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Abstract
Background: To comprehensively evaluate the treatment efficacy and safety of silymarin for patients with glucose/lipid metabolic
dysfunction using a meta-analysis.

Methods: A systematic literature search in PubMed, EMBASE and Cochrane Library databases was performed up to October 1,
2019. STATA 13.0 software was used to estimate pooled standardized mean difference (SMD) and 95% confidence interval (95% CI).

Results: Sixteen studies involving 1358 patients were identified. Overall meta-analysis showed that compared with control,
silymarin significantly reduced levels of fasting blood glucose (SMD: �1.27, 95% CI= [�1.78, �0.76]; P< .001), homeostatic model
assessment for insulin resistance (SMD: �0.41, 95% CI= [�0.70, �0.12]; P= .005), hemoglobin A1c (SMD: �1.88, 95% CI=
[�2.57, �1.20]; P< .001), total cholesterol (SMD: �1.13, 95% CI= [�1.82, �0.77]; P< .001), triglyceride (SMD: �0.37, 95% CI=
[�0.69, �0.05]; P= .025), low-density lipoprotein-cholesterol (SMD: �1.30, 95% CI= [�1.93, �0.67]; P< .001), C-reactive protein
(SMD: �0.63, 95% CI= [�1.01, �0.27]; P= .001), and increased high-density lipoprotein-cholesterol (SMD: 0.17, 95% CI= [0.05,
0.29]; P= .005), but had no impacts on function indicators of liver and kidney (alanine transaminase, aspartate aminotransferase,
creatinine phosphokinase, creatinine) and the complication rate. Subgroup analyses indicated that insulin (which was negative in
overall analysis) was significantly decreased in patients undergoing silymarin monotherapy (SMD: �2.03, 95% CI= [�3.03, �1.04];
P= .044) for more than 3 months (SMD: �0.01, 95% CI= [�0.25, �0.24]; P= .035).

Conclusion: Supplementation of silymarin may be effective and safe for the management of diabetes mellitus and hyperlipidemia.

Abbreviations: ALT = alanine transaminase, AST = aspartate aminotransferase, CI = confidence interval, CPK = creatinine
phosphokinase, CRP = C-reactive protein, DM = diabetes mellitus, FBG = fasting blood glucose, FBI = fasting blood insulin, HbA1c
= hemoglobin A1c, HDL-C= high-density lipoprotein-cholesterol, HOMA-IR = homeostatic model assessment for insulin resistance,
IL = interleukin, LDL-C = low-density lipoprotein-cholesterol, MDA = malondialdehyde, OR = odds ratio, PRISMA = Preferred
Reporting Items for Systematic Review and Meta-analysis, RCT = randomized controlled trial, SMD = standardized mean difference,
TC = total cholesterol, TG = triglyceride, TNF = tumor necrosis factor.
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1. Introduction

Diabetes mellitus (DM) and hyperlipidemia are both common,
chronic metabolic diseases and their incidence has been
continuously rising in recent years (especially the young people)
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partly due to excessive food consumption, physical inactivity,
and longer period under psychosocial stress.[1–3] Individuals with
DM and hyperlipidemia were associated with a higher risk for
developing various kinds of cardiovascular diseases,[4] which are
the leading cause of worldwide mortality annually. Thus, how to
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control the levels of blood glucose and lipid has been an
important public health problem.
The conventional management of DM and hyperlipidemia

mainly focuses on the administration of synthetic Western drugs
(hypoglycemic: glibenclamide, repaglinide, rosiglitazone, metfor-
min[5]; lipid-lowering drugs: statins, ezetimibe, fibrates, niacin[6]).
However, several potential side effects (such as gastrointestinal
discomfort, hepatotoxicity, and renal injury) frequently make the
patients intolerant and decide to decrease or stop the use of
them.[7,8] Therefore, the development of more effective and
safe drugs for the treatment of DM and hyperlipidemia is
urgently needed.
Traditional Chinese herbs usually have both edible and

medicinal value and hereby, they are widely reorganized as
alternative medications for the treatment of various diseases.
Silymarin, a mixture of 3 flavonolignans silybin, silydianin, and
silychristin, is the active component in the seeds of the milk thistle
plant (Silybum marianum).[9] Recently, several animal model
studies have shown that silymarin may exert potential antidia-
betic and lipid-lowering roles.[10,11] Theoretically, silymarin may
also be effective for the treatment of patients with DM and
hyperlipidemia. This hypothesis has been demonstrated by some
scholars. For example, Ebrahimpour-Koujan et al[12] found that
supplementation of silymarin for 45 days significantly reduced
fasting blood glucose (FBG), insulin (FBI), homeostatic model
assessment for insulin resistance (HOMA-IR), triglyceride (TG),
and triglyceride to high-density lipoprotein-cholesterol (HDL-C)
ratio and increased HDL-C levels in type 2 DM (T2DM) patients
compared to the placebo. Elgarf et al[13] also reported that FBG,
hemoglobin A1c (HbA1c), HOMA-IR, total cholesterol (TC),
TG, and low-density lipoprotein-cholesterol (LDL-C) were
significantly different between the silymarin intervention group
and the control group. However, the study of Ghorbani et al[14]

showed that the level of FBG in diabetic patients with
uncontrolled dyslipidemia was not significantly reduced after
the use of an herbal compound that included silymarin compared
with controls. Khalili et al[15] indicated that TC, LDL-C, and
HDL-C were not significantly changed after 3 months of the
intervention with a mixed herbal formulation (silymarin,
olibanum, and nettle). Accordingly, whether silymarin is a
promising herbal regimen to treat DM and hyperlipidemia
remains unclear and needs to be further evaluated.
The goal of this study was to perform a meta-analysis to

reassess the effects of silymarin on control of blood glucose and
lipid. Previously, there have been meta-analyses conducted to
confirm the roles of silymarin supplementation in patients with
T2DM[16–18] and hyperlipidemic subjects.[19] Compared with
these studies, the number of included literature was enlarged (16
vs 5–9), which increased the statistical power. Furthermore, some
new indicators were evaluated, including HOMA-IR, function
indicators of liver and kidney (alanine transaminase [ALT],
aspartate aminotransferase [AST], creatinine phosphokinase
[CPK], creatinine) and inflammation (C-reactive protein
[CRP]). We believe that our study may provide powerful
evidence to validate the roles of silymarin.
2. Materials and methods

2.1. Search strategies

This study was conducted following the protocols of Preferred
Reporting Items for Systematic Review and Meta-analysis
2

(PRISMA). PubMed, EMBASE, and Cochrane Library databases
were searched using the following keywords
(“Silybum” OR “silymarin” OR “milk thistle” OR SIL) AND

(“diabetes mellitus” OR hyperglycemia OR diabetic OR
“hyperlipemia” OR dyslipidemic). The retrieval time was from
the inception of the database to October 1, 2019. Furthermore,
the reference lists of identified papers were manually checked to
obtain potential eligible articles.
2.2. Inclusion and exclusion criteria

Studies were considered to be eligible if they fulfilled the following
inclusion criteria: case-control studies that evaluated the
treatment effects of silymarin for patients with glucose/lipid
metabolic dysfunction; data of blood glucose (FBG, FBI, HOMA-
IR, and HbA1c), blood lipids (TC, TG, LDL-C, and HDL-C),
adverse events (complication rate, ALT, AST, CPK, and
creatinine), inflammation (CRP) and oxidative stress (malon-
dialdehyde [MDA]) related indicators were available; and
duration and drug dose were explicitly described. The exclusion
criteria were: duplicate publication; abstracts, reviews, case
reports, or animal studies; studies lacking a control group; and
studies without outcome data.
2.3. Data extraction and quality assessment

Data extraction and quality assessment processes were indepen-
dently completed by 2 investigators. Any disagreement was
resolved with the input of a third review researcher to make a
final determination. The following data were extracted from each
included article: first author’s name, publication year, country,
sample size, disease type, therapeutic regimens of case and
control groups, silymarin dose, follow-up, study design, and
outcomes.
The quality of the eligible studies was evaluated using the

Cochrane criteria, which assessed the following aspects: random
sequence generation; allocation concealment; blinding of partic-
ipants and personnel; blinding of outcome assessment; adequate
assessment of incomplete outcome; selective reporting avoided;
and no other bias.
2.4. Statistical analysis

The mean and standard deviation of continuous outcomes or
number (percentage) of categorical variables during the follow-
up were extracted from the intervention and control groups. For
each indicator, the unit was converted to be consistent. STATA
13.0 (STATA Corporation, College Station, TX) was used for all
statistics. Cochrane’s Q test and I2 tests were performed to
determine the heterogeneity. A fixed-effects model was applied to
compute the pooled results if an obvious heterogeneity was
present (P< .10 and I2>50%); otherwise, a random-effects
model was selected. Odds ratio (OR, categorical data) or
standardized mean difference (SMD, continuous data) and its
corresponding 95% confidence interval (95%CI) were estimated
as pooled effect size for these outcomes. The overall effect was
tested using the Z score, with P< .05 defined to be statistically
significant. Moreover, a subgroup analysis was conducted based
on intervention type (silymarin monotherapy or combination
with others), control type (synthetic medicines or others
[including placebo or other herbs]), duration (<3 months or
≥3 months), silymarin dose (<450mg or ≥450mg) and disease



Figure 1. Flow diagram of the study selection procedure.
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type (diabetes or dyslipidemia) to find the source of heterogeneity.
Publication bias was checked by Egger linear regression test.[20]

The trim and fill method was used to adjust for meta-analysis
estimate in the presence of publication bias (P< .05).[21]

Sensitivity analysis was performed by omitting 1 study at a time.
3. Results

3.1. Literature selection

The study selection process is shown in Figure 1. The electronic
database search yielded 335 records. Of them, 114 were excluded
because they were duplicates. After reading the title or abstract,
200 were further eliminated because they were animal studies (n=
99), meta-analysis (n=15), case report (n=1), descriptive study
(n=12), irrelevant studies (n=70), or other diseases (n=3). Then,
21 full-text articles were downloaded and carefully reviewed, after
which 5 were found not to meet our inclusion criteria because of
lack of control drugs (n=3), animal study (n=1), and data
3

unavailable (n=1). Finally, 16 studies fulfilled the eligibility criteria
and were included for this meta-analysis.[12–15,22–33]

3.2. Characteristics of the included studies

The characteristics of these 16 included studies are presented in
Table 1. All the studies consisting of 1358 patients were
published from 2006 to 2019. Seven studies were conducted in
Iran, 6 were in Italy, and another 3 were performed in Iraq,
Egypt, and Turkey. Ten studies investigated the therapeutic
effects of silymarin for patients with DM and 5 reported the
treatment outcomes for patients with dyslipidemia. In 1 study,
dyslipidemia and T2DM coexisted in the patients. The used dose
of silymarin ranged from 105mg to 1000mg per day and the
follow-up period ranged from 45 days to 2 years. Six trials
compared the treatment effects of silymarin monotherapy with
control, while the remaining 10 trials combined with other
Chinese medicine (Berberine, aristata, MK-20, Olibanum, nettle,
Aloe vera black seed, garlic, fenugreek, psyllium) or hypoglyce-
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Figure 2. Forest plot showing the effects of silymarin on the levels of blood glucose indicators. A, FBG; B, HOMA-IR; C, HbA1c. CI=confidence interval, FBG=
fasting blood glucose, HbA1c=hemoglobin A1c, HOMA-IR=homeostatic model assessment for insulin resistance, SMD=standardized mean difference.
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Figure 3. Forest plot showing the effects of silymarin on the levels of blood lipid indicators. A, TC; B, TG; C, LDL-C; D, HDL-C. CI=confidence interval, HDL-C=
high-density lipoprotein-cholesterol, LDL-C= low-density lipoprotein-cholesterol, SMD=standardized mean difference, TC= total cholesterol, TG= triglycerides.

Xiao et al. Medicine (2020) 99:40 Medicine
mic drugs (glibenclamide). Most of the studies (15/16) were
designed as a prospective randomized controlled trial (RCT),
with the control of placebo. The study of Hussain[26] included 2
control types (placebo + glibenclamide or glibenclamide) and
thus, 2 datasets were involved. The controls of Elgarf et al[13] and
Ghorbani et al[14] included standard antidiabetic treatment (such
as statins). Furthermore, the study of Di Pierro et al[28] was a
retrospective control trial that included 4 comparison groups
(control was untreated, lovastatin or ezetimibe/fenofibrate) and
thus, 4 datasets were involved. According to the above design
description, the quality of eligible studies was considered to be
high overall (Supplement Table 1, http://links.lww.com/MD/
E908).
3.3. Meta-analysis

The effects of silymarin treatment on FBG, FBI, HOMA-IR,
HbA1c, TC, TG, LDL-C, HDL-C, CRP, MDA, ALT, AST, CPK,
creatinine and the complication rate for patients with glucose/
lipid metabolic dysfunction were reported in 14, 9, 7 11, 14, 14,
14, 14, 4, 2, 12, 12, 9, 5, and 4 datasets, respectively. The pooled
results showed that silymarin supplementation significantly
reduced the concentration of FBG (SMD: �1.27, 95% CI=
[�1.78, �0.76]; P< .001) (Fig. 2A), HOMA-IR (SMD: �0.41,
95% CI= [�0.70, �0.12]; P= .005) (Fig. 2B), HbA1c (SMD:
�1.88, 95% CI= [�2.57,�1.20]; P< .001) (Fig. 2C), TC (SMD:
�1.13, 95%CI= [�1.82,�0.77]; P< .001) (Fig. 3A), TG (SMD:
6

�0.37, 95% CI= [�0.69, �0.05]; P= .025) (Fig. 3B), LDL-C
(SMD: �1.30, 95% CI= [�1.93, �0.67]; P< .001) (Fig. 3C),
CRP (SMD: �0.63, 95% CI= [�1.01, �0.27]; P= .001) (Fig. 4)
and increased the level of HDL-C (SMD: 0.17, 95% CI= [0.05,
0.29]; P= .005) (Fig. 3D) compared with control (Table 2).
However, there were no significant differences in FBI, MDA,
ALT, AST, CPK, creatinine, and the complication rate between
silymarin and control treatment groups (Table 2).

3.4. Subgroup analyses

Subgroup analyses according to duration, daily dose, interven-
tion type, control type, and disease type were performed for
outcomes (FBG, FBI, HOMA-IR, HbA1c, TC, TG, LDL-C,
HDL-C, ALT, AST, CPK, and creatinine). The results revealed
that FBG and HbA1c were still significantly reduced after the
administration of silymarin regardless of which subgroups
compared with controls (Table 3). TC was demonstrated to be
significantly reduced in most of the subgroups other than the high
dose group (Table 3). Silymarin was found to be effective for
reducing HOMA-IR mainly in DM patients who underwent
silymarin monotherapy with the dose of less than 450mg daily
for less than 3 months compared with nonsynthetic medicine
control, while its effects on TG were mainly observed in DM
patients who underwent combination treatment with the
silymarin dose of larger than 450mg daily for longer than 3
months (Table 3). Silymarin administration could significantly

http://links.lww.com/MD/E908
http://links.lww.com/MD/E908


Figure 4. Forest plot showing the effects of silymarin on the level of CRP. CI=confidence interval, CRP=C-reactive protein, SMD=standardized mean difference.
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induce a reduction in LDL-C and an increase in HDL-C for
patients with dyslipidemia, especially the long-term follow-up
(Table 3). For the FBI that was negative in overall analysis, we
also found a statistical significance: FBI was shown to be
significantly decreased in patients who underwent silymarin
monotherapy (SMD:�2.03, 95% CI= [�3.03,�1.04]; P= .044)
for longer than 3 months (SMD: �0.01, 95% CI= [�0.25,
�0.24]; P= .035) (Table 3). The results of ALT, AST, CPK, and
creatinine were not changed in most of subgroups, still showing
no significance between silymarin and controls (including
synthetic medicine and others) (Table 3).
3.5. Publication bias and sensitivity analyses

Egger test showed that there was a significant publication bias for
estimating the effects on FBG (P= .007), HbA1c (P< .001), and
AST (P= .013) (Table 2). Thus, trim and fill method was used to
adjust them, however, after which significant results were still
Table 2

Meta-analysis results.

Comparison Studies ES (95% CI) P v

FBG 14 �1.27 (�1.78, �0.76) .0
FBI 9 �0.25 (�0.53, �0.02) .0
HOMA-IR 7 �0.41 (�0.70, �0.12) .0
HbA1c 11 �1.88 (�2.57, �1.20) .0
TC 14 �1.13 (�1.82, �0.77) .0
TG 14 �0.37 (�0.69, �0.05) .0
LDL-C 14 �1.30 (�1.93, �0.67) .0
HDL-C 14 0.17 (0.05, 0.29) .0
CRP 4 �0.63 (�1.01, �0.27) .0
MDA 2 �0.79 (�1.72, 0.13) .0
ALT 12 0.06 (�0.07, 0.18) .3
AST 12 0.06 (�0.07, 0.18) .3
CPK 9 �0.02 (�0.16, 0.12) .7
Creatinine 5 �0.05 (�0.24, 0.15) .6
Complication rate 4 4.92 (0.96,25.23) .0

ALT= alanine transaminase, AST=aspartate aminotransferase, CPK=creatinine phosphokinase, CRP=C
HbA1c=hemoglobin A1c, HDL-C=high-density lipoprotein-cholesterol, HOMA-IR=homeostatic model as
PH=P value for heterogeneity, R= random, TC= total cholesterol, TG= triglycerides. Bold indicated there w
while ES was odds ratio for categorical variables.
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observed for FBG (P< .001) and HbA1c (P< .001), but
nonsignificant was for AST (P= .883), indicating the analysis
results were believable. The sensitivity analysis was also
conducted to verify the reliability of our conclusions after the
removal of any individual study (Fig. 5).

4. Discussion

In the present study, we enrolled 16 articles to reassess the
therapeutic effects of silymarin for patients with glucose/lipid
metabolic dysfunction. Overall, the pooled results showed that
compared with control treatment, silymarin supplementation
significantly reduced levels of FBG, HOMA-IR, HbA1c, TC, TG,
LDL-C, CRP, and increased HDL-C. Subgroup analyses
indicated the FBI could also be significantly decreased in patients
who underwent silymarin monotherapy for longer than 3
months. Silymarin did not influence ALT, AST, creatinine
phosphokinase, creatinine, and the complication rate.
alue I2 PH value Model Egger test

00 92.2 .000 R 0.007
72 60.2 .010 R 0.128
05 55.3 .037 R 0.857
00 92.2 .000 R 0.000
00 93.7 .000 R 0.133
25 85.1 .000 R 0.176
00 95.3 .000 R 0.099
05 40.2 .060 F 0.328
01 61.0 .053 R 0.333
93 75.0 .046 R –

89 39.9 .075 F 0.149
78 0.0 .710 F 0.013
43 0.0 .520 F 0.986
38 0.0 .603 F 0.561
56 66.9 .028 R –

-reactive protein, ES= effect size, F=fixed, FBG= fasting blood glucose, FPI= fasting blood insulin,
sessment for insulin resistance, LDL-C= low-density lipoprotein-cholesterol, MDA=malondialdehyde,
as a statistical significance (P< .05). ES was standardized mean difference for continuous outcomes,
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Table 3

Subgroup analysis.

Comparison Studies SMD (95% CI) P value I2 PH value Model

FBG
Duration

<3 mo 8 �2.03 (�3.03, �1.04) .000 94.8 .000 R
≥3 mo 6 �0.94 (�1.34, �0.53) .000 79.7 .000 R

Dose
<450 mg 12 �1.38 (�1.97, �0.79) .000 60.2 .010 R
≥450 mg 2 �0.94 (�1.51, �0.37) .001 51.1 .153 R

Intervention type
Monotherapy 7 �0.62 (�0.96, �0.29) .000 63.6 .011 R
Combination 7 �2.14 (�3.41, �1.42) .000 95.6 .000 R

Control type
Synthetic medicines 5 �4.08 (�6.14, �2.03) .000 96.8 .000 R
Others 9 �0.77 (�1.11, �0.42) .000 80.2 .000 R

Disease type
Diabetes 7 �2.79 (�4.01, �1.57) .000 95.0 .000 R
Dyslipidemia 7 �0.64 (�1.06, �0.21) .003 85.3 .000 R

FBI
Duration

<3 mo 6 �0.44 (�0.86, �0.03) .981 61.6 .023 R
≥3 mo 3 �0.01 (�0.25, �0.24) .035 16.5 .302 R

Dose
<450 mg 8 �0.29 (�0.60, 0.02) .064 64.5 .006 R
≥450 mg 1 �0.00 (�0.55, 0.55) 1.000 – – R

Intervention type
Monotherapy 7 �2.03 (�3.03, �1.04) .044 58.4 .025 R
Combination 2 �0.94 (�1.34, �0.53) .968 58.2 .122 R

Control type
Synthetic medicines 3 �0.55 (�1.46, 0.36) .235 81.8 .004 R
Others 6 �0.12 (�0.34, 0.10) .297 24.1 .253 F

Disease type
Diabetes 4 �0.54 (�1.09, 0.02) .058 76.0 .006 R
Dyslipidemia 5 �0.01 (�0.22, �0.21) .969 0.0 .705 R

HOMA-IR
Duration

<3 mo 5 �0.35 (�0.66, �0.04) .026 23.3 .266 R
≥3 mo 2 �0.48 (�1.17, 0.26) .169 87.1 .005 R

Dose
<450 mg 7 �0.41 (�0.97, �0.12) .000 55.3 .037 R
≥450 mg – – – – – –

Intervention type
Monotherapy 5 �0.35 (�0.66, �0.04) .026 23.3 .266 R
Combination 2 �0.48 (-1.17, 0.26) .169 87.1 .005 R

Control type
Synthetic medicines 2 �0.20 (�0.60, 0.20) .324 0.0 1.000 F
Others 5 �0.48 (�0.86, �0.10) .013 67.5 .015 R

Disease type
Diabetes 2 �0.89 (�1.21, �0.57) .000 0.0 .602 F
Dyslipidemia 5 �0.18 (�0.39, 0.04) .103 0.0 .999 F

HbA1c
Duration

<3 mo 8 �2.33 (�3.31, �1.35) .000 93.9 .000 R
≥3 mo 3 �1.18 (�2.01, �0.34) .006 85.5 .001 R

Dose
<450 mg 9 �2.03 (�2.86, �1.19) .000 93.4 .000 R
≥450 mg 2 �1.59 (�2.02, �1.16) .000 0.0 .850 F

Intervention type
Monotherapy 6 �1.14 (�1.57, �0.71) .000 67.5 .009 R
Combination 5 �3.39 (�5.09, �1.69) .000 96.5 .000 R

Control type
Synthetic medicines 5 �3.87 (�5.98, �1.75) .000 96.1 .000 R
Others 6 �0.92 (�1.33, �0.51) .000 70.1 .005 R

Disease type
Diabetes 7 �2.83 (�4.02, �1.63) .000 95.0 .000 R
Dyslipidemia 4 �0.81 (�1.08, �0.53) .000 0.0 .739 R

TC
Duration

<3 mo 8 �1.06 (�1.64, �0.48) .000 90.2 .000 R
≥3mo 6 �1.61 (�2.63, �0.60) .002 96.1 .000 R

(continued )
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Table 3

(continued).

Comparison Studies SMD (95% CI) P value I2 PH value Model

Dose
<450 mg 11 �1.59 (�2.19, �0.98) .000 94.2 .000 R
≥450 mg 3 �0.23 (�0.54, 0.09) .163 0.0 .773 F

Intervention type
Monotherapy 7 �1.25 (�1.82, �0.68) .000 88.3 .000 R
Combination 7 �1.34 (�2.28, �0.40) .005 96.1 .000 R

Control type
Synthetic medicines 4 �1.21 (�2.12, �0.29) .010 90.9 .000 R
Others 10 �1.33 (�2.01, �0.66) .000 94.8 .000 R

Disease type
Diabetes 7 �0.69 (�1.31, �0.06) .032 88.2 .000 R
Dyslipidemia 8 �1.67 (�2.41, �0.93) .000 95.1 .000 R

TG
Duration
<3 mo 8 �0.21 (�0.70, 0.29) .413 87.3 .000 R
≥3mo 6 �0.61 (�0.84, �0.38) .000 40.9 .133 R

Dose
<450 mg 11 �0.40 (�0.79, �0.01) .046 88.2 .000 R
≥450 mg 3 �0.28 (�0.61, 0.06) .105 9.5 .331 F

Intervention type
Monotherapy 7 �0.19 (�0.75, 0.37) .509 88.9 .000 R
Combination 7 �0.58 (-0.79, �0.38) .000 34.0 .168 F

Control type
Synthetic medicines 4 �0.68 (�1.55, 0.20) .129 90.5 .000 R
Others 10 �0.27 (�0.62, 0.08) .126 83.8 .000 R

Disease type
Diabetes 7 �0.61 (�1.12, �0.11) .017 82.0 .000 R
Dyslipidemia 8 �0.17 (�0.56, 0.22) .388 85.8 .000 R

LDL-C
Duration
<3 mo 8 �0.74 (�1.17, �0.30) .001 83.0 .000 R
≥3mo 6 �2.06 (�3.38, �0.74) .002 97.3 .000 R

Dose
<450 mg 11 �1.65 (�2.37, �0.92) .000 95.7 .000 R
≥450 mg 3 �0.04 (�0.36, 0.27) .790 0.0 .814 R

Intervention type
Monotherapy 7 �0.84 (�1.30, �0.38) .000 83.1 .000 R
Combination 7 �1.76 (�2.96, �0.56) .004 97.2 .000 R

Control type
Synthetic medicines 4 �0.82 (�1.58, �0.05) .037 87.6 .000 R
Others 10 �1.49 (�2.32, �0.67) .000 96.2 .000 R

Disease type
Diabetes 7 �0.62 (�1.26, 0.02) .056 88.7 .000 R
Dyslipidemia 8 �1.72 (�2.66, �0.79) .000 96.9 .000 R

HDL-C
Duration
<3 mo 8 0.13 (�0.04, 0.29) .130 0.0 .768 F
≥3 mo 6 0.21 (0.04, 0.38) .015 70.9 .004 R

Dose
<450 mg 11 0.26 (0.13, 0.38) .000 0.0 .611 F
≥450 mg 3 �0.38 (�0.70, �0.07) .018 0.0 .920 F

Intervention type
Monotherapy 7 0.12 (�0.05, 0.30) .172 0.0 .536 F
Combination 7 0.21 (0.05, 0.37) .012 62.9 .013 R

Control type
Synthetic medicines 4 0.12 (�0.14, 0.39) .357 13.1 .327 F
Others 10 0.16 (�0.04, 0.36) .109 50.4 .034 R

Disease type
Diabetes 6 0.13 (�0.26, 0.53) .512 69.5 .006 R
Dyslipidemia 7 0.21 (0.06, 0.35) .005 0.0 .854 F
Diabetes + Dyslipidemia 1 �0.30 (�0.90, 0.29) .320 – –

ALT
Duration
<3 mo 6 0.12 (�0.09, 0.34) .264 0.0 .612 F
≥3 mo 6 0.02 (�0.13, 0.18) .795 64.7 .015 R

Dose
<450 mg 10 0.01 (�0.13, 0.14) .958 26.2 .202 F
≥450 mg 2 0.50 (0.11, 0.90) .012 0.0 .490 F

(continued )
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Table 3

(continued).

Comparison Studies SMD (95% CI) P value I2 PH value Model

Intervention type
Monotherapy 4 0.04 (�0.22, 0.30) .764 0.0 .997 F
Combination 8 0.06 (�0.08, 0.20) .414 61.6 .011 R

Control type
Synthetic medicines 3 0.21 (�0.11, 0.53) .202 34.4 .218 F
Others 9 0.27 (�0.11, 0.16) .698 43.7 .076 F

Disease type
Diabetes 3 0.26 (�0.02, 0.54) .065 0.0 .622 F
Dyslipidemia 8 �0.04 (�0.18, 0.11) .624 28.7 .199 F
Diabetes + Dyslipidemia 1 0.67 (0.06,1.28) .031 – –

AST
Duration

<3 mo 6 0.11 (�0.10, 0.33) .306 0.0 .569 F
≥3 mo 6 0.03 (�0.13, 0.18) .725 0.0 .583 F

Dose
<450 mg 10 0.01 (�0.12, 0.14) .887 0.0 .948 F
≥450 mg 2 0.46 (0.07, 0.85) .020 0.0 .882 F

Intervention type
Monotherapy 4 0.11 (�0.16, 0.37) .434 0.0 .520 F
Combination 8 0.04 (�0.10, 0.19) .563 0.0 .587 F

Control type
Synthetic medicines 3 0.11 (�0.20, 0.43) .485 1.6 .362 F
Others 9 0.05 (�0.09, 0.18) .510 0.0 .664 F

Disease type
Diabetes 3 0.13 (�0.15, 0.40) .365 26.7 .256 F
Dyslipidemia 8 0.02 (�0.13, 0.16) .839 0.0 .860 F
Diabetes + Dyslipidemia 1 0.43 (�0.17,1.03) .161 – –

CPK
Duration

<3 mo 4 0.03 (�0.23, 0.30) .802 32.6 .217 F
≥3 mo 5 �0.04 (�0.21, 0.12) .590 0.0 .652 F

Dose
<450 mg 9 �0.02 (�0.16, 0.12) .743 0.0 .520 F
≥450 mg – – – – – –

Intervention type
Monotherapy 4 0.03 (�0.23, 0.30) .802 32.6 .217 F
Combination 5 �0.04 (�0.21, 0.12) .590 0.0 .652 F

Control type
Synthetic medicines 2 �0.24 (�0.61, 0.14) .216 0.0 .624 F
Others 7 0.01 (�0.14, 0.16) .891 0.0 .485 F

Disease type
Diabetes 1 �0.14 (�0.57, 0.30) .538 – – F
Dyslipidemia 8 �0.01 (�0.16, 0.14) .888 0.0 .443 F

Creatinine
Duration

<3 mo 5 0.09 (�0.15, 0.33) .446 0.0 .956 F
≥3 mo 2 �0.32 (�0.65, 0.02) .063 0.0 .814 F

Dose
<450 mg 5 0.01 (�0.22, 0.23) .945 0.0 .587 F
≥450 mg 2 �0.21 (�0.59, 0.18) .292 0.0 .364 F

Intervention type
Monotherapy 4 0.11 (�0.15, 0.37) .404 0.0 .908 F
Combination 3 �0.24 (�0.53, 0.05) .105 0.0 .642 F

Control type
Synthetic medicines 3 0.01 (�0.31, 0.33) .954 0.0 .988 F
Others 4 �0.08 (�0.33, 0.17) .521 30.6 .228 F

Disease type
Diabetes 2 �0.32 (�0.65, 0.02) .063 0.0 .814 F
Dyslipidemia 4 0.11 (�0.15, 0.37) .404 0.0 .908 F
Diabetes + Dyslipidemia 1 0.00 (�0.59, 0.59) 1.000 – –

F= fixed, FBG= fasting blood glucose, FBI= fasting blood insulin, HbA1c=hemoglobin A1c, HOMA-IR=homeostatic model assessment for insulin resistance, LDL-C= low-density lipoprotein-cholesterol, PH=
P value for heterogeneity, R= random, SMD= standardized mean difference, TC= total cholesterol, TG= triglycerides. Bold indicated there was a statistical significance (P< .05).

Xiao et al. Medicine (2020) 99:40 Medicine
Our results on blood lipids (TC, TG, LDL-C, and HDL-C)
were in line with the study of Mohammadi et al[19] who
integrated 10 clinical trials. However, there were differences
compared with the study of Hadi et al[16] who reported that
silymarin supplementation did not significantly reduce FBG, TC,
10
and TG using 7 trials and the study of Voroneanu et al[23] who
used 5 RCTs to reveal silymarin supplementation had no effects
on lipid profile (TC, TG, and HDL-C). These discrepancies may
be resulted from an increased sample size in our study. Thus, our
conclusion may be more believable.



Figure 5. Sensitivity analysis for FBG. CI=confidence interval, FBG= fasting blood glucose.

Xiao et al. Medicine (2020) 99:40 www.md-journal.com
In addition to the control for blood glucose and lipid, our study,
for the first time, analyzed the potential side effects of silymarin on
function indicators of liver and kidney (ALT, AST, CPK, and
creatinine) and possible function mechanisms to inhibit inflamma-
tion (CRP). As expected, compared with placebo, ALT, AST, CPK,
and creatinine were not significantly changed after supplementation
of silymarin, indicating the safety to use the Traditional Chinese
herbs for metabolic diseases.[34] The fact that no significant
differences in ALT, AST, CPK, and creatinine between silymarin
and syntheticmedicines (thosemay bemore toxic theoretically)may
be resulted fromthe small sample size (2or3) for analysis of them.As
an inflammatory biomarker, elevated baseline CRP was previously
demonstrated to be independently associated with an increased risk
fordevelopingT2DM[35,36] and its related complications.[37,38]CRP
was positively related to the increased levels of FBG, TC, TG, LDL-
C, and decreased HDL-C.[36] In a high-fat high-carbohydrate diet-
induced prediabetic rat model, CRPwas also shown to be increased
significantly accompanied by inflammatory cytokines (interleukin
[IL]-6 and tumor necrosis factor [TNF]-a).[39] In vitro analysis
further confirmed CRP may be involved in the inflammatory
response by activation of the NF-kappa B signal pathway.[40]

Silymarinwasproved tohave anti-inflammatory functions in several
diseases. For example, Hussain et al[41] concluded that silymarin
treatment for 8 weeks significantly reduced serum levels of IL-1
alpha and IL-8, C3, and C4 for patients with knee osteoarthritis
compared to the pretreatment levels. Silymarin also exerted
hepatoprotective actions through combating inflammatory con-
ditions.[42,43] The inhibition targets of silymarin also included p65
NF-kB, and its downstream IL-1b and TNF-a.[44] Theoretically,
CRP could also be reduced after the addition of silymarin for DM
and dyslipidemia subjects, which was confirmed in our study.
However, some limitations should be taken into account. First,

significant heterogeneity was detected between included studies,
which may introduce some potential bias. Second, the included
studies were only conducted in a few countries, including Iran,
Italy, Iraq, Egypt, and Turkey (all were Asian). Whether it is also
11
effective for other ethnic groups needs further confirmation.
Third, the inflammatory inhibition effects of silymarin could only
be evaluated according to the level of CRP. Its effects on IL-6 and
TNF-a were only reported in 1 study,[22] which also should be
further assessed in the future. Fourth, previous studies demon-
strated silymarin may also induce potential toxicity (such as
nausea, vomiting, headache, diarrhea, and so on).[45,46] Howev-
er, rare study[28] compared the toxicity of silymarin and synthetic
medicines during the treatment of DM and dyslipidemia. Thus,
this also warrants further investigation.
5. Conclusion

Our findings suggest that silymarin may have a significant
hypoglycemic and lipid-lowing effect and not induce obvious
adverse reactions. Attenuation of inflammatory status may be the
possible mechanism behind this observed efficacy.
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