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Abstract

Purpose—The unfavorable safety profiles of commonly prescribed knee osteoarthritis (OA)
treatments have led clinicians and patients to seek safer alternatives. Research has suggested that
curcuminoid and boswellia formulations could moderate key inflammatory pathways that are
associated with worsening symptoms and disease progression. We conducted a systematic review
and meta-analysis to assess the efficacy and safety of these treatments vs. placebo or NSAIDs for
knee OA.

Methods—We searched Medline, EMBASE, Google Scholar, Web of Science and the Cochrane
database from inception to February 21, 2018. We also hand searched reference lists and reviewed
conference proceedings. We included randomized clinical trials (RCTs) comparing curcuminoid or
boswellia formulations with placebo or NSAIDs for knee OA. We calculated standardized mean
differences (SMD) or risk ratios (RR) for all relevant outcomes. Meta-analyses were conducted
using random effects models. Heterogeneity was assessed using the 12 statistic.

Results—Eleven RCTs (N=1,009) were eligible for analysis. Study quality was low overall, and
most included RCTs were conducted on fewer than 100 participants. Both curcuminoid and
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boswellia formulations were statistically significantly more effective than placebo for pain relief
and functional improvement. There were no significant differences between curcuminoids or
boswellia and placebo in safety outcomes. Curcuminoids showed no statistically significant
differences in efficacy outcomes compared to NSAIDs; patients receiving curcuminoids were
significantly less likely to experience gastrointestinal adverse events. No RCTs compared
boswellia against approved NSAIDs.

Conclusions—The results of our study suggest that curcuminoid and boswellia formulations
could be a valuable addition to the knee OA treatment regimens by relieving symptoms while
reducing safety risks. The current body of evidence is not adequate in size or quality to make any
meaningful clinical practice recommendations. Further research through large, high quality RCTs
probably investigating the synergistic effect of these products with other OA treatments is
warranted.

Keywords
Curcumin; Boswellia; Knee Osteoarthritis; Meta-Analysis

Introduction

Knee osteoarthritis (OA) affects nearly 40% of adults over the age of 60 in the United
States?. In the absence of effective disease modifying treatments, current standards of care
for knee OA are primarily aimed at pain relief and functional improvement. Non-steroidal
anti-inflammatory drugs (NSAIDs) are the therapeutic agents of choice for many clinicians
due to their widely reported efficacy, despite the well-documented safety risks of these
treatments, particularly with respect to gastrointestinal (G1) adverse events?=5. In response to
the safety risks associated with these and other commonly prescribed treatments for knee
OA, clinicians and patients have begun to shift focus to complementary therapies which may
have more favorable safety profiles’.

Curcuminoids and the gum resin of boswellia have been used for thousands of years in the
practice of Ayurveda, an ancient system of medicine with origins in the Indian subcontinent,
to bring relief to those suffering from inflammatory and degenerative disorders8°. These
phytochemicals are being explored with renewed interest by OA researchers as safer
alternatives for effective symptom management.

Though the primary driver of knee OA symptoms and radiographic progression has long
been considered the “wear and tear” of cartilage over time, advances in molecular biology
have produced evidence indicating that the pathogenesis of OA may be considerably
impacted by inflammatory processes. In many cases, decreasing levels of proteoglycan
within the articular cartilage are the earliest detectable change signaling the onset of knee
OA, which is succeeded by degradation of type Il collagen, bone remodeling, and synovial
inflammation, among other joint abnormalities!0. Some researchers have posited that
continuing degradation of cartilage is driven by the release inflammatory cytokines and
exacerbated by the subsequent activation of other inflammatory mediators, such as matrix
metalloproteinases (MMPs)11,
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In vivo and in vitro studies have suggested that the use of curcuminoid and boswellia
formulations could halt or slow the catabolic actions of key inflammatory mediators in the
early stages of disease, and could continue to block inflammatory pathways that have been
associated with the progression of knee OA12-15, Both curcuminoid and boswellia
formulations have been shown to counteract decreases in glycosaminoglycan levels and
impede the secretion and activity of MMPs, which could potentially forestall further
degradation of cartilaginous tissue®16:17, Certain NSAIDs, in contrast, can disrupt the
synthesis of glycosaminoglycan which could act to hasten or intensify cartilage damage!819.
Additionally, curcuminoids act as inhibitors to the enzyme cyclooxygenase-2 (COX-2),
which is associated with inflammatory processes and pain, by blocking the action of tumor
necrosis factor!®. Boswellic acid has been shown to inhibit the 5-lipooxygenase (LOX)
pathway, which is a primary source of pro-inflammatory leukotrienes20-21, Curcuminoids
and acetyl-keto-beta-boswellic acid (AKBA), an active ingredient of Boswellia serratagum
resin, also have inhibitory effects on inflammatory nuclear factor xB (NF-xB) and its gene
products, some of which are directly involved in the processes of osteoclastogenesis and the
resorption of bonel213.22 |n summary, many studies suggest that curcuminoids and
boswellia could provide a therapeutic benefit that extends beyond symptom relief to disease
modification. Such effects would demonstrate a clear superiority of these formulations over
conventional NSAID treatment, particularly in light of the evidence that some NSAIDs may
have deleterious effects on cartilage metabolism over time and the well-known toxicity of
conventional NSAIDs.

The extensive history of curcuminoid and boswellia use for pain relief coupled with the
recent findings showing that these phytochemicals may directly act upon several
inflammatory processes offers compelling evidence that these products could reduce pain
and may even slow cartilage degradation in patients with knee OA. There are, however, very
few randomized controlled trials (RCTs) which have tested the efficacy of curcuminoid and
boswellia formulations in humans with knee OA, and further few have reported the
comparative efficacy and safety of these treatments against conventional treatments like
NSAIDs. Three recent meta-analyses have attempted to assess the efficacy and safety of
boswellia and/or curcuminoids. However, these meta-analyses have methodological flaws
including a lack of up to date RCT data, analysis techniques that do not allow for pooling of
effects, or presentation of results that could not be replicated?3-25, Therefore we conducted
an updated systematic review and meta-analysis to assess the efficacy and safety of these
treatments, alone or in combination, in comparison to placebo and NSAIDs for knee OA. We
conducted a joint review of curcuminoid and boswellia formulations primarily based on their
similar biochemical targets, and in light of their respective prevalence in the literature as
mono-therapies (compared to other herbal formulations) and due to the presence of RCTs
examining these specific formulations used in combination with each other. The protocol for
this study was registered in PROSPERO (CRD42017073911) before commencing data
extraction.
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Data Sources/Searches

We searched Medline, EMBASE, Google Scholar, Web of Science, and the Cochrane
Database from inception to February 21, 2018. We hand-searched reference lists of relevant
systematic reviews and meta-analyses, and whenever necessary, we searched within
supplements of conference proceedings that had been published up until February 21, 2018.
Wherever additional information was required, we contacted the authors electronically. The
systematic search was limited to randomized controlled trials (RCTs) in human subjects
with knee OA which involved treatment with orally administered curcuminoid or boswellia
formulations. We did not restrict our search by publication date, status, or language.

Study Selection

RCTs that compared curcuminoid or boswellia formulations administered alone or in
combination against either a matching placebo or NSAIDs were included. Exclusion criteria
were non-randomized study design, treatment protocol involving concomitant medications
such as NSAIDs or other analgesics (unless administered as rescue medication), and use of
an intervention which included additional nutraceuticals or herbal supplements. Two
independent reviewers (FA, MO) screened each abstract recovered by the search in
accordance with the inclusion and exclusion criteria. Abstracts included at this stage
underwent a second round of screening, during which full manuscripts were gathered and
thoroughly reviewed for eligibility by the same two reviewers (FA, MO). Inclusion or
exclusion conflicts which occurred during either screening stage were resolved by a third
reviewer (RB).

Data Extraction and Quality Assessment

From each RCT, two reviewers (FA, MO) independently extracted data on study and
population characteristics, specific curcumin and/or boswellia formulation, dosage and
frequency, rescue medication use, improvement of symptoms, and relevant safety outcomes.
To establish an a priori extraction hierarchy for pain and functional outcome scales, we
referenced the Cochrane Musculoskeletal research group’s List of Proposed Outcomes2®.
For our main analyses, we prioritized data which were presented in tabular format or which
were written within manuscript text over graphical data to ensure accuracy and objectivity.
Wherever necessary, we recovered data which were presented graphically using Engauge
Digitizer2’. Data were extracted into RevMan software28, and study quality was assessed in
RevMan using the Cochrane Risk of Bias Tool2. A third reviewer (RB) evaluated all data
extraction and quality ratings for consistency and resolved discordant responses.

Outcome Definitions

Outcomes of interest included pain, function, use of protocol-assigned rescue medication
(including NSAIDs, opioids, or acetaminophen), rate of discontinuation due to adverse
events, incidence of serious adverse events and gastrointestinal adverse events. We collected
pain and functional outcomes assessed by any scale and reported the mean change from
baseline to the study endpoint. Rates of discontinuation were reported as the number of
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participants who discontinued treatment or withdrew from the study due to any adverse
event, irrespective of an association to the given intervention. Incidence of serious adverse
events was defined as the number of patients reporting at least one adverse event which was
explicitly designated by the outcome assessor(s) as a “Serious Adverse Event” within the
study period. We collected gastrointestinal (GI) adverse events on the basis of the inherent
potential for gastrointestinal risk associated with use of substances which act as COX- and
LOX-inhibitors, and in order to assess the comparative Gl safety of curcumin and/or
boswellia formulations against NSAIDs, since Gl adverse events are a well-established risk
of NSAID use*.

Statistical analysis

For all continuous outcomes, we calculated standardized mean differences (SMDs) and 95%
Confidence Intervals (Cls) based on the mean change from baseline to the study end point.
Meta-analyses were conducted using random effects models, in the anticipation of
methodological and clinical heterogeneity. Standardized mean differences were used in all
analyses of continuous outcome measures, regardless of variation in their scales, in order to
facilitate straightforward comparability of effect sizes across different outcomes. We
planned a priori sensitivity analyses based on pain outcome measure used, study sample size
(<30 vs. >30), study quality (High vs. Low), rescue analgesia accommodations (allowed vs.
not allowed), and bioavailability of curcuminoid preparations (enhanced vs. not enhanced)
all of which were contingent upon the availability of data. Dichotomous outcomes were
analyzed using the Mantel-Haenszel method and were reported as risk ratios (RR) and 95%
CI39, We evaluated heterogeneity using the 12 statistic3l. All analyses were conducted using
RevMan software?®.

Evidence Grading

In an attempt to objectively measure the overall quality of evidence constituting our
analyses, two independent reviewers (MO, RB) evaluated the evidence quality for each
outcome using GRADE quality assessment criteria, and discrepancies were resolved by
consensus32. RevMan files were exported onto online GRADEpro software to formulate a
GRADE evidence profile for each overarching comparison (i.e. Treatment vs. Placebo or
Treatment vs. NSAID)33. GRADE methodology assesses quality over four principal
domains: risk of bias, inconsistency, indirectness, and imprecision. The overall grade of the
evidence is assessed as either “High”, “Moderate”, “Low”, or “Very Low”. “High” grade
evidence is designated a numerical equivalent of 4, with subsequent downgrades carrying a
weight of —1 for “serious” risk or —2 for “very serious” risk; once the quality rating has
reached “Very Low” (numerical equivalent of 1), the evidence can be downgraded no
further.

By establishing and adhering to strict inclusion criteria, we eliminated the need to reassess
indirectness. In assessing risk of bias, we tailored our downgrades by outcome to the
dimension of bias for which there was a direct concern; for example, if a study was noted as
showing potential risk of reporting bias in its efficacy analyses, a High risk of bias
downgrade would apply solely to the affected efficacy outcomes. We established the
following a priori 12 cutoff values for inconsistency ratings: <50%= low/acceptable
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heterogeneity, no quality downgrade; >50% and <75%= moderate heterogeneity, “serious”
quality downgrade; >75%= high heterogeneity, “very serious” quality downgrade. \We
applied the effect size magnitude cutoffs proposed by Cohen in grading the imprecision of
continuous outcomes34: 95% Confidence Interval of an SMD extending between >0.2-<0.5
points in either direction, “serious” quality downgrade; 95% Confidence Interval of an SMD
extending >0.5 points in either direction, “very serious” quality downgrade. We adhered
strictly to GRADE imprecision guidelines when evaluating risk ratios and applied additional
downgrades for outcomes assessed by exceptionally small numbers of patients: sample size
in one study arm <50, “serious” quality downgrade; total sample size <30, “very serious”
quality downgrade. Wherever applicable, we made note of industry funding or conflicts of
interest. Due to the small number of published studies for each comparison, we lacked
sufficient power to objectively assess publication bias using Egger’s test3®,

Our initial search yielded 92 references; 14 RCTs (N= 1,215) were included in the
systematic review, and 11 (N=1,009) adequately reported outcomes of interest and were
eligible for meta-analysis (Figure 1). Five RCTs compared curcuminoid formulations
against placebo (N= 331)36-40 and four trials compared boswellia formulations against
placebo (N= 216)41-44, Two trials compared Curcuma domestica extract against lbuprofen
(N=438)4546, We found one trial which compared Boswellia serrata extract against
Valdecoxib (N=66)*7, but since Valdecoxib has been withdrawn from several markets, this
RCT was included in our systematic review, but not included in our analysis. We included
three RCTs (N= 208) involving curcumin and boswellia combination therapies- two
compared against placebo and one compared against Celecoxib#048-49, Only one of these
studies reported pain and functional outcomes in a manner that was appropriate for analysis.
Since the other two studies did not report pain as a continuous outcome and did not report an
appropriate functional outcome, these two studies were not eligible for analysis. Given the
fact that no pooled analyses were possible for these comparisons, the three trials were
qualitatively summarized.

Table 1 describes the study and patient characteristics of the included studies. They were
published between 2003 and 2018. The total sample size of included RCTs ranged from 30
to 331 (median: 60). Included trials for all comparisons were generally of short duration,
with a range of 4 to 12 weeks (median: 9 weeks). The mean age ranged from 52 to 69 years
(median: 57 years), and the percentage of females ranged from 57% to 89% (median: 71%).
Mean body mass index (BMI) of patients ranged from 24.9 kg/m? to 29.2 kg/m? (median:
26.5 kg/m?).

Table 2 describes the study quality and Figure 2 describes the overall risk of bias distribution
with in this evidence base. Overall quality was low due to selection bias, selective reporting
bias and sponsorship bias concerns. Of 11 trials included in our analyses, six (55%) reported
industry sponsorship or direct industry involvement of one or more investigator(s), three
(27%) were not industry funded, and two trials (18%) did not adequately report their funding
sources. Due to a limited number of RCTs and an overall low quality of evidence, sensitivity
analyses based on study quality were not justified. Similarly, we were unable to conduct
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sensitivity analyses limiting by rescue analgesia protocols due to insufficient variation
between studies.

Curcuminoid vs. Placebo

Five trials (N=331) compared curcuminoid formulations against placebo36-40, Two studies
reported funding from the drug manufacturer3840, and another study did not report its
funding source but received study medication from the manufacturer3®. One study, an
unpublished abstract, did not provide sufficient information to ascertain source of funding3®.
The other study was not funded by a drug manufacturer3’.

The analysis revealed a substantial and statistically significant beneficial effect on pain in
favor of curcuminoid (Standardized Mean Difference: —0.81 [95% Confidence Interval:
-1.25, -0.37]) (Table 3). Since all five RCTs included at least 30 patients in total, sensitivity
analyses limited by sample size were not conducted. Four trials reported pain using VAS
scales (Table 4)36-39, The effect size for pain as measured by VAS scales alone was much
larger (SMD: -1.16 [95% CI: —-1.71, —0.62]), favoring curcuminoids. Pooled analysis of two
studies that reported pain using the WOMAC scale (N=165)37:40 demonstrated a statistically
significant, but noticeably smaller, effect on pain (SMD: —-0.47 [95% CI: -0.78, —0.16]). The
overall quality of evidence for pain was assessed to be “Very Low” due to high risk of bias,
moderate heterogeneity (12= 71%), and imprecision of the estimate (Table 5a).

The effect of curcuminoids on function (3 RCTs, N=232) was statistically significantly
better than placebo (SMD: —0.48 [95% CI: —0.74, —0.22]; 12= 0%) (Table 3). The overall
quality of evidence for function was assessed to be “Very Low” due to high risk of bias and
imprecision of the estimate (Table 5a).

Subgroup analyses analyzing only RCTSs that explicitly involved curcuminoid formulations
with some manner of enhanced bioavailability produced similar results to analyses of all
included studies with regard to pain and functional outcomes (Table 4).

Three RCTs (N=141) reported on the use of rescue medication (Table 3). Patients receiving
curcuminoids were less likely to use rescue medication than patients who received placebo,
but the difference was not significant (Risk Ratio: 0.65 [95% CI: 0.48, 1.05]). Three RCTs
(N=237) reported on the incidence of serious adverse events; no serious adverse event was
reported in any trial. There was no difference between patients receiving curcuminoids and
those receiving placebo with regard to incidence of treatment withdrawal due to adverse
events (RR: 0.90 [95% ClI: 0.21, 3.79]). Patients receiving curcuminoids showed a higher,
but non-significant risk of experiencing gastrointestinal (GI) adverse events than patients
receiving placebo (RR: 2.22 [95% CI: 0.94, 5.26]).

Boswellia vs. Placebo

Four RCTs (N=216) compared boswellia formulations against placebo-44, Three studies
were funded by the drug manufacturers*-44, and the other included a co-author who was
employed by the drug manufacturer®?.
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Patients receiving boswellia formulations had a large reduction in pain compared to those
receiving placebo which was statistically significant (SMD: -2.04 [95% CI: -2.81, —1.27])
(Table 3). Sensitivity analyses restricted by sample size larger than 30 (3 RCTs, N=186)
showed similar results, with a slightly smaller effect size (SMD: -1.67 [95% CI: -2.16,
-1.17]) (Table 4). Since all four trials reported pain using VAS in tabular format, sensitivity
analyses restricting by VAS scale were not conducted. Three trials also reported the
WOMAC pain subscale, and once again, boswellia performed statistically significantly
better than placebo (SMD: -1.37 [95% CI: —1.70, —1.04]). The overall quality of evidence
for pain was assessed to be “Low” due to high risk of bias and high heterogeneity (12= 79%)
(Table 5a).

Four RCTs (N=216) compared the effects of boswellia formulations versus placebo on
functional outcomes and reported statistically significant beneficial effects of boswellia
(SMD: -1.52 [95% CI: —2.24, —0.79]) (Table 3). Sensitivity analyses restricting by sample
size (3 RCTs, N=186) also showed a statistically significant benefit on functional outcomes
(SMD: -1.10 [95% CI: —1.42, —0.78]; 12= 0%) (Table 4). The overall quality of evidence for
function was also assessed to be “Low” due to high risk of bias and high heterogeneity (12=
80%) (Table 5a).

Use of rescue medication was not adequately reported by any of the four trials. Two trials
reported incidence of serious adverse events (N= 120); none of the patients in either group
reported any serious adverse event in either trial (Table 3). Participants receiving boswellia
formulations were slightly less likely to withdraw due to adverse events (4 RCTs, N= 255),
but the difference was not statistically significant (RR: 0.75 [95% CI: 0.13, 4.20]). The risk
of gastrointestinal adverse events (3 RCTs, N=180) was the same for patients receiving
boswellia formulations or placebo (RR: 0.93 [95% CI: 0.17, 5.10]).

Curcuminoid vs. NSAID

Two RCTs compared Curcuma domestica extract against Ibuprofen (N= 422)4546, Neither
study was industry funded. Reported benefits on pain were no different between patients
receiving Curcuma longa extract or lbuprofen (SMD: —0.05 [95% CI: —0.41, 0.31]) (Table
3). Since both trials included over thirty participants, sensitivity analyses limiting by sample
size were not conducted. Sensitivity analyses produced slightly different results based on
pain outcome, though only one trial reported each respective scale (Table 4). The effects of
curcuminoid on pain were not significantly better than NSAIDs using either scale. The
overall quality of evidence contributing to the analysis of pain outcomes was rated “\Very
Low” due to high risk of bias, moderate heterogeneity (12= 60%), and imprecision (Table
5b).

Only one RCT contributed to the analysis of function (N= 331); there was no significant
difference between Curcuma longa extract and Ibuprofen with regard to functional benefit
(SMD: -0.02 [95% CI: -0.24, 0.19]) (Table 3). The overall quality assessment for this
outcome was “Moderate”, as it received one downgrade for imprecision (Table 5b).

Patients receiving curcuminoid were more likely to use rescue medication within the course
of the study period (1 RCT, N=367), but the relative risk was not statistically significant
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(RR: 2.46 [95% CI: 0.48, 12.52]) (Table 3). One trial reported on serious adverse events (N=
100), and none of the patients in either group reported any serious adverse event.
Withdrawals due to adverse events (2 RCTs, N= 474) were statistically significantly less
likely in the Curcuma longa extract group versus the Ibuprofen group (RR: 0.22 [95% CI:
0.05, 0.99]). Patients receiving curcuminoid were also statistically significantly less likely to
experience any Gl adverse event (2 RCTs, N=467) during the course of treatment (RR: 0.74
[95% CI: 0.60, 0.91]).

Curcuminoid + Boswellia vs. Placebo or NSAID

Two RCTs (N= 180) compared the clinical effects of treatment with curcuminoid and
boswellia formulations in combination versus placebo®48, One RCT involving “Turmeric”
(specific curcuminoid formulation not indicated) in combination with Boswellia carteri
extract reported highly significant decreases in pain on active movement (p<0.001) and on
passive movement (p<0.001) in the treatment group after 3 months, with no significant
changes occurring in the placebo group8. This study did not collect safety data. The other
study (N= 135) was a three-armed trial that compared CuraMed curcumin capsules and
Curamin curcumin and boswellia combination capsules against a matching placebo. The
CuraMed results are included in the pooled efficacy analyses for curcuminoids versus
placebo, where safety data are also provided (Tables 3 & 4). A significant improvement in
pain was noted in Curamin (boswellia and curcuminoid combination) group versus placebo
over 12 weeks (p<0.05), but Curamin did not demonstrate statistically significant benefits on
functional outcomes compared to placebo. Only two patients in the Curamin group (3%)
experienced adverse events, both of which were gastrointestinal in nature; 10.6% of
CuraMed patients and 5.9% of Placebo patients experienced at least one adverse event. Only
one RCT (N= 28) compared a combination of Curcuma longa extract and Boswellia serrata
extract against Celecoxib for 12 weeks*?. The authors reported significant improvement in
pain scores in both groups over the course of 12 weeks of treatment, but there was not a
statistically significant difference between the two groups. No adverse events were reported
by either study group.

Discussion

The results of our meta-analysis indicate that both curcuminoid and boswellia formulations
administered as mono-therapy are significantly more effective than placebo in relieving the
symptoms of knee OA, and that they do not pose significant safety risks. Our results also
suggest that curcuminoid formulations have comparable efficacy profiles to NSAID
treatments, with significantly fewer adverse events.

Our results are concordant with a recent meta-analysis assessing the efficacy of curcuminoid
products conducted by Onakpoya, et al., in the sense that we found significant benefits of
curcuminoids on pain and function23. However, our risk of bias assessments, included
studies, and, most notably, the magnitudes of our effect sizes were different. The majority of
these differences arose from our use of strict inclusion criteria, standardized and validated
data extraction and risk of bias assessment methods, and analysis techniques. For example,
they included a study which compared curcuminoid and NSAID combination therapy
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against NSAIDs as part of their Curcumin vs. placebo analysis, whereas we excluded it due
to the standardized use of NSAIDs in both treatment groups. Though the strictness of
inclusion criteria are subjective, the trial’s exclusion from our study undoubtedly led to
differences in our results®®. The key difference between our two meta-analyses, and the most
obvious contributing factor to the large differences in effect size magnitudes, is the
difference in standard deviations (SDs) extracted from the included RCTSs. In the majority of
occasions, we were unable to replicate the SDs they have extracted or confirm from where
the values were obtained38:37:39, In our analyses comparing Curcuminto Ibuprofen, we were
able to collect and combine the data on pain and functional outcomes from the 2009 and
2014 studies by Kuptniratsaikul, whereas Onakpoya did not collect pain from either study.
Despite the fact that our study focused on patients with knee OA only, our results were also
concordant with two other meta-analyses assessing the efficacy of curcuminoid formulations
against placebo in mixed groups of patients, in that curcuminoids demonstrated significant
benefits on pain and no significant safety concerns®1:52,

We also compared our study against a Cochrane review?4. Our analyses of boswellia
consisted of the same references, with the exception of a study by Sontakke, et al., which
compared Boswellia serrata extract against Valdecoxib. We excluded it because Valdecoxib
has been removed from the market and is not FDA approved. This Cochrane review did not
reference any of the trials we included which compared curcuminoid against placebo; for the
majority of these trials, the likely reason for this is due to publication status3? or because the
publication date extended beyond their search date37:3840, The main methodological
difference between the Cochrane review and our own is that their team chose to separately
analyze different doses, formulations, and time points, as well as analyzing only like scales
as mean differences. As a result, many of the effect sizes reported for these formulations
represent the results of single studies.

The most recently published meta-analysis of curcuminoid and boswellia products reported
“large and clinically important effects for pain reduction” at short-term follow-up times25.
Though our results were similar, the effect sizes reported in our study differed from those
reported by Liu, et al. because we included a larger number of studies in each analysis. In
addition, our assessments of study quality for trials evaluating the effectiveness of boswellia
formulations versus placebo were stricter than theirs, and our GRADE quality assessments
were similarly harsher, in general.

The generalizability of our results may be limited by the quality, sample size, and duration
of the available RCT evidence. The RCTs which comprised our analyses were moderately to
highly heterogeneous. Heterogeneity between studies can arise from a number of sources,
including differences in treatment protocol, population, and/or the analytic methods used in
each study. One source of heterogeneity in our analyses comparing curcuminoid or
boswellia formulations to placebo could be differences in treatment formulations used. In
the comparison of Curcuma domestica extract against Ibuprofen, for which treatment
formulation differences were not applicable, differences in rescue medication protocols
could have introduced heterogeneity, with one trial requiring NSAID washout prior to study
onset*> and another trial allowing for use of tramadol as rescue medication?6. Unfortunately,
we are unable to definitively identify or confirm causative factors of heterogeneity.
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We could not rule out potential small study effect bias, as the majority (79%) of included
RCTs randomized less than 100 participants36-39:41-44.47-49 A meta-epidemiological study
found that smaller trials, particularly those involving complementary medical interventions
presented effect sizes that were 50% larger than that of a typical effect found for OA
interventions®3. Since all studies which compared either curcuminoid or boswellia against a
placebo were relatively small, we were only able to conduct a sensitivity analysis which
excluded exceptionally small studies (N< 30), and found an 18% reduction in the effect size
magnitude in estimates of pain and functional improvement in studies comparing boswellia
against placebo when these studies were removed (Table 4). We could not assess the effects
of exceptionally small studies for placebo-controlled trials of curcuminoid formulations,
because all of the included trials randomized over 30 participants. We did not assess small
study effects for Curcumin vs. NSAIDs comparison because both studies involving this
comparison randomized over 100 participants. In addition to small sample size, only 43% of
included studies were of duration of 12 weeks or longer (Table 1). Since knee osteoarthritis
is a chronic disease, longer term studies are desirable to assess the efficacy of curcuminoid
and boswellia formulations on lasting symptom relief.

We observed a lack of treatment response in the placebo groups of many of the included
placebo-controlled trials, which was interesting in light of the fact that most participants in
all trials were experienced NSAID users, and that the majority of studies allowed for use of
rescue medication (Figure 3). Even in the absence of rescue medication use, modest
treatment benefits are expected to occur for patients receiving placebo treatments as a result
of regression to the mean, and also in accordance with the natural disease progression of
knee OA%4. With longer term use of curcuminoid or boswellia formulations, it is possible
that the disparities in treatment effects we observed may dissipate. Trials of such short
duration may also be unable to adequately measure the impact of treatments on patient
safety. The gastrointestinal safety profile of NSAIDs, for example, has been established by a
number of observational studies and randomized trials over the course of years of research in
thousands of patients. Unlike the established safety profile of NSAIDs, the data we have
presented on the comparative safety of curcuminoids versus NSAIDs may not be
generalizable to the knee OA population, because it is based on data from two RCTs of 4
and 6 weeks in length, respectively, which were conducted by the same study team and
assessed a total of only 467 patients. Likewise, longer term research in a larger number of
patients is needed to assess the relative safety of curcuminoid and boswellia formulations
against placebo.

Our study was also limited by the small number of randomized trials assessing the efficacy
and safety of curcuminoid and boswellia formulations. Potential publication bias could have
had a considerable impact on the number of overwhelmingly positive studies we
encountered in the small body of evidence we accrued, but we lacked sufficient power to
objectively assess publication bias.

Our results also suggest that curcuminoids may be as effective as NSAIDs, while posing
significantly less safety risk. These results are promising, in the sense that herbal
formulations using phytochemicals may provide respite for OA patients from long-term
NSAID use and its well-established safety risks. It is worth noting that a follow-up study of
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one of the RCTs included in our analysis was conducted to assess whether 6 weeks of
treatment with an oral curcuminoid formulation would have a significant effect on serum
levels of inflammatory biomarkers in knee OA patients compared to placebo, given the fact
that these patients experienced significant improvements in clinical symptoms during the
trial period37:55. The authors found no significant differences between the treatment groups
with regard to changes in serum levels of IL-4, IL-6, tumor necrosis factor-a. (TNF-a.),
transforming growth factor-p (TGF-B), high-sensitivity C-reactive protein (hs-CRP), or
erythrocyte sedimentation rate (ESR), and concluded that the clinical improvements
observed in participants of their study could not be ascribed to the anti-inflammatory effects
of the curcuminoid treatment®. Larger, higher quality randomized trials with a longer
duration of follow-up are needed to fully evaluate safety and confirm effectiveness of these
treatments as stand-alone therapeutic options, and to further explore the mechanisms of
action of such phytochemicals with these properties.

In contrast to our study, some studies have focused on exploring the value of curcuminoids
or boswellia as adjuvant therapies. A study conducted in mice compared the anti-nociceptive
activity of NSAIDs (nimesulide, naproxen, or rofecoxib) against acetyl 11-keto-beta
boswellic acid (AKBA), and compared each of these drugs in combination with AKBA
against the others®®. The authors reported evidence of an enhanced anti-nociceptive effect
when AKBA was combined with NSAIDs, and concluded that boswellic acid could help in
reducing therapeutic doses of NSAIDs, leading to a reduction in side effects. Two RCTs
conducted in humans assessed the effectiveness of Curcuma longa extract as an adjuvant
therapy with NSAIDs®0:57, One trial reported that combination treatment with Curcuma
longa extract and Diclofenac showed similar benefits in pain and functional outcomes to
Diclofenac, but no statistically significant differences®’. A higher quality, more recent study,
conducted in a larger number of patients, found statistically significant benefits in patients
who used combination treatment with Curcuma longa extract and Diclofenac compared to
patients using Diclofenac and Placebo®°. With more robust research, it may be possible to
determine a synergistic effect between curcuminoid or boswellia formulations with other OA
treatments, to maximize pain relief and functional benefits while minimizing safety risks.

Conclusions

The results of this meta-analysis suggest that curcuminoid and boswellia formulations could
be a valuable addition to pharmacological treatment regimens for knee OA by reducing pain
and improving function, while reducing the risk of adverse events. The current body of
evidence is not adequate in size or quality to make any meaningful clinical practice
recommendations. Future research should consist of larger, higher quality RCTs that
specifically examine the role of curcuminoid and boswellia formulations as adjuvant
treatments for knee OA patients who are dependent upon NSAID treatment and should focus
on their potential to reduce these patients’ risk of serious gastrointestinal adverse events.
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Table 2

Risk of Bias Summary

Badria, 2013

Haroyan, 2018

] . - | Allocation concealment (selection bias)
. . - | Blinding of participants and personnel {performance hias)

= | @ | @ | selective reporting (reporting bias)

Kimmatkar, 2003

- . . = | Blinding of outcome assessment {detection hias)

- . . - | Other bias

-~
~

Kizhakkedath, 2013

~ @

-
~ 90

Kuptniratsaikul, 2008

Kuptniratsaikul, 2014

Madhu, 2012

~ ® ® S @ @ @ - |RrRandomsequence generation (selection hias)
> 900

®00® 6666660
~ 00 e

® 0 ® 000 ® 6 e 6 ® e e nompletoutcome data (attrition hias)

Moharamzad, 2011 [unpublished)

-
-~
y

Nakagawa, 2014

Panahi, 2014

)
-

Sengupta, 2008

Sengupta, 2010

Sontakke, 2007

® 00 e -~

= | &
® 000 e .-
00O - o -

®
?

&
®

Vishal, 2011

.= Low risk of bias; L Unclear risk of bias;
= High risk of bias
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Table 3
Results
Outcome NRCTs | N Patients Effect estimate (95% CI)*
Curcuminoid vs. Placebo
Pain36-40 5 331 SMD -0.81 (-1.25, -0.37), 1= 71%
Function37:39:40 3 232 SMD -0.48 (-0.74, -0.22), 1?= 0%
Use of Rescue Medication36-38 3 141 RR 0.65 (0.48, 1.05), 1= 74%
Serious Adverse Events3738:40 3 237 Due to zero events, an effect estimate was not estimable.
Withdrawals due to Adverse Events36-38:40 4 288 RR 0.90 (0.21, 3.79), 12= 14%
Gastrointestinal Adverse Events36:37:40 3 247 RR 2.22 (0.94, 5.26), 12= 0%

Boswellia vs. Placebo

Pain41-44 4 216 SMD -2.04 (-2.81, —1.27), 1= 79%
Function41-44 4 216 SMD -1.52 (-2.24, -0.79), 12= 80%

Use of Rescue Medication ND ND ND

Serious Adverse Events?3:44 2 120 Due to zero events, an effect estimate was not estimable.
Withdrawals due to Adverse Events#l-44 4 255 RR 0.75 (0.13, 4.20), 12= 0%
Gastrointestinal Adverse Events#14344 3 180 RR 0.93 (0.17, 5.10), 12= 0%

Curcuminoid vs. NSAID

Pain®5.46 2 422 SMD —0.05 (-0.41, 0.31), 12= 60%
Function4® 1 331 SMD -0.02 (-0.24, 0.19), 1= NA

Time to complete 100 meter walk (seconds)*® 1 91 SMD -0.30 (-0.71, 0.11), I2= NA

Use of Rescue Medication® 1 367 RR 2.46 (0.48, 12.52), 1= NA

Serious Adverse Events* 1 100 Due to zero events, an effect estimate was not estimable.
Withdrawals due to Adverse Events#5:46 2 474 RR 0.22 (0.05, 0.99), 12= 0%
Gastrointestinal Adverse Events#5:46 2 467 RR 0.74 (0.60, 0.91), 12= 0%

Page 24

*
Statistically significant effects are written in bold font. Negative standardized mean differences favor Treatment, and positive standardized mean
differences favor Placebo. Risk ratios less than one favor Treatment, and risk ratios greater than one favor Placebo.

RCT= Randomized controlled trial; N= “number of...”; Cl= Confidence Interval, SMD= Standardized Mean Difference; I2: measure of

heterogeneity, with 100% being the maximum possible heterogeneity; NA= Not applicable; RR= Risk Ratio; ND= No data

Semin Arthritis Rheum. Author manuscript; available in PMC 2019 December 01.
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Sensitivity Analyses

Table 4

Outcome

N RCTs

N patients

Effect estimate (95% CI)*

Curcuminoid vs. Placebo

WOMAC Pain only37.40 2 165 SMD -0.47 (-0.78, -0.16), 12= 0%
VAS Pain only36-39 4 206 SMD -1.16 (-1.71, -0.62), 12= 69%
Pain-Bioavailable curcumin only36-38:40 4 264 SMD -0.77 (-1.32, -0.22), 12= 76%
Function-Bioavailable curcumin only37:40 2 165 SMD -0.50 (-0.93, -0.06), 12= 37%
Boswellia vs. Placebo
WOMAC Pain only42-44 3 186 SMD -1.37 (-1.70, -1.04), 12= 0%
VAS Pain studies with Total N >3042-44 3 186 SMD -1.67 (-2.16, -1.17), 12= 50%
Function by any scale in studies with Total N >3042-44 3 186 SMD -1.10 (-1.42, -0.78), 12= 0%

Curcuminoid vs. NSAID

WOMAC Pain only46

1

331

SMD 0.09 (-0.12, 0.31), 1= NA

VAS Pain only*

1

91

SMD -0.28 (-0.70, 0.13), 1= NA

Page 25

*
Statistically significant effects are written in bold font. Negative standardized mean differences favor Treatment, and positive standardized mean
differences favor NSAID. Risk ratios less than one favor Treatment, and risk ratios greater than one favor NSAID.

RCT= Randomized controlled trial; N= “number of...”; Cl= Confidence Interval, SMD= Standardized Mean Difference; I2= measure of

heterogeneity, with 100% being the maximum possible heterogeneity; NA= Not applicable; RR= Risk Ratio
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