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A B S T R A C T

Objectives: Nonalcoholic fatty liver disease (NAFLD) is a chronic liver disease affecting a significant proportion
of the general population. Recently, randomized clinical trials have been conducted examining the efficacy of
silymarin in individuals with NAFLD, with conflicting results. The aim of this meta-analysis was to evaluate
the efficacy of silymarin in the treatment of NAFLD by examining changes in liver biochemistry, body mass
index, and liver histology.
Methods:We searched major electronic databases PubMed/MEDLINE, Embase, and the Cochrane Central Reg-
ister of Controlled Trials, as well as gray-literature sources, up to June 2020 for randomized clinical trials
examining the efficacy of treatment with silymarin in individuals with NAFLD compared to placebo. The pri-
mary outcomes were changes in the mean values of transaminases (alanine aminotransferase and aspartate
aminotransferase). Secondary outcomes included changes in body mass index and liver histology. Quality
analysis was performed with the risk-of-bias tool 2.0. We synthesized results using weighted mean differen-
ces for continuous outcomes, along with 95% confidence intervals.
Results: In the meta-analysis, eight randomized clinical trials were included. A cutoff level of 0.05 was consid-
ered to provide statistically significant results. Silymarin treatment led to a statistically significant greater
reduction in the levels of transaminases compared to placebo, irrespective of weight loss.
Conclusions: Silymarin seems to be effective in reducing transaminase levels in individuals with NAFLD.
Despite the statistical benefits, we call attention to potential flaws related to the quality of the included stud-
ies. Further well-designed studies should be carried out to examine whether this reduction in transaminase
levels corresponds to histologic improvement.

© 2020 Elsevier Inc. All rights reserved.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most common
chronic liver disease in Europe, the United States, and other regions
[1], affecting almost 25% of the general population worldwide. The
presence of NAFLD is strongly correlated with obesity, insulin resis-
tance, and metabolic syndrome, and their consequences [1,2].

NAFLD is defined as the presence of steatosis in more than 5% of
the liver hepatocytes in individuals who do not consume significant
amounts of alcohol daily and do not have other concomitant liver
diseases [1,2]. It is a quite heterogeneous disease, with a spectrum
that varies progressively from simple steatosis to steatohepatitis, liver
cirrhosis, decompensated cirrhosis with its complications (rates of
clinical decompensation have been reported to be 3%�4% annually),
and even hepatocellular carcinoma (0.44 per 1000 person-years) [3].
NAFLD is divided into non-alcoholic fatty liver and non-alcoholic
steatohepatitis (NASH), a difference observed with liver biopsy. NASH
diagnosis is strictly histologic and is defined by the coexistence of
steatosis, lobular inflammation, and hepatocyte ballooning [4].

Individuals with NAFLD/NASH have shortened life expectancy com-
pared to the general population [1]. End-stage liver disease is the third
most common cause of death in people with NAFLD, with cardiovascu-
lar disease the leading cause [5]. Advanced fibrosis seems to be the
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most important prognostic factor for disease progression, and is
strongly associated with liver and cardiovascular morbidity and mor-
tality. Data show that although individuals with either nonalcoholic
fatty liver or NASH can be affected by liver fibrosis at any stage, the
presence of NASH is associated with a twofold faster progression in
liver fibrosis [6].

Although an important number of clinical studies have been
conducted in order to find an effective drug therapy, there is not
yet any effective drug treatment available for NAFLD/NASH. The
only beneficial therapy is weight loss and lifestyle change [7]. Fea-
tures of NASH are pharmacologically responsive to vitamin E or
pioglitazone [2,5], but nonetheless, no more than a mere 40% of
participants in trials have been benefited from a single therapy.
Moreover, vitamin E and pioglitazone are not sufficiently effective
to justify regulatory approval for long-termmonotherapy. “Person-
alized” therapy for NASH remains at the moment elusive.

Silybum marianum, or milk thistle, is a plant that has been
known since ancient times to be effective in treating liver diseases
[8]. Nowadays it is the most extensively studied plant for the treat-
ment of liver diseases and the most commonly used non-pre-
scribed therapy for liver diseases [9]. Silymarin, its active extract, is
composed of four isomer flavonolignans. Its beneficial effect on the
liver is attributed to possible antiinflammatory, antioxidant, and
antifibrotic activity. Silymarin also decreases insulin resistance
[10]. It has been tested in the treatment of different liver diseases,
showing positive results with remarkable safety [11].

A few years ago, data concerning silymarin as a possible treatment
for NAFLD were limited, but several clinical trials have been conducted
lately. A randomized controlled trial (RCT) conducted by Hashemi et al.
[12] with NAFLD patients concluded that silymarin was efficient in
reducing alanine aminotransferase (ALT) and aspartate aminotransfer-
ase (AST) levels in comparison to placebo treatment. In a double-blind,
placebo-controlled RCT by Kheong et al. [13] with adults with biopsy-
proven NASH, a 48-wk silymarin treatment did not lead to an
improvement in NAFLD activity score in comparison to the placebo
group, but it led to a significant improvement in fibrosis after a repeat
liver biopsy. Another clinical trial with NAFLD patients, conducted by
Solhi et al. [14], examined the effect of silymarin after a treatment
period of 8 wk. It led to a marked improvement in transaminase levels
in comparison to placebo. Besides the aforesaid RCTs that examined
silymarin monotherapy in NAFLD/NASH versus placebo treatment,
more studies either with methodological drawbacks or not placebo
controlled have also been performed [15,16].

The results of these studies are varied and conflicting. The aim
of our study was to conduct a systematic review and meta-analysis
of the available literature in order to evaluate the efficacy of sily-
marin in the treatment of NAFLD by examining changes in liver
biochemistry, body mass index (BMI), and liver histology.
Materials and methods

The study was conducted according to a prespecified protocol (https://osf.io/
2b54z/) and in compliance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement (Supplementary Table 1) [17].

Data sources

We searched PubMed/MEDLINE, Embase, and the Cochrane Central Register of
Controlled Trials from inception to January 2020 for studies evaluating the efficacy
of silymarin in NAFLD treatment. Conference proceedings (United European Gas-
troenterology Week, the European Association for the Study of the Liver, the
American Association for the Study of Liver Disease, Digestive Disease Week) and
Clinicaltrials.gov were screened for possible completed unpublished trials. Finally,
we searched PROSPERO in order to confirm that there was no other similar study
in progress. The search was updated June 3, 2020, for possible new records. The
search strategy used relevant terms in the English language for NAFLD and
silymarin. We included studies written in English (the detailed search strategy can
be found in Supplementary Figs. 1�3).

Study selection criteria

We included RCTs with a follow-up time of 8 wk or more which compared sily-
marin monotherapy with placebo treatment in adults with NAFLD diagnosed by liver
sonography, radiography, or histology according to the international criteria for the diag-
nosis of NAFLD [2]. There were no limitations on the type or date of publication. Exclu-
sion criteria were pregnancy and severe cardiac, pulmonary, or renal comorbidities.

Data collection and extraction

All references found from our search were imported into a reference man-
agement program (Mendeley or EndNote X7). Duplicate references were identi-
fied and removed. The remaining references were screened initially at the title
and abstract level and then the full-text level independently by two reviewers
(G.K., A.S.). The screening procedure was conducted with online software (Covi-
dence). Any disagreements were solved by a third reviewer (C.A.). Data extrac-
tion was also performed independently by two reviewers (G.K., A.S.). A
common predecided data extraction form was used for the extraction of the
baseline characteristics and the outcomes of the included studies. Disagree-
ments were solved by a third reviewer (C.A.). In cases of limited trial data, cor-
responding authors were contacted.

Quality assessment

Quality assessment was performed according to the revised Cochrane risk-of-
bias (ROB) tool 2.0 [18] independently by two reviewers (G.K., A.S.). The tool con-
sists of five different domains (randomization, deviations from intended interven-
tions, missing outcome data, measurement of the outcome, selection of reported
results). Every domain consists of unique questions. Each domain was evaluated
separately for each outcome. The overall risk of bias was assessed as low, some
concerns, or high according to the assessment of the five domains. Any disagree-
ments were solved by a third reviewer (C.A.).

Outcome measurement

Primary outcomes were changes in mean ALT and AST values after treatment
with silymarin (quantitative variables). Secondary outcomes were changes in BMI
(quantitative variables) and liver histology where available. Changes in liver his-
tology were defined as one-point improvement in fibrosis staging score and one-
point improvement in NAFLD activity score (qualitative variables) [4].

Data synthesis

Data from intention-to-treat analyses were used when available. A cutoff level
of 0.05 was considered to provide statistically significant results. Data synthesis
was performed with the help of a random-effects model. Quantitative variables
were presented as means (average § SD), and changes in mean values after treat-
ment as mean differences (MDs). Qualitative variables were presented as risk
ratios and 95% confidence intervals (CIs). Statistical heterogeneity was assessed
with the help of I2 statistics; values below 20% indicate low heterogeneity, and
higher than 60%, high heterogeneity. We also performed a preplanned sensitivity
analysis after excluding studies with high risk of bias and studies which contrib-
uted to high heterogeneity. Finally, a post hoc subgroup analysis was done based
on the mean dose of silymarin treatment (280 mg) and mean follow-up time. All
statistical analyses were performed with Review Manager 5.3 [19].

Results

Results of study search

From the search strategy, 454 records were identified. We
also identified four records from other sources. All references
(458 in total) were imported into reference management soft-
ware. As can been seen in the flowchart (Fig. 1), eight studies
were finally included in the systematic review and meta-
analysis [12�14,20�24].

Baseline characteristics

The total number of the participants included in our study
was 622. Seven out of the eight trials examined the primary
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Fig. 1. Flowchart and reasons for exclusion of studies.
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outcomes of ALT and AST [12�14,20,22�24]. Four examined
the secondary outcome of BMI [12,13,20,23], and only two tri-
als included the secondary outcome of changes in liver histol-
ogy [13,21]. All trials included were published during the past
decade (2009�2019). Mean time of follow-up ranged from 8 to
48 mo. Mean daily dose of silymarin ranged from 140 to
2100 mg. The majority of the trials used 280 mg silymarin as a
daily dosage. The sample size of the studies ranged from 41 to
100 patients, ages 39�50.1 y, mainly men (57%). As expected,
participants were overweight or obese. A full description of the
baseline characteristics of the included trials is depicted in
Table 1 and Supplementary Table 2.

Risk-of-bias assessment

The summary of the risk-of-bias assessment for the primary
outcomes is presented in Table 2. Two of the eight trials in our
study had high risk of bias [14,24] owing to insufficient description
in most of the parameters of the ROB tool. Three trials were judged
to have some concerns [12,22,23], and the remaining three were
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evaluated to have low risk of bias [13,20,21]. Supplemental figures
present the ROB process (Supplementary Figs. 4 and 5).

Analysis of primary outcomes

Alanine aminotransferase
Seven studies [12�14,20,22�24] examined the mean value

of ALT before and after treatment with silymarin. Treatment
with silymarin was more efficacious than placebo therapy in
reducing ALT values (IU/L) in participants with NAFLD
(MD = �14.86; 95% CI, �19.37 to �10.36; I2 = 39%, P < 0.00001;
Fig. 2).

Aspartate aminotransferase
Seven studies [12�14,20,22�24] examined AST values (IU/L)

before and after treatment with silymarin. Silymarin proved to be
more efficient than placebo therapy in decreasing AST values
(MD = �7.11; 95% CI, �14.16 to �0.05; I2 = 88%; P < 0.05; Fig. 3).

Analysis of secondary outcomes

Body mass index
The mean difference in BMI before and after treatment was

examined in four studies [12,13,20,23]. There was no statistically
significant difference in mean of BMI (Kg/m2) before and after
treatment with silymarin (MD = �0.00; 95% CI, �0.71 to 0.7;
I2 = 0%; P = 0.99; Fig. 4).

Liver histology
Only two studies examined the efficacy of silymarin on liver

histology [13,21]. Due to the small number of studies and the small
sample size, no data synthesis was performed. In the trial con-
ducted by Kheong et al. [13], silymarin treatment seemed to be
efficacious at improving liver fibrosis but not NAFLD activity score,
while in the study of Navarro et al. [21], silymarin was not superior
to placebo in improving liver histology.

Subgroup analysis

A subgroup analysis was done including studies with a short
follow-up time (�12 wk) and those supplementing with the same
dose of silymarin (280 mg).

Four studies [14,20,22,23] had a short follow-up time of 12 wk
or less. In these studies, silymarin was more efficient at n reducing
ALT values than placebo therapy (MD = �15.14; 95% CI, �19.66 to
�10.63; P < 0.00001; I2 = 46%; Supplementary Fig. 6). In contrast,
silymarin was not efficient at significantly reducing AST values
(MD = �5.83; 95% CI, �14.8 to 3.14; P = 0.2; I2 = 94%; Supplemen-
tary Fig. 7).

A subgroup analysis was also performed for trials which
used the same dose of silymarin (280mg) [12,22�24]. Silymarin
was more efficacious at reducing ALT values compared to pla-
cebo (MD = �15.87; 95% CI, �19.62 to �12.12; P < 0.00001).
Heterogeneity was significantly reduced to I2 = 14% (Supple-
mentary Fig. 8). In contrast, silymarin could not statistically
significantly reduce AST values compared to placebo
(MD = �10.22; 95% CI, �21.01 to 0.56; P = 0.06; I2 = 86%; Supple-
mentary Fig. 9).

Sensitivity analysis

We performed a sensitivity analysis and searched for major dif-
ferences in the summary effect estimate by excluding each study
separately for each outcome. No major differences were found in



Table 2
Risk-of-bias assessment for primary outcomes (change in alanine transaminase and aspartate transaminase) using Cochrane risk-of-bias tool 2.0

Study Randomization
process

Deviations from
intended interventions

Missing outcome
data

Measurement of
the outcome

Selection of reported
results

Overall bias

Hashemi et al. [12] Some concerns Low Low Low Some concerns Some concerns
Masoodi et al. [23] Some concerns Low Low Low Some concerns Some concerns
Taghvaei et al. [24] Low High High Low Low High
Solhi et al. [14] Some concerns Some concerns Some concerns Low Some concerns High
Memon et al. [22] Some concerns Some concerns Low Low Low Some concerns
Kheong et al. [13] Low Low Low Low Low Low
Navarro et al. [21] Low Low Low Low Low Low
Anushiravani et al. [20] Low Low Low Low Low Low

Fig. 2. Forest plot of the change in the value (IU/L) of alanine aminotransferase (mean difference = �14.86; 95% confidence interval, �19.37 to �10.36; P < 0.00001; I2 = 39%).

Fig. 3. Forest plot of the change in the value (IU/L) of aspartate aminotransferase (mean difference = �7.11; 95% confidence interval, �14.16 to �0.05; P < 0.05; I2 = 88%).

Fig. 4. Forest plot of the change in the value (kg/m2) of body mass index (mean difference = �0.00; 95% confidence interval, �0.71 to 0.7; P = 0.99; I2 = 0).
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ALT values. The sensitivity analysis concluded that after the studies
of Solhi et al. and Masoodi et al. [14,23] were excluded, heteroge-
neity in AST values decreased remarkably to a low level, I2 = 12%.
Furthermore, AST values decreased with statistical significance
(MD = �5.56; 95% CI, �9.56 to �1.56; P = 0.006) in the silymarin
treatment group compared to the placebo group (Supplementary
Fig. 10).
A further sensitivity analysis was performed to examine silymar-
in’s efficacy on the primary outcomes after studies were excluded
that were assessed to have high risk of bias [12,13,20,22,23]. In this
group of studies, silymarin also proved to be more efficient at reduc-
ing ALT (MD = �14.00; 95% CI, �19.58 to �8.42; P < 0.00001; I2

=54%) and AST (MD = �8.60; 95% CI, �15.88 to �1.33; P = 0.02; I2

=87%) compared to placebo (Supplementary Figs. 11 and 12).
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Discussion

This systematic review and meta-analysis examined the effi-
cacy of silymarin in the treatment of NAFLD. Our review included
eight studies with a total of 622 participants. The results show that
supplementation with silymarin led to a statistically significantly
greater reduction in transaminase levels compared to treatment
with placebo, irrespective of weight loss.

Further subgroup and sensitivity analyses were carried out and
showed that the reduction in ALT values after treatment with sily-
marin was approximately the same—statistically and clinically sig-
nificant—regardless of dosage administered, short- or long-term
time of follow-up, or ROB in the included studies. As only two stud-
ies included data from serial liver biopsies before and after treat-
ment, this outcome was not further evaluated.

The efficacy of treatment with silymarin in NAFLD was also
explored in another recent meta-analysis [25]. However, that
meta-analysis had a different design from ours and incorpo-
rated only three studies comparing silymarin monotherapy
with placebo for the treatment of NAFLD. Furthermore, the
intervention group was not the same in the included studies,
as silymarin was used either as monotherapy or in combination
therapy, raising questions as to whether the improvement in
liver function was due to silymarin or the combination therapy
used. Because there was not a steady comparison group, the
placebo effect was not estimated.

To our knowledge, there is no other available meta-analysis
incorporating the most recent clinical trials examining the efficacy
of silymarin in the treatment of NAFLD. Our study includes RCTs
which examined a specific patient population (individuals with
NAFLD). Moreover, it includes more studies (eight in total) and a
larger total patient population than the previous meta-analysis.
The basic strength of our study is that a pure comparison was
made of the efficacy of silymarin treatment as monotherapy and
the placebo effect in individuals with NAFLD. The results of our
meta-analysis are in accordance with the results of the previous
one [25], but ours gives a clearer proof that silymarin is efficient in
reducing transaminase levels in individuals with NAFLD. Further-
more, a post hoc subgroup analysis was performed to examine sily-
marin efficacy with different mean dosages and different mean
follow-up times. Another strength of our study is that the literature
search was conducted not only in major electronic databases but
also in gray literature, for more data. Finally, quality analysis was
conducted with the most recent Cochrane ROB tool 2.0 [12].

Our study has some limitations that must be acknowledged. It
included only studies written in English. Although the exclusion of
trials not written in English from meta-analyses might introduce
bias and decrease the accuracy of the treatment effects, this effect
is in general limited [26]. With regard to the quality of the trials
included in the meta-analysis, two (25%) were judged to have high
risk of bias and three were judged as causing some concerns. Fur-
thermore, very high heterogeneity was found in one of the two pri-
mary outcomes (change in mean AST value). However, sensitivity
analysis showed that after the studies by Solhi et al. and Masoodi
et al. [14,23] were excluded, heterogeneity declined significantly
to I2 = 12%. This might be attributed to the facts that the study by
Solhi et al. [14] was evaluated to have high ROB and that of
Masoodi et al. [23] provided incomplete details on the randomiza-
tion process and the selection of reported results. These critical
issues of the quality of the included trials and high heterogeneity
could substantially affect the validity of our findings and subse-
quently their applicability in clinical practice.

Another point that should be kept in mind is that only one of
the eight studies included a NAFLD cohort of people from a
Western country (the United States) [21]. According to long-term
observational studies [27], NAFLD is a disease which is character-
ized by different prevalence, severity, and progression rate based
mainly on the ethnicity of the patient. Furthermore, risk factors for
NAFLD/NASH such as obesity, diabetes mellitus, insulin resistance,
and genetic susceptibility vary across different ethnicities. Subse-
quently, the treatment effect of silymarin could also differ among
Western and Eastern populations. Given these data, the external
validity of the results of our meta-analyses in a Western cohort of
individuals with NAFLD is limited, and any generalization of these
results needs to be done cautiously.

Another limitation of our study is the small number of
patients with a diagnosis of NASH with or without liver fibrosis
(177 total) owing to the lack of trials providing data from serial
liver biopsies. The gold standard for follow-up of NAFLD/NASH is
repeated liver biopsies, not transaminase levels, due to the facts
that transaminase levels might be normal in up to 80% of people
with NAFLD [28] and do not always reflect disease activity or
severity [5,12]. However, recent studies have examined the pos-
sible role of serum biomarkers in predicting histologic changes
in individuals with NAFLD, like the one conducted by Vilar-
Gomez et al. [29], which showed that a scoring system with
three variables including ALT normalization might be able to
predict improvements in liver histology.

The decision to use AST and ALT levels as a primary out-
come was made because these are general markers of hepato-
cellular injury. Long-term observational studies in NASH have
shown that increased transaminase levels are strongly related
with increased risk of developing end-stage liver disease, and
are an important general prognostic factor for this patient pop-
ulation [30,31]. Moreover, a decrease in transaminase levels
seems to correlate with improvement in steatosis and inflam-
mation in paired liver biopsies in individuals with NAFLD
[32,33]. Furthermore, in a study conducted in a pediatric popu-
lation, the change in transaminase levels seemed to be a reli-
able marker for monitoring disease activity, and their decrease
related with histologic improvement of NASH [34].

Silymarin, a phytotherapy with proven safety and without com-
mon serious adverse effects [11,13,20,21], could be a safe alterna-
tive treatment for individuals with NAFLD/NASH. Due to the
relatively limited amount of available data and the low quality of
the currently completed trials, further well-designed multicenter
RCTs have to be conducted, focusing on the efficacy of silymarin
treatment in individuals with NASH or severe liver fibrosis. The
evaluation of silymarin’s efficacy in NAFLD/NASH through serial
liver biopsies seems to be crucial.
Conclusions

To conclude, silymarin seems to be efficacious in decreasing
transaminase levels in individuals with NAFLD, without this
decrease being a result of weight loss. Despite the statistically
demonstrated benefits in this meta-analysis, we call attention
to the potential flaws related to the quality of the studies
included. Therefore, we recommend that further well-designed
studies be carried out. It is also crucial to examine whether this
reduction in transaminase levels corresponds to histologic
improvement.
Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.nut.2020.111092.
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