cholesterol-gallstone dissol-
ution, primary biliary cirrhosis and cholestasis of

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12944-019-1041-4&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:amir_saheb2000@yahoo.com

Simental-Mendia et al. Lipids in Health and Disease (2019) 18:88

pregnancy [16, 17]. Evidence suggests that the thera-
peutic effects of ursodeoxycholic acid are explained by
an increased hydrophilicity index of the bile acid pool,
stimulation of hepatocellular and ductular secretions,
cytoprotection against bile acid and cytokine-induced in-
jury, immunomodulation and anti-inflammatory effects
[17]. Additionally, some clinical trials have observed a
significant decrease in total cholesterol levels after urso-
deoxycholic acid treatment [18-20]; however, other
studies found no beneficial effect of this bile acid on
lipid metabolism [21-23]. Thus, the lipid-lowering activ-
ity of ursodeoxycholic acid is currently uncertain and re-
mains to be elucidated. Therefore, the present
meta-analysis of randomized placebo-controlled trials
aimed to examine whether ursodeoxycholic acid treat-
ment is an effective lipid-lowering agent.

Materials and methods

Search strategy

This study was designed according to the guidelines of
the 2009 preferred reporting items for systematic re-
views and meta-analysis (PRISMA) statement [24]. In
order to find randomized controlled trials evaluating the
effect of wursodeoxycholic acid on lipid profile,
PubMed-Medline, SCOPUS, Web of Science and Google
Scholar databases were searched using the following
search terms within titles and abstracts (also in combin-
ation with MESH terms): (ursodeoxycholic acid) AND
(cholesterol OR “low-density lipoprotein” OR LDL OR
LDL-C OR LDL-cholesterol OR “high-density lipopro-
tein” OR HDL-cholesterol OR HDL-C OR triglyceride
OR hyperlipidemia OR hyperlipidemic OR dyslipidemia
OR dyslipidemic OR lipid OR lipoprotein). The
wild-card term “*” was used to increase the sensitivity of
the search strategy. The search was limited to articles
published in English language. The literature was
searched from inception to June 06, 2018.

Study selection

Original studies were included if they met the following
inclusion criteria: (1) being a randomized placebo-con-
trolled trial with either parallel or cross-over design, (2)
evaluating the effect of ursodeoxycholic acid on plasma/
serum concentrations of lipids, and, (3) presentation of
sufficient information on lipid concentrations at baseline
and at the end of follow-up in each group or providing
the net change values. Exclusion criteria were: (1)
non-interventional trials, (2) lack of a placebo group for
ursodeoxycholic acid treatment, (3) observational studies
with case-control, cross-sectional or cohort design, and
(4) lack of sufficient information on baseline or
follow-up (or net change) lipid concentrations.
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Data extraction

Eligible studies were reviewed and the following data
were abstracted: 1) first author’s name; 2) year of publi-
cation; 3) study design; 4) number of participants in the
intervention and placebo groups; 5) dose and duration
of treatment with ursodeoxycholic acid; 6) age, gender
and body mass index (BMI) of study participants; and 7)
circulating concentrations of lipids.

Quality assessment

A systematic assessment of bias in the included random-
ized placebo-controlled clinical trials was performed
using the Cochrane criteria [25]. The items used for the
assessment of each study were as follows: adequacy of
random sequence generation, allocation concealment,
blinding of participants, personnel, outcome assessment,
not addressing dropouts (incomplete outcome data), se-
lective outcome reporting, and other potential sources of
bias. According to the recommendations of the
Cochrane Handbook, a judgment of “yes” indicated low
risk of bias, while “no” indicated high risk of bias. Label-
ing an item as “unclear” indicated an unclear or un-
known risk of bias.

Quantitative data synthesis

Meta-analysis was conducted using Comprehensive
Meta-Analysis (CMA) V2 software (Biostat, NJ) [26]. Ef-
fect size was calculated as: (measure at the end of
follow-up in the treatment group — measure at baseline
in the treatment group)- (measure at the end of
follow-up in the control group — measure at baseline in
the control group). A random-effect model (using
DerSimonian-Laird method) and the generic inverse
variance weighting method were used to compensate for
the heterogeneity of studies in terms of study design,
treatment duration, and the characteristics of popula-
tions being studied [27]. All units were collated as mg/
dL. Standard deviations (SDs) of the mean difference
were calculated using the following formula: SD = square
root [(Sl)pre»treatment)2 + (SDpost-treatment)2 - (2R X SDpre--
treatment X SDpost-treatment)], assuming a correlation coeffi-
cient (R)=0.5. Effect sizes were expressed as weighted
mean difference (WMD) and 95% confidence interval
(CI). Inter-study heterogeneity was quantitatively
assessed using the I index. In order to evaluate the in-
fluence of each study on the overall effect size, a sensi-
tivity analysis was conducted using the leave-one-out
method (i.e., removing one study each time and repeat-
ing the analysis) [28-30].

Meta-regression
As a potential confounder of treatment response, treat-
ment duration was entered into a random-effects
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meta-regression model to explore their association with
the estimated effect size on plasma lipid concentrations.

Publication bias

Evaluation of funnel plot, Begg’s rank correlation and
Egger’s weighted regression tests were employed to as-
sess the presence of publication bias in the
meta-analysis. When there was an evidence of funnel
plot asymmetry, potentially missing studies were im-
puted using the “trim and fill” method [31].

Results

Flow of study selection

Our initial search identified 795 published trials. After
screening of titles and abstracts, 661 studies were ex-
cluded. Of these, 103 studies excluded for not meeting
the inclusion criteria. Subsequently, 31 full-text articles
were carefully reviewed for eligibility and 16 clinical tri-
als were excluded for having no control group (n=3),
not presenting numerical values (7 = 3), incomplete data
on lipid parameters (1 =8), and treatment duration <1
month (n=2). Finally, 15 studies were selected and in-
cluded in the present meta-analysis. The detailed study
selection process is presented in Fig. 1.

Characteristics of included studies
Data were pooled from 15 randomized placebo-controlled
trials comprising a total 1370 subjects, including 735 and
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635 participants in the intervention and placebo arms, re-
spectively. Included studies were published between 1977
and 2013. The clinical trials used different doses of urso-
deoxycholic acid. The range of treatment duration was
from 1 month [32, 33] to 2 years [18, 20, 23, 34—36]. Study
design of included trials was parallel and cross-over. Se-
lected studies enrolled subjects with primary biliary cir-
rhosis [18, 20, 21, 34-38], primary hypercholesterolemia
[22], hypertriglyceridemia [32], gallstones [23, 37], nonal-
coholic fatty liver disease (NAFLD) [19, 39], nonalcoholic
steatohepatitis (NASH) [40], and healthy volunteers [33].
Characteristics of the included clinical trials are shown in
Table 1.

Risk of bias assessment

According to the Cochrane criteria, most of included
studies showed insufficient information about ran-
dom sequence generation and one study had a high
risk of bias [38]. With respect to allocation conceal-
ment, several trials exhibited limited information.
Regarding blinding of participants, personnel and
outcome assessors, several studies revealed lack of
information and one trial presented high risk of bias
[33]. Finally, all the evaluated trials had low risk of
bias for incomplete outcome data and selective out-
come reporting. Details for the risk of bias assess-
ment is presented in Table 2.
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Fig. 1 Flow chart of the number of studies identified and included in this meta-analysis
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Table 2 Quality of bias assessment of the included studies according to the Cochrane guidelines

Study Sequence Allocation Blinding of participants,  Incomplete Selective outcome  Other sources
generation  concealment  personnel and outcome data  reporting of bias
outcome assessors
Balan et al. (1994) [18] U U L L L U
Battezzati et al. (1993) [21] L L L L L L
Braga et al. (2009) [22] U U U L L U
Carulli et al. (1981) [32] U u U L L U
Fromm et al. (1983) [23] U U U L L U
Gianturco et al. (2013) [39] L L U L L U
Leuschner et al. (2010) [40] U U U L L U
Lindenthal et al. (2002) [33] U U H L L U
Méndez-Sanchez et al. (2004) [19] L L U L L U
Miettinen et al. (1995) [20] U U U L L U
Nakagawa et al. (1977) [37] U L L L L U
Parés et al. (2000) [34] U L L L L U
Poupon et al. (1990) [35] U U U L L U
Poupon et al. (1993) [38] H U U L L U
Vuoristo et al. (1995) [36] U u U L L U

L low risk of bias, H high risk of bias, U unclear risk of bias

Effect of ursodeoxycholic acid on lipids

Meta-analysis of 20 treatment arms revealed a significant
reduction of total cholesterol following ursodeoxycholic
acid treatment (WMD: - 13.85 mg/dL, 95% CI: -21.45, -
6.25, p <0.001). This effect size was robust in the sensi-
tivity analysis (Figs. 2 and 3). Nonetheless, other lipid in-
dices including LDL-C (WMD: -6.66 mg/dL, 95% CI:
-13.99, 0.67, p=0.075), TG (WMD: -1.42mg/dL, 95%
CL -7.51, 4.67, p = 0.648) and HDL-C (WMD: -0.18 mg/
dL, 95% CI: -5.23, 4.87, p = 0.944) were not found to be
significantly altered by ursodeoxycholic acid administra-
tion (Figs. 2 and 3).

In patients with primary biliary cirrhosis, ursodeoxy-
cholic acid reduced total cholesterol (WMD: - 29.86 mg/
dL, 95% CIL. -47.39, -12.33, p=0.001) and LDL-C
(WMD: -37.27 mg/dL, 95% CI: -54.16, — 20.38, p < 0.001)
concentrations without affecting TG (WMD: 11.24 mg/
dL, 95% CI: -1.15, 23.62, p = 0.075) and HDL-C (WMD:
-3.27 mg/dL, 95% CI. -8.75, 2.22, p=0.243) levels
(Fig. 4).

Meta-regression

Meta-regression analysis revealed that the effects of
ursodeoxycholic acid on total cholesterol (slope: — 1.51;
p<0.001), LDL-C (slope: —1.97; p=0.001) and TG
(slope: 1.38; p =0.004) but not HDL-C (slope: - 0.23; p
=0.482) concentrations were associated with treatment
duration (Fig. 5).

Publication bias

Publication bias assessment revealed asymmetric funnel
plots and evidence suggestive of bias. This asymmetry
was corrected by imputing potentially missing studies
using “trim and fill” method (Fig. 6). Egger’s regression
test suggested the presence of publication bias in the
meta-analyses of total cholesterol (p =0.008), LDL-C (p
=0.003) and HDL-C (p = 0.026). Begg’s rank correlation
test suggested the presence of publication bias only in
the meta-analysis of LDL-C (p = 0.024).

Discussion

The present meta-analysis of  randomized
placebo-controlled trials examined whether ursodeoxy-
cholic acid treatment might be an effective
lipid-lowering agent. Indeed, this meta-analysis revealed
a significant reduction in total cholesterol levels follow-
ing ursodeoxycholic acid therapy (-13.85mg/dL), but
the rest of parameters of lipid profile were not signifi-
cantly changed.

In consistency with our findings, several clinical trials
have found a significant reduction in total cholesterol
concentrations after ursodeoxycholic acid administration
[18, 19, 39, 40]; however, the potential mechanisms in-
volved in the cholesterol-lowering effects of this bile acid
have not been clarified. In this regard, it has been pro-
posed that ursodeoxycholic acid may decrease the chol-
esterol biosynthesis by reducing the activity of
hydroxymethylglutaryl-coenzime A reductase [41, 42].
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P
Stu Difference in means and 96% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Balan 1994 -61.100 8.906 79.320 -78.556 -43644 -6.860 0.000 -
Battezzati 1993 5.000 17.726 314205 -29.742 39742 0.282 0778
Braga 2009 2800 5212 27166 -7.416 13016 0537 0591
Conut 19816 200 w0 st sus  ass oes 04
Canut 19815 Geoo w0 touss  7oss  sras 045 osor
Fromn 196% w00 272 Stsem  uosts  sias 427 000 —
Fromm 1983b -28.000 27944 780.875 -82.770 26770 -1.002 0316
Giaturco 20138 0000 17 sws 4w sa om0 100
Gianturco 2013b 1.000 1617 2616 -2170 4170 0618 0536
Leuschner 2010 3.000 15.704 246615 -27.779 33779 0.191 0848 R
Lindenthal 2002a 2000 9121 83200 -19.678 15878 0219 0828 ——
Lindenthal 2002b -2.000 10911 119.050 -23.385 19.385 -0.183 0.855 —
Méndez-Sanchez 2004 -18.000 13049 170.268 -43575 7575 -1.379 0168 ——
Miettinen 1995 -27.000 20894 436 545 -67.951 13951 -1.202 0.196 ————]
Nakagawa 1977a 0.000 16.081 258603 31518 31518 0.000 1.000 s
Nakagawa 1977b -9.000 15.935 253928 -40.232 22232 -0.565 0572 —
Pares 2000 -21.000 10.783 116.264 42133 0133 -1.948 0.051 —a—
Poupon 1990 31.000 11.396 129.873 53.336 8.664 -2.720 0.007 ——
Poupon 1993 -33.000 18584 345353 -69.423 3423 -1.776 0.076
Vuoristo 1995 24.000 24538 602.112 -72.094 24,004 0.978 0328
13852 3879 15045 21454 6250 3571 0.000 S
-160.00 -75.00 0.00 76.00 1560.00
Favours UDCA Favours Control
Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance  limit limit ~ Z-Value p-Value
Braga 2009 -1.900 4.247 18.040 -10.225 6.425 -0.447 0.655
Gianturco 2013a -1.000 2211 4.887 -5.333 3333 -0.452 0.651
Gianturco 2013b 0.000 1.856 3.446 -3639 3.639 0.000 1.000
Miettinen 1995 -27.000 13.246 175.455 -52.962 -1.038 -2.038 0.042 1
Poupon 1993 -44.000 14.648 214.578 -72.711 -15.289 -3.004 0.003 ——
Vuoristo 1995 -46.000 17.929 321.439 -81.140 -10.860 -2.566 0.010 —_——
-6.658 3742 13.999 -13.991 0675 -1.779 0.075
-100.00 -50.00 0.00 50.00 100.00
Favours UDCA Favours Control
Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance  limit limit ~ Z-Value p-Value
Balan 1994 0.700 3.555 12639 -6.268 7.668 0.197  0.844
Battezzati 1993 -6.000 7.428 55.182 -20.559 8.559 -0.808 0.419
Braga 2009 2.000 2071 4289 -2059 6.059 0966 0.334
Carulli 1981a -2.000 10.704 114.578 -22.980 18.980 -0.187  0.852
Carulli 1981b -4.000 10.704 114.578 -24.980 16.980 -0.374 0.709
Gianturco 2013a 0.000 1.632 2665 -3.199 3.199  0.000 1.000
Gianturco 2013b 10.000 1.069 1.142 7905 12.095 9.357 0.000 .
Miettinen 1995 -21.000 10.775 116.091 -42.118 0.118 -1.949  0.051
Poupon 1993 -3.000 6.381 40.718 -15.507 9.507 -0.470 0.638
Vuoristo 1995 -7.000 7638 58.342 -21.971 7.971 -0916 0.359
-0.181 2575 6.633 -5228 4.867 -0.070 0.944
-100.00 -50.00 0.00 50.00 100.00
Favours Control Favours UDCA
Study name Statistics for each stu Difference in means and 95% CI
Difference  Standard ower Upper
in means error  Variance limit limit  Z-Value p-Value
Balan 1994 12.390 8.584 73690 -4.435 20215 1.443 0.149 -
Braga 2009 -3.900 12.278 150.751 -27.965 20.165 -0.318 0.751 ——
Carulli 1981a -40.000 29670 880.327 -98.153 18.153 -1.348 0.178
Carulli 1981b -47.000 29670 880.327-105.153 11.153 -1.584 0.113
Fromm 1983a -18.000 70.641 4990.203 -156.455 120.456 -0.255  0.799
Fromm 1983b -8.000 83.014 6891.313 -170.704 154.704 -0.096 0.923
Gianturco 2013a -2.000 2.042 4170 -6.002 2002 -0.979 0.327
Gianturco 2013b 0.000 2.508 6.288 -4.915 4.915 0.000 1.000
Leuschner 2010 -1.000 15.546 241669 -31.469 29469 -0.064 0.949
Nakagawa 1977a  -52.000 21.774 474.111 -94676 -9.324 -2.388 0.017 e
Nakagawa 1977b  -59.000 28.384 805.651-114.632 -3.368 -2.079 0.038 e ——
Poupon 1993 11.000 14.148 200.172 -16.730 38.730 0.777 0.437
Vuoristo 1995 9.000 12424 154.358 -15.351 33.351 0.724  0.469
-1.419 3.108 9658 -7.510 4.672 -0.457 0.648
-200.00 -100.00 0.00 100.00 200.00
Favours UDCA Favours Control
Fig. 2 Forest plot displaying the weighted mean difference and 95% confidence intervals for the impact of treatment with UDCA on lipid indices

Also, ursodeoxycholic acid decreases the dietary choles-
terol absorption lowering serum cholesterol levels [43].
Additionally, it has been proven that the administration
of ursodeoxycholic improves hepatic function through
increasing the synthesis of bille acid, cholesterol and
steatosis, and decreasing the activity of farnesoid X re-
ceptor (FXR) [44].

Experimental data suggested that ursodeoxycholic acid
has also the ability to protect the cholangiocytes against
hydrophobic bile acids by simultaneous decrease of the
concentration of hydrophobic bile and reduction of the
bile acid cytotoxicity [45]. Besides, it has been reported
that this pharmacological agent increases hepatic LDL
uptake through a direct interaction with the LDL
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p
Study name _Statistics with study removed __Difference in means (96% CI) with study removed
Standard Lower Upper
Point. error Variance limit limit Z-Value p-Value
Balan 1994 6978 2917 8862 -12.813 ~1.143 2344 0.019 -
Battezzati 1993 14576 3972 15777 22361 6791 3670 0,000 —
Braga 2000 15874 4205 17680 24115 7633 3775 0000 ——
Caruli 1981a 13775 3917 15346 2145 6007 3516 0000 —-
Caruli 1981b 13,881 3921 15374 2156 6176 353 0,000 —
Fromm 1983a -11.354 3617 13.081 -18.443 -4.265 -3.139 0.002 ——
Fromm 1983 -13.626 3917 15344 21304 5949 3479 0.001 —-
Gianturco 2013a 17.208 5.400 29.156 27.791 6625 3.187 0.001 o —
Gianturco 2013b -17.256 5345 28.564 -27.731 -6.781 3229 0.001 R
Leuschner 2010 14,625 3988 15908 22,442 6.808 3667 0.000 —-
Lindenthal 2002a 14.886 4.081 16.657 22885 -6.887 3647 0.000 ——
Lindenthal 2002b -14.722 4048 16.383 -22655 -6.789 -3.637 0.000 —
Méndez-Sanchez 2004 -13.649 3989 15.908 -21.466 -5.831 -3.422 0.001 —.—
Miettinen 1995 13.489 3.930 15.446 21.192 5.786 3.432 0.001 —
Nakagawa 1977a -14.482 3987 15.893 22,205 6,668 3633 0.000 ——
Nakagawa 1977b -14.110 3984 15.873 -21.919 -6.301 -3541 0.000 +
Pares 2000 13351 3990 15920 21171 5531 3346 0.001 ——
Poupon 1990 12609 3915 15.320 20283 4936 3221 0.001 ——
Poupon 1993 13174 3917 15.346 20852 -5.496 -3363 0,001 e
Vuoristo 1995 13,655 3928 15425 21353 5958 3477 0.001 ——
-13.852 3879 15.045 -21.454 -6.250 3571 0.000 -
-60.00 -26.00 0.00 26.00 60.00
Favours UDCA Favours Control
Study name Statistics with study removed Difference in means (95% Cl) with study removed
standara Lower  Upper
Point error Variance limit limit ZValue  p-Value
Braga 2009 -9.651 4823 23264 -19.105 -0.198 -2.001 0.045
Gemo20a 14570 66 4% 215 s 210 oo
Gianturco 2013b -14.849 6.588 43396 -27.760 -1.938 -2.254 0.024
Miettinen 1995 -4728 3.586 12.860 -11.757 2300 -1318 0.187
Poupon 1993 -3.081 2910 8465 -8.783 2622 -1.059 0.290
Voiso1995 405 s219 foser 033 2284 257 020
-6.658 3742 13.999 -13.991 0675 -1.779 0.075
-50.00 -25.00 0.00 25.00 50.00
Favours UpcA Favours Control
Study name Statistics with study removed Difference in means (95% Cl) with study removed
Standard Lower Upper
Point error Variance limit. limit. Z-Value p-Value
Balan 1994 -0.455 2851 8127 -6.042 5133 -0.159 0873
Battezzati 1993 0289 2662 7.089 4.929 5.507 0.108 0914
Braga 2009 -1.021 3.080 9.489 -7.058 5017 -0.331 0740
Caruli 1981a -0.133 2658 7.062 -5.342 5.076 -0.050 0.960
Carulli 1981b -0.030 2650 7.025 5224 5.165 -0.011 0.991
Ganrco2013a 0449 20 suz e sus  om  osm
Gianturco 2013b -0.018 1.137 1293 -2.2471 2211 -0.016 0.987
Miettinen 1995 0.897 2517 6.333 4.035 5829 0.356 0722
Poupon 1993 0.064 2706 7323 -5.240 5.368 0.024 0.981
Voorsto 1995 0350 26 7ms  amw  ss ome  0sw
-0.181 2575 6633 -5.228 4867 -0.070 0944
-50.00 -25.00 0.00 25.00 50.00
Favours Control Favours UDCA
Study name Statistics with study removed Difference in means (95% Cl) with study removed
Standard Lower  Upper
Point error Variance limit limit Z-Value p-Value
Balan 1994 -2.690 3057 9342 -8680 3301 -0.880 0379
Braga 2009 -1.382 3384 11.449 -8013 5.250 0.408 0683
Carulli 1981a -0.969 3016 9.097 -6.880 4943 -0.321 0748
Commitosth 061 om0 san 657 4se 0% 0763
Fromm 1983a -1472 3247 10.546 -7.837 4893 -0.453 0650
Fomm108% 1501 s woses  em ams s oo
Gianturco 2013a -3.375 5263 27.702 -13.691 6.941 -0.641 0.521
Gemucozor® 385 st 2023 1408 634 070 040
luschner 2010 5 S0 11 0008 40 0464 0883
Nakagawa 1977a -0.610 2186 4778 -4.894 3674 -0.279 0.780
Nakagawa 1977b -0.719 2536 6.430 -5.689 4251 -0.284 0777
Poupon 1993 -2.039 3245 10.529 -8.399 4321 0628 0530
Vuoristo 1995 -2.095 3284 10.784 -8531 4341 -0.638 0524
1419 3.108 9658 7510 4672 0.457 0648
-50.00 -26.00 0.00 26.00 60.00
Favours UDCA Favours Control
Fig. 3 Leave-one-out sensitivity analysis for the meta-analysis of UDCA'’s effects on plasma lipid indices

receptor [46]. Furthermore, ursodeoxycholic acid was re-
ported to be able to change the hydrophobicity index of
the bile acid pool [47, 48]. Ursodeoxycholic acid may im-
prove the cell resistance to reactive oxygen species, to
decrease the permeability of the mitochondrial mem-
brane and to inhibit release of hydrolytic enzymes from
damaged hepatocytes [49, 50]. Moreover, some import-
ant genes involved in lipid uptake (Cd36 and Ldlr) and
hepatic lipid synthesis (PPARG, Chrebp-a/-b, Acaca,

Fasn, Mel, and Scdl) seems to be modulated by urso-
deoxycholic acid, as mecanisms of protection against
hepatic fat accumulation [51]. Ursodeoxycholic acid may
also influence the adipose tissue through increasing tri-
glyceride levels, and increasing the esterification and de-
saturation of fatty acids [52].

Of particular interest is the clinically relevant decrease
in TC and LDL-C specifically observed in primary biliary
cirrhosis patients. This could be of particular interest
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P
Study name Statistics for each study Difference in means and 956% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Balan 1994 -61.100 8.906 79.320 -78.556 -43.644 -6.860 0.000
Battezzati 1993 5.000 17.726 314.205 -29.742 39.742 0.282 0.778
Miettinen 1995 -27.000 20.894 436.545 -67.951 13.951 -1.292 0.196
Pares 2000 -21.000 10.783 116.264 -42.133 0.133 -1.948 0.051
Poupon 1990 -31.000 11.396 129.873  -53.336 -8.664 2.720 0.007 -
Poupon 1993 -33.000 18.584 345.353 -69.423 3423 -1.776 0.076
Vuoristo 1995 -24.000 24538 602.112 -72.094 24.094 -0978 0328
-29.865 8.944 79.996 -47.395 -12.335 -3.339 0.001 ‘
-150.00 -76.00 0.00 756.00 150.00
Favours UDCA Favours Control
Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Miettinen 1995 -27.000 13.246 175.455 -52.962 -1.038 -2.038 0.042
Poupon 1993 -44.000 14.648 214578 72711 -15.289 -3.004 0.003
Vuoristo 1995 -46.000 17.929 321.439 -81.140 -10.860 -2.566 0.010
-37.269 8616 74235 -54.156 -20.382 -4.326 0.000
-100.00 -50.00 0.00 50.00 100.00
Favours UDCA Favours Control
Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Balan 1994 0.700 3.555 12.639 -6.268 7.668 0.197 0.844
Battezzati 1993 -6.000 7428 55.182 -20.559 8.559 -0.808 0419
Miettinen 1995 -21.000 10.775 116.091 -42.118 0.118 -1.949 0.051
Poupon 1993 -3.000 6.381 40.718 -15.507 9.507 -0.470 0638
Vuoristo 1995 -7.000 7638 58.342 -21971 7971 -0916 0359
-3.266 2.800 7.839 -8.753 2222 -1.166 0243
-100.00 -50.00 0.00 50.00 100.00
Favours Control Favours UDCA
Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Balan 1994 12.390 8584 73.690 -4.435 29215 1.443 0.149
Poupon 1993 11.000 14148 200.172 -16.730 38.730 0777 0.437
Vuoristo 1995 9.000 12424 154358 -15.351 33.351 0724 0.469
11.236 6.319 39.929 -1.149 23621 1778 0.075
-200.00 -100.00 0.00 100.00 200.00
Favours UDCA Favours Control
Fig. 4 Forest plot displaying the weighted mean difference and 95% confidence intervals for the impact of treatment with UDCA on lipid indices
in patients with primary biliary cirrhosis

given the increased coronary artery disease risk observed
in patients affected by this condition [53].

There are some limitations of this meta-analysis that
deserve to be mentioned. First, the lipid-lowering action
of ursodeoxycholic acid was not the primary outcome in
almost all selected studies; hence, further clinical trials
are needed in order to corroborate the hypolipidemic ef-
fect of this acid bile as primary endpoint. Second, several
studies included in this meta-analysis presented insuffi-
cient information with respect to the quality of bias as-
sessment suggesting caution in the overall quality. Third,
although the selected studies were heterogeneous in
terms of target population and characteristics, we tried
to minimize the inter-study heterogeneity using a
random-effects model. Finally, most of the trials assessed

were performed on small sample sizes resulting in a lim-
ited pooled population in the overall analysis.

Conclusion

This meta-analysis suggests that ursodeoxycholic acid
therapy might be associated with significant total choles-
terol lowering. Nonetheless, these results could have
been influenced by the variability, the sample size, and
the quality of the studies included. Fuurther investiga-
tion is required to elucidate if observed lipid-lowering
effects of ursodeoxycholic acid in patients with primary
biliary cirrhosis can contribute to the prevention of car-
diovascular events and whether there is any added value
of using ursodeoxycholic acid as an adjunct or alterna-
tive to current or novel lipid-modifyinga gents [54, 55]
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Fig. 5 Meta-regression bubble plot of the association between mean changes in plasma lipids concentrations following UDCA supplementation
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Fig. 6 Funnel plot detailing publication bias in the studies reporting the impact of UDCA on lipid indices. Open circles represent observed
published studies while closed circles represent imputed unpublished studies using trim and fill method
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