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Abstract To assess the efficacy of garlic in comparison with pitavastatin in 

reducing hypercholesteremia. Databases that include PubMed/Medline, Cochrane, 

TRIP and SCOPUS were searched. All randomised controlled trials selected for the 

study. Studies comparing garlic with placebo and pitavastatin with either placebo 

or other drugs were selected to treat hypercholesteremia. Statistical analysis done 

using a random-effect model, and results expressed in Mean difference and 

variance for continuous data with 95% confidence intervals (CI). Twelve studies 

analysed the efficacy of garlic compared to pitavastatin. Total cholesterol, 

low-density lipoprotein, high-density lipoprotein, and triglycerides assessed for 

garlic and pitavastatin's comparative efficacy. Mean difference noticed in total 

cholesterol in garlic arm was -13.604 with 95% CI = -22.246, -4.962 while in 

pitavastatin group was -28.205 (95% CI = -29.016,-27.394). The LDL-c reduction 

not recorded in the garlic arm where the mean increase was recorded of 

0.309 (95% CI = -12.502, 13.120) while in the pitavastatin group was -35.538 

(95% CI = -39.992, -31.084). Similarly, the increase in HDL was more in the 

pitavastatin group 5.308 (95% CI = 0.906, 9.710 compared to garlic (2.754 with 

95% CI = 1.069, 4.440). Triglycerides level reduction was also low in whereas 

pitavastatin was -24.210 with 95% CI = -29.249, -19.171.The analysis showed 

that garlic has a significant effect on lipid profile. The comparison profile of garlic 

with pitavastatin showed clinical application in the treatment of mild-moderate 

hypercholesteremia—further studies required the investigator to use the 

combination therapy in controlled trials. 
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INTRODUCTION 

Cardiovascular disease (CVD), a multifactorial disease, was rapidly increasing 

and considered one of the serious diseases that threaten human health globally.  

The incidence and mortality due to CVD is increasing at a high rate every year. (Timmis 

et al., 2020)as per who statistical update, 17.9 million people die due to cardiovascular 

disease. Some of the common factors that increase CVD risk are hypertension, 

diabetes, dyslipidemia and obesity. (“Cardiovascular Diseases,” n.d.)Dyslipidemia is 

the abnormal increase in the levels of low-density lipoproteins cholesterol and 

triglycerides and low levels of high-density lipoproteins cholesterols.it is now well 

established that as LDL concentration increase the risk of CVD increase and therefore 

considered to be the primary goal of CVD prevention and treatment. (Jung et al., 

2014a) low cardiovascular risk patients should be first kept on non-pharmacological 

treatment and diet (Berthold, Sudhop, & Von Bergmann, 1998) 

Garlic has been recommended as herbal medicine for multiple health issues for 

centuries. (Berthold et al., 1998) Crushing garlic activates alliinase enzymes that 

trigger the synthesis of allicin, and allicin inhibits cholesterol production in-vitro. 

Numerous forms of garlic can be found, such as extracted oil, raw garlic or powdered 

garlic tablets or capsules. (Aslani, Entezari, Askari, Maghsoudi, & Maracy, 2016) garlic 

has shown multiple benefits from antimicrobial to anticancer effects. Garlic is also 

helpful in gynaecological disease, toothache, arthritis and chronic cough. (Bayan, 

Koulivand, & Gorji, 2014; Petrovic et al., 2018)The most exciting effect of garlic in 

preventing and treating cardiovascular diseases and risk factors is lowering 

cholesterol, Blood pressure lowering, fibrinolysis stimulation, anticoagulation, and ant 

oxidation (Berthold et al., 1998). The mechanism of reducing hyperlipidemia by garlic 

achieved by suppressing low-density lipoprotein oxidation, increasing High-density 

lipoproteins, and decreasing triglycerides.(Gardner, Chatterjee, & Carlson, 2001; 

Katsuki, Hirata, & Ishikawa, n.d.; Ziaei, Hantoshzadeh, Rezasoltani, & Lamyian, 2001) 

Patients at greater risk of cardiovascular events or whose hyperlipidemia is not 

getting controlled hypolipidemic drugs must add to their treatment.(MA1 et al., 2003) 

HMG CoA reductase or statins considered to be the first choice for the treatment of 

dyslipidemia.(Grundy et al., 2019) based on intensity stains can be divided into three 

categories: 1) high-intensity statins (lowering LDL-c by 50% or more) 2) moderate 

density (lowering LDL-c by 30% to 49%) 3) low intensity (lowering LDL-c by less than 

30%).(Stone et al., 2014). High-intensity statins are the first choice for the treatment, 

but the treatment then shifted to moderate-intensity statins such as pitavastatin if the 

patient cannot tolerate high-intensity statins. As per AHA guidelines 2018, the dose of 

pitavastatin 2mg-4mg provide a moderate intensity effect. (Grundy et al., 2019) 

statins are also associated with a high risk of adverse effects. The most common 

adverse effect is muscles symptoms like myalgia, myopathy and, in severe cases, 

rhabdomyolyses. Other adverse effects include an increase in serum transaminase and 

a high risk of new-onset of diabetes. (Rosenson, Baker, Jacobson, Kopecky, & Parker, 

2014; Thompson, Panza, Zaleski, & Taylor, 2016) 

Although statins are considered first-line therapy for hyperlipidemia, a high risk 

of adverse events are associated with statins therapy. Therefore, it is necessary to find 

an alternative for treating hyperlipidemia with minor side effects and high benefits. 

The objective of the study is to compare the efficacy of garlic in lowering LDL-c against 

moderate-intensity pitavastatin. 

MATERIALS AND METHODS 

Criteria for considering studies for this review 

Types of studies 

Randomised controlled trials that recorded the clinical outcomes for garlic and 

pitavastatin in lowering the LDL-c in patients with hyperlipidemia or dyslipidemia were 

selected. RCTs, preferably cross over trials irrespective of blinding published in English 
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language only, were included in the study. Quasi RCTs and cohort studies not included 

in this review. An adapted Prisma flow chart of study selection included. (Liberati  

et al., 2009) 

Types of participants 

Adults (18 years or older) of any ethnic origin that suffering from hyperlipidemia. 

Diagnostic criteria 

We included studies if participants were individuals with hyperlipidemia defined 

as a mean LDL cholesterol level between 90mg/dl to 10mg/dl and a mean TC level 

greater than 240 mg/dL. We accepted other definitions because the diagnostic criteria 

have changed during the last decade. We excluded familial hypercholesterolemia and 

secondary hypercholesterolemia. 

Types of intervention 

Garlic is available in garlic capsules, garlic powder, extracted garlic oil or raw 

garlic. All these forms included under one category of intervention—Pitavastatin 2 mg 

selected as an intervention for the control group. We removed articles having any  

co-interventions with the experimental group or controlled group. Trials with a 

minimum of 30 days of treatment duration included in the review.   

Types of outcomes measures 

The primary outcome measures we sought at the end of treatment and maximal 

follow-up after completion of the treatment were: 

Primary Outcomes: 

Serum cholesterol levels (including TC, LDL-c and HDL-c). 

Secondary outcomes: 

Triglycerides levels (TG) 

Covariates, effect modifiers and confounders 

1. Age; 

2. Gender; 

3. Compliance. 

Timing of outcome measurement 

The minimum treatment duration of treatment was one month (30 days). 

Search strategy 

A computer-based randomised controlled trials search was done from electronic 

databases PubMed, JAMA network and clinical key, using the keywords ‘GARLIC’ OR 

‘ALLIVUM SATIVUM’ OR ALLICIN and ‘pitavastatin’ and hypercholesterolemia 

(‘Hypercholesterolemia’ OR ‘Hyperlipidemia’ OR ‘Dyslipidemia’), to get all studies 

published till 2019. 

PubMed: search done using the above keywords mentioned above for search of 

articles. Filters were applied of the year from 2000 until 2021, English language and 

randomised controlled trials.  

Cochrane: trials found using the keywords mentioned above using filters of trials 

from 2000 onwards with the English language. 

JAMA Network: search conducted using the above keywords and with active 

filters of research and statins with a year range from 2000 to 2021. 

Data Extraction 

After selecting trails that fulfilled inclusion criteria, data relevant to population 

and interventions was extracted by two authors (MS, RKM) using guidelines provided 

by Cochrane collaboration. Any disagreement resolved by discussion or if required by 

a third party (SM). We sought any relevant missing information on the trial from the 

article's original author(s) if required. 
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Quality Assessment 

Two authors (MS, MW) assessed each trial independently. In particular, we 

checked the following components: the generation of the allocation sequence; 

allocation concealment; blinding, and incomplete outcome data. The second version of 

the Cochrane Risk of Bias tool (ROB2) assessed the risk of bias for randomised 

controlled trials. ROB2 is a fixed set of bias domains, mainly focusing on various 

aspects of trial design conduct and reporting (Higgins et al., 2011). We used the 

following criteria. 

1. Was the allocation sequence adequately generated? 

2. Was the allocation adequately concealed? 

3. Was knowledge of the allocated intervention adequately prevented during the 

study? 

4. Were incomplete outcome data adequately addressed? 

5. Dose reports of the study free of suggestion of selective outcome reporting? 

6. Was the study free of other problems that could put it at a high risk of bias? 

We used these criteria to judge the high, low or unclear risk of bias for individual 

bias items described in the Cochrane Handbook for Systematic Reviews of 

Interventions. A 'risk of bias graph' figure and 'risk of bias summary' figure are 

attached. 

Analysis 

Metanalyses conducted using the Comprehensive metanalysis software 3 

(Borenstein, M., Hedges, L., Higgins, J., & Rothstein & Biostat, Englewood, 2013). The 

generic variance model and random effects used, owing to high heterogeneity between 

trials. Mean difference and standard errors between garlic and pitavastatin groups 

calculated at the end of the trial, with the mean difference adjusted for baseline 

differences between the intervention groups. The I2 statistics assessed heterogeneity. 

Heterogeneity was considered low if I2 < 30%, moderate if I2 = 30 – 75%, and high 

if I2 > 75%.Blood lipid levels collated in mg/dL. If cholesterol levels (TC, HDL, LDL) or 

triglyceride levels published in mmol/L, the amount multiplied by a factor of 38.7 for 

cholesterol and 88.6 for triglycerides to convert to mg/dL. Mean differences calculated 

as follows: Effect means = (end mean garlic - end mean pitavastatin) - (mean baseline 

garlic - mean baseline pitavastatin). Meta-analyses of all eligible trials on the effect of 

garlic on total cholesterol (TC), LDL cholesterol, HDL cholesterol, and triglyceride 

conducted by duration (4–8 weeks [short] or >8 weeks [long]), by TC baseline (<200 

mg/dL or 200 mg/dL), LDL-c (90-160mg/dL) and triglycerides (200-499mg/dL) and 

by type of garlic supplement (garlic powder, enteric-coated garlic powder, aged garlic 

extract, garlic oil, or raw garlic). Additionally, results compared with those of previous 

meta-analyses, available data on active ingredients in garlic preparations provided. 

Begg's funnel plots assessed publication bias or small study effect.  

RESULTS  

Description of studies: 
The initial search using the electronic search strategies listed above yielded 

13114. We did not include any unpublished study. After removing duplicate trials from 

different databases, we kept 3239 studies potentially relevant for further assessment. 

Out of 3239 articles, 3175 articles excluded as these studies were either reviews, 

cohort studies, or meetings. Twenty-six studies excluded from this study on lack of 

comparison, lack of required data and meta-analysis.  11 studies were selected for 

meta-analysis. (Superko & Krauss, 2000; Saito et al., 2002; Park et al., 2005;  

Gardner et al., 2007; Hak Lee et al., 2007; Kojuri, Vosoughi, & Akrami, 2007; Sobenin, 

Andrianova, Demidova, Gorchakova, & Orekhov, 2008; Yokote et al., 2008; Ose, 

Budinski, Hounslow, & Arneson, 2009; Saku, Zhang, & Noda, 2011; Higashikawa, 

Noda, Awaya, Ushijima, & Sugiyama, 2012; Jung et al., 2014b; Vasani, Savsani, 

Mehta, Bhatt, & Solanki, 2015)1 studies were a four-arm trial, but only one arm of 

raw garlic was included in the study(Gardner et al., 2007).  
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Included Studies and Participants: 
A total of 2369 participants with hyperlipidemia included in 12 trials. Out of 2369, 

only 1009 participants included in the study. Among 1009 participants, 280 were 

recruited in the garlic group, while 729 included in the pitavastatin group. All studies 

included were in the English language. Out of 12 trials, 6 were double-blind, 

randomised controlled trials.(Superko & Krauss, 2000; Saito et al., 2002; Gardner  

et al., 2007; Sobenin et al., 2008; Ose et al., 2009; Jung et al., 2014b) 4 studies 

included were open-label randomized controlled trials. (Park et al., 2005; Hak Lee  

et al., 2007; Vasani et al., 2015; Yokote et al., 2008). There was no clarity of blinding 

in one randomised controlled trial. (Saku et al., 2011) 

In three studies, included patients having dyslipidemia were Total cholesterol, 

LDL-c, and triglycerides were above their normal range.(Saito et al., 2002; Sobenin  

et al., 2008; Yokote et al., 2008) in the remaining studies only LDL-c was higher (Saito 

et al., 2002; Sobenin et al., 2008; Yokote et al., 2008).In three studies, included 

patients having dyslipidemia were Total cholesterol, LDL-c, and triglycerides were 

above their normal range.(Saito et al., 2002; Sobenin et al., 2008; Yokote et al., 2008) 

in the remaining studies only LDL-c was higher (Saito et al., 2002; Sobenin et al., 

2008; Yokote et al., 2008). 

Different formulations of garlic were used in the studies of garlic. Garlic powder 

used as an intervention in three studies(Superko & Krauss, 2000; Gardner et al., 2007; 

Sobenin et al., 2008), but the concentration of powdered garlic was different in all the 

trials.  

In one trial, aged black garlic used as an intervention.(Jung et al., 2014b) In one 

study, garlic fermented with monascuspilosus used.(Higashikawa et al., 2012) One 

study used raw garlic as an intervention(Gardner et al., 2007). All trials reported 

quality standards for garlic preparation. In the remaining studies, the pitavastatin 2mg 

tablet used as an intervention for hyperlipidemia. (Saito et al., 2002; Park et al., 2005; 

Hak Lee et al., 2007; Ose et al., 2009; Saku et al., 2011; Vasani et al., 2015) the 

duration of intervention varied from one month to 6 months. We did not group the 

outcome data based on the duration of the intervention 

9 out of 12 studies reported serum cholesterol levels such as total cholesterol, 

LDL-c, HDL-c, Triglycerides.(Superko & Krauss, 2000; Saito et al., 2002; Park et al., 

2005; Hak Lee et al., 2007;  Sobenin et al., 2008; Yokote et al., 2008; Higashikawa 

et al., 2012; Jung et al., 2014b; Vasani et al., 2015) 3 trials did not report total 

cholesterol levels(Gardner et al., 2007; Ose et al., 2009; Saku et al., 2011), while in 

one study data for HDL-c, Triglycerides was also missing(Ose et al., 2009)9 out of 12 

studies reported serum cholesterol levels such as total cholesterol, LDL-c, HDL-c, 

Triglycerides.(Superko & Krauss, 2000; Saito et al., 2002; Park et al., 2005; Hak Lee 

et al., 2007; Sobenin et al., 2008; Yokote et al., 2008; Higashikawa et al., 2012; Jung 

et al., 2014b; Vasani et al., 2015) 3 trials did not report total cholesterol 

levels(Gardner et al., 2007; Ose et al., 2009; Saku et al., 2011), while in one study 

data for HDL-c, Triglycerides was also missing(Ose et al., 2009). 
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Figure 1. Prisma Flow Chart. 

 



Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th 7 

 

CMUJ. Nat. Sci. 2021. 20(4): e2021087 

Table 1. Study Characteristics of meta-analysis. 

Sr 
No. 

Author and 
Year 

Number of 
participants 

Study design intervention Primary outcomes Duration of 
treatment 

Conclusion 

1 Superko et al. 2000 50 A double-blind, 

randomised 
controlled trial 

1) Garlic powder 300mg three 

times daily 

2) Placebo three times daily 

Triglycerides 
Total cholesterol LDL 
cholesterol HDL cholesterol 
LDL diameter (A) LDL IIIa ⫹ 

b% 

Apo B Lp(a) 
HDL2a%  
HDL2b%  
HDL3a%  
HDL3b%  
HDL3c% 

Three months No effect of garlic therapy noticed 
on major lipoproteins, HDL 
subclass Lpo(a), postprandial 

triglycerides.  

2 Saito et al. 

2002 

240 Double randomised 
controlled trial 

1) Pitavastatin 2mg once daily 

2) Pravasatatin 10mg once daily 

TC, 

 LDL-c  

TG 

Three months Pitavastatin found to be more 
effective than pravastatin in the 
treatment of hypercholesteremia 

3 Park et al.  

2005 

95 randomised open-
label trial 

1) Pitavastatin 2mg once daily 

2) Simvastatin 20mg once daily 

Total cholesterol Triglyceride 

LDL cholesterol HDL 
cholesterol 

Eight weeks The HMG-CoA reductase inhibitor 

pitavastatin found to be non-
inferior to simvastatin in terms of 
reducing LDL cholesterol, total 
cholesterol, and triglyceride levels 
and increasing HDL cholesterol 

4 Gardner et al. 

2007 

169 Double-blind  

Randomised 
controlled trial 

1) Raw garlic 4gm once daily for six 

days per week 

2) Garlic powder 4tablets once 

daily, six days per week 

3) Aged garlic extract 

4) Placebo tablets  

LDL-c Six months 

 

None of the forms of garlic 
achieved the statistical or clinical 
effects on LDL–c or other lipid 

concentrations in moderate 
hyperlipidemia 

5 Lee et al. 

2007 

222 Open-label 

randomised control 
trial 

1) Pitavastatin 2mg once daily 

2) Atorvastatin 10mg once daily 

LDL-c Four weeks  No significant difference noted in 
the reduction of lipid profile with 
both drugs 

6 Sobenin et al. 

2008 

42 A double-blind, 

randomised 
controlled trial 

1) Powdered garlic 600mg tablet 

one tablet twice daily 

2) Placebo one tablet twice daily 

Total cholesterol Triglyceride 

LDL cholesterol HDL 
cholesterol 

Three months Results demonstrated improved 
cardioprotective action of garlic 
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Table 1. Continued 

Sr 
No. 

Author and 
Year 

Number of 
participants 

Study design intervention Primary outcomes Duration of 
treatment 

Conclusion 

7 Yokote et al. 
2008 

251 An open-label 

randomised 
controlled trial 

1) Pitavastatin 2mg 

2) Atorvastatin 10mg 

per cent change from 
baseline 
in non-HDL-c level after 12 

weeks of treatment 

Twelve weeks Both drugs had shown equal 
efficacy in reducing lipid profile 

8 Ose et al. 

2009 

843 A double-blind 

double-dummy 

randomised 
controlled trial 

1) Pitavastatin 2mg once daily 

2) Pitavastatin 4mg once daily 

3) Simvastatin 20mg once daily 

4) Simvastatin 40mg once daily 

per cent change in LDL-c 
level from baseline to 
endpoint 

Three months Pitavastatin is as efficacious as 
simvastatin in primary 
hypercholesteremia as well as 
combined dyslipidemia 

9 Saku et al. 

2011 

302 Randomised 
controlled trial 

1) atorvastatin 10mg once 

daily 

2) rosuvasttatin2.5mg once 

daily 

3) pitavastatin 2mg once daily 

 

changes in LDL-c 4months The safety and efficacy of 
these three potent statins are 
equal. 

10 Jung et al. 
2014 

55 a double-blind, 

randomised 
controlled trial 

1) aged garlic 3g twice daily 

2) placebo twice daily 

total cholesterol (TC), 
 triglyceride (TG), HDL-
cholesterol (HDL-c), 
 LDL-cholesterol (LDL-c),  
free fatty acid (FFA), 
 apoA1, and apoB 

Three months Aged black garlic reduced 
atherosclerotic markers in 
patients 

11 Vasani et al., 

2015 

100 An open-label 

randomised 
controlled trial 

1) pitavastatin 2mg once daily 

2) atorvastatin 10mg once 

daily 

1. increase in HDL-c  
2. Percent decrease in 

LDL-c 3. Per cent 

decrease in triglyceride 
(TG) and total cholesterol 

(TC) 
4. Percent decrease in 

LDL-c: HDL-c ratio and TC: 
LDL-c ratio. 

Three months In this study, pitavastatin 

found to be more efficacious 
than atorvastatin in increasing 
HDL-c levels while as 

efficacious as atorvastatin in 
decreasing LDL-c in 

dyslipidemic patients. 
Atorvastatin better tolerated 
than pitavastatin. 

12 Higashikawa 2012 55 A randomised, 
double-blind 

controlled trial 

1) Fermented garlic extract 

with monascuspilosus900mg 

once daily 

2) Placebo once daily 

1.Reduction in 
triglycerides 
2.  Reduction in Low-
density lipoprotein  
3. Reduction in total 
cholesterol 
4. Improvement in HDL-c 

Three months The intake of MGFE decreased 
triglyceride and cholesterol in 
serum with no appreciable 
adverse effects in normal to 
mildly hyperlipidemic 
individuals, suggesting that it 
may be practical to improve 
and prevent metabolic 
syndrome. 
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Quality Assessment: 
Quality assessment was done using the ROB2 quality assessment tool.(Higgins 

et al., 2011) Review authors' judgements about each risk of bias item presented as 

percentages across all included studies in Figure 2. Figure 3 shows the review authors 

judgement of individual studies for different domains of risks (represented by D1 to 

D5) that include randomisation process deviation from intervention, missing outcomes 

data, measurement of outcomes data, and selection of reported results. D6 in figure 3 

represents the overall risk of bias of each study. It noted that the concern was highest 

in the selection of reported results in three studies (Gardner 2007, Lee 2017, and Jung 

2017) while the high risk was noted in the study, Saito 2002. One study Vasani 2015 

was having risk risk as a high risk of bias noted in the randomisation process as well 

as the outcome measurements. 

 

Figure 2. Methodological quality graph: review authors' judgements about each 

methodological quality item presented as percentages across all included studies. 

Total eight studies recorded total cholesterol, four from the garlic group and four 

from the pitavastatin group. The analysis showed that although there was the effect of 

garlic on total cholesterol but was insignificant when compared to the pitavastatin 

group. The mean difference noted in the garlic group was -13.604 with 95%  

CI = -22.246, -4.962, whereas, in a group of pitavastatin, the total mean -28.205  

(95% CI = -29.016,-27.394). (Figure 4) Analysis conducted using random effects. We 

did the within-group analysis to evaluate reason heterogeneity, and figure A.1 

represents the funnel plot by removing studies with publication bias reduced 

heterogeneity. 

 

 

0 10 20 30 40 50 60 70 80 90 100

Randomization process

Deviations from intended interventions

Mising outcome data

Measurement of the outcome

Selection of the reported result

Overall Bias

As percentage (intention-to-treat)

Low risk Some concerns High risk
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Figure 3. Quality Assessment of Randomized Controlled trials included in the meta-

analysis. 

Total cholesterol: 
Study ID  

Statistics for each study    Mean & 95% CI 

Garlic Group Mean Standard 
error 

Variance Lower 
Limit 

Upper 
Limit 

P-Value 

Superko et al. 2000 -2.50 7.621 58.080 -17.437 12.437 0.743  

Sobenin et al.2008 -21.62 1.772 3.141 -25.094 -18.146 0.000 

Higashikawa et al. 2012 -16.80 4.592 21.089 -25.801 -7.799 0.000 

Jung et al. 2014 -7.570 4.491 20.172 -16.373 1.233 0.092 

Total -13.604 4.409 19.441 -22.246 -4.962 0.002 

Random effects 
      

Heterogeneity τ=56.481 Diff Q=3, I2=77.851 P=0.002      

Study ID Statistics for each study    Mean & 95% CI  

Pitavastatin group Mean Standard 
error 

Variance Lower 
Limit 

Upper 
Limit 

P-Value  

Saito et al. 2002 -28.00 0.146 0.021 -28.286 -27.714 0.00  

Park et al. 2005 -26.90 1.271 1.617 -29.392 -24.408 0.00  

Lee et al. 2007 -28.20 1.020 1.041 -30.200 -26.200 0.00  

Yokote et al. 2008 -29.70 0.886 0.784 -31.436 -27.964 0.00  

Total -28.205 0.414 0.171 -29.016 -27.394 0.00  

Random effect model 
       

Heterogeneity τ=0.258 Diff Q=3, I2=32.054 P=0.000     

Figure 4. Shows the forest plot for garlic and pitavastatin group in lowering total 

cholesterol. The black box represents the mean, and its size presents the weight of the 

study; the black line represents a 95% CI interval.  
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Study name Statistics for each study Mean and 95% CI
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saito et al 2002 -28.000 0.146 0.021 -28.286 -27.714 -191.703 0.000

park et al. 2005 -26.900 1.271 1.617 -29.392 -24.408 -21.157 0.000

lee et al. 2007 -28.200 1.020 1.041 -30.200 -26.200 -27.642 0.000

yokote et al 2008 -29.700 0.886 0.784 -31.436 -27.964 -33.537 0.000

-28.205 0.414 0.171 -29.016 -27.394 -68.180 0.000

-32.00 -16.00 0.00 16.00 32.00

Favours A Favours B

Meta Analysis

Evaluation copy

Study name Statistics for each study Mean and 95% CI

Standard Lower Upper 
Mean error Variance limit limit Z-Value p-Value

superko et al. 2000 -2.500 7.621 58.080 -17.437 12.437 -0.328 0.743

sobenin et al 2008 -21.620 1.772 3.141 -25.094 -18.146 -12.198 0.000

higashikawa et al. 2012 -16.800 4.592 21.089 -25.801 -7.799 -3.658 0.000

jung et al. 2014 -7.570 4.491 20.172 -16.373 1.233 -1.685 0.092

-13.604 4.409 19.441 -22.246 -4.962 -3.085 0.002

-26.00 -13.00 0.00 13.00 26.00

Favours A Favours B

Meta Analysis

Evaluation copy
A 1 

A 2 
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Low-Density Lipoprotein: 

Low-density lipoprotein was recorded in five studies garlic groups, while seven 

studies in the pitavastatin group included in the analysis of low-density lipoprotein. 

Garlic found to have no significant effect as the mean of the garlic group 0.309  

(95% CI = -12.502, 13.120). In pitavastatin group the total mean was -35.538  

(95% CI = -39.992, -31.084). (Figure 5) The total mean pitavastatin group found to 

be significantly higher than the garlic group. Analysis was done within the group to 

evaluate heterogeneity. Figure B 1 and B 2 represent funnel plots after removing 

studies with publication bias showing a reduction in heterogeneity. 

Figure 5. Shows the forest plot for garlic and pitavastatin group in lowering low-density 

lipoprotein. The black box represents the mean, and its size presents the weight of the 

study; the black line represents a 95% CI interval. 

 

High-Density lipoprotein: 

Total 11 studies included in the analysis of High-density lipoprotein, five studies 

for the garlic arm, while six studies for the pitavastatin group. Analysis showed increase 

in high-density lipoprotein in both arms. The total mean increase of high-density 

lipoprotein in garlic recorded 2.754 with 95% CI = 1.069, 4.440, while the total mean 

in the pitavastatin group is 5.308 (95% CI = 0.906, 9.710). (Figure 6) Analysis was 

done within the group to evaluate heterogeneity figure C 1 and C 2. representing funnel 

plots after removal of studies with publication bias showing the reduction in 

heterogeneity. 

 

 

 

 

 

Study ID Statistics for each study Mean & 95% CI 

Garlic group Mean Standard 
error 

Variance Lower 
Limit 

Upper 
Limit 

P-Value 

Superko et al.2000 -1.700 7.361 54.188 -16.128 12.728 0.817  

Sobenin et al. 2008 -24.32 1.606 2.578 -27.467 -21.173 0.000 

Higashikawa al. 2012 20.600 4.706 22.143 11.377 29.823 0.000 

Jung et al. 2014 5.110 1.428 2.038 2.312 7.908 0.000 

Gardner et al. 2007 3.200 0.802 0.644 1.628 4.772 0.000 

Total 0.309 6.536 42.724 -12.502 13.120 0.962 

Random effect model 
      

Heterogeneity τ=199.086 Diff Q=4, I2=98.556 P=0.962    

Study ID Statistics for each study   Mean & 95% CI 

Pitavastatin group Mean Standard 
error 

Variance Lower 
Limit 

Upper 
Limit 

P-Value  

Saito et al. 2002 -28.000 0.146 0.021 -28.286 -27.714 0.000  
Park et al. 2005 -26.900 1.271 1.617 -29.392 -24.408 0.000 
Lee et al. 2007 -28.200 1.020 1.041 -30.200 -26.200 0.000 
Yokote et al. 2008 -29.700 0.886 0.784 -31.436 -27.964 0.000 
Ose et al. 2009 -39.000 0.833 0.694 -40.633 -37.367 0.000 
Saku et al. 2011 -73.000 4.563 20.817 -81.943 -64.057 0.000 
Vasani et al. 2015 -37.980 1.846 3.406 -41.597 -34.363 0.000 
Total -35.538 2.272 5.164 -39.992 -31.084  

Random effect model 

 

       

Study name Statistics for each study Mean and 95% CI

Standard Lower Upper 
Mean error Variance limit limit Z-Value p-Value

superko et al. 2000 -1.700 7.361 54.188 -16.128 12.728 -0.231 0.817

sobenin et al 2008 -24.320 1.606 2.578 -27.467 -21.173 -15.147 0.000

higashikawa et al. 2012 20.600 4.706 22.143 11.377 29.823 4.378 0.000

jung et al. 2014 5.110 1.428 2.038 2.312 7.908 3.579 0.000

gardner et al. 2007 3.200 0.802 0.644 1.628 4.772 3.989 0.000

0.309 6.536 42.724 -12.502 13.120 0.047 0.962

-30.00 -15.00 0.00 15.00 30.00

Favours A Favours B

Meta Analysis

Evaluation copyStudy name Statistics for each study Mean and 95% CI

Standard Lower Upper Relative Relative 
Mean error Variance limit limit Z-Value p-Value weight weight

saito et al 2002 -28.000 0.146 0.021 -28.286 -27.714 -191.703 0.000 15.62

park et al. 2005 -26.900 1.271 1.617 -29.392 -24.408 -21.157 0.000 14.90

lee et al. 2007 -28.200 1.020 1.041 -30.200 -26.200 -27.642 0.000 15.15

yokote et al 2008 -29.700 0.886 0.784 -31.436 -27.964 -33.537 0.000 15.27

ose et al. 2009 -39.000 0.833 0.694 -40.633 -37.367 -46.804 0.000 15.31

saku et al. 2011 -73.000 4.563 20.817 -81.943 -64.057 -16.000 0.000 9.59

vasani et al. 2015 -37.980 1.846 3.406 -41.597 -34.363 -20.579 0.000 14.17

-35.538 2.272 5.164 -39.992 -31.084 -15.639 0.000

-80.00 -40.00 0.00 40.00 80.00

Favours A Favours B

Meta Analysis

Evaluation copy

B 1 

B 1 
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Study ID Statistics for each study Mean & 95% CI 

Garlic group Mean Standard 
error 

Varian
ce 

Lower 
Limit 

Upper 
Limit 

P-Value 

Garlic group -0.100 1.905 3.630 -3.834 3.634 0.958  
Superko et al.2000 4.570 0.724 0.524 3.152 5.988 0.000 
Sobenin et al. 2008 3.900 1.323 1.750 1.307 6.493 0.003 
Higashikawa al. 2012 3.500 0.100 0.010 3.303 3.697 0.000 
Jung et al. 2014 1.000 0.204 0.042 0.600 1.400 0.000 
Gardner et al. 2007 2.754 0.860 0.740 1.069 4.440 0.001 

Random effect model 
       

Heterogeneity τ=2.879 Diff Q=4, I2=96.884 P=0.001     

Study ID Statistics for each study Mean & 95% CI  
Pitavastatin group Mean Standard 

error 
Variance Lower 

Limit 
Upper 
Limit 

P-Value  

Saito et al. 2002 8.900 0.228 0.052 8.453 9.347 0.000 
Park et al. 2005 8.300 1.914 3.664 4.548 12.052 0.000 
Lee et al. 2007 7.100 1.659 2.752 3.848 10.352 0.000 
Yokote et al. 2008 3.200 1.294 1.673 0.665 5.735 0.013 
Saku et al 2011 0.500 0.104 0.011 0.297 0.703 0.000 
Vasani et al. 2015 4.220 0.520 0.271 3.200 5.240 0.000 
Total 5.308 2.246 5.044 0.906 9.710 0.018 

Random effect model 
       

Heterogeneity τ=28.926 Diff Q=5, I2=99.570 P=0.018 

 

Figure 6. Shows the forest plot for garlic and pitavastatin group in increasing high-density 

lipoprotein. The black box represents the mean, and its size presents the weight of the 

study; the black line represents a 95% CI interval. 

Triglycerides: 

Eleven studies assessed for the analysis of triglycerides, five in the garlic group 

and six in the pitavastatin group. The total mean decrease in garlic noted was -9.839 

(95% CI = -18.260, -1.417). The decrease of triglycerides in the pitavastatin  

group was significantly high, where the mean decrease noted was -24.210 with 95% 

CI = -29.249, -19.171. Pitavastatin found to superior in reducing triglycerides than 

garlic. (Figure 7) Within-group analysis done for evaluation of reasons for 

heterogeneity. Figure A 2. showing funnel plot after removal of studies with publication 

bias thereby, reducing heterogeneity. Within-group analysis of the pitavastatin group 

was not possible as only two studies remain after removing biased studies. 

 

 

 

 

 

 

 

 

 

 

 

Study name Statistics for each study Mean and 95% CI

Standard Lower Upper Relative Relative 
Mean error Variance limit limit Z-Value p-Value weight weight

superko et al. 2000 -0.100 1.905 3.630 -3.834 3.634 -0.052 0.958 11.36

sobenin et al 2008 4.570 0.724 0.524 3.152 5.988 6.316 0.000 21.74

higashikawa et al. 2012 3.900 1.323 1.750 1.307 6.493 2.948 0.003 15.98

jung et al. 2014 3.500 0.100 0.010 3.303 3.697 34.855 0.000 25.60

gardner et al. 2007 1.000 0.204 0.042 0.600 1.400 4.897 0.000 25.32

2.754 0.860 0.740 1.069 4.440 3.203 0.001

-8.00 -4.00 0.00 4.00 8.00

Favours A Favours B

Meta Analysis

Evaluation copy
Study name Statistics for each study Mean and 95% CI

Standard Lower Upper Relative Relative 
Mean error Variance limit limit Z-Value p-Value weight weight

saito et al 2002 8.900 0.228 0.052 8.453 9.347 38.998 0.000 17.41

park et al. 2005 8.300 1.914 3.664 4.548 12.052 4.336 0.000 15.48

lee et al. 2007 7.100 1.659 2.752 3.848 10.352 4.280 0.000 15.92

yokote et al 2008 3.200 1.294 1.673 0.665 5.735 2.474 0.013 16.48

saku et al. 2011 0.500 0.104 0.011 0.297 0.703 4.822 0.000 17.43

vasani et al. 2015 4.220 0.520 0.271 3.200 5.240 8.109 0.000 17.28

5.308 2.246 5.044 0.906 9.710 2.363 0.018

-15.00 -7.50 0.00 7.50 15.00

Favours A Favours B

Meta Analysis

Evaluation copy
C 2 

C 1 
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Study ID Statistics for each study Mean & 95% CI 

Garlic group Mean Standard 
error 

Variance Lower 
Limit 

Upper 
Limit 

P-Value 

Superko et al. 2000 -4.300 12.644 159.870 -29.082 20.482 0.734  
 
 
 
 
 
 

 
Mean & 95% CI  

Sobenin et al. 2008 -7.970 3.930 15.449 -15.674 -0.266 0.043 

Higashikawa et al. 
2012 

-1.500 9.922 98.438 -20.946 17.96 0.800 

Jung et al. 2014 -19.580 1.654 2.736 -22.822 -16.338 0.000 

Gardner et al.  2007 -6.600 1.940 3.764 -10.402 -2.798 0.001 

Total -9.839 4.297 18.462 -18.260 -1.417 0.022 

Random effect model      
Heterogeneity τ=62.203 Diff Q=4, I2=86.712 P=0.022 

Study ID Statistics for each study 
 

Pitavastatin group Mean Standard 
error 

Variance Lower 
Limit 

Upper 
Limit 

P-Value  

Saito et al. 2002 -23.300 0.876 0.768 -25.018 -21.582 0.000  
Park et al. 2005 -29.900 1.243 1.545 -32.336 -27.464 0.000 
Lee et al. 2007 -9.900 3.976 15.808 -17.693 -2.107 0.013 
Yokote et al. 2008 -17.300 3.224 10.394 -23.619 -10.981 0.000 
Saku et al. 2011 -29.000 2.178 4.742 -33.268 -24.732 0.000 
Vasani et al. 2015 -40.800 7.429 55.188 -55.360 -26.240 0.000 
Total -24.210 2.571 6.610 -29.249 -19.171 0.000 

Random effect model        
Heterogeneity τ=29.573 Diff Q=5, I2=89.284 P=0.000     

Figure 7. Shows the forest plot for garlic and pitavastatin group in lowering triglycerides. 

BlackThe black box representrepresents the mean, and its size presents the weight of the 

study, balck; the black line representrepresents a 95% CI interval. 

DISCUSSION 

The current comparative study investigated the effects of garlic in lowering the 

serum cholesterol during 1 to 4 months of treatment in patients with moderate 

hyperlipidemia—a group receiving pitavastatin considered a positive control. The 

study's main findings were that although garlic showed a reduction in total cholesterol 

and triglycerides, it was not significantly high compared with pitavastatin. High 

heterogeneity is noticed, possibly due to different garlic formulations at different doses 

and for different durations. 

Several meta-analyses supported the cholesterol-lowering activity of 

garlic.(“Garlic as a Lipid Lowering Agent--a Meta-Analysis - PubMed,” n.d.; Sun, Wang, 

& Qin, 2018; Warshafsky, Kamer, & Sivak, 1993; Zeng et al., 2012) while some meta-

analyses reported no activity of garlic on serum cholesterol reduction that may be due 

to the loss of active compound during the processing.( Stevinson, Pittler, & Ernst, 

2000; Reinhart, Talati, White, & Coleman, 2009; Ried, Toben, & Fakler, 2013). 

Although one randomised controlled trial conducted on a comparison of garlic and 

atorvastatin in reducing c reactive protein and lipid profile, the results showed no 

significant difference compared with atorvastatin. (van Doorn et al., 2006) The analysis 

conducted using randomised controlled trials that published in the year 2000 and 

onwards. 

Garlic may reduce the absorption of cholesterol and synthesis of cholesterol and 

fatty acid, thereby reducing the level of cholesterol. (Isaacsohn et al., 1998) this 

reduction is due to the presence of compound allicin in garlic that leads to the reduction 

of cholesterol. (Lawson & Wang, 2001). Several different forms of garlic used in the 

studies included raw garlic, powdered garlic, and garlic extract. The subgroup analysis 

was not possible due to the low quality of data retrieved from included studies. 

The analysis showed that Total cholesterol reduction noted in both groups, but in 

comparison to the pitavastatin group, the reduction in the garlic group was not 

significant. The significant difference showed that pitavastatin is more effective in 

reducing total cholesterol compared with garlic. The variance found to be very high in 

three studies of the garlic group, indicating high heterogeneity probably among trial 

Study name Statistics for each study Mean and 95% CI

Standard Lower Upper Relative Relative 
Mean error Variance limit limit Z-Value p-Value weight weight

superko et al. 2000 -4.300 12.644 159.870 -29.082 20.482 -0.340 0.734 8.31

sobenin et al 2008 -7.970 3.930 15.449 -15.674 -0.266 -2.028 0.043 23.78

higashikawa et al. 2012 -1.500 9.922 98.438 -20.946 17.946 -0.151 0.880 11.49

jung et al. 2014 -19.580 1.654 2.736 -22.822 -16.338 -11.837 0.000 28.43

gardner et al. 2007 -6.600 1.940 3.764 -10.402 -2.798 -3.402 0.001 27.99

-9.839 4.297 18.462 -18.260 -1.417 -2.290 0.022

-30.00 -15.00 0.00 15.00 30.00

Favours A Favours B

Meta Analysis

Evaluation copy
Study name Statistics for each study Mean and 95% CI

Standard Lower Upper Relative Relative 
Mean error Variance limit limit Z-Value p-Value weight weight

saito et al 2002 -23.300 0.876 0.768 -25.018 -21.582 -26.587 0.000 21.48

park et al. 2005 -29.900 1.243 1.545 -32.336 -27.464 -24.057 0.000 20.95

lee et al. 2007 -9.900 3.976 15.808 -17.693 -2.107 -2.490 0.013 14.43

yokote et al 2008 -17.300 3.224 10.394 -23.619 -10.981 -5.366 0.000 16.36

saku et al. 2011 -29.000 2.178 4.742 -33.268 -24.732 -13.317 0.000 19.02

vasani et al. 2015 -40.800 7.429 55.188 -55.360 -26.240 -5.492 0.000 7.76

-24.210 2.571 6.610 -29.249 -19.171 -9.417 0.000

-60.00 -30.00 0.00 30.00 60.00

Favours A Favours B

Meta Analysis

Evaluation copy

D 1 

D 1 
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participants. (Superko & Krauss, 2000; Higashikawa et al., 2012; Jung et al., 2014b) 

High heterogeneity has made the resulting conservative; if we remove the studies with 

high heterogeneity, the mean reduction of total cholesterol in the garlic group comes 

down to -10. Thus, showing garlic effect in reducing total cholesterol has been reduced 

by 2. (Figure A1). One trial and two meta-analyses support the reduction of total 

cholesterol by garlic, but so far, no group compared garlic with mild to moderate 

antihyperlipidemic. (Warshafsky et al., 1993; Zeng et al., 2012; Sun et al., 2018) one 

clinical trial that compared garlic with atorvastatin 40mg found garlic was not 

statistically significant to atorvastatin in reducing total cholesterol.(van Doorn et al., 

2006) 

Garlic showed no effect on lowering low-density lipoprotein. Low-density 

lipoprotein found an increase in the garlic group instead of decreasing. At the same 

time, the pitavastatin group has shown a significant effect with a mean reduction of 

low-density lipoprotein -35. Variance in garlic was high in two studies that show high 

heterogeneity. (Superko & Krauss, 2000; Higashikawa et al., 2012) High heterogeneity 

may limit the result. After removing studies with high heterogeneity, the difference in 

mean reduction between garlic and pitavastatin groups was almost similar. (Figure B1, 

figure B2) One metanalysis supports the reduction of low-density lipoprotein by  

garlic (Sun et al., 2018), but so far, the reduction has not noticed in current analysis. 

While three meta-analyses supported the study, no appreciable reduction noted in  

low-density lipoprotein with garlic.(Reinhart et al., 2009; Stevinson et al., 2000; Zeng 

et al., 2012) 

High-density lipoprotein found to improve with both garlic and pitavastatin, but 

pitavastatin found to have a significant effect on garlic when a comparison made. The 

variance was low in both garlic and pitavastatin groups. High heterogeneity noted in 

both groups. After removing studies with high heterogeneity, subgroup analysis 

showed that the total mean difference increase of HDL with garlic was higher by one.  

One meta-analysis recorded an improvement of high-density lipoprotein with garlic. 

(Zeng et al., 2012) two meta-analyses have not recorded any improvement in high-

density lipoprotein. (Ried et al., 2013; Sun et al., 2018) 

Triglycerides reduction with garlic when compared with pitavastatin found to have 

an insignificant effect. The reduction of triglycerides with pitavastatin was almost three 

times that was reduced by garlic. Analysis again recorded high variance in three studies 

of garlic, indicating high heterogeneity possibly due to trial patients. Studies with high 

heterogeneity removed in subgroup analysis and forest plots showed less triglyceride 

reduction with garlic. (Figure D1) Only one meta-analysis supports the current analysis 

of garlic in reducing triglycerides (“Garlic as a Lipid Lowering Agent--a Meta-Analysis - 

PubMed,” n.d.), but the remaining meta-analysis found no significant difference in the 

reduction of triglycerides with garlic. ( Warshafsky et al., 1993; Alder, Lookinland, 

Berry, & Williams, 2003; Khoo & Aziz, 2009; Ried et al., 2013; Sun et al., 2018) 

The pooled analysis of the comparison inefficacy of garlic, compared with 

pitavastatin, has shown that although garlic has shown results in the reduction of total 

cholesterol and triglycerides but not enough when compared with pitavastatin. The 

pooled analysis has also shown that increase in HDL-c level was much high with 

pitavastatin. The difference in total cholesterol reduction between pitavastatin and 

garlic was more significant than 14 mg/dL at the end of therapy. Similarly, pooled 

analysis of LDL-c also supported pitavastatin against garlic in reducing the LDL-c 

concentration. The mean difference in reducing LDL-c between pitavastatin and garlic 

found to be more than 35mg/dL, which signifies that pitavastatin is far superior to 

garlic.  

Improvement in HDL-c levels was higher in the pitavastatin group in comparison 

to garlic. The pooled analysis showed that improvement in HDL-c concentration was 

twice as high in patients taking pitavastatin than patients taking garlic. Reduction in 

triglycerides was also significant in the pitavastatin group compared to the garlic group, 

where the mean difference was 15mg/dL. 

It can argue that the results show in our studies cannot be implemented in the 

high-risk cardiovascular group—patients whose serum lipids levels are above 

borderline or having mild hypocholesteremia. Garlic found to have a little hypolipidemic 

effect. The quality of studies included also has restricted the implementation of the 
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results. Several study design issues noted in the meta-analysis studies, like the 

randomisation process not mentioned in some studies.  

Limitations: 
• In this meta-analysis, the newer studies included published after 2000 instead of 

old ones that reported little or no beneficial effect of garlic on all serum cholesterol 

outcomes measures.  

• High heterogeneity among studies is of concern as it shows the potential presence 

of confounding factors. Such confounding factors like some trials applied dietary and 

lifestyle modification while some did not. In this review, we did not attempt a subgroup 

analysis with or without such restrictions due to inconsistencies in the restrictions 

applied in trials. 

• The quality of studies also found to be of deep concern concerning study design, 

reporting and methodology. Out of twelve studies, four found to have complete details 

of their study design. (Superko & Krauss, 2000; Yokote et al., 2008; Saku et al., 2011; 

Higashikawa et al., 2012) 

• The quality of studies also found to be of serious concern concerning study design, 

reporting and methodology. Out of twelve studies, four found to have complete details 

of their study design. (Superko & Krauss, 2000; Yokote et al., 2008; Saku et al., 2011; 

Higashikawa et al., 2012) 

• So far, no randomised controlled trial conducted for comparison of garlic with 

HMG-CoA reductase inhibitors in mild to moderate antihyperlipidemic activity.  

• Many studies included in the garlic group were of small Sample Size.  

CONCLUSION 

The evidence suggests that garlic has a significant effect on lipid profile, but 

pitavastatin is far superior in reducing total cholesterol, LDL-c, and triglycerides and 

improving HDL-c levels. Garlic cannot use as an alternative to pitavastatin in moderate 

hyperlipidemia. As garlic has shown to reduce total cholesterol and triglycerides, we 

can consider that it can be given in combination with pitavastatin or other HMG-CoA 

reductase inhibitors far, no comparative done in which garlic compared to any mild to 

moderate hypercholesteremia. Further evaluation is needed to assess the efficacy of 

garlic either in combination with HMG-CoA reductase inhibitors to treat mild-moderate 

hypercholesteremia. 
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