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environmental risk factors can lead to lipid profile 
abnormalities, atherosclerosis, and cardiovascular 
diseases.[4‑7] There are various lipid‑lowering drugs to 
prevent or treatment of subsequent diseases related to 
dyslipidemia.[8‑11] Nowadays, using medicinal plants 
and traditional medicine have increased for prevention, 
promotion, and rehabilitation of noncommunicable 
diseases.[12] There are some functional foods such 
as some edible mushrooms with some bioactive 
compounds and antioxidant activities which could be 
considered as a nutritional strategy for preventing and 
treatment of hyperlipidemia. Edible mushrooms have 

INTRODUCTION

Lipid metabolism disorders can cause a variety of 
problems.[1] Hyperlipidemia, which is characterized by 
elevated levels of triglyceride (TG), total cholesterol (TC), 
and low‑density lipoprotein cholesterol  (LDL‑C) 
and decreased levels of high‑density lipoprotein 
cholesterol (HDL‑C), has been considered an important 
globally public health problem.[2,3] Unhealthy dietary 
patterns with high‑fat and high‑calorie foods and 
drinks, gut microbiota disturbances, and genetic and 
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high amounts of fiber, protein, micronutrients, and low 
amounts of fat.[13‑15]

Ganoderma lucidum  (G.  lucidum), known commercially 
as “Lingzhi” or “Reishi,” is one of the most popular 
edible mushrooms in the world which has various 
pharmacological components such as triterpenoids, 
polysaccharides, peptides, ganoderic acids, steroids, and 
sterols.[16,17] It has been extensively used in traditional 
Chinese medicine that has a wide range of beneficial effects 
on improving different diseases including hepatitis, cancer, 
hypertension, hypercholesterolemia, diabetes, arthritis, 
and asthma. It has very low toxicity and without side 
effects.[18‑21] Recently, some animal studies have investigated 
the lipid‑lowering effects of G.  lucidum and have shown 
contradictory results.[22] Some animal studies reported 
significant lipid‑lowering effects of G.  lucidum,[15,23] while 
others did not report any significant beneficial effects.[24]

Due to increasing interest in using G.  lucidum as an 
adjunctive strategy for treatment dyslipidemia, the presence 
of inconsistent results of previous studies, insufficient 
human studies, and lack of comprehensive systematic 
review or meta‑analysis, this study was designed to 
investigate the effects of G. lucidum on lipid parameters in 
animal studies with RCTs design.

MATERIALS AND METHODS

The current systematic review and meta‑analysis study 
were conducted according to the Preferred Reporting Items 
for Systematic Reviews and Meta‑Analyses 2020 (PRISMA) 
statement.[25] The protocol was registered on PROSPERO (ID: 
CRD42021225476)

Search strategy
A comprehensive literature search was conducted in 
Medline database  (PubMed), Scopus, Web of Science, 
Cochrane Library, and Google Scholar up to the end of 
January 2022 using the following search terms (“Ganoderma” 
OR “G.  lucidum”) and  (“blood lipid” OR “lipid profile” 
OR “blood cholesterol” OR “dyslipidemia” OR 
“hypercholesterolemia” OR “LDL‑C” OR “LDL” OR 
“HDL‑C” OR “HDL” OR “TC” OR “TG” OR “TG”) The 
references of related review articles were checked to find 
undetected appropriate studies. The search strategy for each 
database is shown in Supplementary Table 1.

Inclusion criteria
Animal studies with randomized controlled trials (RCTs) 
design, including cluster RCTs and randomized cross‑over 
trials, were included. The English language studies that 
assessed the effects of G. lucidum on lipid profiles including 
TC, TGs, HDL‑C, or LDL‑C were selected.

Excluded criteria
Observational studies, human or in vitro studies, duplicated 
articles, and studies with insufficient data were excluded 
from the study.

Data extraction
Two independent reviewers (MA and MHB) reviewed and 
screened the published papers based on title, abstract, and 
full text. Any disagreement related to eligible records was 
resolved by the third reviewer (RK).

If the article and data were not available, we emailed the 
corresponding author and requested to send the article. 
The following data were extracted from relevant studies: 
first author’s name, year of publication, study design, study 
duration, species and sex, number of animal in each group, 
type of G. lucidum, dose of G. lucidum supplementation, and 
mean of levels of TG, TC, LDL‑C, and HDL‑C before and 
after the intervention.

Quality assessment
The quality of included studies was assessed using The 
Collaborative Approach to Meta‑Analysis and Review of 
Animal Data from Experimental Studies (CAMARADES) 
tool by two independent reviewers  (MA, PGh). Any 
discrepancy was resolved by third reviewer  (MHB). The 
scale consists of 10 questions. Supplementary Table 2 shows 
the quality assessment of included studies.

Statistical analysis
The mean changes in lipid profiles before and after the 
administration of G. lucidum between groups of treatment 
and control were extracted from included studies. The 
effect size of standardized mean difference  (SMD) was 
calculated by dividing the mean difference of lipid profiles 
between treatment and control groups by its standard 
deviation. The potential heterogeneity across studies 
was assessed using Cochran’s Q‑test and expressed 
using the I2 index. A random‑effects model was used to 
estimate the SMDs. Subgroup analyses based on disease 
status  (hyperlipidemic, diabetic, and healthy animals), 
dose of G. lucidum (<75, 75–150, 150–300, > =300 mg/kg), 
and gender of animals  (male, female, and both) were 
performed to seek the sources of heterogeneity. In 
addition, meta‑regression was used for assessing 
continuous variables including dose of G.  lucidum, 
mean age, treatment duration, sample size, and year 
of publication of studies, to find the possible source of 
heterogeneity. The sensitivity analyses were performed 
by excluding one or several studies at a time to gauge the 
robustness of our results. Publication bias was evaluated 
by Funnel plot and Egger’s test. All statistical analyses 
were conducted using the software STATA 12.0 (STATA 
Corp, College Station, Texas, USA).
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RESULTS

Study selection
The flow diagram for the process of study selection is shown 
in Figure 1. The initial search recognized 358 articles and 
226 of them remained after excluding duplicates. After 
screening the title and abstracts, 127 articles were excluded, 
and 99 articles remained for further assessment. The full 
texts of the remaining studies were reviewed carefully by 
two researchers. Any discrepancy was resolved by the third 
reviewer. Finally, 49 articles were included in the systematic 
review and meta‑analysis. Characteristics of included studies 
are shown in Supplementary Table 2. Quality assessment of 
included studies is shown in Supplementary Table 3.

Influence of Ganoderma lucidum on lipid profiles
Table 1 shows estimated pooled SMD and 95% CI for the 
influence of G.  lucidum on TG, TC, LDL‑C, HDL‑C, and 

very low‑density lipoproteins (VLDL) between treatment 
and control groups. G. lucidum consumption was associated 
with decreased levels of TG, TC, LDL‑C, and VLDL and was 
associated with increased levels of HDL‑C. The pooled SMD 
was estimated negative and significant for TG (SMD = −1.52, 
95% CI:‑1.79, −1.24), TC  (SMD = −1.51, 95% CI: −1.75, 
−1.27), LDL‑C  (SMD = −2.03, 95% CI: −2.37, −1.69) and 
VLDL (SMD = −1.06, 95% CI: −1.638, −0.482). Furthermore, 
the pooled SMD was estimated positive and significant for 
HDL‑C (SMD = 1.03, 95% CI: 0.73, 1.33).

For all lipid profiles, funnel plots were asymmetry 
[Supplementary Figures  1‑5], and Egger’s tests were 
significant (P < 0.001). Therefore, there was publication bias 
among these studies. Trim and fill analysis was conducted. 
Only for TG levels, 3 studies were filled to adjust publication 
bias. The pooled SMD based on filled meta‑analysis was 
estimated negative and significant  (SMD = −1.57, 95% 
CI: −1.86, −1.28) but for other lipids, no study was filled. 
Hence, the publication bias had a non‑significant effect on 
the results. The heterogeneity between studies was more 
than 80% for all lipid profiles except VLDL (I2 = 66.40%). 
Therefore, the subgroup analysis and meta‑regression 
were used to explore the potential sources of heterogeneity. 
Results of subgroup meta‑analysis according to disease 
status, dose of G.  lucidum, and gender are presented 
in Tables  2‑4. The pooled SMD showed G.  lucidum was 
associated with decreased levels of TG, cholesterol, and 
LDL in hyperlipidemic and diabetic rats. The highest 
degree of effectiveness of G. lucidum was shown for LDL‑C 
levels  (SMD = −2.49, 95% CI: −3.01, −1.98) in diabetic 
rats. The pooled SMD showed G. lucidum was associated 
with increased levels of HDL‑C levels in hyperlipidemic 
and diabetic rats. In healthy rats, the pooled SMD was 
negative and significant for TC and LDL‑C. However, 
there was evidence of heterogeneity between the included 
studies. The heterogeneity between studies was more than 
60% (P < 0.05).

The highest degree of effectiveness of G. lucidum was with 
doses >300 mg/kg (SMD = −2.22, 95% CI: −3.01, −1.43) on 
TG levels, 150–300 mg/kg  (SMD = −1.87, 95% CI: −2.56, 
−1.19) and 75–150  mg/kg  (SMD = −2.90, 95% CI: −3.68, 

Table 1: Estimated pooled standardized mean difference and 95% confidence interval for the influence of Ganoderma 
on lipid profiles
Lipid 
profiles 
(mg/dL)

Number 
of study

Pooled SMD 
(95% CI)

P* I2 (%) P** Egger P*** Number of 
filled studies

Pooled SMD 
(95% CI)

TG 45 −1.52  (−1.79–−1.24) <0.001 83.80 <0.001 −4.73 <0.001 3 −1.57  (−1.86–−1.28)
TC 43 −1.51  (−1.75–−1.27) <0.001 80.60 <0.001 −15.93 <0.001 0 ‑
LDL 41 −2.03  (−2.37–−1.69) <0.001 84.60 <0.001 −13.67 <0.001 0 ‑
HDL 46 1.03  (0.73–1.33) <0.001 83.20 <0.001 7.04 <0.001 0 ‑
VLDL 6 −1.06 (−1.638–−0.482) <0.001 66.40 <0.001 −4.3 0.002 0 ‑
*P‑value of pooled SMD, **P‑value of Cochran’s Q‑test, ***P‑value of egger test. TG: Triglycerides, TC: Total cholesterol, LDL: Low‑density lipoprotein cholesterol, HDL: 
High‑density lipoprotein cholesterol, VLDL: Very LDL, SMD: Standardized mean difference, CI: Confidence interval
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta‑Analyses 
flow chart of study selection process
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−2.12) on LDL‑C levels, >300  mg/kg  (SMD  =  1.92, 95% 
CI: 1.02, 2.81) and 150–300 mg/kg (SMD = −1.58, 95% CI: 
−3.09, −0.07) on VLDL levels. Furthermore, G.  lucidum 
had the highest degree of effectiveness on LDL‑C levels 
in male rats (SMD = −2.27, 95% CI: −2.66, −1.89). However, 

there was evidence of heterogeneity between the included 
studies (P < 0.05).

Results of meta‑regression showed that there was a positive 
and significant association between mean age and duration 

Table 3: Subgroup meta‑analysis of pooled standardized mean difference and 95% confidence interval for the 
influence of Ganoderma on lipid profiles by dose of Ganoderma

Number of studies Pooled SMD (95% CI) P* I2 (%) P**
TG  (mg/dL)

<75 mg/kg 21 −1.03  (−1.41–−0.64) <0.001 67.60 <0.001
75–150 mg/kg 24 −1.70  (−2.23–−1.17) <0.001 82.50 <0.001
150–300 mg/kg 21 −1.89  (−2.65–−1.13) <0.001 88.30 <0.001
>300 mg/kg 12 −2.22  (−3.01–−1.43) <0.001 88.90 <0.001

TC  (mg/dL)
<75 mg/kg 21 −1.34  (−1.70–−0.98) <0.001 61.70 <0.001
75–150 mg/kg 23 −1.80  (−2.30–−1.31) <0.001 79.50 <0.001
150–300 mg/kg 20 −1.87  (−2.56–−1.19) <0.001 86.30 <0.001
>300 mg/kg 11 −1.86  (−2.55–−1.16) <0.001 86.80 <0.001

LDL  (mg/dL)
<75 mg/kg 15 −1.72  (−2.32–−1.12) <0.001 80.20 <0.001
75–150 mg/kg 16 −2.90  (−3.68–−2.12) <0.001 85.00 <0.001
150–300 mg/kg 13 −1.89  (−2.63–−1.14) <0.001 84.90 <0.001
>300 mg/kg 9 −2.86  (−3.86–−1.85) <0.001 89.00 <0.001

HDL  (mg/dL)
<75 mg/kg 15 0.45  (−0.15–1.05) 0.14 83.50 <0.001
75–150 mg/kg 16 1.26  (0.69–1.83) <0.001 81.80 <0.001
150–300 mg/kg 13 0.87  (0.22–1.52) 0.009 83.60 <0.001
>300 mg/kg 9 1.92  (1.02–2.81) <0.001 88.20 <0.001

VLDL  (mg/dL)
75–150 mg/kg 3 −0.78  (−1.42–−0.13) 0.018 16.40 0.31
150–300 mg/kg 3 −1.58 (−3.09–−0.07) 0.041 84.50 <0.001

*P‑value of pooled SMD, **P‑value of Cochran’s Q‑test. TG: Triglycerides, TC: Total cholesterol, LDL: Low‑density lipoprotein cholesterol, HDL: High‑density lipoprotein 
cholesterol, VLDL: Very LDL, SMD: Standardized mean difference, CI: Confidence interval

Table 2: Subgroup meta‑analysis of pooled standardized mean difference and 95% confidence interval for the 
influence of Ganoderma on lipid profiles by disease status
lipid profiles (mg/dL) Number of studies Pooled SMD (95% CI) P* I2 (%) P**
TG

Hyperlipidemic 13 −1.86  (−2.42–−1.31) <0.001 81.40 <0.001
Diabetic 30 −2.04  (−2.46–−1.63) <0.001 83.90 <0.001
Healthy 12 −0.31  (−0.63–0.01) 0.059 67.50 <0.001

TC
Hyperlipidemic 13 −1.91  (−2.44–−1.37) <0.001 81.40 <0.001
Diabetic 29 −1.82  (−2.19–−1.44) <0.001 81.40 <0.001
Healthy 11 −0.69  (−1.03–−0.35) <0.001 70.40 <0.001

LDL
Hyperlipidemic 13 −2.16  (−2.79–−1.53) <0.001 85.10 <0.001
Diabetic 20 −2.49  (−3.01–−1.98) <0.001 84.50 <0.001
Healthy 8 −0.74  (−1.27–−0.21) 0.006 74.50 <0.001

HDL
Hyperlipidemic 11 1.41  (0.68–2.13) <0.001 88.40 <0.001
Diabetic 21 1.27  (0.89–1.66) <0.001 79.90 <0.001
Healthy 7 0.06  (−0.40–0.52) 0.791 71.40 <0.001

VLDL
Healthy 3 −0.72 (−1.52–0.08) 0.078 64.30 0.024

*P‑value of pooled SMD, **P‑value of Cochran’s Q‑test. TG: Triglycerides, TC: Total cholesterol, LDL: Low‑density lipoprotein cholesterol, HDL: High‑density lipoprotein 
cholesterol, VLDL: Very LDL, SMD: Standardized mean difference, CI: Confidence interval
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of studies with pooled SMD of LDL‑C and explain more than 
83% of the heterogeneity between studies. Furthermore, the 
mean age and year of publication of studies contributed to 
the heterogeneity between studies related to HDL‑C and 
VLDL levels, respectively [Table 5].

DISCUSSION

The present meta‑analysis study investigated the effects of 
G. lucidum on lipid parameters in animal models. According 
to our findings, G.  lucidum has lowering effects on TG, 
TC, LDL‑C, HDL‑C, and VLDL levels. Different doses of 
G. lucidum have various degrees of effectiveness on lipid 
profiles.

Some mechanisms were suggested related to the effect of 
G. lucidum on lipid profiles. G. lucidum inhibits cholesterol 
synthesis in T9A4 hepatocytes and decreases cholesterol 
levels. G. lucidum reduces the activity of 3‑hydroxy‑3‑methyl 
glutaryl coenzyme A (HMG‑CoA) reductase.[26]

G. lucidum influences the expression of some enzymes related 
to lipids including fatty acid synthase  (FAS), acyl‑CoA 
synthetase‑1 (ACS1), fatty acid binding protein‑4 (FABP4), 
and fatty acid transport protein‑1 (FATP1).[27]

Studies on mice showed that G.  lucidum extract could 
inhibit the increase of cholesterol and LDL levels by the 
reduction of AMP‑activated protein kinase (AMPK) and 
acetyl‑CoA carboxylase  (ACC) phosphorylation in the 
liver.[28]

G.  lucidum reduces the expression of sterol regulatory 
element‑binding transcription factor 1 (SREBP1c), FAS, and 
ACC through a farnesoid X receptor and small heterodimer 
partner  (FXR‑SHP)‑dependent mechanism and finally 

inhibits fatty acid synthesis and lipid droplets accumulation 
and the content of TG in the liver cell.[29]

Effect of Ganoderma lucidum on high‑density lipoprotein 
cholesterol levels
Our results showed the beneficial effects of G. lucidum on 
HDL‑C levels. However, some studies did not show any 
significant effect of G. lucidum on all lipid profiles[30‑33] or only 
on HDL‑C levels.[23,34‑39] It seems that G. lucidum do not have 
significant effects on HDL‑C levels in low doses and its effect 
becomes significant by increasing its dose.[40] Hence, it can be 
concluded that the method of purification is effective. There 
are different ways to use the active ingredient of G. lucidum. 
A traditional method of using G. lucidum is infusion with 
water and its powder. To achieve the maximum effect in this 
method, the cell walls must be completely destroyed during 
grinding. The most common method of purification is the 
use of ethanol and methanol. The use of different methods 
of consumption and purification, lack of knowledge about 
the dosage, and different quality of the consumed substance 
are the reasons of different results of studies.[41] It should be 
noted that in several articles, the use of G. lucidum, either in 
powder or purified form did not have significant adverse 
effects.[42,43]

Effect of Ganoderma lucidum on total cholesterol levels
Six studies reported no significant association between 
G. lucidum consumption and TC levels.[30,31,33,37,44,45] However, 
some studies showed significant beneficial effects of 
G. lucidum on TC levels.[34‑36]

The reason for the contradiction between the results of the 
studies can be due to the following reasons. Rats do not 
have a gall bladder, so the access of the liver to unmodified 
cholesterol is limited as part of secreted substances to the 
intestine through bile and bile salt. In addition, high‑fat diet 

Table 4: Subgroup meta‑analysis of pooled standardized mean difference and 95% confidence interval for influence 
of Ganoderma lucidum on lipid profiles by gender of rats
lipid profiles (mg/dL) Number of studies Pooled SMD (95% CI) P* I2 (%) P**
TG
Male 40 −1.67  (−1.98–−1.35) <0.001 82.90 <0.001
Female 6 −0.10  (−0.65–0.45) 0.733 75.30 <0.001
TC
Male 38 −1.76  (−2.07–−1.46) <0.001 81.70 <0.001
Female 5 −0.37  (−0.70–−0.03) 0.033 46.60 0.018
LDL
Male 32 −2.27  (−2.66–−1.89) <0.001 85.60 <0.001
Female 4 −0.56  (−1.12–0.00) 0.051 52.50 0.04
HDL
Male 16 1.16  (0.84–1.49) <0.001 83.30 <0.001
Female 3 −0.03  (−0.89–0.84) 0.954 81.60 <0.001
VLDL
Male 3 −1.02 (−1.72–−0.33) 0.004 69.70 <0.001
*P‑value of pooled SMD, **P‑value of Cochran’s Q‑test. TG: Triglycerides, TC: Total cholesterol, LDL: Low‑density lipoprotein cholesterol, HDL: High‑density lipoprotein 
cholesterol, VLDL: Very LDL, SMD: Standardized mean difference, CI: Confidence interval
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was used in several studies which neutralized the effect of 
G. lucidum.[30]

Effect of Ganoderma lucidum on low‑density lipoprotein 
cholesterol levels
Several studies showed the beneficial effects of G. lucidum 
on LDL‑C levels. Four studies reported that G. lucidum had 
a non‑significant effect on LDL‑C along with other lipid 
profile components.[30,31,44,46]

Different purification methods, dosage and duration of 
G.lucidum consumption lead to various results in studies. 
4 weeks’ intervention with G. lucidum reduced LDL‑C by 
44% while 8 weeks of intervention reduced LDL‑C by 54%.[47]

Effect of Ganoderma lucidum on very low‑density 
lipoproteins levels
Among the studies, only three studies investigated VLDL, 
one of which explicitly reported a significant effect of 
G.  lucidum on VLDL levels[38] and another reported a 
significant effect only for mycelium products not fruitbody 

products of G.  lucidum.[48] The third study showed that 
G. lucidum reduced the levels of VLDL. However, results 
were not significant.[37] The fruit body and mycelium 
product had hypoglycemic and hypolipidemic effects. 
However, it has a synergistic effect when taken together.[48]

Due to the limited number of studies, it is not possible to 
confidently comment on the effectiveness of G. lucidum and 
its mechanism on VLDL levels. It requires additional studies.

Effect of Ganoderma lucidum on triglyceride levels
Several studies showed G.  lucidum consumption had a 
significant effect on TG levels.[34,35] Non‑significant effect 
was reported in eight studies.[31‑33,37,44,46,48,49] In seven of them 
non‑significant effects were reported for other lipid profile 
components and in one study[49] it was reported only for 
TG levels.

In various studies, the intervention was done on healthy or 
unhealthy animals, but most of them reported the beneficial 
effects of G. lucidum on TG levels.

CONCLUSION

Meta‑analysis of animal studies showed that G.  lucidum 
had beneficial effects on lipid profiles. However, there are 
still many uncertainties about its mechanism and effects 
on metabolism. It is suggested that due to the absence of 
significant side effects regarding this type of mushroom 
and its beneficial effects, it can be used for the prevention 
or even treatment of abnormal lipid profiles.

Financial support and sponsorship
This study was conducted as the Project number 
299201  supported by Isfahan University of Medical 
Sciences (Research Ethics code: IR.MUI.MED.REC.1399.957).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.	 Zhang  Y, Wang  Z, Jin  G, Yang  X, Zhou  H. Regulating 
dyslipidemia effect of polysaccharides from Pleurotus ostreatus 
on fat‑emulsion‑induced hyperlipidemia rats. Int J Biol Macromol 
2017;101:107‑16.

2.	 Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, 
et al. The diagnosis and management of nonalcoholic fatty liver 
disease: Practice guidance from the American association for the 
study of liver diseases. Hepatology 2018;67:328‑57.

3.	 Zhao LY, Huang W, Yuan QX, Cheng J, Huang ZC, Ouyang LJ, et al. 
Hypolipidaemic effects and mechanisms of the main component of 
Opuntia dillenii haw. Polysaccharides in high‑fat emulsion‑induced 
hyperlipidaemic rats. Food Chem 2012;134:964‑71.

4.	 Aguilar D, Fernandez ML. Hypercholesterolemia induces adipose 
dysfunction in conditions of obesity and nonobesity. Adv Nutr 
2014;5:497‑502.

Table 5: Results of meta‑regression analysis for lipid 
profiles

β (SE) P I2 (%)
TG  (mg/dL)

Dose  (mg/kg) −0.001  (0.001) 0.55 83.98
Sample size −0.02  (0.05) 0.666 83.71
Year 0.01  (0.05) 0.769 83.90
Age mean  (weeks) 0.07  (0.05) 0.184 81.56
Duration of intervention  (weeks) −0.01  (0.05) 0.873 83.56

TC  (mg/dL)
Dose −0.0003  (0.001) 0.764 80.94
Sample size 0.07  (0.04) 0.084 80.17
Year 0.01  (0.04) 0.766 80.72
Age mean  (weeks) 0.06  (0.04) 0.106 76.27
Duration of intervention  (weeks) 0.06  (0.04) 0.13 80.78

LDL  (mg/dL)
Dose  (mg/kg) −0.0002  (0.001) 0.865 84.81
Sample size −0.02  (0.06) 0.715 84.53
Year 0.01  (0.07) 0.841 84.76
Age mean  (weeks) 0.13  (0.05) 0.014 83.39
Duration of intervention  (weeks) 0.14  (0.07) 0.038 84.76

HDL  (mg/dL)
Does  (mg/kg) 0.002  (0.001) 0.173 84.11
Sample size 0.03  (0.04) 0.438 82.73
Year 0.003  (0.05) 0.948 83.30
Age mean  (weeks) −0.12  (0.06) 0.046 86.04
Duration of intervention  (weeks) −0.08  (0.05) 0.111 83.28

VLDL  (mg/dL)
Dose  (mg/kg) −0.01  (0.01) 0.22 72.05
Sample size 0.11  (0.07) 0.128 62.46
Year 0.16  (0.06) 0.026 46.64
Age mean  (weeks) −2.27  (0.89) 0.062 7.62
Duration of intervention (weeks) −0.07 (0.11) 0.511 64.42

TG: Triglycerides, TC: Total cholesterol, LDL: Low‑density lipoprotein cholesterol, 
HDL: High‑density lipoprotein cholesterol, VLDL: Very LDL, SE: Standard error



Aref, et al.: Ganoderma lucidum and serum lipid profiles

Journal of Research in Medical Sciences | 2023 |7

5.	 Liu R, Hong J, Xu X, Feng Q, Zhang D, Gu Y, et al. Gut microbiome 
and serum metabolome alterations in obesity and after weight‑loss 
intervention. Nat Med 2017;23:859‑68.

6.	 Gujjala S, Putakala M, Ramaswamy R, Desireddy S. Preventive 
effect of Caralluma fimbriata versus metformin against high‑fat 
diet‑induced alterations in lipid metabolism in wistar rats. Biomed 
Pharmacother 2016;84:215‑23.

7.	 Fatehi D, Moayeri A, Rostamzadeh O, Rostamzadeh A, Kebria MM. 
Reactive oxygenated species  (ROS) in male fertility; Source, 
interaction mechanism and antioxidant therapy. Res J Pharm 
Technol 2018;11:791‑6.

8.	 Strandberg  TE, Kolehmainen  L, Vuorio  A. Evaluation and 
treatment of older patients with hypercholesterolemia: A clinical 
review. JAMA 2014;312:1136‑44.

9.	 Licata A. Adverse drug reactions and organ damage: The liver. 
Eur J Intern Med 2016;28:9‑16.

10.	 Schulman KA, Reed SD. The economics of PCSK‑9 inhibitors. Am 
Heart J 2017;189:200‑1.

11.	 Geladari E, Tsamadia P, Vallianou NG. ANGPTL3 inhibitors‑ their 
role in cardiovascular disease through regulation of lipid 
metabolism. Circ J 2019;83:267‑73.

12.	 Nailwal D, B VR, Gupta A. Patterns and predictors of complementary 
and alternative medicine use in people presenting with the non-
communicable disease in an urban health facility, North India. J 
Public Health Res 2021;10:2109.

13.	 Cheung  PC. The hypocholesterolemic effect of two edible 
mushrooms: Auricularia auricula  (tree‑ear ) and Tremella 
fuciformis  (white jelly‑leaf) in hypercholesterolemic rats1. Nutr 
Res 1996;16:1721‑5.

14.	 Yadav D, Negi PS. Bioactive components of mushrooms: Processing 
effects and health benefits. Food Res Int 2021;148:110599.

15.	 Guo WL, Pan YY, Li L, Li TT, Liu B, Lv XC. Ethanol extract of 
Ganoderma lucidum ameliorates lipid metabolic disorders and 
modulates the gut microbiota composition in high‑fat diet fed 
rats. Food Funct 2018;9:3419‑31.

16.	 Ahmad  MF. Ganoderma lucidum: Persuasive biologically active 
constituents and their health endorsement. Biomed Pharmacother 
2018;107:507‑19.

17.	 Guillamón E, García‑Lafuente  A, Lozano  M, D’Arrigo  M, 
Rostagno  MA, Villares  A, et  al. Edible mushrooms: Role 
in the prevention of cardiovascular diseases. Fitoterapia 
2010;81:715‑23.

18.	 Nagai K, Ueno Y, Tanaka S, Hayashi R, Shinagawa K, Chayama K. 
Polysaccharides derived from Ganoderma lucidum fungus 
mycelia ameliorate indomethacin‑induced small intestinal injury 
via induction of GM‑CSF from macrophages. Cell Immunol 
2017;320:20‑8.

19.	 Ferreira  IC, Heleno  SA, Reis  FS, Stojkovic  D, Queiroz  MJ, 
Vasconcelos  MH, et  al. Chemical features of Ganoderma 
polysaccharides with antioxidant, antitumor and antimicrobial 
activities. Phytochemistry 2015;114:38‑55.

20.	 Xiao C, Wu Q, Zhang J, Xie Y, Cai W, Tan J. Antidiabetic activity 
of Ganoderma lucidum polysaccharides F31 down‑regulated hepatic 
glucose regulatory enzymes in diabetic mice. J Ethnopharmacol 
2017;196:47‑57.

21.	 Wasser SP, Weis AL. Therapeutic effects of substances occurring 
in higher Basidiomycetes mushrooms: A modern perspective. Crit 
Rev Immunol 1999;19:65‑96.

22.	 Chang  CJ, Lin  CS, Lu  CC, Martel  J, Ko  YF, Ojcius  DM, et  al. 
Ganoderma lucidum reduces obesity in mice by modulating the 
composition of the gut microbiota. Nat Commun 2015;6:7489.

23.	 Hu R, Guo W, Huang Z, Li L, Liu B, Lv X. Extracts of Ganoderma 
lucidum attenuate lipid metabolism and modulate gut microbiota 
in high‑fat diet fed rats. J Funct Foods 2018;46:403‑12.

24.	 Wihastuti TA, Sargowo D, Widodo MA, Soeharto S, Iskandar A, 
Heriansyah  T, et  al. Evaluation subchronic toxic effect of 
polysaccharide peptide on lipid and hematologic profile in Rattus 
norvegicus strain Wistar. Bangladesh J Med Sci 2016;15:409‑15.

25.	 Moher  D, Liberati A, Tetzlaff  J, Altman  DG, PRISMA Group. 
Preferred reporting items for systematic reviews and meta‑analyses: 
The PRISMA statement. PLoS Med 2009;6:e1000097.

26.	 Berger A, Rein D, Kratky E, Monnard I, Hajjaj H, Meirim I, et al. 
Cholesterol‑lowering properties of Ganoderma lucidum in vitro, ex 
vivo, and in hamsters and minipigs. Lipids Health Dis 2004;3:2.

27.	 Thyagarajan‑Sahu A, Lane B, Sliva D. ReishiMax, mushroom based 
dietary supplement, inhibits adipocyte differentiation, stimulates 
glucose uptake and activates AMPK. BMC Complement Altern 
Med 2011;11:74.

28.	 Jung S, Son H, Hwang CE, Cho KM, Park SW, Kim HJ. Ganoderma 
lucidum ameliorates non‑alcoholic steatosis by upregulating energy 
metabolizing enzymes in the liver. J Clin Med 2018;7:152.

29.	 Zhong D, Xie Z, Huang B, Zhu S, Wang G, Zhou H, et al. Ganoderma 
lucidum polysaccharide peptide alleviates hepatoteatosis via 
modulating bile acid metabolism dependent on FXR‑SHP/FGF. 
Cell Physiol Biochem 2018;49:1163‑79.

30.	 Tong CC, Choong YK, Mohamed S, Mustapha NM, Umar NA, 
Science  F. Efficacy of Ganoderma lucidum on plasma lipids and 
lipoproteins in rats fed with high cholesterol diet. Nutr Food Sci 
2008;38:229‑38.

31.	 Wihastuti  TA, Amiruddin  R, Cesa  FY, Alkaf AI, Setiawan  M, 
Heriansyah  T. Decreasing angiogenesis vasa vasorum through 
Lp‑PLA2 and H2O2 inhibition by PSP from Ganoderma lucidum 
in atherosclerosis: In vivo diabetes mellitus type 2. J Basic Clin 
Physiol Pharmacol 2020;30:1-7.

32.	 Zhu J, Jin J, Ding J, Li S, Cen P, Wang K, et al. Ganoderic acid a 
improves high fat diet‑induced obesity, lipid accumulation and 
insulin sensitivity through regulating SREBP pathway. Chem Biol 
Interact 2018;290:77‑87.

33.	 Seto SW, Lam TY, Tam HL, Au AL, Chan SW, Wu JH, et al. Novel 
hypoglycemic effects of Ganoderma lucidum water‑extract in obese/
diabetic (+db/+db) mice. Phytomedicine 2009;16:426‑36.

34.	 Guo WL, Guo JB, Liu BY, Lu JQ, Chen M, Liu B, et al. Ganoderic 
acid a from Ganoderma lucidum ameliorates lipid metabolism and 
alters gut microbiota composition in hyperlipidemic mice fed a 
high‑fat diet. Food Funct 2020;11:6818‑33.

35.	 Adeyi AO, Awosanya SA, Adeyi OE, James AS, Adenipekun CO. 
Ganoderma lucidum ethanol extract abrogates metabolic syndrome 
in rats: In vivo evaluation of hypoglycemic, hypolipidemic, 
hypotensive and antioxidant properties. Obes Med 2021;22:100320.

36.	 Chen  M, Xiao  D, Liu  W, Song  Y, Zou  B, Li  L, et  al. Intake of 
Ganoderma lucidum polysaccharides reverses the disturbed gut 
microbiota and metabolism in type  2 diabetic rats. Int J Biol 
Macromol 2020;155:890‑902.

37.	 Eroglu H, Beytut EJ. Effect of Ganoderma lucidum polysaccharides 
on oxidative damage in liver of STZ‑diabetic rats. Biomed Res J 
2018;29:3436‑43.

38.	 Oluba OM, Onyeneke EC, Ojieh GC, Idonije BO. Evaluation of the 
hypoglycemic effect of aqueous extract of Ganoderma lucidum on 
STZ‑induced diabetic Wistar rats. Ann Biol Res 2010;1:41‑9.

39.	 Wang F, Zhou Z, Ren X, Wang Y, Yang R, Luo J, et al. Effect of 
Ganoderma lucidum spores intervention on glucose and lipid 
metabolism gene expression profiles in type 2 diabetic rats. Lipids 
Health Dis 2015;14:49.

40.	 Pan D, Zhang D, Wu J, Chen C, Xu Z, Yang H, et al. Antidiabetic, 
antihyperlipidemic and antioxidant activities of a novel 
proteoglycan from Ganoderma lucidum fruiting bodies on db/db 
mice and the possible mechanism. PLoS One 2013;8:e68332.

41.	 Li  Z, Zhou  J, Lin  Z. Development and innovation of 



Aref, et al.: Ganoderma lucidum and serum lipid profiles

Journal of Research in Medical Sciences| 2023 | 8

Ganoderma industry and products in China. Adv Exp Med Biol 
2019;1181:187‑204.

42.	 Zhao  H, Zhang  Q, Zhao  L, Huang  X, Wang  J, Kang  X. Spore 
powder of Ganoderma lucidum improves cancer‑related fatigue 
in breast cancer patients undergoing endocrine therapy: 
A  pilot clinical trial. Evid Based Complement Alternat Med 
2012;2012:809614.

43.	 Noguchi M, Kakuma T, Tomiyasu K, Yamada A, Itoh K, Konishi F, 
et al. Randomized clinical trial of an ethanol extract of Ganoderma 
lucidum in men with lower urinary tract symptoms. Asian J Androl 
2008;10:777‑85.

44.	 Bungihan  ME, Balonquita  MD. Pre‑clinical evaluation of 
lowering atherosclerosis risk factors in hypercholesterolemic rats 
and the immunomodulating action of Ganoderma lucidum and 
Chrysanthemum indicum linn. Int J Sci Technol 2017;3:381‑401.

45.	 Rubel  R, Dalla Santa  HS, Fernandes  LC, Bonatto  SJ, Bello  S, 

Figueiredo BC, et al. Hypolipidemic and antioxidant properties of 
Ganoderma lucidum (leyss: Fr) karst used as a dietary supplement. 
World J Microbiol Biotechnol 2011;27:1083‑9.

46.	 Sargowo  D, Prasetya  I, Ashriyah  R, Setyawati  I, Andri  WT, 
Heriansyah TJ, et  al. Anti inflammation and anti oxidant effect 
of active agent polysaccharide peptide  (Ganoderma lucidum) in 
preventing atherosclerotic diseases. ??? 2015;8:27‑33.

47.	 Lai P, Cao X, Xu Q, Liu Y, Li R, Zhang J, et al. Ganoderma lucidum 
spore ethanol extract attenuates atherosclerosis by regulating lipid 
metabolism via upregulation of liver X receptor alpha. Pharm Biol 
2020;58:760‑70.

48.	 Majagi SI, Patil PJ. Influence of Ganoderma lucidum preparations 
on blood glucose and lipids in albino rats. 2009;2:1047.

49.	 Xiao  C, Wu  Q, Xie  Y, Tan  J, Ding  Y, Bai  L. Hypoglycemic 
mechanisms of Ganoderma lucidum polysaccharides F31 in db/db 
mice via RNA‑seq and iTRAQ. Food Funct 2018;9:6495‑507.



Supplementary Figure  1: Funnel plot of the effect of Ganoderma on total 
cholesterol. TC: Total cholesterol

Supplementary Figure 2: Funnel plot of the effect of Ganoderma on triglyceride. 
TG: Triglyceride

Supplementary Figure 4: Funnel plot of the effect of Ganoderma on high‑density 
lipoprotein cholesterol. HDL: High‑density lipoprotein

Supplementary Figure 3: Funnel plot of the effect of Ganoderma on low‑density 
lipoprotein cholesterol. LDL: Low‑density lipoprotein



Supplementary Table 1: Search strategy for each database
Database Search strategy
PubMed #1 “Ganoderma“  [MeSH Terms] OR “G.lucidum”  [ti, ab] OR “ Ganoderma lucidum“  [ti, ab]

#2 “blood lipid“  [ti, ab] OR “lipid profile”[ti, ab] OR “blood cholesterol”[ti, ab] OR “dyslipidemia”[MeSH Terms] OR 
“hypercholesterolemia”[MeSH Terms] OR “low‑density lipoprotein cholesterol”[ti, ab] OR “ Cholesterol, LDL”[MeSH Terms] OR 
“LDL”[ti, ab] OR “high‑density lipoprotein cholesterol”[ti, ab] OR “ Cholesterol, HDL”[MeSH Terms] OR “HDL”[ti, ab] OR “total 
cholesterol”[ti, ab] OR “triglycerides”[MeSH Terms] OR “TG”[ti, ab]
#1 AND #2

Scopus #1 “Ganoderma”  [ti, ab, kw] OR “G.lucidum”  [ti, ab, kw] OR “ Ganoderma lucidum”  [ti, ab, kw]
#2 “lipid profile”[ti, ab, kw] OR “blood cholesterol”[ti, ab, kw] OR “dyslipidemia”[ti, ab, kw] OR “hypercholesterolemia”[ti, ab, kw] 
OR “low‑density lipoprotein cholesterol”[ti, ab, kw] OR “LDL”[ti, ab, kw] OR “high‑density lipoprotein cholesterol”[ti, ab, kw] OR 
“HDL”[ti, ab, kw] OR “total cholesterol”[ti, ab, kw] OR “triglycerides”[ti, ab, kw] OR “TG”[ti, ab, kw]
#1 AND #2

Cochrane 
library

#1 “Ganoderma”  [ti, ab, kw] OR “G.lucidum”  [ti, ab, kw] OR “ Ganoderma lucidum”  [ti, ab, kw]
#2 “lipid profile”[ti, ab, kw] OR “blood cholesterol”[ti, ab, kw] OR “dyslipidemia”[ti, ab, kw] OR “hypercholesterolemia”[ti, ab, kw] 
OR “low‑density lipoprotein cholesterol”[ti, ab, kw] OR “high‑density lipoprotein cholesterol”[ti, ab, kw] OR “total cholesterol”[ti, 
ab, kw] OR “triglycerides”[ti, ab, kw]
#1 AND #2

Web of 
Science

#1 “Ganoderma”  [topic] OR “G.lucidum”  [topic] OR “Ganoderma lucidum”  [topic]
#2 “lipid profile”[topic] OR “blood cholesterol”[topic] OR “dyslipidemia”[topic] OR “hypercholesterolemia”[topic] OR “low‑density 
lipoprotein cholesterol”[topic] OR “high‑density lipoprotein cholesterol”[topic] OR “total cholesterol”[topic] OR “triglycerides”[topic]
#1 AND #2

Google 
Scholar

((“Ganoderma” OR “G.lucidum” OR” Ganoderma lucidum”) AND (“lipid profile” OR “blood cholesterol”OR “dyslipidemia” OR 
“hypercholesterolemia” OR “low‑density lipoprotein cholesterol” OR “high‑density lipoprotein cholesterol” OR “total cholesterol” OR 
“triglycerides”))

Supplementary Figure  5: Funnel plot of the effect of Ganoderma on very 
low‑density lipoproteins. VLDL: Very low‑density lipoproteins
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Supplementary Table 2: Characteristics of included studies
Study 
reference year

Animal model Dose of 
Ganoderma

Duration Sex Sample 
size

Lipid 
profile

Result

Adeyi A, 2021 Rats 26 mg/kg
44 mg/kg
70 mg/kg

2 weeks Male 30 TG, TC, 
HDL, 
LDL

Ganoderma  (70 mg/kg body weight) showed, 
anti‑dyslipidemia effects  (TG, CHOL, LDL 
levels reduced dose dependently) were 
markedly  (P<0.05) in a rat model of metabolic 
syndrome

Bach E, 2018 Wistar rats 1.00 mg/kg 4 weeks Male 20 TG, TC Biochemical analysis also showed an effect of a 
decrease of total CHOL, triglycerides

Chen M, 2019 Rats 400 mg/kg 4 weeks Male 16 TG, TC, 
HDL, 
LDL

Ganoderma treatment reduced the levels 
of serum TC, TG, LDL, in T2DM rats. These 
results were consistent with a previous GLP 
administration which reduced serum TC, TG, 
LDL, levels in HFD‑induced obesity mice

Elhussainy E, 
2016

Rats 50 mg/kg
100 mg/kg

8 weeks Male 40 TG, TC, 
HDL, 
LDL

Treatment Ganoderma with low dose in diabetic 
rats significantly decrease the levels of serum 
TC, TG, LDL  (P<0.01), and significantly increase 
the levels of HDL  (P<0.05) compared to 
untreated diabetic rats. While with high dose in 
diabetic rats significantly decrease the levels of 
serum TC, TG, LDL  (P<0.001), and significantly 
increase the levels of HDL  (P<0.001) compared 
to STZ‑induced diabetic rats

Eroglu H, 2018 Wistar rats 60 mg/kg
120 mg/kg
180 mg/kg

3 weeks Male 60 TG, TC, 
HDL, 
LDL

With the diabetic rats, the dose of 60, 120 
and 180 mg/kg of Ganoderma effected in 
the increase of total TC, TG, VLDL, HDL 
levels, although it was not a significant 
change  (P>0.05), instead, we observed a 
statistically significant decrease of LDL 
level  (P<0.05)

Guo W, 2020 Mice 15 mg/kg
75 mg/kg

8 weeks Male 40 TG, TC, 
HDL, 
LDL

Supplementation with GA markedly reduced 
serum TG, TC and LDL levels in HFD‑fed 
mice  (P<0.05) but did not significantly increase 
the serum HDL‑C level

Guo W, 2018 Wistar rats 150 mg/kg 8 weeks Male 20 TG, TC, 
HDL, 
LDL

Oral administration of GL95 markedly alleviated 
the dyslipidemia through decreasing the levels 
of serum TG, TC and LDL, and inhibiting hepatic 
lipid accumulation and steatosis. Consumption 
for 8 weeks significantly elevated the serum 
HDL level compared with the HFD and Sym 
groups  (P<0.05)

Heriansyah T, 
2015

Wistar rats 50 mg/kg
150 mg/kg
300 mg/kg

12 weeks Male/
female

35 TG, TC G. lucidum PsP is beneficial in lowering the 
levels of lipid profiles TG and TC

Hu R, 2018 Wistar rats 150 mg/kg 8 weeks Male 32 TG, TC, 
HDL, 
LDL

The investigation of serum TG, TC, LDL, levels 
demonstrated that GL55 significantly improved 
these parameters compared with the HFD group

Li F, 2011 Mice 50 mg/kg
150 mg/kg

4 weeks Male 32 TG, TC, 
HDL, 
LDL

Supplementation resulted in lowering the TC, TG 
and LDL levels with elevation of HDL levels

Meng G, 2011 Rats 200 mg/kg
400 mg/kg
800 mg/kg

16 weeks Male/
female

40 TG, TC GLP decrease TC and TG in high‑fat fed/STZ 
diabetic rats. In the DC group, TC and TG were 
increased compared with the NC group. After 
treatment, TC and TG in the GLP‑M or GLP‑H 
group were reversed to the value that was 
significantly lower than that in DC group

Oluba M,2010 Wistar rats 100 mg/kg
200 mg/kg

4 weeks Male 60 TG, TC, 
HDL, 
LDL, 
VLDL

It is observed that the extract produced a 
significant decrease in serum TG, TC, VLDL and 
LDL‑ in normal rats and STZ‑diabetic rats. In 
addition, serum HDL was significantly increased in 
STZ‑diabetic rats given 200 mg/kg of the extract 
at the end of the 4th week



Supplementary Table 2: Contd...
Study 
reference year

Animal model Dose of 
Ganoderma

Duration Sex Sample 
size

Lipid 
profile

Result

Pan D, 2014 Mice 75 mg/kg
250 mg/kg
450 mg/kg

8 weeks Male 60 TG, TC, 
HDL, 
LDL

TG and TC were significantly decreased by 
47.8%  (P<0.01) and 41.0%  (P<0.01) for high 
dose, compared with those for the control. 
Furthermore, the serum LDL levels for both 
middle and high‑dosage of FYGL treated mice 
were significantly  (P<0.01) lower than those for 
control group, whereas the serum HDL level 
for those nutritional supplement‑treated groups 
were higher  (P<0.01) than that for control 
group

Pan R, 2021 Mice 100 mg/kg
400 mg/kg

8 weeks Male 24 TG, TC, 
HDL, 
LDL

The concentration of TC, TG, LDL in the 
wildtype  (P<0.001), GLP  (P<0.01) and MET 
groups  (P<0.01) were significantly lower 
compared with the model control group. 
Additionally, the concentration of HDL in 
the serum of mice in the wildtype  (P<0.001), 
GLP  (P<0.001 or P<0.05) and MET 
groups  (P<0.01) was significantly higher 
compared with the model control group

Sargowo D, 
2015

Rats 50 mg/kg
150 mg/kg
300 mg/kg

5 weeks Male 25 TG, TC, 
HDL, 
LDL

PsP treatment decreased CHOL total 
level [Tabel 1] and increased HDL level 
significantly  (P=0.04 and P=0.002 respectively) 
at PsP dose 50, 150, 300 mg/kg BW, but there 
is no correlation with LDL and triglyceride 
level  (P=0.129 and P=0.340)

Sargowo D, 
2017

Wistar rats 50 mg/kg
150 mg/kg
300 mg/kg

12 weeks Male/
female

35 TG, TC, 
HDL, 
LDL

The administration of G. lucidum PsP to diabetic 
model rats provided a significant difference in 
lowering foam cell  (P=0.017; CI 95%). It also 
gave significant difference between levels of 
each lipid components  (TC, TG, LDL and HDL) 
in at least two treatment groups  (P=0.010; CI 
95%)

Sarker M, 2015 Rats 200 mg/kg
400 mg/kg
600 mg/kg
800 mg/kg

7 days Male 55 TG, TC, 
HDL, 
LDL

With GLPEE  (800 mg/kg) significantly 
reduced TC  (P<0.001), TG  (P<0.001) and 
LDL  (P<0.001) levels, HDL level was significantly 
increased  (P<0.01) compared to diabetic control 
rats. Similarly, GL‑ME significantly reduced TC, 
TG and LDL and increased HDL levels compared 
to untreated diabetic rats. Overall, the effect of 
GL‑PEE was comparatively better than of GL ME

Seto S, 2009 Mice 0.03 g/kg
0.3 g/kg

4 weeks Female TG, TC, 
HDL, 
LDL

There was no apparent difference in TG levels 
measured between + db/+ m and + db/+ db 
mice  (P>0.05), and G. lucidum consumption 
failed to alter the TG. In contrast, there was a 
higher level of TC and LDL  (and a lower level 
of HDL in + db/+ db mice, compared to + 
db/+ m mice. G. lucidum consumption failed to 
modify TC, HDL and LDL levels measured in + 
db/+ m mice. In + db/+ db mice, G. lucidum 
(0.3 g/kg) reduced the LDL‑CHOL level and 
the atherogenic index TC/LDL, compared to 
controls  (P<0.05)

Sharma P, 2019 Mice 50 mg/kg
100 mg/kg
200 mg/kg
500 mg/kg
1000 mg/kg

1 weeks
90 days

Male/
female

100 TG, TC CR‐induced elevated levels of TC, TG were dose 
dependently reduced with GLAQ and effects were 
better in comparison to positive control (gallic acid). 
But with extract treatment the levels of TG, and TC 
were normalized to control levels

Contd...
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Supplementary Table 2: Contd...
Study 
reference year

Animal model Dose of 
Ganoderma

Duration Sex Sample 
size

Lipid 
profile

Result

Tong C, 2008 Rats 0.1% 6 months Male 24 TG, TC, 
HDL, 
LDL

Supplementation of the feed with G. lucidum 
(0.1%) in rats decreased the TC, TG and 
LDL level significantly  (P<0.05) while further 
increased the plasma concentration of HDL. 
In the case of rats fed with diet containing a 
mixture of 1% CHOL and 0.1% of Ganoderma, 
the lipid profile showed much higher 
readings  (P<0.05) compared to the chol 
group. This seemed to indicate the possible 
hypocholesterolemic effect of G. lucidum in 
reducing the deposition of CHOL on the wall of 
the blood vessels

Tseng H, 2018 Mouse 150 mg/kg
300 mg/kg

12 weeks Male TG, TC, 
LDL

Ganoderma had beneficial effects on lipid 
profiles

Wang F, 2015 Rats 1 g/day 4 weeks Male 24 TG, TC, 
HDL, 
LDL

Following the therapeutic treatment of GLSP, 
the blood TG fell significantly by 49.0% and TC 
reduced by 17.8%, respectively, as compared 
to the nontreatment group. This study found 
that G. lucidum intervention could significantly 
enhance level HDL by 48.6%  (P<0.01) compared 
to the model control. It is interesting to note 
that there was no significant difference in HDL 
between normal group and GLSP intervention 
group  (P=0.6850)

Wang C, 2012 Mice 75 mg/kg
225 mg/kg

4 weeks Male TG, TC, 
HDL, 
LDL

TG, TC, LDL and HDL levels were significantly 
decreased by 52.8%  (P<0·01), 65.9%  (P<0·001), 
75.2%  (P<0·001) and 41.7%  (P<0·05), 
respectively, in db/db diabetic mice treated with 
a high dose of FYGL, compared with those for 
the diabetic control, and the potency of FYGL 
was dose‑dependent

Wihastuti T, 
2016

Wistar strain 300 mg/kg/h
600 mg/kg/h
1200 mg/kg/h

90 days Male/
female

80 TG, TC, 
HDL, 
LDL

The examination showed not significant at 
the lipid profile  (TC, TG, HDL, and LDL) and 
leukocytes

Chen, 2008 Weanling 
piglets

0  (control), 50, 100 
and 150 mg/kg feed

2 and 
4 weeks

‑ 72 TG, TC Ganoderma had not significant beneficial effects 
on lipid profiles

Hikino H, 1989 Mice 100 mg/kg 5 h Male ‑ TG, TC Ganoderma had not significant beneficial effects 
on lipid profiles

Huang, 2020 SD rats 1% or 3% 
freeze‑dried 
G. lucidum

5 weeks Male 48 ‑ TBARS, a marker for lipid peroxidation, were 
reduced

Lai P, 2020 Japanese white 
rabbits

6, 24, 96 mg/kg 
G. lucidum spore 

(EEG)

4, 8 and 
14 weeks

Male 54 TG, TC, 
LDL‑C, 
HDL‑C

Significantly reduced serum TG, TC and 
LDL‑CHOL levels. Serum TC/HDL‑CHOL values 
of rabbits were significantly lower

Li lu, 2019 Kunming mice 25, 50, and 
100 mg/kg/day

4 weeks Male 48 ‑ MDA content significantly decreased it suggest 
that Ganoderma atrum PSG can significantly 
alleviate STZ‑induced lipid peroxidation in the 
pancreas of diabetic animals

Li NH, 2020 C57BL/KsJ‑db/
db mice and 
wild‑type 
C57BL6/J mice

100, 
400 mg/kg/day

8 weeks Male 24+6 TC, TG, 
LDL‑C, 
HDL‑C

Lipid profiles significantly upregulated in db/db 
mice

Liang Z, 2018 C57BL/6 mice 200, 
400 mg/kg/day

12 weeks Male 100 TC, TG, 
LDL‑C, 
HDL‑C

Effectively increased HDL‑C levels and decreased 
TG, TC and LDL‑C levels in the serum

Liu Y, 2019 SD rats 0.4 g/kg/BW 5 weeks Male 60 TC, TG, 
LDL‑C, 
HDL‑C

TC, TG and LDL‑C levels of the intervention 
groups were significantly lower and HDL‑C is 
significantly higher

LIU Y, 2015 Chinese 
Holstein cows

33, 67, 
100 g/cow/day

60 days Female 40 TC, TG TG contents were significantly different between 
control and the experimental groups but TC was 
not significantly different between the experimental 
groups and control



Supplementary Table 2: Contd...
Study 
reference year

Animal model Dose of 
Ganoderma

Duration Sex Sample 
size

Lipid 
profile

Result

Majagi, 2009 Rats of Wistar 
strain

146, 243 mg/kg 24 h Male 30 TG, TC, 
HDL, 
LDL, 
VLDL

Mycelium product significantly  (P<0.05, P<0.01) 
raised the HDL and significantly  (P<0.01) lowered 
TC, LDL, TG and VLDL. But fruit body product 
has no significant effect on TG and VLDL

Menses, 2016 C57BL/6 mice GL low dose  (0.5%)/
GL high dose  (1.0%)

43 days Male 56 TC, TG, 
LDL‑C

The addition of GL extracts to the diet 
significantly reduced serum TC and TG. The 
reduction in TC was accompanied by a decrease 
in the LDL‑C concentration

Rubel R, 2010 Swiss mice Basal chow was 
supplemented with 
85, 50, or 10% of 

G. lucidum CG 144 
dried spawn

12 weeks Female 54 TG, TC, 
HDL, 
LDL, 
VLDL

Except TC G. lucidum is significantly effective on 
lipid profiles

Sakib H, 2018 Wistar rats 100 mg/kg BW/day 28 days Male 42 TC, TG, 
HDL‑C, 
LDL‑C

CF+GL significantly decrease TG but no 
significant effect on TC, HDL‑C, LDL‑C

Wihastuti, 2019 Wistar rats 50 mg/kg BW, 
150 mg/kg BW, and 

300 mg/kg BW

30 days ‑ 25 TG, TC Significantly decrease TG and TC

Xiao, 2018 C57BL/6 mice 
and C57BL/6 
db/db mice

50 mg/kg/day 6 weeks Male 24 TC, TG, 
HDL‑C, 
LDL‑C

Significant effect on TC, HDL‑C, LDL‑C and no 
significant effect on TG level

Xiao H, 2020 SD rats 0.05, 5 mg/kg rLZ‑8 12 weeks Male 32 TC, TG An increase in serum levels of TC, TG and 
HbA1c in STZ model group was observed

Xu Y, 2019 Kunming mice 50, 100, 
200 mg/kg body 

weight

30 days Male 70 TC, TG, 
HDL‑C, 
LDL‑C

Significantly effects on TC, TG, HDL‑C, LDL‑C

Yang BK‑2002 SD rats 100 mg/kg BW 4 weeks Male 32 TC, TG, 
LDL‑C

Significantly effects on TC, TG, LDL‑C

Yang BK, 2004 SD rats 100 mg/kg BW 2 weeks Male 32 TC, TG, 
LDL‑C

Significantly effects on TC, TG, LDL‑C

Yang Q, 2010 Wistar rats 100, 200, or 
300 mg/kg

40 days ‑ 40 TC, TG Oral administration of the polysaccharides 
extract for 40 days resulted in a dose‑dependent 
significant reduction of the levels of fasting 
blood glucose, TC and TG

Yang Z, 2017 WT C57BL/6 
mice and obese 
C57BL/6 
(ob/ob) mice

150, 300, 
400 mg/kg

4 weeks Male 10+50 Lipid 
(pg/mL)

Serum lipid level was reduced significantly after 
treatment with FYGL for 4 weeks

Zheng J, 2012 SD rats 200 mg/(kg BW) 8 weeks Male 50 TC, TG Significantly effects on TC, TG
Zhong, 2018 ob/ob mice on 

a C57BL6/J 
genetic 
background 
and C57BL6/J 
wild‑type 
littermates

100 mg/kg/day 4 weeks Male ‑ TC, TG, 
HDL‑C, 
LDL‑C

Significant effect on TC, HDL‑C, LDL‑C and TG

Zhu J, 2018 Mice 25 or 
50 mg/kg/day GAA

6 weeks ‑ 48 TC, TG, 
HDL‑C, 
LDL‑C

The serum TC, TG, LDL‑C were largely reduced. 
HDL‑C was markedly increased in GAA

Zhu K, 2013 Wistar rats 200 mg/kg BW and 
400 mg/kg BW

4 weeks Male 60 TC, TG, 
HDL‑C, 
LDL‑C

Administration of PSG‑1 for 4 weeks to type 2 
diabetic rats resulted in significant diminution 
of elevated TC, TG and LDL‑C levels. Treatment 
with PSG‑1 at 400 mg/kg BW showed a higher 
reduction of TC, TG and LDL‑C levels in un‑treated 
diabetic rats than PSG‑1 at 200 mg/kg BW and 
1, 1‑dimethylbiguanide hydrochloride. Moreover, 
treatment of the diabetic rats with PSG‑1 
produced a significant increase in HDL‑C levels

CHOL: Cholesterol, GAA: Ganoderic acid A, WT: Wild type, SD: Sprague‑Dawley, PSG: Polysaccharide, TG: Triglycerides, TC: Total CHOL, LDL: Low‑density lipoprotein CHOL, 
HDL: High‑density lipoprotein CHOL, VLDL: Very LDL, EEG: Ethanol extract, HbA1C: Hemoglobin A1c, G. lucidum: Ganoderma lucidum, HFD: High‑fat diet, T2DM: Type 2 
diabetes mellitus, GLP: Glucagon‑like peptide 1, GA: Glycated albumin, PsP: Polysaccharide peptide, DC: Diabetic control, NC: Normal control, BW: Body weight, CI: Confidence 
interval, GLSP: G. lucidum spore powder, GL: Glycemic load, CF: Carbofuran, TBARS: Thiobarbituric acid-reactive substance, MDA: Malondialdehyde, STZ: Streptozocin, 
GLPEE: Ganoderma lucidum Petroleum ether extract, GL‑ME: Ganoderma lucidum Methanol extract, GLAQ: Aqueous extract of Ganoderma lucidum, FYGL: Fudan-Yueyang-
Ganoderma lucidum, MET: Melbine



Supplementary Table 3: Quality assessment of included studies
Author, year 1 2 3 4 5 6 7 8 9 10
Adeyi A, 2021 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Bach E, 2018 Yes Unclear Unclear Unclear Yes Unclear Unclear Yes Yes No
Chen M, 2019 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Elhussainy E, 2016 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Eroglu H, 2018 Yes Unclear Unclear Unclear Yes Unclear Unclear Yes Yes No
Guo W, 2020 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Guo W, 2018 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Heriansyah T, 2015 Yes Unclear Unclear Unclear Yes Unclear Unclear Yes Yes No
Hu R, 2018 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Li F, 2011 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Meng G, 2011 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Oluba M, 2010 Yes Unclear Unclear Unclear Yes Unclear Unclear Yes Yes No
Pan D, 2014 Yes Unclear Unclear Yes Yes Unclear Unclear Yes Yes No
Pan R, 2021 Yes Unclear Unclear Unclear Yes Unclear Unclear Yes Yes No
Sargowo D, 2015 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Sargowo D, 2017 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Sarker M, 2015 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Seto S, 2009 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Sharma P, 2019 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Tong C, 2008 Yes Unclear Unclear Unclear Yes Unclear Unclear Yes Yes No
Tseng H, 2018 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Wang F, 2015 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Wang C, 2012 Yes Unclear Unclear Unclear Yes Unclear Unclear Yes Yes No
Wihastuti T, 2016 Yes Unclear Unclear Unclear Yes Unclear Unclear Yes Yes No
Chen, 2008 Yes Yes Unclear Unclear Unclear Unclear Unclear Yes Yes No
Hikino H, 1989 Unclear Unclear Unclear Unclear Yes Unclear Unclear Yes Yes No
Huang, 2020 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Lai P, 2020 Yes Yes Unclear Yes Yes Unclear Unclear Yes Yes No
Li lu, 2019 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Li NH, 2020 Yes Yes Unclear Yes Yes Unclear Unclear Yes Yes No
Liang Z, 2018 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Liu Y , 2019 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
LIU Y, 2015 Yes Yes Unclear Unclear Unclear Unclear Unclear Yes Yes No
Majagi, 2009 Yes Unclear Unclear Unclear Yes Unclear Unclear Unclear Yes No
Menses, 2016 Yes Yes Unclear Unclear Yes Unclear Unclear Unclear Yes No
Rubel R , 2010 Yes Unclear Unclear Unclear Yes Unclear Unclear Yes Yes No
Sakib H, 2018 Yes Yes Unclear Yes Yes Unclear Unclear Yes Yes No
Wihastuti, 2019 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Xiao, 2018 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Xiao H, 2020 Yes Yes Unclear Yes Yes Unclear Unclear Yes Yes No
Xu Y, 2019 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Yang BK, 2002 Yes No Unclear Unclear Yes Unclear Unclear Unclear Yes No
Yang BK, 2004 Yes Unclear Unclear Unclear Yes Unclear Unclear Unclear Yes No
Yang Q, 2010 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Yang Z, 2017 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Zheng J, 2012 Yes Yes Unclear Unclear Yes Unclear Unclear Unclear Yes No
Zhong, 2018 Yes Yes Unclear Yes Yes Unclear Unclear Yes Yes No
Zhu J, 2018 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No
Zhu K, 2013 Yes Yes Unclear Unclear Yes Unclear Unclear Yes Yes No


