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ABSTRACT

BACKGROUND: Fatty liver disease comprises a wide range of related liver disorders affecting mainly people who
drink no or minimal amounts of alcohol. Silymarin is a member of the Carduus marianum family that has been used
for centuries to treat different diseases. There is little evidence supporting its efficacy in humans. OBJECTIVES:
To evaluate the effects of Silymarin in patients with non alcoholic fatty liver disease (NAFLD) or recently renamed
metabolic dysfunction-associated steatotic liver disease (MASLD). METHODS: We searched PubMed, SCOPUS, Web
of Science, and Cochrane Library for relevant clinical trials assessing the use of silymarin in patients with NAFLD.
A risk of bias assessment was performed using Cochrane’s risk of bias tool. We included the following outcomes:
alanine aminotransferase (ALT), aspartate aminotransferase (AST), y-glutamyl transferase (GGT), total cholesterol
(TC), triglyceride (TG), high-density lipoprotein (HDL) (mg/dL), degree of fibrosis resolution, low-density lipoprotein
(LDL), and HOMA-IR. We analyzed continuous data using mean difference (MD) and relative 95% confidence interval
(Cl). RESULTS: We included nine clinical trials. We found that silymarin significantly reduced the levels of ALT
(MD= -17.12 [-28.81, -4.43]), (P < 0.004), AST (MD= -12.56 [-19.02, -6.10]), (P < 0.0001) and TG (MD = -22.60 [-23.83,
-21.38]) (p < 0.00001). It also improved HDL (MD= 2.13 [1.60, 2.66]), (P < 0.01)). There was no significant difference
regarding GGT (P=0.07), TC(P=0.52), LDL (P=0.06), HOMA-IR (P= 0.06) and BMI (p=0.1).One study reported significant
improvementin the degree of fibrosis (P = 0.023). CONCLUSION: Silymarin treatment significantly reduces biochemical
and transaminase levels in patients with MASLD.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is
when excess fat is stored in the liver (1). This fat
buildup is not caused by heavy alcohol use (2).
NAFLD is the most common cause of chronic
liver disease as it affects up to 30% of the general
population (3). NAFLD is commonly associated
with metabolic syndrome, obesity, diabetes, and
hyperlipidemia (4).

Recntly, the experts advocated renaming non-
alcoholic fatty liver disease (NAFLD) metabolic
dysfunction-associated steatotic liver disease
(MASLD) (5). Nearly 80% of patients with meta-
bolic syndrome have MASLD (6). MASLD is
classified into two types: simple fatty liver and
non-alcoholic steatohepatitis (NASH) (7). People
only develop one type of MASLD, although some-
times people with one form are later diagnosed
with the other form of MASLD (8). NASH can lead
to liver cirrhosis and liver cancer (9). MASLD is
one of the cardiovascular risk factors, which also
contributes to mortality in these patients (10). Both
environmental and genetic factors are playing an
important role in the development of MASLD and
its progression. First-degree relatives of patients
with MASLD are at higher risk than the general
population (11). MASLD can affect people of any
age, including children. About 10% of united states
children ages 2 to 19 years have MASLD. However,
MASLD may be found in people of any age (12).

Laboratory liver tests are defined as tests used in
the evaluation of patients with hepatic dysfunction
(13). ALT is found in the kidney, heart, muscle,
and at a higher concentration in the liver com-
pared with other tissues of the body (14). Marked
elevations of ALT levels are observed most often
in diseases that primarily affect hepatocytes, such
as viral hepatitis, ischemic liver injury, and toxin-
induced liver damage (15). AST is found in the
highest concentration in the heart compared with
other tissues of the body (14). Elevated mitochon-
drial AST is seen in extensive tissue necrosis dur-
ing myocardial infarction and also in chronic liver
diseases (16).

Silymarin is a member of the Carduus marianum
family that has been used for centuries for the
treatment of different diseases (17). Silymarin has
been used as a hepatoprotective drug. Studies in
rodents have confirmed that silymarin has very
low toxicity, which supports its history as a safe
medication in hepatic diseases (18). Silymarin has
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antifibrotic, immunomodulating, anti-inflamma-
tory effects, and anti-oxidant properties by scav-
enging free radicals and increasing the glutathione
concentrations (19). Silymarin can be used in hepa-
titis and hepatic cirrhosis, and mushroom poison-
ing because of its action (20).

There no sufficient data regarding the effect of
Silymarin on MASLD. Therefore, we performed
this systemic review and meta-analysis to evaluate
the effect of silymarin on biopsy-proven MASLD.

METHODS

This meta-analysis was performed following the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) (21) and the guide-
lines reported in the Cochrane Handbook for Sys-
tematic Reviews of Interventions (22).

Literature search

We searched four databases: Web of Science, SCO-
PUS, Cochrane CENTRAL, and PubMed, from
inception until October 2022. We followed this
search strategy with no restriction on time or lan-
guages: (silymarin OR marianum OR legalon OR
silibinin OR silybin) AND (steatohepatitis).

Eligibility criteria

We included all the studies that have the follow-
ing criteria: (i) Population: patients with non-
alcoholic fatty liver diseases, (ii) Intervention:
Silymarin regardless of the dose and the mode
of administration, (iii) Comparator: any control,
(iv) Outcomes: Alanine transferase (IU/L) (ALT),
aspartate transferase (AST) (IU/L), and y-glutamyl
transferase(GGT) (IU/L) as primary outcomes.
The secondary outcomes was body mass index
(BMI) (kg/m?), total cholesterol (TC) (mg/dL), tri-
glyceride (TG) (mg/dL), high-density lipoprotein
(HDL) (mg/dL), low-density lipoprotein (LDL)
(mg/dL), and HOMA-IR. (v) Study design: We
included clinical trials characteristics mentioned
above. Our exclusion criteria were: (i) studies that
did not report data or measures for our selected
outcomes, or (ii) that with no available full-text.

Screening of results

We exported the results of the search into Endnote
X8.0.1 (Build 1044), with the removal of duplicates
automatically by computer. After that, we screened
the studies manually in two steps; first, title and
abstract screening, then full-text screening for the
preliminary included studies in the first step.
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Data extraction and analysis

After the screening step, we extracted the data from
the selected studies and categorized the data into
three main groups: (1) baseline and demographic
data of patients in each study, including age, sam-
ple size, gender, BMI, levels of ALT, AST, GGT,
TC, TG, HDL, LDL, and HOMA-IR score. (2) Data
for analysis including outcome values of alanine
aminotransferase (ALT) (IU/L), aspartate amino-
transferase (AST) (IU/L), y-glutamyl transferase
(GGT) (IU/L), body mass index (BMI) (kg/m?),
total cholesterol (mg/dL), triglyceride (mg/dL),
HDL (mg/dL), LDL (mg/dL), degree of fibrosis
resolution and HOMA-IR. In addition to the previ-
ous two categories, we extracted the data about the
seven domains assessing the risk of bias according
to Cochrane’s risk of bias (23).

Data analysis

We used Review Manager Software (RevMan
5.4.1) to perform our analysis. We conducted the
analysis of continuous outcomes using mean dif-
ference (MD) and standard deviations (SD), and
relative 95% confidence interval (CI) under the
Inverse variance method.

Quality assessment

We evaluated the quality of this systematic review
and meta-analysis using the Grading of Rec-
ommendations Assessment, Development, and
Evaluation (GRADE) guidelines (24). According
to the Cochrane risk of bias (ROB) tool for clinical
trials, we performed the risk of bias (ROB) for the
included studies. The tool depends on the follow-
ing domains for assessment of the risk of bias: (1)
proper randomization, (2) blinding allocation of
the included patients into each group, (3) blind-
ing of patients only (single-blinding), blinding of
both personnel and participants (double-blinding),
or not blinding at all, (4) attrition bias, (5) selec-
tion bias (outcomes reported matches with that of
the protocol or not), (6) awareness of the outcome
assessor (whether blinded or not), (7) other bias.
We assessed the total risk of bias for the studies as
well.

RESULTS

Summary of included studies

Figure 1 shows a PRISMA flow diagram of our
literature search. In our study, we performed an
analysis of 820 patients from nine studies (25-33).
A total of 412 patients were allocated to receive
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silymarin, and 408 patients entered the control
group. The mean age of the percipient in the treat-
ment group was 44.8 + 8.38 years, while that of the
control group was 44.2 + 8.09. The mean body mass
index of the patients in the silymarin group was
27.888 + 1.955, while that of the control group was
28.27 + 2.815. Table 1-3 shows a detailed summary
of the included participants, their demographic
data, liver enzymes and complete lipid profile.

Results of risk of bias assessment

The result of the risk of bias assessments yielded
an overall low risk of bias, according to Cochrane’s
tool. Regarding randomization, all studies were
at low risk of randomization, except Kheong et al.
and Masoodi et al. (25,30) were non-randomized
trials. As for the allocation concealment, six stud-
ies (24,26-29,32) reported adequate allocation con-
cealment; therefore, they were put to a low risk of
bias. Two studies (25,31) did not report enough
data about allocation concealment, thus put to an
unclear risk of bias. One study (30) reported no allo-
cation concealment. The majority of the included
studies were blinded, and four studies (25,30-32)
were not blinded to the participants and personnel.
Four studies (24,26,27,29) were at low risk of blind-
ing of outcome assessment. Two studies (25,28)
were not blinded to outcome assessment, and three
studies (30-32) did not report enough data about
blinding of outcome assessment, thus put to an
unclear risk of bias. The remaining domains of the
Cochrane tool were all at low risk of bias. A sum-
marized illustration of the risk of bias of included
trials, Figure 2.

Analysis of Outcomes

ALT

All studies (24-32) reported the ALT. The overall
mean difference showed that there was a signifi-
cant difference between both groups (MD= -17.12
[-28.81, -4.43]), (P < 0.004). Pooled analysis was
heterogeneous (P < 0.00001); I* = 99% as shown
in Figure 3. We solved the heterogeneity by per-
forming a subgroup analysis according to the dur-
ation of drug administration.

The first subgroup (6 months) included five
studies (26-28,30,32), the mean difference showed
a significant difference between both groups (MD
=-30.12 [-36.42, —23.77], (p < 0.01). Pooled analy-
sis was homogeneous (p = 0.16); I = 38% as shown
in Figure 3.
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Figure 1: PRISMA flow diagram of our literature search

The second subgroup (2 months) included two
studies (25,31) the mean difference showed that
there was a significant difference between both
groups (MD = -11.19 [-12.96, -9.42]), (p < 0.01).
Pooled analysis was homogeneous (p = 0.63);
I* = 0% as shown in Figure 3C. The third subgroup
(3 months) had two studies (24,29) the mean dif-
ference showed that there was no significant dif-
ference between both groups (MD = 1.10 [-15.57,
17.76]) (p < 0.90). Pooled analysis was homogen-
eous (p = 0.1); I = 64%, as shown in Figure 3.

AST

All studies (24-32) reported the AST. The overall
mean difference showed that there was a signifi-
cant difference between both groups (MD= -12.56
[-19.02, -6.10]), (P < 0.0001). Pooled analysis was
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heterogeneous (p < 0.00001); I* = 96% as shown
in Figure 4. We solved the heterogeneity by sub-
group analysis according to the duration of drug
administration. The first subgroup (6 months)
contains five studies (26-28,30,32), the mean dif-
ference showed that there was a significant differ-
ence between both groups (MD = -21.90 [-25.62,
-18.17]), (p < 0.00001). Pooled analysis was homo-
geneous (p = 0.25); I* = 26% as shown in Figure 4.
The second subgroup (2 months) contains two stud-
ies (25,31), the mean difference showed that there
was a significant difference between both groups
(MD = -8.15 [-9.89, —6.40]), (p < 0.00001). Pooled
analysis was homogeneous (p = 0.33); I* = 0% as
shown in Figure 4. The third subgroup (3 months)
contains two studies (24,29). The mean difference
showed that there was no significant difference
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Table 1: Shows a detailed summary of the included participants, their demographic data. BMI, age, and male number

BMI (kg/m2) Age (years) Male
Mean SD Mean SD Mean SD Mean SD Number

Study ID Silymarin Control Silymarin Control Silymarin  Control
Wah Kheong 2017 30 0.4 31 4.6 49.6 12.7 50.1 10.2 24 22
Cacciapuoti 2013 26.7 1.67 26.7 1.67 44 3.2 44 3.2 40 40
Hajiaghamohammadi 2012  27.44 1.65 27.44 1.65 32.62 6.4 32.62 6.4 14 14
Hashemi 2009 26.75 2.65 27.8 3.75 39.28 1.117 39 10.7 28 29
Masoodi 2013 29.04 3.66 29.18 3.32 48.42 6.75 48.32 5.45 31 31
Jelodar 2015 NR NR NR NR NR NR NR NR NR NR
Solhi 2014 27.4 1.7 27.5 1.9 43.6 8.3 39.36 10.5 19 19
Fratila 2019 NR NR NR NR NR 10.2 56.08 10.2 25 25
Taghvaei NR NR NR NR NR NR NR NR 14 13
Data are represented as mean (SD). BMI = body mass index; NR = not reported.
Table 2: Shows a detailed summary of the included participant’s ALT, AST, GGT levels

Alanine aminotransferase (ALT)  Aspartate aminotransferase

(1U/L) (AST) (IU/L) GGT (U/L)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Study ID Silymarin Control Silymarin Control Silymarin Control
Wah Kheong 2017 93.3 53.3 80.3 54.8 55.3 311 49 28.9 98.7 52.6 87.7 70.4
Cacciapuoti 2013 109.48 4.4 109.48 4.4 72.39 8.4 7239 8.4 45.51 1.2 45.51 1.2
Hajiaghamohammadi 2012 78.73 19.71 78.37 19.71 56 11.07 56 11.07 NR NR NR NR
Hashemi 2009 113.54 50.92 104.54 41.82 71.42 66.5 73.02 39.62 NR NR NR NR
Masoodi 2013 84.06 6.65 74.48 4.45  71.94 4.56 62.94 4.45 NR NR NR NR
Jelodar 2015 52.12 6.46 52.12 6.46 48.73 7.09 48.73 7.09 NR NR NR NR
Solhi 2014 91.3 21.3 84.6 23.3 62.8 10.5 70.4 18.9 NR NR NR NR
Fratila 2019 67.35 5883 67.35 5883 75.22 5813 75.22 58.13 150.75 113.78 150.75 11378
Taghvaei 69.9 27.06 88.55 23.58 56.67 30.5 60.2 27.8 NR NR NR NR

Data are represented as mean (SD). ALT = alanine aminotransferase, AST = aspartate aminotransferase, NR = not reported

between both groups (MD = -3.07 [-13.22, -7.08]),
(p = 0.55). Pooled analysis was heterogeneous

significant difference between both groups (MD

—(MD= -13.20 [-34.65, - 80]), (P < 0.23). Pooled

(p = 0.08); I> = 68%, as shown in Figure 4.
GGT

Three studies (29,30,32) reported the GGT. The
overall mean difference showed that there was no
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analysis was heterogeneous (p = 0.06; I* = 65%)
as shown in Figure 5A. We solved the heterogen-
eity by the exclusion of Wah Kheong 2017 et al.
(29) (p = 0.18); I = 43%. The pooled analysis after
exclusion showed that there was no significant
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Figure 2: Risk of bias graph and summary
Silymarin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 6 months
Cacciapuoti 2013 7512 33 72 10948 44 72 131% -34.36[-3563,-33.09] -
Fratila 2019 428 3421 45 67.35 5383 45 98% -2455[-43.19,-591)]
Hajiaghamohammadi 2012 53.05 1399 22 7873 1971 22 11.9% -25.68[-35.78,-15.59) —
Hashemi 2009 7314 6244 50 8992 4183 50 93% -16.78[-37.61,4.09) - * |
Taghvaei 41.47 1349 17 7614 3977 14  90% -3467[56.47,-12.87
Subtotal (95% Cl) 206 203 53.1% -30.10[-36.42,-23.77] L 3
Heterogeneity: Tau*= 19.37, Chi*= 6.50, df= 4 (P = 0.16); I*= 38%
Test for overall effect: Z=9.32 (P < 0.00001)
1.1.2 2 months
Jelodar 2015 41 447 74 5212 646 74 131% -11.12[1291,-9.33] =
Solhi 2014 384 118 33 523 299 31 11.7% -13.90[2517,-2.63] — &
Subtotal (95% ClI) 107 105 24.7% -11.19[-12.96,-9.42] ¢
Heterogeneity: Tau*= 0.00; Chi*=0.23, df=1 (P=0.63), F= 0%
Test for overall effect: Z=12.41 (P < 0.00001)
1.1.3 3 months
Masoodi 2013 6854 554 50 7332 558 50 13.0% -4.78 [-6.96,-2.60) -
Wah Kheong 2017 86.7 533 49 733 548 50 91% 13.40[-7.89, 34.69) -1
Subtotal (95% CI) 99 100 22.2% 1.10 [-15.57, 17.76] iR
Heterogeneity: Tau*=105.62;, Chi*=2.77,df=1 (P=0.10), F= 64%
Test for overall effect: Z=0.13 (P = 0.90)
Total (95% CI) 412 408 100.0% -17.12[-28.81,-5.43] i
Heterogeneity. Tau*= 271.63; Chi*= 759.08, df= 8 (P < 0.00001); F= 99% 20 35 b 25 50

Test for overall effect: Z= 2.87 (P = 0.004)

Favours [silymarin] Favours [control]

Testfor subaroup differences: Chi*= 34.37, df= 2 (P < 0.00001), I*= 94.2%

Figure 3: Analysis of ALT outcome
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Silymarin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 6 months
Cacciapuoti 2013 48.65 3.2 72 7293 8.4 72 142% -24.28[-26.36,-22.20) =
Fratila 2019 48.08 46.81 45 7522 5813 45 55% -27.14[-48.95,-5.33)
Hajiaghamohammadi 2012 37.77 8.78 22 56 11.07 22 129% -18.23[-24.13,-12.33) =
Hashemi 2009 4966 33.26 50 66.16 27.44 50 96% -16.50[-28.45,-4.55) —_—1—
Taghvaei 31.29 892 17 49.07 34.88 14  65% -17.78[-36.54,0.98)
Subtotal (95% CI) 206 203 48.6% -21.90[-25.62,-18.17] &
Heterogeneity: Tau®= 4.97; Chi*=5.37, df= 4 (P=0.25); I*= 26%
Test for overall effect: Z=11.53 (P < 0.00001)
1.3.2 2 months
Jelodar 2015 40.27 398 74 4873 7.09 74 142% -8.46 [-10.31,-6.61) -
Solhi 2014 305 8.2 33 362 124 31 132% -5.70[-10.88,-0.52] —
Subtotal (95% ClI) 107 105 27.4% -8.15[-9.89, -6.40] ¢
Heterogeneity: Tau®= 0.00; Chi*=0.97,df=1 (P=0.33), F= 0%
Test for overall effect: Z=9.15 (P < 0.00001)
1.3.3 3 months
Masoodi 2013 547 551 50 61.56 3.39 50 14.2% -6.86 [-8.65,-5.07) -
Wah Kheong 2017 51 311 49 47 289 50 97% 4.00[-7.83,15.83) o
Subtotal (95% CI) 99 100 23.9% -3.07 [-13.22, 7.08] <t
Heterogeneity: Tau®*= 40.33; Chi*= 3.16, df=1 (P =0.08), F= 68%
Test for overall effect. Z= 0.59 (P = 0.55)
Total (95% ClI) 412 408 100.0% -12.56[-19.02, -6.10] -
Heterogeneity: Tau*= 75.50; Chi*=199.63, df= 8 (P < 0.00001), F= 96% 50 25 0 2=5 550
Test for overall eﬂe;t: Z=381 (P? 0.0001) Favours [Silymarin] Favours [control]
Test for subaroup differences: Chi*= 45.05, df= 2 (P < 0.00001), F=95.6%
Figure 4: Analysis of AST outcome
Silymarin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Cacciapuoti 2013 29.33 1.1 72 4551 1.2 72 530% -16.18[-16.56,-15.80] 2013 ]
VWah Kheong 2017 937 52.6 49 85 70.4 50 31.4% 8.70[-15.75,33.15] 2017 B
Fratila 2019 103.68 106.71 45 150.75 113.78 45 156% -47.07 [-92.65,-1.49] 2019
Total (95% CI) 166 167 100.0% -13.20 [-34.65, 8.26] ‘r
Heterogeneity: Tau®= 226.16; Chi*= 5.74, df= 2 (P = 0.06); F= 65% I t 1 y {
Test for overall effect: Z=1.21 (P = 0.23) =100 F K 0 54 L
avours [Silymarin] Favours [control]
Figure 5A: Analysis of GGT Outcome
Silymarin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cacciapuoti 2013 29.33 1:1 72 4551 1.2 72 78.3% -16.18[-16.56,-15.80]
Fratila 2019 103.68 106.711 45 150.75 113.78 45 21.7% -47.07 [(92.65,-1.49)
Wah Kheong 2017 93.7 526 49 85 70.4 50 Not estimable
Total (95% ClI) 117 117 100.0% -22.87 [-47.82, 2.07] R
i o 2 - . . —; oo 2 - L 1 1 1
Heterogeneity: Tau*= 206.71, Chi*=1.76,df=1 (P=0.18), F= 43% Y00 20 b 50 100

Test for overall effect: Z=1.80 (P = 0.07)

Figure 5B: Analysis of GGT Outcome — Rule one out analysis

difference between both groups (MD= -22.87
[-47.82, 2.07]) (P < 0. 07). Figure 5B illustrates the
analysis after the exclusion of one study.

HOMA-IR

Three studies (28-30) reported the HOMA-IR
score. The overall mean difference showed that
there was no significant difference between both

Favours [Silymarin] Favours [control)

groups (MD= —-0.42 [-0.87, 0.02]), (p = 0.06). Pooled
analysis was homogeneous (p = 0.24); I* = 31% as
shown in Figure 6.

TC

Six studies (25,27-30,32) reported the TC. The
overall mean difference showed that there was
no significant difference between both groups
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Silymarin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Cacciapuoti 2013 527 1.2 72 6.42 4 72 215% -115[211,-019] —
Hajiaghamohammadi 2012 2.7 085 22 29 093 22 721% -0.20[-0.73,0.33] ——
Wah Kheong 2017 66 47 49 71 42 50 6.5% -0.50[-2.26,1.26)
Total (95% CI) 143 144 100.0% -0.42[-0.87,0.02] il
Heterogeneity: Chi*= 2.88, df=2 (P =0.24); F=31% 52 51 5 1= é
Testfor overall effect Z=1.86 (P = 0.06) Favours [Silymarin] Favours [control]

Figure 6: Analysis of HOMA outcome

Silymarin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 6 months
Cacciapuoti 2013 200.6 8.1 72 2057 9.3 72 209% -510[-7.95,-2.25) -
Fratila 2019 173.97 43.26 45 181.75 4514 45 149% -7.78[-26.05,10.49) —1
Hajiaghamohammadi 2012 181.32 32.44 22 191.68 33.81 22 143% -10.36[-29.94,9.22) — =71
Hashemi 2009 238.42 59.94 50 220.82 53.79 50 13.0% 17.60 [[4.72,39.92) T
Subtotal (95% Cl) 189 189 63.1% -3.81[-11.62, 4.01] g
Heterogeneity: Tau®= 23.41; Chi*= 4.32, df= 3 (P =0.23); F= 30%
Test for overall effect: Z=0.96 (P = 0.34)
1.2.2 less than 4 months
Jelodar 2015 216.88 1294 74 24288 16.2 74 206% -26.00[-30.72,-21.28) B
Wah Kheong 2017 197.2 4254 49 18175 348 50 16.3% 15.45[0.12, 30.78)
Subtotal (95% Cl) 123 124 36.9% -5.94[-46.54, 34.66] R ———
Heterogeneity: Tau®*= 825.57, Chi*= 25.66, df=1 (P < 0.00001); *= 96%
Testfor overall effect: Z=0.29 (P=0.77)
Total (95% CI) 312 313 100.0% -4.24[-17.21,8.72] ’

Heterogeneity: Tau*= 206.96; Chi*= 71.89, df= 5 (P < 0.00001); F= 93%
Test for overall effect: Z= 0.64 (P=0.52)
Test for subaroup differences: Chi*=0.01, df=1 (P=0.92), F= 0%

Figure 7: Analysis of TC outcome

(MD = -4.24 [-17.21, -8.72]), (p = 0.52). Pooled
analysis was heterogeneous (p = 0.00001); I* = 93%
as shown in Figure 7. We solved the heterogeneity
by subgroup analysis according to the duration of
drug administration. The first subgroup (6 months)
contains four studies (27,28,30,32). The mean dif-
ference showed that there was no significant dif-
ference between both groups (MD = -3.81 [-11.62,
—4.01]), (p = 0.34). Pooled analysis was homogen-
eous (p = 0.22); I = 30% as shown in Figure 7. The
second subgroup (less than 4 months) contains two
studies (25,29). The mean difference showed that
there was no significant difference between both
groups (MD = -5.94 [-46.54, -34.66]), (p= 0.77).
Pooled analysis was heterogeneous (p = 0.00001);
I = 96% as shown in Figure 7.

TG
Six studies (25,27-30,32) reported the TG. The
overall mean difference showed that there was a

non-significant difference between both groups
(MD= -9.85 [-24.04, 19.90]), (P < 0.17). Pooled
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analysis was heterogeneous (P = 0.0005; I* = 78%)
as shown in Figure 8A. We solved the heterogen-
eity by the exclusion of Wah Kheong et al. (2017)
(29) (p = 0.64); I* = 0%. The pooled analysis after
exclusion showed that there was a significant
difference between both groups (MD = -22.60
[-23.83, —21.38]) (p < 0.00001). Figure 8B illustrates
the analysis after the exclusion of one study.

HDL

Three studies (27,29,30) reported the HDL. The
overall mean difference showed that there was a
significant difference between both groups (MD
= 2.13 [1.60, 2.66]), (p < 0.01). Pooled analysis
was homogeneous (p = 0.54); I* = 0% as shown in
Figure 9.

LDL

Three studies (27,29,30) reported the LDL. The
overall mean difference showed that there was a
non-significant difference between both groups
(MD= -292 [-16.37, 22.21]), (P < 0.77). Pooled
analysis was heterogeneous (p = 0.0008; I* = 86%)
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Silymarin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI Year IV, Random, 95% CI
Hashemi 2009 26016 10218 50 268.52 10268 50 8.5% -8.36[-4851,31.79] 2009
Hajiaghamohammadi 2012 239.09 5272 22 25418 56.04 22 11.2% -15.09[-47.24,17.06] 2012
Cacciapuoti 2013 155.7 34 72 1784 4.1 72 26.5% -22.70[-23.93,-21.47] 2013 -
Jelodar 2015 214625 36.27 74 23275 4809 74 21.3% -18.13[31.85,-4.40] 2015 ——
Wah Kheong 2017 15058 3543 49 13286 5314 50 18.7% 17.72[-0.04,35.48] 2017 ——
Fratila 2019 11846 7081 45 125 56.35 45 13.8% -6.54[-32.98,19.90] 2019
Total (95% Cl) 312 313 100.0%  -9.85[-24.04,4.34] o
Heterogeneity: Tau*= 197.57; Chi*= 22.26, df= 5 (P = 0.0005); I* = 78% _éu _255 B 255 5?0
Testfor overall effect Z=1.36 (P = 0.17) Favours [Silymarin] Favours [control]

Figure 8A: Analysis of TG outcome
Silymarin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cacciapuoti 2013 155.7 34 72 1784 4.1 72 988% -22.70[-23.93,-21.47]
Fratila 2019 118.46 70.81 45 125 56.35 45 02% -6.54[-32.98,19.90) —
Hajiaghamohammadi 2012 239.09 5272 22 25418 56.04 22 01% -15.09[-47.24,17.06]
Hashemi 2009 260.16 10218 50 268.52 10268 50 01%  -8.36[-48.51,31.79
Jelodar 2015 214625 36.27 74 23275 48.09 74  08% -18.13[-31.85,-4.40]
Wah Kheong 2017 15058 3543 49 13286 5314 50 Not estimable
Total (95% Cl) 263 263 100.0% -22.60([-23.83,-21.38] ‘
Heterogeneity: Tau®= 0.00; Chi*= 2.54, df= 4 (P = 0.64); F= 0% _550 _255 3 255 550
Test for overall effect. Z= 36.24 (P < 0.00001) Favours [Silymarin] Favours [control]
Figure 8B: Analysis of TG outcome -Rule one out analysis
Silymarin Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% CI
Cacciapuoti 2013 458 11 72 436 21 72 928% 2.20[1.65 2.75]
Hashemi 2009 409 575 50 394 533 50 59% 1.50[-0.67,3.67)
Wah Kheong 2017 46.4 116 49 464 116 50 1.3% 0.00[-4.57, 457
Total (95% CI) 171 172 100.0% 2.13[1.60, 2.66] ‘
Heterogeneity: Chi*=1.22, df= 2 (P = 0.54); F= 0% 54 *2 5 é i

Test for overall effect: Z=7.91 (P < 0.00001)

Figure 9: Analysis of HDL outcome

as shown in Figure 10A. We solved the heterogen-
eity by the exclusion of Cacciapuoti et al. (30,31)
(p = 0.44); I = 0%. The pooled analysis after exclu-
sion showed that there was no significant differ-
ence between both groups (MD = 11.88 [-0.39,
24.14]) (p = 0.06). Figure 10B illustrates the analysis
after the exclusion of one study.

BMI

Five studies (24,27-30) reported the BMI. The over-
all mean difference of the BMI showed that there
was no significant difference between either group
(MD = -0.32 [-0.70, 0.06]), (p = 0.1). Pooled analy-
sis was homogeneous (p = 0.75); I? = 0% as shown
in Figure 11.

Favours [Control] Favours [Silymarin]

Degree of fibrosis resolution

Only one study (30) reported significant improve-
ment in the degree of fibrosis resolution. Their
results revealed that higher proportion of patients
in the silymarin group had reductions in fibrosis
based on histology (reductions of 1 point or more),
(22.4%) than the placebo group (6.0%) (P = 0.023)

DISCUSSION

In this meta-analysis, we included 412 patients
treated with silymarin from nine clinical trials.
We found that silymarin significantly reduced
AST and ALT levels. The results also showed a
significant reduction in the levels of triglyceride,
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Silymarin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Hashemi 2009 160.42 48.47 50 14296 4745 50 28.9% 17.46 [-1.34,36.26] 2009
Cacciapuoti 2013 136 1.8 72 1474 43 72 399% -11.40[-12.48,-10.32] 2013 o
Wah Kheong 2017 11988 464 49 11214 348 50 31.2% 7.74[-8.44,23.92) 2017
Total (95% CI) 171 172 100.0%  2.92[-16.37,22.21]
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o _ -100 -50 0 50 100
Testfor overall effect: Z= 0.30 (P = 0.77) Favours [Silymarin] Favours [control)
Figure 10A: Analysis of LDL outcome
Silymarin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Cacciapuoti 2013 136 1.8 72 1474 43 72 Not estimahle
Hashemi 2009 160.42 48.47 50 14296 4745 50 426% 17.46[-1.34,36.26] —i—
Wah Kheong 2017 11988 464 49 11214 348 50 57.4% 7.74[-8.44, 2392 —i—
Total (95% CI) 99 100 100.0% 11.88[-0.39, 24.14] <
ity: 2= “Chif= = = E= | t t {
Heterogeneity: Tau®= 0.00; Chi*=0.59, df=1 (P=0.44), F= 0% 100 20 b 50 100

Test for overall effect: Z=1.90 (P = 0.06)

Figure 10B: Analysis of LDL outcome: Rule one out analysis

Favours [Silymarin] Favours [control]

Silymarin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Cacciapuoti 2013 26.4 1.34 72 26.7 1.67 72 578% -0.30[-0.79,019 —
Hajiaghamohammadi 2012 2748 1.7 22 27.44 165 22 144% 0.04[-0.951.03) S C—
Hashemi 2009 266 253 50 2742 335 50 10.4% -0.82[-1.98 0.349)] —
Masoodi 2013 287 256 50 2884 289 50 12.4% -014[-1.21,093) =
VWah Kheong 2017 30 4 49 31 46 50 49% -1.00[-2.70,0.70]
Total (95% CI) 243 244 100.0% -0.32[-0.70, 0.06] B
Heterogeneity: Chi*=1.95, df= 4 (P=0.75); F= 0% 5 3

Test for overall effect. Z=1.67 (P=0.10)

Figure 11: Analysis of BMI outcome

and improvement in HDL. Subgroup analysis
demonstrated that more duration of follow up
was associated with more reduced levels of liver
transaminases.

Overall, our analysis is more comprehensive and
up to date than Kalopitas et al.’s study. It adds to
the evidence for silymarin’s positive effects on liver
enzymes and metabolic variables in MASLD (34).

Elevated liver enzymes are the prevailing
abnormality in patients with MASLD. MASLD is
commonly associated with metabolic syndrome
and insulin resistance, which in turn, may elevate
the liver enzymes (35). Elevated transaminase
levels correlate with the histological state of the
liver. However, histological outcomes are relevant
as biochemical outcomes in NAFLD for various
reasons.

For this reason, liver enzymes could be a non-
invasive clue to generalized liver injury. Silymarin,
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an insulin sensitizer, significantly reduced the
liver enzymes (34). However, it had less signifi-
cant results in restoring TG and TC levels back
to normal. Recent trials performed by Kheong et
al. (30), Cacciapuoti et al. (31), Hashemi et al. (28),
Taghvaei et al. (27), Jelodar et al. (26), and Dahm
et al. (24), found that silymarin showed a signifi-
cant reduction in the levels of ALT and AST. Previ-
ous studies have already proved that reduction in
transaminases is associated with reviving of liver
function in MASLD patients (35,36). This also pre-
dicted a better prognosis and a lower incidence
of progression to either liver cirrhosis or hepato-
cellular carcinoma. Silymarin was also associated
with more reduction in ALT level than AST level
because the original level of ALT was much higher
than AST level in patients with MASLD.

A clinical review by Flora et al. (37) found that
silymarin may be associated with a better clinical



prognosis of both acute and chronic hepatitis,
drugs, and alcohol-induced hepatitis. A trial by
Kheong et al. (30) demonstrated similar results;
they found that silymarin may be effective in
reducing ultrasonographic changes and the bio-
chemical induced by MASLD. A study by Loguer-
cio etal. (38) found that silymarin added to vitamin
E and phospholipids could be associated with
improvement in the liver enzymes in patients with
chronic liver damage.

Solhi et al. (32) proved that the combination of
silymarin, Phyllanthus niruri, and choline was
associated with better hepatoprotective effects
than silymarin alone in hepatic disorders of dif-
ferent inflammation and destruction stages. This
hepatoprotective combination had a smaller dose
of silymarin with similar results, which may
reduce the side effects produced by the drug. Haji-
aghamohammadi et al. (29) found that silymarin
700 mg three times daily for 48 weeks, a well-tol-
erated and safe dose, was associated with greater
tibrosis improvement compared with placebo. For
this reason, silymarin seemed to be useful for fibro-
sis improvement in biopsy-proven NASH patients.

A trial by Masoodi et al. (25) found that
silymarin extract in patients with MAFLD signifi-
cantly reduced levels of plasma cholesterol, fast-
ing glucose, triglyceride, AST, and ALT, while the
plasma levels of folate and B12 did not change sig-
nificantly. The major strength points of our analy-
sis were that we only included clinical trials, which
was an important strength point to ensure the
highest evidence according to GRADE. Another
strength point was that all the included studies
showed low risk of bias. We also conducted the
analysis of a good sample size. We tried to solve
any inconsistency among studies using appropri-
ate methodologies reported by the Cochrane’s
handbook (39) including mainly the leave-one-out
and subgroup analysis.

LIMITATIONS AND
RECOMMENDATION

The heterogeneity in some outcomes was a major
limitation; therefore, we tried to solve the hetero-
geneity by subgroup analysis. In addition, we have
not registred a protocol for our study. Another
limitation was that three of our included trials
were not blinded, which might have affected the
results of the analysis. We conclude that silymarin
treatment seems to be significantly effective in the

Effects of silymarin use on liver enzymes and metabolic factors

reduction of biochemical and transaminases lev-
els in patients with MAFLD. In addition, a highly
need for future well-designed studies to ensure
our outcomes and to examine whether the reduc-
tion in transaminase levels corresponds to histo-
logical improvement.
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