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Introduction
Osteoarthritis (OA) is a leading cause of disability 
in older adults, with over 500 million cases glob-
ally in 2019.1,2 Management of musculoskeletal 
pain and OA often includes pharmacologic agents, 
such as nonsteroidal anti-inflammatory drugs 
(NSAIDs). NSAIDs are broadly effective but are 
associated with safety concerns, including gastro-
intestinal, hepatic, and cardiovascular adverse 
events.3–5 Most patients with OA also have other 
comorbidities, such as diabetes, hypertension, and 
dyslipidemia, which complicates the identifica-
tion of suitable treatment options and can fur-
ther increase inflammation, leading to disease 

progression.6,7 Therefore, additional safe and 
effective alternative pain relief options are needed.

Patients and physicians are beginning to explore 
complementary and prophylactic therapies that 
may offer both symptom relief and a favorable 
safety profile.8,9 In addition, patients and physi-
cians want interventions that (1) eventually become 
prophylactic options to help treat the root cause of 
the condition, (2) decrease inflammation and pain, 
which subsequently reduces damage, (3) have 
more favorable adverse-effect profiles, and (4) can 
be taken long term. Natural ingredients have the 
potential to fill these needs and could minimize 
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NSAID exposure and associated adverse events.10–13 
Furthermore, in vitro bioassays suggest that the use 
of natural ingredients in combination with NSAIDs 
could provide a more favorable safety/risk–benefit 
profile;14 molecular studies investigating the com-
bination at the chemical level are ongoing. Some 
natural ingredients can be part of the solution in the 
approach to personalized pain medicine; however, 
many studies described in the literature did not 
combine NSAIDs and natural ingredients in the 
comparator arm of their trials.15–17

Two natural ingredients, Curcuma longa and 
Boswellia serrata, have been used for several thou-
sand years (~4000) for the treatment of inflamma-
tory, pain-related, and degenerative disorders.18–20 
Synergy of the beneficial anti-inflammatory and 
antinociceptive effects from both curcumin and 
boswellic acids has been suggested both in vitro 
and in vivo, and pharmacokinetic and clinical 
studies in humans reported no major safety con-
cerns when these two natural ingredients are com-
bined.21–24 Therefore, identifying the appropriate 
dose and formulation for the combination of these 
natural ingredients for complementary and/or 
synergistic targeting of OA and musculoskeletal 
pain is of interest. In addition, identification of the 
appropriate dosing in combination with NSAIDs 
can increase the number of pain treatment options 
for patients and provide an improved risk profile.

The objective of this narrative review was to exam-
ine the efficacy and safety of curcumin and boswel-
lic acids alone to support their use in combination 
to treat and manage musculoskeletal pain in 
patients with OA. These two natural ingredients 
were recently investigated for many different bio-
logical conditions, such as OA and cancer, and 
those findings are relevant for identifying the 
affected molecular pathways. In addition, individ-
ual complementary and prophylactic therapies 
were found to be non-inferior to NSAIDs in clini-
cal trials.10,12,13,25–27 The combination of natural 
ingredients may prove to be as effective as, or more 
effective than, pharmacologic agents due to their 
unique mode of action and complementary and/or 
synergistic effects.

Curcumin mechanism of action
Curcumin, the main component of polyphenolic 
compounds called curcuminoids, is extracted from 
turmeric, a product of the Curcuma longa plant; 
additional curcuminoid components include 
demethoxycurcumin and bisdemethoxycurcumin 

(Figure 1).28 The evidence for the mechanism of 
action of curcumin is derived from in vitro and in 
vivo studies, including cell lines representative of 
synovial cells and chondrocytes, rat and mouse 
models, and clinical samples from patients with OA 
and healthy volunteers. Curcumin downregulates 
the cyclooxygenase-2 (COX-2) pathway, reducing 
the production of prostaglandins associated with 
inflammation (Figure 2).29,30 Curcumin also down-
regulates and directly inhibits lipoxygenase (LOX) 
and downregulates inducible nitric oxide synthase, 
mitogen-activated protein kinases, and Janus 
kinases, which are associated with inflammatory 
processes.29,31 Downstream effects of curcumin 
through these pathways include inhibition of 
nuclear factor kappa-light-chain-enhancer of acti-
vated B cell (NF-κB)-mediated gene expression of 
cytokines, including reduced production of tumor 
necrosis factor-alpha (TNF-α), interleukins (ILs-1, 
-2, -6, -8, and -12), monocyte chemoattractant pro-
tein (MCP), migration inhibitory protein, prosta-
glandin E2 (PGE2), matrix metalloproteinase 
(MMP)-2,-3,-9, inflammasome NLRP3, and reac-
tive oxygen species.28,32–38 IL-10, a cytokine associ-
ated with reducing inflammation, is increased by 
curcumin supplementation in various inflamma-
tory diseases, and the anti-inflammatory activity of 
IL-10 is enhanced through blocking pathways asso-
ciated with inflammation.39 For pain, curcumin’s 
antinociceptive effect is mediated by IL-10 via 
augmentation of Nrf2 and Cu/Zn superoxide dis-
mutase.39 Nrf2/ARE is a key pathway in curcumin-
mediated protection against inflammation and 
oxidative stress in chondrocytes.40

Curcumin also was shown to protect human tem-
poromandibular joint chondrocytes from matrix 
degradation.40 Curcumin has potential effects on 
Toll-like receptor 4 (TLR4) in models of OA.41,42 
A study of intra-articular administration of cur-
cumin in the right knee of a rat with OA (classical 
model of OA induced by anterior cruciate ligament 
transection), showed that curcumin repressed 
lipopolysaccharide-induced IL-1β and TNF-α 
secretion from the synovium and inhibited lipopol-
ysaccharide-induced overexpression of TLR4 and 
downstream NF-κB in cartilage and synovial tis-
sues.41 Thus, curcumin effectively reduces activity 
in inflammatory pathways known to be involved 
with OA pathogenesis.32 Through reductions in 
inflammation, OA pain is reduced as well.

Curcuminoids have demonstrated other activities 
in preclinical studies, including antineoplastic, 
antifungal, analgesic, antimicrobial, antioxidant, 
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(a) (b)

Figure 1.  Structure of (a) key curcuminoids and (b) boswellic acids.43,44

hepatoprotective, hypoglycemic, immunostimu-
lant, antiasthmatic, and hypercholesterolemic 
effects.28,45 Although most of these observations 
are from in vitro studies, the authors hypothesized 
that the potential universal effect of the curcumi-
noids on inflammation/oxidative stress occurs 
through an effect on redox imbalance, which could 
suggest that curcumin may be a prodrug because it 
appears to be active in numerous pathways.46

This hypothesis also is supported by curcumin’s 
poor bioavailability in humans. Furthermore, the 
prodrug theory could support the variability 
observed in different preparations of curcumin; 
bioactive intermediates from oxidative metabo-
lism of curcumin account for at least some of the 
observed activity.46 The biologic effects of cur-
cumin in the gut also may explain its overall anti-
inflammatory effects, as CurA from Escherichia coli 
in the human intestine has been shown to produce 
tetrahydrocurcumin, a metabolite of curcumin 
that has been shown to be biologically active.47,48 
If the microbial products of curcumin (metabo-
lites), which have yet to be identified, are responsi-
ble for the beneficial effects of curcumin, then 
limited bioavailability or absorption in the small 
intestine may not be a significant issue. For exam-
ple, there have been various studies in rats in which 
tissue or serum malondialdehyde concentrations 
were lowered by 12–30% when either 100 or 
200 mg/kg curcumin was administered before 
intestinal ischemia reperfusion.47,49–52 Curcumin 
has effects on microbiota, intestinal permeability, 
gut inflammation, oxidative response, anaphylactic 
reactions to oral allergic food exposure, and bac-
terial, parasitic, and fungal infections,47 and it  
is believed that positive effects on the microbiome 
may have effects on extra-intestinal disease.47 
Concentrated extracts of curcumin through 

solvent extraction of turmeric, such as BCM-95 
and C3,53 provide another mechanism for increas-
ing bioavailability. The efficacy of this approach is 
illustrated by one pharmacokinetic study in healthy 
volunteers that showed an approximate seven-fold 
increase in bioavailability with BCM-95 compared 
with standard curcumin.54 Overall, the mechanism 
of action and clinical pharmacology of curcumin in 
vivo need additional research in humans to confirm 
the in vitro data and to address how to achieve effec-
tive concentrations of active curcumin metabolites.

Boswellic acids mechanism of action
Boswellia is derived from the gum resin extracts 
of the Indian olibanum tree, Boswellia serrata, 
which contains a mixture of triterpene acids 
known as boswellic acids (Figure 1).45,55

Two boswellic acids, 11-keto-β-boswellic acid 
(KBA) and acetyl-11-keto-β-boswellic acid 
(AKBA), were proposed as the main transducers 
of pharmacologic effects.55 Boswellic acids inhibit 
the 5-LOX pathway, reducing the production of 
proinflammatory leukotrienes.56,57 However, no 
clear correlation has been established between 
KBA/AKBA plasma concentrations and the effec-
tive concentrations for inhibiting 5-LOX, which 
may be due to the poor absorption of AKBA after 
oral administration.55 One approach to increase 
AKBA bioavailability has been to use concentrated 
extracts, such as ApresFlex and 5-Loxin, which 
have between 20% and 30% AKBA, respectively.58 
In a preclinical rat model, ApresFlex showed 
greater absorption versus the same dose of 
5-Loxin.59 Further research into concentrated 
extracts could provide more insight into the effec-
tive concentrations needed to inhibit 5-LOX. 
Boswellic acids also inhibit COX-2 in the 
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Figure 2.  Mechanism of action of curcumin and boswellic acids in osteoarthritis based on in vitro study data. 4EBP-1, eukaryotic 
translation initiation factor 4E-binding protein 1; 5-LOX, 5-lipoxygenase; ADAMTS, a disintegrin and metalloproteinase with 
thrombospondin motifs; AKT, protein kinase B; COX, cyclooxygenase; CTX, carboxy-terminal cross-linking telopeptide of type I 
collagen; IL, interleukin; iNOS, inducible nitrous oxide synthase; JNK, c-Jun N-terminal kinase; LTB, lymphotoxin-beta; MMP, matrix 
metalloproteinase; mPGES-1, microsomal prostaglandin E synthase-1; mTORC, mammalian target of rapamycin complex; NF-κB, 
nuclear factor-kappa B; NO, nitrous oxide; PGH2, prostaglandin H2; PI3 K, phosphatidylinositol 3-kinase; PIP3, phosphatidylinositol 
3,4,5 trisphosphate; RANKL, receptor activator of NFκB ligand; S6 K-1, ribosomal protein S6 kinase beta-1; TNF-α, tumor necrosis 
factor–alpha; TXA2, thromboxane A2; TXB2, thromboxane B2.
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arachidonic acid pathway, metabolites of which 
mediate pain and inflammation.57 COX-2 inhibi-
tion decreases prostaglandin H2 and subsequently 
PGE2, which promotes inflammation.55,57 β-
Boswellic acid has shown higher steady-state 
plasma concentrations in humans than AKBA, 
which aligns with the in vitro IC50 values for cath-
epsin G (catG) and microsomal prostaglandin E 
synthase-1 (mPGES-1), suggesting an alternative 
pathway for anti-inflammatory effects.55 mPGES-1 
is likely to be involved in cartilage/matrix homeo-
stasis through mechanosensitive gene induction, 
and is a potential therapeutic target in OA.60

Another pathway implicated in the anti-inflam-
matory effects of AKBA is NF-κB. In a rat model 
of osteoporosis, administration of 35 mg/kg 
AKBA for 42 days resulted in significant improve-
ment in calcium content and bone mineral den-
sity (p < 0.01 for both) and downregulation of 
NF-κB and NF-κB-regulated gene expression, 
suggesting that AKBA has a role in management 
of postmenopausal osteoporosis through inhibi-
tion of osteoclastogenesis.61

The PI3K/AKT pathway regulates target genes 
involved in cancer and OA, and in vitro studies 
with AKBA in these different disease states sug-
gests that there may be a common mechanism of 
action. Potential anticancer effects of AKBA have 
been observed in human gastric cancer cell lines 
through induction of apoptosis, cell cycle arrest, 
autophagy suppression, and inhibition of cell 
migration and the PI3K/AKT pathway.62–65 
Anticancer effects were studied in a variety of cell 
lines and cancer types and have demonstrated 
dose-dependent responses, the potential to use 
AKBA as an adjuvant to chemotherapy, and as a 
promising therapy for non-small cell lung can-
cer.62,63,65 Recent in vitro and in vivo studies have 
suggested a potential new role of the PI3K/AKT 
pathway in OA, where inhibition of PI3K/AKT 
prevents expression of target genes (e.g. TNF-α, 
IL-6, MMPs, and COX-2) that increase the 
inflammatory responses and cartilage matrix deg-
radation that lead to OA development.66–68 
Boswellic acids therefore may downregulate 
inflammation and oxidative stress in OA, thereby 
reducing cartilage damage and joint pain.

Comorbidities, such as diabetes and obesity, can 
amplify mechanical and inflammatory pressure 
on the joints in OA. Boswellic acids act on inflam-
mation in diabetes and other comorbid condi-
tions that make joint pain worse in OA, and may 

prevent types 1 and 2 diabetes through suppres-
sion of the expression of proinflammatory 
cytokines.69,70 Additional research is needed to 
confirm the pharmacodynamics of boswellic acids 
in vivo, similar to curcumin. The safety of boswel-
lic acids has been studied preclinically in primates 
and rats, with no toxic side effects observed.45 
One of the side effects reported in humans is skin 
reactions or rashes, but thus far, no serious safety 
issues have been documented.71

Antinociceptive effects of curcumin and 
boswellic acids
Preclinical OA animal models in mice and rats 
showed antinociceptive effects of curcumin and 
boswellic acids via topical and oral administration, 
respectively.72,73 In the mouse OA model, topical 
curcumin nanoparticles reduced tactile hypersensi-
tivity in the von Frey test, increased distance 
traveled, and increased rearing compared with 
vehicle-treated animals that also had destabilization 
of the medial meniscus (all p < 0.05).72 This sug-
gests curcumin is effective in relieving pain associ-
ated with OA. Additional investigation showed that 
oral and topical curcumin slowed the progression 
of OA in the mouse model through decreased car-
tilage erosion and proteoglycan loss, reduced syno-
vitis and subchondral plate thickness, reduced 
degradation of type II collagen and aggrecan, and 
lowered expression of MMP-13 and ADAMTS5 
compared with vehicle controls.72 In the rat OA 
model, rats treated with boswellic acids improved 
weight-bearing function measured via the von Frey 
test at day 14 and latency of paw withdrawal at day 
15 compared with monoiodoacetate control rats.73 
In vitro studies of boswellic acids showed dose-
dependent inhibition of 5-LOX activity and 
strongly inhibited PGE2 production in lipopolysac-
charide-induced peripheral blood mononuclear 
cells, indicative of inhibition of the COX pathway 
for inflammatory pain.73 Furthermore, boswellic 
acids helped block the harmful effects of proinflam-
matory cytokines on human chondrocytes in cul-
ture.73 Therefore, there is the potential for both 
curcumin and boswellic acids to be protective for 
chondrocytes in OA and for additive benefit in 
reducing pain in OA. Additional research in 
humans is needed to confirm the exact mechanism 
of these natural ingredients in reducing pain in OA.

Curcumin for OA
Data from clinical trials evaluating the efficacy of 
curcumin for managing OA (Table 1) support 
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that curcumin is effective at reducing musculo-
skeletal pain and inflammation in patients with 
OA, thereby increasing function and quality of 
life.

A meta-analysis of five studies with 599 patients 
with OA concluded that curcumin improved the 
Western Ontario and McMaster Universities 
(WOMAC) score and visual analog scale (VAS) 
score compared with placebo (both p < 0.01).89 
There was no statistical difference between cur-
cumin and placebo for side effect rate nor was 
there a difference between curcumin and ibupro-
fen.89 Another systematic review and meta-analy-
sis focused on 32 randomized controlled trials 
(N = 2038 participants) that evaluated the anti-
inflammatory effects of oral curcumin through 
blood concentrations of inflammatory markers.90 
Large reductions in TNF-α, MCP-1, IL-8, IL-6, 
and C-reactive protein (CRP) concentrations 
were observed in participants treated with cur-
cumin versus those in the control group (all 
p < 0.01), further supporting in vitro and preclini-
cal model findings.90

Furthermore, a systematic review and meta-anal-
ysis of 11 randomized controlled trials comparing 
the efficacy of turmeric extracts versus placebo 
and five trials comparing efficacy versus NSAIDs 
in 1810 adults with knee OA showed turmeric 
significantly reduced knee pain and improved 
physical function compared with placebo but had 
effects similar to NSAIDs.91 Although biomarkers 
of inflammation were evaluated in multiple trials, 
there were no significant between-group differ-
ences reported.91 Rates of adverse events were 
lower in the turmeric extract groups versus those 
for NSAIDs; however, rates were similar between 
groups treated with turmeric extract and pla-
cebo.91 An additional study suggests that long-
term use of curcumin supplements for the 
management of OA is preferred to improve pain 
and reduce stiffness.92 Therefore, curcumin at 
doses between 160 and 2000 mg/day was effica-
cious in the management of OA and demon-
strated similar efficacy to NSAIDs, including 
diclofenac (100 mg day) and ibuprofen (400–
1200 mg/day).80,81,89,91

Combining curcumin with other natural ingredi-
ent supplements for management of OA pain has 
also been investigated in clinical trials. Notably, 

two clinical trials showed significant benefit from 
the combination of curcumin and glucosamine as 
measured by improvement in walking (p < 0.001) 
and pain (reduced VAS score; p < 0.05 for both 
studies compared with control group), suggesting 
that combining curcumin with other natural 
product supplements may be beneficial in OA.76,82

Boswellic acids for OA
Clinical trials of boswellic acids in OA suggest 
that formulation and composition of the oral cap-
sules/tablets influences efficacy in reducing pain 
and increasing function (Table 2).11,93–95 The 
majority of clinical trials had a smaller number of 
participants, but two randomized trials had more 
than 100 participants (N = 120 and N = 440) and 
showed that boswellic acids demonstrated equal 
effectiveness in the management of OA pain com-
pared with glucosamine.13,96 In the smaller of 
these two prospective randomized trials, patients 
with knee OA (N = 120) received either boswellic 
acids or glucosamine sulfate for 60 days. VAS and 
Lequesne total scores were assessed during fol-
low-up visits at 2 and 6 months.13 At baseline and 
2 months, patients treated with boswellic acids 
had higher mean VAS and Lequesne total scores 
versus patients treated with glucosamine; how-
ever, these scores were lower at 6 months with 
boswellic acids versus glucosamine treatment 
(p = 0.08 and p = 0.02, respectively). Patients 
treated with glucosamine showed early reduction 
of mean scores at 2 months, but scores remained 
generally unchanged from 2 to 6 months.13 
Biomarkers of inflammatory pathways were not 
reported in the clinical trials evaluating boswellic 
acids for OA pain management; therefore, further 
research is needed to confirm in vitro and preclin-
ical model findings. Boswellic acids have a well-
defined safety profile with few adverse events 
reported during clinical trials.

Combination of curcumin and boswellic 
acids
Several studies have investigated the combination 
of curcumin and boswellic acids as management 
for OA pain (Table 3). One primary study 
(N = 201) showed that the combination of cur-
cumin and boswellic acids reduced WOMAC 
total score (p < 0.001) from baseline to visit 3 at 
84 days and compared with placebo (p < 0.05) 
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after 3 months of continuous treatment.24 The 
treatments were well tolerated and no serious 
adverse events were observed.24 Because there are 
a limited number of clinical studies, additional 
studies are needed to fully understand the poten-
tial synergy of curcumin and boswellic acids for 
the management of OA pain. Investigation of cur-
cumin and boswellic acids alone and in combina-
tion allows for the identification of synergistic 
pharmacologic effects.22 The synergistic activity 
of these two natural ingredients could reduce the 
dosage and frequency of consumption of acetami-
nophen and NSAIDs, as both individually have 
been shown to reduce NSAID use, which would 
be advantageous for patients with OA through 
decreased NSAID exposure and associated 
adverse events.10,12,13,25–27 A 2-by-2 factorial rand-
omized controlled trial is needed to provide evi-
dence for the synergistic effects.

In addition to the number of clinical trials evalu-
ating the combination, further support comes 
from numerous animal studies that evaluated the 
combination of curcumin and boswellic acids in 
other disease states, including rheumatoid arthri-
tis and cancer. Preclinical data on the combina-
tion of solubilized micellar curcumin and micellar 
Boswellia in the treatment of rheumatoid arthritis 
in a rat model showed anti-inflammatory effects 
comparable to NSAIDs even at much lower 
doses.103 In addition, preclinical data suggest a 
possible role for the combination of curcumin 
and boswellic acids as chemoprevention of colo-
rectal cancer and as an antiviral agent.104–106 
Antiproliferative and proapoptotic effects were 
observed simultaneously, as well as the promo-
tion of epithelial turnover in the adenomatous 
polyposis coli (Apc) mouse model for intestinal 
carcinogenesis in animals receiving an enriched 
diet with curcumin, AKBA, and silymarin for 
110 days.105 Although the animals with the 
enriched diet still developed small bowel carcino-
mas at a similar rate to those animals receiving the 
standard diet (85% versus 100%), the enriched 
diet led to a significant (p < 0.001) decrease in the 
number and size of polypoid lesions.105 In further 
support of the chemopreventive effects of cur-
cumin and AKBA, a mouse xenograft model 
demonstrated that each product alone suppressed 
tumor growth, but when used in combination, 
synergistic tumor suppression was observed.104

Curcumin and boswellic acids (as well as other con-
stituents, such as maritime pine) were studied in 

combination for other indications in clinical trials in 
humans, including acute musculoskeletal pain, 
chronic kidney disease, benign thyroid nodules, 
diverticulitis, tendinopathy, and Gulf War syn-
drome.107–112 In healthy adults with acute musculo-
skeletal pain, treatment with the combination of 
curcumin and boswellic acids or with acetami-
nophen for 7 days reduced pain intensity at a similar 
rate and to a similar level.113 The only difference 
observed between the two groups was improved 
reduction in the affective domain of the McGill 
Pain Questionnaire in the curcumin and boswellic 
acids treatment group (8.57 times better, 
p = 0.027).113 In patients with early-stage chronic 
kidney disease, treatment with curcumin and 
boswellic acids for 8 weeks increased PGE2 levels to 
a lesser extent than placebo.109 Spirulina–curcumin–
boswellia (400–50–50 mg per capsule, twice daily 
for 6 weeks) was effective in reducing the size of 
benign thyroid nodules in 29 of 34 patients; although 
the authors of the study did not specify a mecha-
nism, they did propose that this reduction may be 
related to the anti-inflammatory effects of the natu-
ral ingredients.108 An investigation in healthy adult 
males who were master athletes that followed the 
Mediterranean diet and took a curcumin and 
Boswellia serrata supplement for 3 months showed 
significant decreases in advanced glycation end 
products and malondialdehyde compared with 
those who only followed the Mediterranean diet 
(p < 0.05), suggesting that supplementation could 
improve muscle performance.114

Pharmacokinetics of boswellic acids and 
curcumin
A phase I, crossover study showed that there were 
no pharmacokinetic interactions between cur-
cumin and boswellic acids when administered in 
combination, and no adverse events were reported 
when either supplement was taken alone or in 
combination.21

Safety
Both curcumin and boswellic acids ingredients 
have been ‘generally recognized as safe’ by the 
World Health Organization,115,116 and there is a 
long history of their use. However, for both cur-
cumin and boswellic acids, some allergic dermati-
tis was reported for individuals who frequently 
handle the natural product.115,116 Overall, cur-
cumin and boswellic acids in combination are 
associated with few/infrequent adverse events.
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Limitations
The conclusions of this review are based on our 
review of the literature and should be interpreted 
with caution as we did not perform an independent 
critical appraisal of selected trials. This was beyond 
the scope of this manuscript as this is a narrative 
literature review and not a systematic literature 
review. Another limitation is that no definitive con-
clusion could be made regarding the synergism of 
using curcumin and boswellic acids together for the 
management of inflammation and pain in OA. 
While a few studies have compared the effects of 
the combination of curcumin and boswellic acids, 
these studies have compared the effects of the com-
bination treatment with placebo and not with each 
treatment individually. Therefore, additional stud-
ies are required to conclusively demonstrate the 
synergistic effect of these treatments.

Conclusion
This review article integrates all available data on 
curcumin and boswellic acids for the manage-
ment of inflammation and pain in OA and pro-
vides the rationale for the combined use of these 
ingredients. Further metabolomic studies to 
determine if microbial metabolites of curcumin 
and boswellic acids are related to their clinical 
efficacy would be helpful for dosing recommen-
dations. Additional research on absorption, as 
well as determination of bioavailability and the 
relationship with clinical efficacy is needed for 
curcumin to establish a dose-effect.22 There may 
also be potential in using concentrated extracts 
of curcumin and boswellic acids to overcome 
issues with bioavailability.54,59 The anti-inflam-
matory effects of boswellic acids and curcumin 
have translated to the improvement of symptoms 
of OA and joint pain as shown in numerous clini-
cal trials. Antinociceptive effects were demon-
strated in preclinical models of OA for both 
boswellic acids and curcumin. The combination 
of these two anti-inflammatory natural ingredi-
ents suggests potential synergistic activity, which 
supports their use to further improve OA symp-
toms and pain. This combination could also 
improve patients’ quality of life and reduce the 
dosage and frequency of consumption of aceta-
minophen and NSAIDs.10,12,13,25–27 Other poten-
tial mechanisms have been recognized in recent 
years (eg, antioxidant effects and effects on 
microbiota) and there are key molecular targets 
identified from research on cancer that are rele-
vant to OA (i.e. PI3K or AKT enzymes).22 There 

is support for the use of curcumin and boswellic 
acids in combination to reduce inflammation and 
pain in patients with OA.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contributions
Vidhu Sethi: Formal analysis; Writing – original 
draft; Writing – review & editing.

Manohar Garg: Conceptualization; Formal 
analysis; Investigation; Writing – original draft; 
Writing – review & editing.

Maxime Herve: Conceptualization; Formal 
analysis; Investigation; Writing – original draft; 
Writing – review & editing.

Ali Mobasheri: Conceptualization; Formal 
analysis; Investigation; Writing – original draft; 
Writing – review & editing.

Acknowledgements
Medical writing assistance was provided to the 
authors by Duprane Pedaci Young, PhD, of 
Peloton Advantage, an OPEN Health company, 
Parsippany, NJ, and funded by GSK Consumer 
Healthcare.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: Funding for the 
review article was provided by Haleon (formerly 
GSK Consumer Healthcare).

Competing interests
Manohar Garg has no relevant disclosures to 
report.

Vidhu Sethi is an employee of Haleon.

Maxime Herve was an employee of 
GlaxoSmithKline Consumer Healthcare at the 
time this article was prepared and is now an 
employee of Sanofi.

Ali Mobasheri is President of the Osteoarthritis 
Research Society International and has served as a 
member of the GlaxoSmithKline Naturals Advisory 
Board. He has no further disclosures to report.

https://journals.sagepub.com/home/tab


V Sethi, M Garg et al.

journals.sagepub.com/home/tab	 17

Availability of data and materials
All references cited in this manuscript are availa-
ble to the public.

ORCID iD
Vidhu Sethi  https://orcid.org/0000-0001-7767- 
2452

References
	 1.	 Hunter DJ, March L and Chew M. Osteoarthritis 

in 2020 and beyond: a Lancet Commission. 
Lancet 2020; 396: 1711–1712.

	 2.	 Global Burden of Disease Collaborative Network. 
Global Burden of Disease Study 2019 (GBD 
2019) results. Osteoarthritis – level 3 cause. 
Healthdata.org, 2020, http://www.healthdata.org/
results/gbd_summaries/2019/osteoarthritis-level-
3-cause (accessed 6 April 2022).

	 3.	 Moore N and Scheiman JM. Gastrointestinal 
safety and tolerability of oral non-aspirin over-
the-counter analgesics. Postgrad Med 2018; 130: 
188–199.

	 4.	 Nissen SE, Yeomans ND, Solomon DH, et al. 
Cardiovascular safety of celecoxib, naproxen, or 
ibuprofen for arthritis. N Engl J Med 2016; 375: 
2519–2529.

	 5.	 Kolasinski SL, Neogi T, Hochberg MC, et al. 
2019 American College of Rheumatology/
Arthritis Foundation guideline for the 
management of osteoarthritis of the hand, hip, 
and knee. Arthritis Rheumatol 2020; 72: 220–233.

	 6.	 Swain S, Sarmanova A, Coupland C, et al. 
Comorbidities in osteoarthritis: a systematic 
review and meta-analysis of observational studies. 
Arthritis Care Res (Hoboken) 2020; 72: 991–1000.

	 7.	 Centers for Disease Control Prevention. 
Arthritis comorbidities, 2019, https://www.cdc.
gov/arthritis/data_statistics/comorbidities.htm 
(accessed 6 April 2022).

	 8.	 Liu X, Machado GC, Eyles JP, et al. Dietary 
supplements for treating osteoarthritis: a 
systematic review and meta-analysis. Br J Sports 
Med 2018; 52: 167–175.

	 9.	 Liu X, Eyles J, McLachlan AJ, et al. Which 
supplements can I recommend to my 
osteoarthritis patients? Rheumatology (Oxford) 
2018; 57: iv75–iv87.

	10.	 Belcaro G, Cesarone MR, Dugall M, et al. 
Efficacy and safety of Meriva(R), a curcumin-
phosphatidylcholine complex, during extended 
administration in osteoarthritis patients. Altern 
Med Rev 2010; 15: 337–344

	11.	 Sengupta K, Krishnaraju AV, Vishal AA, et al. 
Comparative efficacy and tolerability of 5-Loxin 
and Aflapin against osteoarthritis of the knee: a 
double blind, randomized, placebo controlled 
clinical study. Int J Med Sci 2010; 7: 366–377.

	12.	 Panahi Y, Rahimnia AR, Sharafi M, et al. 
Curcuminoid treatment for knee osteoarthritis: a 
randomized double-blind placebo-controlled trial. 
Phytother Res 2014; 28: 1625–1631.

	13.	 Notarnicola A, Maccagnano G, Moretti L, et al. 
Methylsulfonylmethane and boswellic acids 
versus glucosamine sulfate in the treatment 
of knee arthritis: randomized trial. Int J 
Immunopathol Pharmacol 2016; 29: 140–146.

	14.	 Laali KK, Zwarycz AT, Beck N, et al. Curcumin 
conjugates of non-steroidal anti-inflammatory 
drugs: synthesis, structures, anti-proliferative 
assays, computational docking, and inflammatory 
response. Chemistryopen 2020; 9: 822–834.

	15.	 Nicolson GL, Ferreira de, Mattos G, Ash 
M, et al. Fundamentals of membrane lipid 
replacement: a natural medicine approach to 
repairing cellular membranes and reducing 
fatigue, pain, and other symptoms while 
restoring function in chronic illnesses and aging. 
Membranes (Basel) 2021; 11: 944.

	16.	 Bach-Rojecky L, Vad-unec D, Žunić K, et al. 
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