
Review Article

Analgesic Efficacy and Safety of Curcuminoids
in Clinical Practice: A Systematic Review and
Meta-Analysis of Randomized Controlled Trials

Amirhossein Sahebkar, PhD*,† and Yves Henrotin,
PhD‡,§

*Biotechnology Research Center, Mashhad University

of Medical Sciences, Mashhad, Iran; †Metabolic

Research Centre, Royal Perth Hospital, School of

Medicine and Pharmacology, University of Western

Australia, Perth, Australia; ‡Bone and Cartilage

Research Unit, Arthropôle Liege, University of

Liege, Liege, Begium; §Physical Therapy and

Rehabilitation Department, Princess Paola

Hospital, Vivalia, Marche-en-Famenne, Belgium

Correspondence to: Yves Henrotin, Bone and

Cartilage Research Unit, Arthropôle Liege, University

of Liege, CHU Sart-Tilman, 4000 Liege, Belgium;

Physical Therapy and Rehabilitation Department,

Princess Paola Hospital, Vivalia, Marche-en-Famenne,

Belgium. E-mail: yhenrotin@ulg.ac.be or Amirhossein

Sahebkar, Pharm.D, Ph.D, Department of Medical

Biotechnology, School of Medicine, Mashhad

University of Medical Sciences, Mashhad, Iran,

P.O. Box: 91779-48564, Iran. Tel: 985-138-002288;

Fax: 985-138-002287; E-mail: sahebkara@mums.ac.ir,

amir_saheb2000@yahoo.com,

amirhossein.sahebkar@uwa.edu.au.

Disclosure: YH has received consulting and/or

speaker fees from Tilman SA, Synolyne Pharma,

Artialis, BioIberica, Nestle and Expanscience.

SA and YH have equally contributed to the data

collection and interpretation and paper writing.

Abstract

Background. Curcuminoids are natural products
with potent anti-inflammatory and antioxidant prop-
erties. There have been a number of reports on the
analgesic effects of curcuminoids in clinical trials,
yet data have not been fully conclusive.

Objectives. To provide the highest level of evidence
on the efficacy of curcuminoids in patients with

painful conditions through meta-analysis of data
from randomized controlled trials (RCTs).

Methods. A systematic review and meta-analysis
was conducted using data reported by RCTs. The
primary efficacy measure was pain intensity or algo-
functional status. Treatment effect was summarized
with standardized mean difference (SMD) calculated
from differences in means of pain measures be-
tween treatment and control groups using a ran-
dom-effects model.

Results. A total of eight RCTs met our inclusion cri-
teria that included 606 randomized patients.
Curcuminoids were found to significantly reduce
pain (SMD: 20.57, 95% CI: 21.11 to 20.03, P 5 0.04).
This pain-relieving effect was found to be indepen-
dent of administered dose and duration of treatment
with curcuminoids, and was free from publication
bias. Curcuminoids were safe and well tolerated in
all evaluated RCTs.

Conclusion. Curcuminoids supplements may be a
safe and effective strategy to improve pain severity,
by warranting further rigorously conducted studies
to define the long-term efficacy and safety.

Key Words. Pain; Curcumin; Curcuminoids; Meta-
Analysis; Effect Size

Key points

• This paper is the first meta-analysis on the analgesic
effect of curcuminoids.

• Curcuminoids may be safe and effective to relieve
pain in different disease conditions.

• This pain-relieving effect is independent of adminis-
tered dose and duration of treatment and was free
from publication bias.

Introduction

Curcumin (diferuloyl methane) is the principal curcumi-
noid of the popular Indian spice turmeric. This polyphe-
nolic compound has been identified as the active
ingredient of turmeric. It possesses various
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pharmacological activities including anti-inflammatory
[1,2], antioxidant [3,4], anti-proliferative [5], and anti-
angiogenic properties [6]. Curcumin has a large range of
molecular targets including transcription factors, growth
factors and their receptors, cytokines, enzymes, and
genes regulating cell proliferation and apoptosis. These
mechanisms of action have been extensively described
in previous systematic reviews [7,8]. Since curcumin has
powerful antioxidant and anti-inflammatory effects, it can
serve as a potential treatment for a variety of human dis-
eases. In fact, the efficacy of curcumin has been shown
in several clinical trials and against a diverse range of
diseases including colorectal cancer [9], pancreatic can-
cer [10], solid tumors [11,12], inflammatory bowels dis-
ease [13], depression [14], osteoarthritis [15,16],
hypertriglyceridemia [17], and cardiometabolic [18,19],
respiratory [20,21], and neurodegenerative diseases [22].
However, the low bioavailability of curcumin is regarded
as a major challenge for the optimal effectiveness of cur-
cumin in clinical setting [23]. Major reasons contributing
to low plasma and tissue levels of curcumin appear to
be limited intestinal absorption, extensive intestinal glu-
coronidation, rapid metabolism, and rapid systemic elimi-
nation [24]. Orally administrated curcumin is rapidly
converted to curcumin glucuronides and curcumin sul-
fates or reduced to hexahydrocurcumin in the intestine
and the liver [25]. Metabolic derivatives of curcumin do
not possess the same biological activity as the original
compound [23]. Serum concentration of intact curcumin
administrated orally to healthy volunteers peaks 1–2
hours after an oral dose in human subjects with peak se-
rum concentrations of 0.5, 0.6, and 1.8 lM at massive
doses of 4, 6, and 8g/day, respectively [26].

There is a need for improvement of the formulation of
curcumin to enhance the systemic bioavailability of this
phytochemical. To improve the bioavaibility of curcumin,
numerous approaches have been undertaken. These
approaches have been described by Anand et al. in a
comprehensive review [23]. In summary, these
approaches involve the use of 1) adjuvants like piperine
that inhibit hepatic and intestinal glucuronidation [27]; 2)
liposomal delivery systems, which can carry both hydro-
philic and hydrophobic molecules [28]; 3) nano-sizing
techniques [7]; 4) phophoslipid complexes of curcumin
[29]; structural analogues of curcumin [30]; and 5) poly-
sorbate as an emulsifier [31].

Many clinical trials have reported an analgesic effect of
curcuminoids in different states including postsurgical
pain [26], osteoarthritis [15,32,33], fibromyalgia [34],
gout [34] and rheumatoid arthritis [35]. This analgesic ef-
fect was explained by curcumin capacity 1) to inhibit
PGE2 production via the inhibition of COX-2 gene ex-
pression, 2) to stimulate cortisol production by adrenal
gland by inhibiting the bTREK-1 potassium channels,
and 3) to deplete nerve endings of the neurotransmitter
substance P [36–40]. Analgesic effects of curcumin
have also been shown in a number of human studies
[15,32,34,35,41–44], but the results have not been fully
conclusive owing to the inter-study variations in terms of

design, dosage, size of studied population, and the
method of pain assessment. Hence, there is a need to
estimate the overall effect size of curcuminoids in reliev-
ing pain and the significance of this pooled effect. In or-
der to clarify the debate around the efficacy of
curcuminoids in pain alleviation, we undertook a meta-
analysis restricted to clinical trials with the lowest risk of
bias. Indeed, such a combined analysis is considered to
provide the highest level of evidence available for evalu-
ating an intervention.

Methods

Search Strategy

This study was designed according to the guidelines of
the 2009 preferred reporting items for systematic reviews
and meta-analysis (PRISMA) statement [45]. SCOPUS
(http://www.scopus.com) and Medline (http://www.ncbi.
nlm.nih.gov/pubmed) databases were searched using the
following search terms in titles and abstracts [also in
combination with Medical Subject Heading (MeSH)
terms]: (curcumin OR curcuminoid OR Curcuma) AND
(pain OR painful OR painless OR VAS OR “visual ana-
logue scale” OR nociception OR anti-nociceptive OR
antinociceptive OR relaxation OR relaxant OR relaxing
OR anesthetic OR anaesthetic OR anesthesia OR anaes-
thesia OR relief OR relieving OR discomfort OR myalgia
OR hyperalgesia). The wild-card term ‘‘*’’ was used to in-
crease the sensitivity of the search strategy. No language
restriction was used in the literature search. The search
was limited to studies in human. The literature was
searched from inception to September 4, 2014. Selected
articles were hand searched to identify further relevant
studies.

Study Selection

Original studies were included if they met the following
inclusion criteria: 1) be a randomized controlled trial in
either parallel-group or cross-over design; 2) investi-
gated the impact of curcuminoids or curcuminoid-
containing extracts on any measure of pain; 3) applied
a numerical measure of pain severity—for example,
visual analog scale (VAS); and 4) presented sufficient
information on pain severity at baseline and at the end
of study in both curcuminoid and control groups.
Exclusion criteria were 1) non-clinical studies, 2)
uncontrolled trials, 3) using non-standardized extracts
of turmeric or other Curcuma species,; 4) using essen-
tial oils or curcumin-free extracts of Curcuma species,
5) using topical preparations of curcuminoids, and 6)
lack of sufficient information on baseline or follow-up
pain severity.

Data Extraction

Eligible studies were reviewed and the following data
were abstracted: 1) first author’s name; 2) year of pub-
lication; 3) study location; 4) number of participants in
the curcuminoid and control groups; 5) underlying
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disease, 6) age, gender, and body mass index (BMI) of
study participants; 7) method of pain severity assess-
ment; 8) duration of pain; and 9) prevalence of
smoking, type 2 diabetes, dyslipidemia, hypertension,
and CHD.

Quality Assessment

The quality of included studies was assessed using
Jadad scale [46]. This scale encompasses randomiza-
tion (0–2 points), blinding (0–2 points), and dropouts
and withdrawals (0–1 point). The overall score of a study
according to this scale ranges between 0 and 5, with
higher scores indicative of a better quality [46]. Studies
with Jadad scores of < 3 and� 3 were considered as
low and high quality, respectively. Two investigators in-
dependently assessed the quality of studies and contro-
versies were resolved through discussion.

Quantitative Data Synthesis

Meta-analysis was conducted using Review Manager, ver-
sion 5.2 (Cochrane Collaboration) and Comprehensive
Meta-Analysis (CMA) V2 software (Biostat, NJ) [47].
Standard deviations (SDs) of the mean difference were cal-
culated using the following formula: SD¼ square root
[(SDpre-treatment)

2þ (SDpost-treatment)
2� (2R�SDpre-treatment�

SDpost-treatment)], assuming a correlation coefficient
(R)¼0.5. In case of reporting SEM, SD was estimated us-
ing the following formula: SD¼SEM� sqrt (n), where n is
the number of subjects. In case of reporting median and
range, mean and SD values were estimated using the
method described by Hozo et al. [48].

Net changes in measurements (change scores) were
calculated for parallel and cross-over trials, as follows:
(measure at end of follow-up in the treatment
group�measure at baseline in the treatment
group)� (measure at end of follow-up in the control
group�measure at baseline in the control group). A
random-effects model and the generic inverse variance
method were used to compensate for the heterogeneity
of studies in terms of curcuminoids formulation used
(bioavailability-improved or unformulated), dose of cur-
cuminoids, trial design (parallel or cross-over), duration
of curcuminoids supplementation, and demographic
characteristics of individual trials (underlying disease,
age, gender, etc). Standardized mean differences
(SMDs)—expressed as Hedges’ g—along with 95%
confidence intervals (CIs) were used as summary statis-
tics owing to the use of different indices for the evalua-
tion of pain severity in the included studies. Effect sizes
for lipid changes were expressed as weighed mean dif-
ference (WMD) and 95% confidence interval (CI). For
safety analyses, risk ratios (RR) and 95% confidence in-
tervals were calculated using the Mantel-Haenszel
method [49]. In order to evaluate the influence of each
study on the overall effect size, sensitivity analysis was
conducted using the one-study remove (leave-one-out)
approach [50,51]. The power of analysis to detect

statistically significant difference between statin and con-
trol groups was computed using the PS software [52].

Publication Bias

Potential publication bias was explored using visual in-
spection of Begg’s funnel plot asymmetry. Duval &
Tweedie “trim and fill” method was used to adjust the
analysis for the effects of publication bias [53].

Meta-Regression

Random-effects meta-regression was performed using
mixed-effects (unrestricted maximum likelihood) method
to evaluate the association between calculated SMDs
and dose and duration of curcuminoid supplementation
in individual studies.

Results

Flow of Included Studies

The electronic search provided 1,044 articles. Of those,
48 were scrutinized as full texts and eight articles were
finally selected to be included in the analysis. The rea-
sons for excluding the remaining 40 articles were lack of
assessment of a numerical index of pain severity
[n¼ 18], lack of standardization of extracts for curcumi-
noids (n¼ 3), not having a RCT design (n¼ 14), using
curcumin-free extract (n¼ 1), not being an original re-
search article (n¼ 1), and not providing sufficient
data on pain severity (n¼ 3) (Figure 1). The final meta-
analysis included a total of 606 subjects; 306 in the
curcuminoid and 300 in the control group. Table 1
shows the baseline characteristics of the included
studies.

Characteristics of Included Studies

Out of the eight included RCTs, three were conducted
in patients with knee osteoarthritis [15,32,43], while
other trials recruited patients with active rheumatoid ar-
thritis [35], acute muscle injury [44], tropical pancreatitis
[42], breast cancer receiving radiotherapy [41], and pa-
tients undergoing laparoscopic cholecystectomy [26].
The population size of trials ranged between 15 [35]
and 331 [43]. Females were predominant in the in-
cluded trials apart from two studies [42,44]. All trials
were randomized, of which four had a double-blind
[15,26,41,42] and four had a single-blind [32,35,43,44]
design. In five studies, the control group received pla-
cebo [15,26,41,42,44], while three studies had an active
control group receiving ibuprofen [32,43] or sodium
diclofenac [35]. Duration of supplementation with curcu-
minoids ranged between 4 days [44] and 8 weeks [35].
Six studies used purified curcuminoids for supplementa-
tion [15,26,35,41,42,44], while two studies used
Curcuma domestica extracts with known amounts of
curcuminoids [32,43]. Overall, daily dose of purified cur-
cuminoids in the included trials ranged between 400
[44] and 6,000 mg [41]. In order to address the low oral
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bioavailability of curcuminoids, absorption enhancement
strategies were used in three studies by using a phyto-
somal delivery system [44], or co-administration of pip-
erine [15,42], a well-known bioavailability enhancer
[54,27]. Assessment of pain severity was performed us-
ing a graded VAS in six studies [15,26,32,35,42,44],
McGill Pain Questionnaire-Short Form [41], or Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) [43].

Quantitative Data Synthesis

Efficacy on Pain

Meta-analysis of data from eight RCTs indicated a sig-
nificant effect of curcuminoid supplementation in reduc-
ing pain severity (SMD:�0.57, 95% CI:�1.11 to�0.03,
P¼ 0.04). Power analysis suggested a 100% statistical
power for this comparison. The robustness of this effect
was tested using a leave-one-out sensitivity analysis.
It was found that the estimated pooled SMD was sensi-
tive to the trials by Panahi et al. [15] and
Kuptniratsaikul et al. [43]. Forest plots summarizing the
impact of curcuminoids on pain severity are illustrated
in Figure 2.

When the analyses were confined to the studies
administering bioavailability-enhanced preparations of

curcuminoids, a greater pooled effect size was found
(SMD:�0.98, 95% CI:�1.81 to�0.15, P¼ 0.02)
(Figure 3). Likewise, there was a greater effect in the
subset of trials with a placebo control group
(SMD:�0.88, 95% CI:�1.83 to 0.08, P¼0.07) com-
pared to the subset with an active (NSAID) control
group (SMD:�0.06, 95% CI:�0.27 to 0.15, P¼ 0.57).
With respect to treatment duration, the reduction in pain
severity did not reach statistical significance in either of
the subset of trials lasting� 6 weeks (SMD:�0.39, 95%
CI:�1.02 to 0.24, P¼ 0.23) compared with the subset
lasting< 6 weeks (SMD:�0.91, 95% CI:�2.29 to 0.46,
P¼0.19); that is probably due to the small number of
studies in each subset.

When the analysis was restricted to studies that used
100-point VAS for the assessment of pain severity, it
was found that curcuminoid supplementation reduces
pain by�19.33 points (95%CI:�29.80,�8.87;
P¼0.0003) (expressed as weighted mean difference
owing to the use of a similar measure).

Meta-Regression

Meta-regression analysis was conducted to evaluate the
association between changes in pain severity and po-
tential moderator variables. The impact of curcuminoids
on pain severity was found to be independent of

Published studies identified through 
Medline, Scopus, and hand search  

(n = 1044) 

Records screened (n = 48) 

Full text articles assessed for 
eligibility (n = 48) 

Articles excluded (n = 40) 

Reasons: 

Lack of assessment of a numerical 
index of pain severity (n = 18), lack 

of standardization of extracts for 
curcuminoids (n = 3), no having a 

RCT design (n = 14), using 
curcumin-free extract (n = 1), not 

being an original research article (n 
= 1), and not providing sufficient 

data on pain severity (n = 3) 

Studies included in the systematic 
review and meta-analysis (n = 8) 
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Figure 1 Flow dia-
gram of the study se-
lection procedure
showing the number
of eligible randomized
controlled trials for
the meta-analysis of
the impact of curcu-
minoid supplementa-
tion on the severity of
pain.
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prescribed dose (slope: 0.00015; 95% CI:�0.00016 to
0.00046; P¼ 0.348) and duration of supplementation
(slope: 0.168; 95% CI:�0.039 to 0.376; P¼ 0.111).
Bubble plots of the meta-regression analyses are illus-
trated in Figure 4.

Publication Bias

Visual inspection of the funnel plot of the study precision
(inverse SEM) by effect size (Hedges’ g) suggested an
asymmetry in the distribution of studies around the esti-
mated pooled effect size. However, trim-and-fill analysis
did not suggest any publication bias and no study was
imputed. Funnel plot of the impact of curcuminoids on
pain severity is illustrated in Figure 5.

Adverse Events

Among the eight included studies, adverse events were
systematically recorded and assessed in six.
Curcuminoids were reported to be safe and well-toler-
ated in all RCTs, and none of the studies reported a
higher frequency of adverse events in the curcuminoid
compared with the control group. Reported adverse
events were gastrointestinal complications (nausea/
vomiting, abdominal pain/distension, dyspepsia, and
loose stool), fever, pitting edema, and throat infection. All
these adverse events were reported to be mild, and
none of them was responsible for withdrawal from the

study. In two head-to-head comparison trials, most of
the adverse events occurred less frequently in the curcu-
minoid group compared with sodium diclofenac [35] and
ibuprofen [43] groups.

Pooled results displayed equivalent rates of total ad-
verse events (RR: 0.84, 95% CI: 0.65, 1.07, P¼0.154)
and drop-outs (RR: 0.87, 95% CI: 0.58, 1.31,
P¼0.515) between curcuminoids and control treatment
arms.

Discussion

Because low-quality studies with inappropriate control-
ling of treatment effects might bias the meta-analysis re-
sults, we decided to conduct a meta-analysis of RCTs
with pre-specified criteria and exclude single-arm trials.
We identified eight RCTs on the efficacy of curcumi-
noids for the management of pain. Altogether, these
studies involved 606 patients, including 300 receiving
curcuminoids. We found a SMD of�0.57 in favor of
curcuminoids in comparison with placebo or conven-
tional NSAIDS. This analgesic effect is clinically relevant
on an individual patient basis, according to the Initiative
on Methods, Measurement, and Pain Assessment in
Clinical Trials (IMMPACT) consensus [55]. However, this
analgesic effect was sensitive to some clinical trials with
a high SMD [15,26,44]. We have not identified study
particularities that could explain the high effect of curcu-
minoids in these studies. The referred studies

Figure 2 Forest plot detailing standardized mean difference and 95% confidence intervals for the impact of curcu-
minoid supplementation on the severity of pain.

Figure 3 Forest plot detailing standardized mean difference and 95% confidence intervals for the impact of bioavail-
ability-improved curcuminoids preparations on the severity of pain.
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investigated three different clinical conditions (muscle
pain, osteoarthritis and postoperative pain) indicating
that curcuminoids’ effect is not associated with a partic-
ular painful condition. Further, these studies were not in-
dustry sponsored, a factor commonly reported to
promote product efficacy.

We have also highlighted that the effect of curcuminoids
on pain severity is independent of prescribed dose and
duration of supplementation. This suggests that phase II
trials investigating dose-escalade should be conducted
to determine the optimal dose. We also suspect that
the bioavailability of curcuminoids formulations used in

the included studies remains a problem. The natural
curcumin is poorly absorbed and rapidly metabolized in
human limiting its clinical efficacy. The challenge is to in-
crease its bioavaibility to reach plasmatic levels of cur-
cumin corresponding to active concentration in vitro.
In the included studies, three investigations used
bioavailability-boosted products of curcuminoids by
co-administration of piperine [15,42], or using phytoso-
mal form of curcuminoids [44]. Hence, it may be specu-
lated that the overall analgesic effect size of
curcuminoids may be greater with bioavailability opti-
mized preparations, a hypothesis that was confirmed by
the results of subgroup analysis in the present study.

Figure 4 Mixed-effect meta-regression plots of the association between pain-relieving effects of curcuminoids and
dose (left) and duration of supplementation (right). The size of each circle is inversely proportional to the variance of
change.

Sahebkar and Henrotin

1198

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/17/6/1192/2240744 by guest on 10 April 2024



Interestingly, two good quality studies reported that cur-
cuminoids relieve pain in knee osteoarthritic patients
[15,32]. Given the chronicity of pain in osteoarthritis and
the common presence of gastro-intestinal and cardio-
vascular comorbidities, the benefits and risks of drugs
given for this condition must be carefully weighed.
In this context, curcuminoids, which show a favorable
risk/benefits ratio, should be considered especially for
the treatment of osteoarthritic patients with co-morbid-
ities limiting the long-term and/or recurrent administra-
tion of drugs like oral NSAIDs and paracetamol.
Compared with curcumin, NSAIDs and paracetamol
had a lower effect size [31]. The majority of mild adverse
effects reported were gastrointestinal disturbance (nau-
sea/vomiting, abdominal pain/distension, dyspepsia,
and loose stool). Further, the present meta-analysis
shows that in studies comparing curcuminoids with
NSAIDS (Ibuprofen or Diclofenac), curcuminoids exhibit
less adverse effects than NSAIDS. Recently, a retro-
spective observational study summarizing the experi-
ence of 820 patients treated with a polysorbate
supplemented curcuminoids extract for more than 6
months for various forms of painful osteoarthritis, re-
ported that half of these patients were able to discon-
tinue analgesic and anti-inflammatory drugs [31,56].
Clearly, these findings indicate that curcuminoids are
safe and contribute to decrease the consumption of
drugs with severe adverse effects.

Statistical analysis failed to demonstrate a bias in our
meta-analysis. However, our meta-analysis is limited by
the inherent potential for publication bias. Indeed, we in-
cluded only published trials, and therefore we cannot
fully exclude that some negative unpublished studies
might have biased our results. Another limitation is that
selected studies involved a small sample size, which
may affect confidence in our conclusions. In addition,
there was a considerable heterogeneity in the
included trials in terms of the underlying painful condi-
tion. Although curcuminoids are multifunctional and

multi-target compounds, further studies are still required
to obtain a more precise effect size for each painful
condition. Finally, there was not a substantial variation
across the trials in terms of treatment dose and duration
to allow a robust assessment of association between
these parameters and treatment response. Therefore,
future trials and patient-level pooled analyses are war-
ranted to ascertain the association between pain-reliev-
ing effect of curcuminoids with dose and duration of
supplementation.

In conclusion, this meta-analysis of RCTs with low risk
of bias shows that curcuminoids supplements may be a
safe and effective strategy to improve pain severity, by
warranting further rigorously conducted studies to define
the long-term efficacy and safety. Given the paucity of
well-tolerated effective treatments and the well-known
toxicity of NSAIDs, curcumin should be considered to
alleviate pain in patients with chronic pain condition.
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