
Accelerat ing the world's research.

Allium sativum L. (Garlic) Role in
Osteoarthritis: A Systematic Review
of Clinical Trials

Ehsan Amiri Ardakani

Cite this paper

Get the citation in MLA, APA, or Chicago styles

Downloaded from Academia.edu 

Related papers

link between uric and OA.pdf
Ying Ying Leung

Uric acid and OA_Ma 2017.pdf
Ying Ying Leung

Osteoarthrit is: genes, nature–nurture interact ion and the role of lept in
Vikas Khanduja

Download a PDF Pack of the best  related papers 

https://www.academia.edu/46559163/Allium_sativum_L_Garlic_Role_in_Osteoarthritis_A_Systematic_Review_of_Clinical_Trials?auto=citations&from=cover_page
https://www.academia.edu/46559163/Allium_sativum_L_Garlic_Role_in_Osteoarthritis_A_Systematic_Review_of_Clinical_Trials?from=cover_page
https://www.academia.edu/35567773/link_between_uric_and_OA_pdf?from=cover_page
https://www.academia.edu/35567777/Uric_acid_and_OA_Ma_2017_pdf?from=cover_page
https://www.academia.edu/22993085/Osteoarthritis_genes_nature_nurture_interaction_and_the_role_of_leptin?from=cover_page
https://www.academia.edu/46559163/Allium_sativum_L_Garlic_Role_in_Osteoarthritis_A_Systematic_Review_of_Clinical_Trials?bulkDownload=thisPaper-topRelated-sameAuthor-citingThis-citedByThis-secondOrderCitations&from=cover_page


 

 https://biointerfaceresearch.com/  12104 

Review 

Volume 11, Issue 4, 2021, 12104 - 12119 

https://doi.org/10.33263/BRIAC114.1210412119 

 

Allium sativum L. (Garlic) Role in Osteoarthritis: A 

Systematic Review of Clinical Trials 

Fateme Tavakoli-Far 1 , Ehsan Amiri-Ardekani 2, 3, 4, * , Ashkan Tehrany 1  

1 Faculty of Pharmacy, Ayatollah Amoli Branch, Islamic Azad University, Amol, Iran; f.tavakoli99@yahoo.com (F.T.F.); 
2 Department of Phytopharmaceuticals (Traditional Pharmacy), Faculty of Pharmacy, Shiraz University of Medical 

Sciences, Shiraz, Iran; ehsanamiri@sums.ac.ir (E.A.A.); 
3 Student Research Committee, Shiraz University of Medical Sciences, Shiraz, Iran 
4 Student Association of Indigenous Knowledge, Shiraz University of Medical Sciences, Shiraz, Iran 

* Correspondence: ehsanamiri@sums.ac.ir;  

Scopus Author ID 57217249366 

Received: 5.12.2020; Revised: 28.12.2020; Accepted: 30.12.2020; Published: 2.01.2021 

Abstract: Osteoarthritis is a chronic degenerative disease involving the joints and bones, causing their 

degradation over time. Inflammation, pain, and stiffness in joints are indicators of the disease. 

Pharmacotherapy cannot always be efficient and may cause side effects. So, adjuncts such as 

complementary herbs have become of note. Garlic is a herb well-known for its various therapeutic 

effects such as anti-bacterial, anti-hypertension, antioxidant and anti-inflammatory effects. Due to 

garlic's widespread use, studying its effects and mechanisms on inflammatory diseases such as 

osteoarthritis has been noteworthy. We searched Science Direct, Pubmed, Cochrane, and Google 

Scholar databases for all articles published until October 2020, based on PRISMA. Searched keywords 

were the following: [(garlic and arthritis), (garlic and osteoarthritis), (Garlic and OA), (Allium sativum 

and arthritis), (Allium sativum and osteoarthritis), (Allium sativum and OA)]. The results showed garlic, 

and its constituents have remarkable effects on improving OA symptoms through antioxidant and anti-

inflammatory pathways. Our review shows that groups receiving garlic as a treatment showed a 

significant reduction in pain and inflammatory factor levels and an improved physical function instead 

of the control group. 

Keywords: garlic; osteoarthritis; Allium sativum; pain; stiffness; 

© 2020 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 
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1. Introduction 

Osteoarthritis (OA) is a chronic degenerative disease of the joints that can damage other 

tissues such as cartilage, bones, and muscles [1]. Depending on how OA is defined, estimations 

of prevalence and OA occurrences can differ from one another. The selected joints to be 

examined and the population under study also contribute to this matter too. It has recently been 

predicted that around 14 million Americans are afflicted with symptomatic knee OA (KOA), 

3 million of whom are among racial and ethnic minorities. More than 50% of KOA cases 

pertain to be patients over 65 years of age [2], and 303 million people were affected by OA 

worldwide in 2017. OA's high financial burden on the patient and the community is such that 

the OA Research Society International (OARSI) defined OA as a serious disease [3]. 

OA manifests as joint deformation and stiffness, general powerlessness, and reduced 

life quality [1, 4]. Chronic pain in the joints and consequential disability is the main symptom 

and the basis of OA diagnosis. Contributing risk factors include genetics, trauma, aging, female 

gender, and obesity [5]. Pro-inflammatory adipocytokines such as Resistin can play a role in 

https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC114.1210412119
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-1783-0460
https://orcid.org/0000-0001-8948-9153
https://orcid.org/0000-0002-2476-2232


https://doi.org/10.33263/BRIAC114.1210412119  

 https://biointerfaceresearch.com/ 12105 

joint inflammation in OA [6, 7]. Inflammation and oxidative stress contribute to OA pain 

leading to joint homeostasis and degradation and lead to obesity-induced inflammation causing 

increased secretion of TNF-α, which causes OA pathogenesis [8-10]. Also, obesity, due to its 

physical effects, is considered a risk factor for long-term activity limitations in patients with 

OA [11, 12]. Increased levels of pro-inflammatory cytokines and free radicals, activation of 

cartilage-degrading enzymes, bone matrix remodeling, and increased chondrocytes apoptosis 

can also be possible pathogenicity mechanisms of OA [13]. There are numerous methods of 

treating OA, including pharmacotherapy. 

Pharmacotherapy generally begins with acetaminophen, which is an analgesic medicine 

mostly used to reduce mild pain. Non-steroidal anti-inflammatory drugs (NSAIDs) such as 

naproxen, ibuprofen, and aspirin are relatively inexpensive drugs with anti-inflammatory and 

analgesic effects. They inhibit cyclooxygenase-2 (COX-2) enzymes and frequently also COX-

1 enzymes. Capsaicin and topical NSAIDs can be used for topical treatment of the OA when 

the symptoms are relatively mild. COX-2 inhibitors and ibuprofen are considered NSAIDs that 

show the least peptic ulcer side effects among COX-2 inhibitors, making them a safer choice. 

NSAIDs' adverse effects include peptic ulcers, cardiovascular complications, and a minor 

increase in blood pressure. Opioid analgesics can be administered orally, parenterally, or 

through a transdermal patch. OA's most powerful analgesic effects are usually obtained from 

transdermal opioid analgesics such as buprenorphine and fentanyl. Opioid analgesics are best 

reserved for patients with whom other analgesics can’t achieve pain-relief or for patients with 

contraindications or who are unwilling to undergo surgery. Tramadol is probably the first 

choice in the OA treatment if the use of opioids is considered. 

Also, anti-inflammatory effects have been discovered for glucocorticoids. They inhibit 

the production of collagenases mediating cartilage destruction in OA. Intra-articular 

glucocorticoids can be used particularly for patients for whom treatment with NSAIDs was 

ineffective in OA treatment. Another relatively high-priced supplement believed to be effective 

in relieving symptoms in the OA joint is hyaluronic acid. Hyaluronic acid has an important role 

in synovial fluid's viscoelastic features. It has been shown that it has a lower OA concentration 

than normal joints [14] . Corticosteroid injections maintain a short-term relief of flare-ups in 

the knee, whereas hyaluronic acid injections give a longer-lasting improvement. If the maximal 

medical treatment proves ineffective, total joint replacement is recommended [5] . 

Recommended adjunct  treatments include exercise, which can reduce pain and 

disability, and supplements such as glucosamine and chondroitin, helping patients with 

moderate to severe knee OA [5]. 

Natural compounds used as complementary therapeutics in OA treatment have attracted 

attention; therefore, herbal remedies are a noteworthy choice for treatment. Garlic (Allium 

sativum L.) has been utilized throughout history as an herbal treatment for ailments ranging 

from the common cold to cardiovascular diseases, inflammations, non-inflammatory diseases, 

and tumors [15, 16]. Compounds with medicinal value in OA treatment include but are not 

limited to alliinase, alliin, diallyl sulfide, ajoenes [17]. Some garlic compounds can modulate 

cytokine secretion and stimulate immune cells [18]; also, diallyl sulfide acts as an alleviator of 

inflammatory factors such as IL-1β induced cyclooxygenase 2 upregulation [19]. COX-2 

overexpression in articular tissues is a typical occurrence in inflammatory joint diseases such 

as crystal-induced arthritis and OA. Various inflammatory stimuli, including interleukin-1β 

(IL-1β), IL-17, and tumor necrosis factor (TNF), cause the induction of COX-2 in human joint 

tissues such as chondrocytes and synoviocytes. These cytokines  seem to regulate COX-2 
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expression in joint disease and the following production of prostaglandin E2 (PGE2) resulting 

in cartilage degradation, inflammation, and angiogenesis [20]. Garlic extracts can also function 

as an antioxidant. Also, analgesic effects have been achieved [16, 21].  

Since current treatment methods are not entirely efficient in relieving pain and 

derangements, and commonly-prescribed medicines are also expensive and cause adverse 

effects in the long run, necessitating the investigation of newer therapeutics. So we will 

evaluate the clinical significance of ’garlic’s role in the treatment of OA through a systematic 

review of clinical trials. 

2. Materials and Methods 

 2.1. Search strategy. 

We searched Science Direct, Pubmed, Cochrane, and Google Scholar databases for 

titles, abstracts, and keywords  for all articles published up until October 2020, based on 

Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA). The 

following keywords were searched: [(Garlic  AND Arthritis), (Garlic  AND Osteoarthritis), 

(Garlic  AND OA), (Allium Sativum AND Arthritis (, (Allium Sativum AND Osteoarthritis), 

(Allium Sativum AND OA)]. Also, we only used articles published in English and Persian. 

 

 
Figure 1. Flow chart of study selection. 

2.2. Study selection. 

We only included randomized articles that analyzed the effect of garlic on OA. In 

addition to articles obtained from searching databases, we reviewed cited articles and 

references to make sure about including related articles to our title.
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Table 1. Results of clinical trials studies. 

Author 

N  Total 

(case & 

control)  

Gender Age Patient population 
Preparation, daily, 

dose 

Study 

duratio

n 

Total 

WOM

AC1,2 

 

WOMAC 

Physical 

function 

 

WOMA

C Joint 

stiffness 

 

WOM

AC 

Pain 

severity 

 

VAS3 

Pain 

severity 

 

TNF-

α 

 

BMI 

 

HA

Q4 

 

IL-6 

 

Collagen

ase  

MMP 

135  

Side 

effects 
JADAD 

Hosseinzadeh

-Attar et al. 

[22]  

48 (23,25) 48 

Female  

 

50-57  Obese (BMI≥30 Kg/m2) 

women with mild to 

moderate knee OA 

1000 mg garlic 

supplement or 

placebo 

12 

weeks 

P: 

0.006 

P: 0.004 P: 0.073 P: 0.621 P: 0.073 - - - - - - Heartburn 

in 1 case 

8 

Dehghani et 

al. [23] 

 

76  

(39,37) 

76 

Female 

 

50-75  Post-menopausal 

overweight or obese 

women with with mild to 

moderate knee OA, 

25≤BMI≤40 

kg/m2) 

1000 mg garlic 

twice-daily 

12 

weeks 

- - - - P:  

0.044 

Not 

signifi

cant  

- - - - - Heartburn 

in 1 case 

 

8 

Salimzadeh et 

al. [24] 

76 

(39,37) 

76 

Female 

50-75  Postmenopausal 

overweight or obese 

women (25≤BMI≤40 

kg/m2) with medically 

diagnosed knee OA 

1000 mg garlic 

tablets 

500 mg tablets 

twice a day 

12 

weeks 

P: 

0.295 

P: 0.163 P: 0.174 P: 0.287 - - - - - - - No side 

effect 

reported 

 

8 

Hussein et al. 

2009  [25 ]  

44 

(24,20). 

Not 

mention

ed 

Not 

menti

oned 

Patients with KOA. 

 

Group I :garlic 

capsules 900 mg 

daily 

for 8 weeks. Group 

II :glucosamine 

sulfate 1500 mg 

daily for 8 weeks. 

8 weeks 

for   

Group I 

& 12 

weeks 

for  

Group 

II 

- - - - P: 0.037 - - - - P: 0.001 P: 

0.0001 

No side 

effect 

reported 

3 

Hussein et al. 

2007  [26 ]  

 43  

)28,15) 

Not 

mention

ed 

Not 

menti

oned 

Patients with KOA group I 

(comprehensive 

rehabilitation) 

and group II 

(combined 900mg 

garlic capsules 

daily with 

breakfast and 

comprehensive 

rehabilitation for 8 

weeks.) 

8 weeks - - - - 

 

 

 

 

P< 

0.001 

 

P< 

0.001 

P< 

0.05 

P< 

0.001 

P< 

0.00

1 

- - No side 

effect 

reported 

2 

 

 
1 All the evaluated factors reported as difference between the garlic and controlled group at the end of trial. 
2 Western Ontario and McMaster Universities Osteoarthritis Index 
3 Visual analog scale 
4 Stanford Health Assessment Questionnaire 
5 Matrix metalloproteinase 13 
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The searches were performed separately by EA and FT in the mentioned databases. FT 

extracted and reviewed the data, and FT, AT, and EA wrote the manuscript. Disagreements 

were resolved by team discussion. We searched based on PRISMA to select relevant articles, 

and 15 articles were involved in our studies, 10 of which were excluded  due to being animal 

studies, cross-sectional study, reviews, irrelevant full-text articles, and having a  modified 

JADAD score below 2 (figure 1). The quality of the articles was measured based on the 

modified JADAD  (Table S1). Extracted information includes the number of participants, age, 

preparation, daily dose, species, treatment duration, and statistical analysis that is shown in 

Table 1. 

 

2.3. Publication Ethics 

The authors declare that the investigations were carried out following the rules of the 

Declaration of Helsinki of 1975. 

3. Results 

We used  [(garlic and arthritis), (garlic and osteoarthritis), (garlic and OA), (Allium 

Sativum and arthritis), (Allium sativum and osteoarthritis), (Allium Sativum and OA)]  as 

keywords to find randomized clinical trials in which garlic and/or its components were used as 

an intervention to improve the therapeutic indices of OA. Out of 14,219 articles from the 

search, we screened 1,116 by their titles. We found 22 articles that were clinical trials and 

investigated the effects of garlic in treating or reducing OA symptoms. Seventeen of the 

remaining 22 articles were excluded because of the aforementioned reasons (Figure 1). Finally, 

five clinical trial articles were reviewed. Three of the five reviewed articles were journal 

articles, and two of them were poster papers. 

All studies were clinical trials. The shortest duration of treatment with garlic was 8 

weeks. The most common and the longest duration of treatment was 12 weeks. The frequent 

dose of garlic was 1000 mg. Also, two studies used 900 mg of garlic as an intervention. None 

of them reported any side effects except two cases of heartburn in two studies. Clinical trials 

were performed on 287 women with OA, the youngest of whom was 50 years old, and the 

oldest of whom was 75 years old. Four studies measured pain severity based on a visual analog 

scale (VAS). One study reported the outcome pain severity based on Western Ontario and 

McMaster Universities Osteoarthritis Index (WOMAC) and VAS. Another study reported pain 

severity based on WOMAC. Three studies analyzed the joint symptoms and used WOMAC to 

do so.  One study measured fasting serum concentrations of resistin and tumor necrosis factor-

alpha (TNF-α). Another one evaluated serum metalloproteinase 13 and collagenase levels. 

Another study measured the synovial fluid level of interleukin 1β (IL-1β), interleukin 6 (IL-6), 

and TNF-α. 

4. Discussion  

Since ancient times, humans have used garlic for its cardioprotective, anti-tumor, anti-

diabetic, anti-inflammatory, and anti-microbial properties. These properties are due to the 

presence of various bioactive substances such as allicin (accountable for the majority of the 

possible pharmacological functions [27]) and other organosulfur, selenium, and arginine as 

micronutrients, and phenolic and steroid compounds in garlic. Each of the garlic compounds 

https://doi.org/10.33263/BRIAC114.1210412119
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can show its biological properties and, therefore, can be used as a treatment or adjunctive 

therapy in the treatment of some diseases [.28]    Because of the reported positive effects of garlic 

supplementation on improving OA symptoms, the parameters contributing to OA, on which 

the effects of garlic have been studied, are discussed in the following section. 

4.1. Age and population. 

Three of the articles studied only postmenopausal women of 55 years and above (mean: 

59.6, 58.9, and 58.9), which can show good accuracy in the effectiveness of garlic in improving 

the symptoms of OA despite the other two articles didn’t mention the age and population in 

their study. We surmise that these articles studied this specific population because the incidence 

of OA is more common in women than men [.29  ]  Also, OA has an 80% prevalence in women 

between 46 and 65 [30]. Among women, postmenopausal ones are more likely to develop OA. 

This may be due to a decrease in estrogen, thus increasing the secretion of pro-inflammatory 

factors like IL-6, IL-1, and TNF-α [31]. 

4.2. BMI & obesity.  

One of the risk factors involved in this disease is obesity. Research has shown that the 

risk of KOA increases by 35%, with every 5 kg / m2 increase in BMI [32]. Decreased BMI 

following weight loss in women was also associated with a reduced OA risk [33]. On the other 

hand, obesity is directly related to increased adipocytokines concentrations such as resistin, 

leptin, visfatin, vaspin, and omentin, which all are suggested to have a role in OA pathogenesis 

and development [34]. Adipocytokines are produced by immune cells and adipocytes [22]. 

Obesity can increase OA's chances in people, especially the elderly, both through physical 

pressure on the joints in different parts of the body and through biochemical pathways [35].  

Dehghani et al. didn’t observe any significant difference between the garlic and placebo 

groups in the BMI and fat percentage in a 12-week study with twice-daily use of 500 mg garlic 

tablets equivalent to 1250 micrograms of allicin [23]. Also, Hosseinzadeh et al. reported that 

the daily use of 1000 mg garlic tablets containing 2.5 mg of allicin for 12 weeks could show 

no evidence of significant changes between the two groups in BMI and weight [22]. Likewise, 

in the Salimzadeh et al. study, after 12 weeks of using 500 mg garlic tablets twice a day 

equivalent to 2.5 mg allicin, no considerable differences between the two groups were reported 

in weight loss BMI reduction [24]. Hussein et al., 2007 administrated 900 mg/day of garlic 

capsules for 8 weeks with breakfast beside exercises that increase the foot's strength and 

flexibility and electrotherapy for 3 times a week until the end of the clinical trial. This 

intervention was also able to reduce the BMI significantly only in the garlic group [26]. Hussein 

et al., 2009 didn’t mention any change in BMI between the control and garlic group [25]. 

Although Hosseinzadeh et al., and Salimzadeh et al., could not show a significant difference 

between the two groups, they reported a significant decrease in fat percentage and BMI at the 

end of the trial in the garlic group. On the other hand, Dehghani et al. reported a higher fat 

intake in the garlic group compared to the placebo group (P: 0.036) at the end of the trial. It 

may have affected the final result. The data on garlic efficacy in weight loss, decreasing fat 

percentage, and BMI reduction are not compatible. Based on recent studies, garlic only affects 

waist circumference. It does not affect weight loss and BMI [36]. In contrast, a clinical study 

has shown that garlic can cause weight loss in women with metabolic syndrome [.37  ] The 

mechanisms proposed for weight loss by garlic are a reduction in blood triglyceride levels, 
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tissue adiposity, and a reduction in cholesterol and free fatty acids[38]. In addition to the 

previous mechanisms, garlic can also exhibit anti-obesity properties by activating the AMP-

activated protein kinase (AMPK) mechanism. This mechanism increases thermogenesis and 

reduces the expression of genes that have a key role in adipogenesis[39]. 1,2-vinyldithiin, one 

of the organosulfurs of garlic, can reduce the expression of C / EBPα PPARg2, and LPL 

(lipoprotein lipase) in addition to PPARg activity in human adipocytes [40]. 

These observations determined that garlic may decrease fat percentage and BMI, and 

this effect may be dose-dependent. However, changing the intervention duration may yield 

more reliable data, too. Studies conducted on this hypothesis are limited; more research with 

longer durations of intervention or different therapeutic doses of garlic supplements may yield 

different results. If garlic supplementation causes a decrease in weight and BMI it can help in 

OA through decreasing physical tension on the knee. 

4.3. Immune system role in osteoarthritis progression. 

Both innate and adaptive immunity roles in OA progression are well-known. Factors 

contributing to inflammation signaling include cytokines such as interleukins, tumor necrosis 

factor α, surface‐expressed pattern recognition receptors, and damage‐associated molecular 

patterns that motivate the enzymatic processes and cause the degradation of cartilage matrix in 

OA [41]. 

4.3.1. Pro-inflammatory cytokines. 

Pro-inflammatory factors play a role in this disease's pathogenesis, like causing pain or 

destruction of cartilage [9, 24].  Chondrocytes produce pro-inflammatory cytokines such as IL-

1β, IL-6, and TNFα, whose levels are elevated in end-stage OA[42-44]. The increasing of pro-

inflammatory cytokines secretion may be due to an imbalance of biochemical pathways in the 

production of reactive oxygen species (ROS), leading to the destruction of normal cell 

molecules such as proteins or DNA ultimately cell dysfunction. The elevation of ROS 

concentration is called oxidative stress[45]. Also, garlic extracts have an antioxidant effect due 

to the presence of allicin, thiosulfinates, S-allylcysteine (SAC), phenolic compounds,  ajoenes 

[46], S-allyl-mercapto cysteine (SAMC) [47], and garlic polysaccharide and its derivatives 

[48]. To reveal the possible positive effect of garlic on this pathway, we suggest administrating 

purified molecules and polysaccharides of garlic as an intervention in future studies. 

4.3.1.1. TNF-α. 

TNF-α is a known key inflammatory factor whose expression is enhanced by another 

inflammatory factor called resistin, produced in fibroblasts in synovial fluids in OA[45]. 

Induction of pain in OA patients is due to increased TNF-α in synovial fluids and activation of 

sensory neurons by TNF-α. TNF-α can also cause pain by stimulating the production of other 

pro-inflammatory factors [.23]  TNF-α degenerates fibroblasts and chondrocytes by causing 

inflammation in the synovial fluid, destroying cartilage [49]. 

Two reviewed studies investigated the effect of garlic on TNF-α concentration before 

and after the trial. A significant change in TNF-α (P <0.001) was seen in the Hussein et al., 

2007 study with daily consumption of 900 mg of garlic capsules for 8 weeks with breakfast. In 

the Dehghani et al. study, even though the trial duration (12 weeks) and the daily dose (1000 

mg) were longer and more than the Hussein et al. 2007 study, no significant changes in TNF-
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α were reported after the trial. Since the difference in dose was not very great, this contradiction 

may be either due to the unequal periods of administration or the fact that the data might not 

be sufficient and require further research, since there were only two researches done on this 

case. The data cannot be fully trusted, as TNF-α-reducing effects using garlic were observed 

in in-vitro studies. For example, garlic-derived compounds can prevent the transcription of 

several cytokine genes that contribute to pro-inflammatory responses, such as TNF-α, IL-

1β, and IL-6[50-53]. A meta-analysis of randomized controlled trials has also reported a 

significant reduction in the TNF-α serum concentration due to supplementation with garlic 

extract[54, 55]. 

On the other hand, one of the main aqueous portions of garlic extract is S-allyl-mercapto 

cysteine (SAMC). Investigations have shown that SAMC could down-regulate the IL-1β, IL-

6, and TNF-α elevated in OA remarkably[47]. Three other trials didn’t measure the TNF-α 

concentration. So it appears that garlic can decrease TNF-α concentration in different health 

problems such as OA. 

4.3.1.2. Resistin. 

Resistin is an adipokine hormone that is produced by adipose tissue [56]. In patients 

with a knee injury, the resistin levels in and serum and synovial fluid are increased [57]. 

Resistin is responsible for cartilage damage and synovial inflammation [58]. Also, it  changes 

chondrocyte metabolism and elevates the expression of  MMP-1 and MMP-13 [59]. Resistin 

also upregulates IL-6, IL-1β, and TNF-α production in the cartilage[57]. In a cross-sectional 

analysis, circulating resistin was increased in OA patients [60]. One study reported that the 

Resistin level in circulation is elevated in people with diabetes and obese people [61]. 

In reviewed articles, only Dehghani et al. measured the resistin serum concentration 

and reported a remarkable decrease in the garlic group (P: 0.008) due to garlic supplementation 

and no significant difference between them (P: 0.558). Since the resistin is correlated positively 

with local pro-inflammatory factors and cartilage degradation at the site of inflammation [62], 

and some component of garlic such as 1,2-vinyldithiin could decrease the preadipocytes 

differentiation, made in subcutaneous adipose tissue, through the reduction in gene expression 

of two critical families of transcription factors, C/EBP and PPAR [40], we guess that topical 

formulation of garlic may be more efficient in diminishing the resistin concentration. This 

prospect should be evaluated more in future studies. 

4.3.1.3. IL-6 

IL-6 is another pro-inflammatory cytokine that is upregulated commonly in OA [63]. 

IL-6  has pleiotropic effects on the bone, cartilage, and immune system [64]. 

Only one reviewed article, Hussein et al., 2007, evaluated the IL-6 concentration and 

reported a significant decrease in IL-6 level in the garlic group after administering 900 mg/day 

garlic capsule with breakfast for 8 weeks (p< 0.001). Since we only have data from one report 

on this case, we cannot judge the accuracy of this result. We suggest that further research be 

done on the IL-6 level in OA patients in future studies. But other studies on IL-6 concentrations 

after consuming garlic show conflicting results. The efficacy of garlic in the reduction of IL-6 

level is not determined. Some researchers didn’t report the effective decrease in IL-6  level (p 

> 0.05)[54] though another meta-analysis of the randomized controlled trial reported a 

remarkable reduction in IL-6 level (P < 0.001) [55]. 
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As we said, IL-6 can be down-regulated by garlic extracts, especially by allicin and 

SAMC [47]. Studies have also shown that cell incubation with alliin stopped the increase in 

the expression of the IL-6 gene and the protein levels of IL-6 [65]. So IL-6 decrease can be 

proposed as one of the garlic mechanisms in OA treatment. 

4.3.1.4. IL-1β. 

IL-1β is another pro-inflammatory cytokine, accepted as the most important cytokine 

in the OA process [66]. IL-1β is produced in chondrocytes and expedites cartilage degeneration 

in OA [67]. IL-1β levels, much like IL-6 and other inflammatory cytokines, are decreased by 

garlic composites. There is no study on IL-1β level in OA patients. On the other hand, due to 

garlic’s potential in reducing IL-1β level, and the important role of IL-1β in OA progression, 

we suggest further researches on this issue. 

4.3.2. Matrix metalloproteinases (MMPs). 

The Matrix metalloproteinases (MMPs) family, the Zn2+ metalloproteinases, are 

defined as a key factor in joint destruction. Also, there is a class of MMPs called  Collagenases 

[68]  .Cytokines and growth factors induce MMP synthesis in chondrocytes and synovial 

cells[69]. MMP-2, MMP-9, MMP-13, MMP14, and MMP-16 play role in bone and skeletal 

pathologies [47]. They cleave the type II collagen and aggrecan and cause the degradation of 

extracellular matrix components[70]. Collagen type II is degenerated by MMP-1 and MMP-13 

in articular cartilage[71]. The biological activities of MMPs are majorly under the control of 

the tissue inhibitor of matrix metalloproteinase-1  (TIMP-1(. Unbalance between MMPs and 

TIMPs causes OA progress. An increase in levels of MMP-2, MMP-9, and MMP-13 was 

observed, whereas the TIMP-1 level was decreased due to down-regulation in murine OA 

cartilages. SAMC can counter these effects [72]. 

MMPs were measured only in one study. Hussein et al., 2009, at the end of an 8-week 

supplementation with 900 mg/day garlic capsule, reported an effective decrease in MMP-13 

level (P: 0.0001). They also revealed a significant reduction in collagenase (P: 0.001) in the 

same clinical trial. SAMC, in addition to other components of garlic extract, can significantly 

cause this effect because investigations have shown that SAMC could elevate the TIMP-1 level 

and reduce MMPs [47]. Further research may show the role of garlic in MMPs decrease that 

worth evaluating and may be a mechanism of garlic in OA treatment. 

4.3.3. WOMAC. 

4.3.3.1. Total WOMAC. 

The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) is a 

self-administered health evaluation tool for patients with OA of hip or knee [73]. Three main 

subscales of WOMAC consist of  pain, physical function, and stiffness, which includes 24 items 

in total [74]. 

Salimzadeh et al. reported no significant change in total WOMAC score (P: 0.295) after 

12 weeks using 500 mg garlic tablets twice a day, whereas Hosseinzadeh-Attar et al. reported 

P: 0.006 after daily use of 1000 mg garlic tablets containing 2.5 mg of allicin for 12 weeks. It 

seems that less frequent garlic supplementation is more efficient in decreasing the WOMAC 
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score. Other reviewed articles didn’t report any data on total WOMAC, and current data is not 

efficient to determine the real effect of garlic on total WOMAC score. 

4.3.3.2. Pain. 

Pain is one of the most obvious symptoms of OA. Pain may be of mechanical such as 

joint damage [75] or neurological origin [76]. It may also be caused by inflammatory factors 

[24]. Pain in the early stages of the disease has a mechanical origin that gets worse with activity 

and gets better with rest [76]. Chronic peripheral pain has evidence of central sensory 

stimulation in almost all patients. Stimulation and activation of sensory neurons can also be 

mediated by inflammatory factors such as TNF-α. Comorbidities like depression [77] and 

patient-related factors such as sex, stress, adverse life experiences, and gut microbiome 

stimulate the development of central sensitization and present to the pain phenotype                        

[75, 78, 79]. Pain has 5 questions in WOMAC. 

The pain was measured by WOMAC and VAS. Three studies reported a remarkable 

decrease in joint pain severity based on VAS between the two groups. Salimzadeh et al. didn’t 

report a considerable difference between the placebo and intervention groups’ pain severity 

based on WOMAC. However, a significant change in the garlic group was reported at the end. 

Also, Hosseinzadeh-Attar et al. measured pain severity based on both VAS and WOMAC and 

observe no significant decrease in pain severity. However, interestingly, a considerable change 

in the garlic group was reported at the end of the trial. We should mention that despite VAS is 

highly responsive, validated, and comparable to WOMAC [23], the WOMAC and VAS results 

of the Hosseinzadeh-Attar et al. study were incompatible  with each other.  We suggest this 

reduction in pain severity is due to the effect of reducing the levels of inflammatory factors 

rather than the effectiveness of garlic in mechanical mechanisms. The probable topical 

formulation of garlic may be more effective in local pain because of local secretion of pro-

inflammatory factors, and this view should be examined in future clinical studies. 

4.3.3.3. Physical function. 

Physical function is another WOMAC subscale that has 17 questions. OA due to 

cartilage degeneration, pain, stiffness, and decreased muscle strength  cause limitation in 

movements in weight-bearing joints like knee and/or hip and disable the joints [80, 81]. Daily 

activities such as getting in and out of a bath, walking, and simple housework are prohibited as 

the disease progresses and becomes more severe [82]. Studies have also reported that knee pain 

is a key factor of physical disability in KOA [83-87].  

Only one of the two studies which measured physical function by WOMAC scale 

reported significant improvement by 1000 mg/daily garlic supplement within 12 weeks 

between the two groups (P: 0.004 ) [22]. Although Salimzadeh et al., the study did not report 

a significant change in the reduction of physical function between the two groups, it showed a 

noteworthy change in the garlic’s physical function at the end of the trial[24]. As both 

Hosseinzadeh-Attar et al., and Salimzadeh et al., studies reported a remarkable decrease in pain 

in garlic group, it seems that improvement in physical function is following the improvement 

in pain severity which we guess the mechanisms involved in pain improvement due to garlic 

supplementation is following to the decrease in TNF-α concentration.  

4.3.3.4. Joint stiffness. 
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Stiffness can be determined as a restricted range of motion impacting a patient’s 

capacity to do daily life activities [88]. It also is a subscale of WOMAC and has 2 questions. 

None of the two studies which evaluated Joint stiffness reported a considerable improvement 

in joint stiffness between the two groups at the end of the trial (P: 0.174[24]  and P: 0.073[22]). 

Interestingly, both of them reported a significant change in the garlic group (P: 0.013[24] and 

P: 0.12[22]). The efficacy of garlic in improving joint stiffness should be more investigate with 

the longer duration of supplementation and various doses. 

5. Conclusions 

 This systematic review  showed that garlic and its extract might be a novel treatment for 

OA to improve disease symptoms. Based on current evidence, we recommend duration and 

dosage of treatment with garlic is at least 1000mg for 12 weeks. Below these values, it is 

unlikely that the healing effects of garlic can be seen. However, current randomized clinical 

trials have limitations, including the missing information, did not complete the study due to 

NSAIDs' heartburn and use due to severe knee pain or because of incomplete laboratory tests. 

More double-blind, large sample size randomized clinical trials on ’garlic’s role on OA that 

evaluates BMI, pro-inflammatory cytokines, pain, stiffness, and physical function with various 

duration and doses are required in the future to prove or modify our results. We also 

recommend that researchers evaluate different chemical compounds of this valuable medicinal 

plant for OA treatment that may cause a decrease in needed dose and better treatments. 
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