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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Osteoarthritis (OA) is a chronic degenerative
disease of the joints in which pain, functional impairment,
and low-grade inflammation appear. Curcumin, the active
ingredient extracted from Curcuma longa, has biological effects
of both anti-inflammatory and antioxidant activity. However, its
influence on inflammatory biomarkers in OA is less consistent.

Objective: To evaluate the impact of curcumin supplementation
on clinical outcomes and inflammatory biomarkers in patients
with knee OA.

Methods: In this prospective randomised single-blind
placebo-controlled trial, patients with knee OA were assigned
to curcumin supplementation or a placebo for three months. A
total of 125 participants were randomized, and 80 completed
the study. Clinical outcomes were measured with the Visual
Analogue Scale (VAS) for pain and the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC). To
assess the effects of curcumin on inflammatory biomarkers,
tumour necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and
high-sensitivity C-reactive protein (hs-CRP) were measured
before and after drug therapy.

Results: Compared to placebo, curcumin supplementation
significantly reduced VAS and WOMAC scores that were
mainly related to clinical outcomes. A significant reduction in
TNF-a was seen, showing a potent anti-inflammatory effect.
Conversely, levels of IL-6 decreased slightly, and no significant
change was noted for hs-CRP.

Conclusion:  Curcumin supplementation  significantly
improves pain and functional outcomes in knee OA, exerting
selective anti-inflammatory effects, with a pronounced impact
on TNF-a compared to IL-6 and hs-CRP. This pattern may be
explained by curcumin’s modulation of upstream inflammatory
pathways via nuclear factor kappa B (NF-kB) inhibition and
AMP-activated protein kinase (AMPK) activation, which lead
to pathway-dependent effects within the inflammatory cascade.
Curcumin may represent a promising adjunct therapy for
osteoarthritis, although further studies are needed to clarify its
long-term effects and mechanisms.

Key words. Functional status, Interleukin-6, pain assessment,
placebo-controlled trial, tumor necrosis factor-alpha.

Introduction.

Osteoarthritis (OA) is one of the most common chronic
musculoskeletal disorders and a leading cause of pain,
disability, and reduced quality of life worldwide, especially
among older adults [1,2]. The global burden of OA continues
to increase due to population ageing, obesity, and sedentary
lifestyles, resulting in pronounced clinical and socioeconomic
impact [3]. Traditionally, OA was considered a degenerative
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disease, while now, it is recognized as a complex disorder
including both mechanical and inflammatory components [4].
Various studies suggest that low-grade chronic inflammation
likely plays a critical role in disease progression by activation
of synovial cells, chondrocytes, and immune mediators [5].
Pro-inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-a) and interleukin-6 (IL-6) are key contributors to
cartilage degradation, synovial inflammation, and nociceptive
sensitization [6,7]. Moreover, systemic inflammatory markers
such as high-sensitivity C-reactive protein (hs-CRP) are
linked with disease severity and indicate the overall burden of
inflammatory reaction in OA [8].

Osteoarthritis has emerged as a disease of the whole joint and
more recently linked with so-called metabolic abnormality that
reflects this concept of “metabolic osteoarthritis”, primarily in
relation to obesity and metabolic syndrome [9]. In this context,
metabolic inflammation is defined by chronic activation of
inflammatory pathways by adipose tissue and altered energy
metabolism into low-grade inflammation [10]. AMP-activated
protein kinase (AMPK) has been recognized as the critical
regulator of cellular energy homeostasis and an important
bridge between metabolism and inflammation, and its activation
can inhibit inflammatory signalling pathways with a decrease in
oxidative stress [11]. Current pharmacological management for
OA is based on a symptomatic relief approach, mainly with non-
steroidal anti-inflammatory drugs (NSAIDs) [12]. Long-term
NSAID use has been linked to serious adverse events, including
GI bleeding, cardiovascular events, and renal impairment,
limiting their long-term use. These limitations lead to increasing
interest in well-tolerated and efficacious agents for alternative
treatment options [13].

Curcumin, the principal bioactive polyphenol extracted from
Curcuma longa, has gained considerable attention due to its anti-
inflammatory and antioxidant properties [14,15]. Experimental
studies have shown that curcumin modulates multiple
molecular targets, including nuclear factor kappa B (NF-kB),
cyclooxygenase-2 (COX-2), and pro-inflammatory cytokines
such as TNF-o and IL-6 [16,17]. In addition, curcumin has been
reported to activate AMPK, thereby linking metabolic regulation
with inflammatory signalling and contributing to attenuation of
low-grade chronic inflammation [11,18]. By these mechanisms,
curcumin may exert both symptomatic and potentially disease-
modifying effects in OA.

Clinical evidence evaluating the efficacy of curcumin in OA has
expanded in recent years. Several randomized controlled trials
and meta-analyses have demonstrated significant improvements
in pain and functional outcomes, including reductions in Visual
Analogue Scale (VAS) and Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) scores [19,20].
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Some studies have also suggested that curcumin may provide
comparable efficacy to NSAIDs with a more favorable safety
profile [12,21]. However, despite consistent clinical benefits,
findings regarding its effects on inflammatory biomarkers
remain heterogeneous, particularly with respect to IL-6 and hs-
CRP [22].

These heterogeneous variables highlight the gaps in knowledge
regarding the relationship between curcumin's mechanistic
action and its effect on inflammatory biomarkers and clinical
improvement. In particular, the issue of whether curcumin has
broad-spectrum anti-inflammatory effects or if it acts selectively
on chosen pathways in the inflammatory cascade remains
unresolved. Therefore, the present study aims to compare the
influence of curcumin supplementation on clinical outcomes
(VAS and WOMAC scores) and inflammatory biomarkers like
TNF-q, IL-6, and hs-CRP with placebo. This study was designed
to measure both clinical and biochemical endpoints, thereby
providing a more holistic interpretation of the therapeutic
potential and mechanistic effects of curcumin in knee OA.

Materials and Methods.

Study design and setting: This was a prospective, single-
blind, Randomized study conducted at the Rheumatology
Consultation Clinic of Ibn Sina Teaching Hospital in Mosul,
Iraq. This study was approved by the Ethics Committee of
the College of Medicine, University of Mosul, Approval No.
[13443], The Nineveh Health Directorate, Approval No.
[11707], and the administration of Ibn Sina Teaching Hospital,
Mosul, Iraq. Written informed consent was obtained from all
participants before enrollment in the study.

Study population:

Inclusion criteria:

* Adults aged 40-75 years

e Primary knee OA diagnosed by American College of
Rheumatology (ACR) criteria [23].

* Radiographic Kellgren—Lawrence grade I1-11I [24].

* Baseline visual analogue scale (VAS) pain score > 40 mm
[25].

Exclusion Criteria:

* Secondary OA due to trauma or inflammatory arthropathy

« Steroid application via intra-articular injection < 3 months

* Use of curcumin or glucosamine for < 3 months

* Severe hepatic, renal, or cardiovascular disease

+ Curcumin, piperine, or study-related product allergy

Patient recruitment and allocation: Participants were
enrolled consecutively from patients attending the Rheumatology
Consultation Clinic to reflect routine clinical practice and
minimize selection bias. A total of 125 patients were enrolled.
Participants were randomly assigned in a 1:1 ratio to either
the curcumin group or the placebo group using a computer-
generated block randomization sequence with variable block
sizes of 4, 6, and 8. The randomization sequence was generated
before study initiation using the Sealed Envelope™ online
randomization service (Sealed Envelope Ltd., London, UK).
Each treatment allocation was assigned a unique randomization
code. Eligible participants were assigned the next sequential
study number according to the order of enrollment following
completion of baseline assessment. Curcumin and placebo
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capsules were packaged and labelled according to the generated
randomization codes. Participants remained blinded to their
treatment allocation throughout the study period [26].

Patient assessment and diagnosis: All participants
were clinically evaluated and diagnosed by specialized
rheumatologists. The diagnosis of knee OA was established
according to the ACR classification criteria and confirmed by
radiographic findings [23]. Standard knee X-rays were performed
for all patients to determine disease severity according to the
Kellgren—Lawrence grading system [24].

Data collection and clinical evaluation:

Demographic and clinical data were collected using a pre-
validated structured Arabic questionnaire. Outcome measures
included the WOMAC [27], and VAS for pain [25].

Intervention and concomitant treatment:

For each session, subjects received either curcumin or a
placebo. The curcumin group received oral capsules containing
150 mg of curcumin and 10 mg of piperine per tablet, given as
two tablets timed in the morning with one at night for a complete
everyday portion of 450 mg curcumin and 30mg of piperine.
The placebo group received capsules filled with starch and food
colouring, prepared in empty transparent capsules that were
visually indistinguishable from the curcumin capsules. Both
groups received standard symptomatic treatment of paracetamol
1 g twice daily for 2 weeks and, thereafter, as needed, plus
topical ketoprofen gel (applied three times daily and as needed).

Blood sampling and biomarker analysis: At baseline, blood
samples were collected from each subject enrolled (n=125).
Samples were centrifuged, and serum was obtained under
sterile conditions, which was stored frozen until analysis. Three
months later, a second blood sample was collected from the
participants who completed the study. Serum concentrations
of inflammatory biomarkers, hs-CRP, IL-6, and TNF-o were
measured by enzyme-linked immunosorbent assay (ELISA) kits
in a private laboratory [28].

Study duration and follow-up: The patients enrolled in
the study were followed up for three months. Clinical and
laboratory evaluations were carried out at baseline as well as
after the completion of the study period.

Study completion and attrition: A total of 125 patients were
enrolled, and 45 participants dropped out before the end of the
study, mainly due to non-compliance (n =41); four withdrew
because of mild adverse events. The remaining 80 patients were
able to complete the study period.

Treatment Adherence: Treatment adherence was evaluated
by asking participants to return the containers and remaining
study capsules at follow-up visits. The investigator counted the
returned capsules and compared the number remaining with the
number expected according to the prescribed treatment schedule.
Adherence was calculated using the following equation:

Adherence (%) = [(number of capsules dispensed — number
of capsules returned) + number of capsules prescribed] x 100

Participants were required to consume at least 80% of the
prescribed study capsules to be classified as adherent. A
participant was considered non-compliant when one or more of
the following occurred:

1. Consumption of less than 80% of the prescribed capsules.



2. Use of prohibited systemic NSAIDs, corticosteroids, intra-
articular injections, or non-permitted analgesics.

3. Major unauthorised alteration of the study treatment
regimen.

4. Failure to attend the required follow-up assessment.

Participants who discontinued because of non-compliance
were not included in the complete-case analysis.

Statistical analysis: For statistical analysis, SPSS version 25
was used. The Shapiro—Wilk test evaluated continuous variables
for normality. Normal distribution variables were statistically
analyzed using parametric tests, including the independent
samples t-test, while for comparison among groups, non-
parametric methods (Mann—Whitney U Test analysis) were
used. In particular, the Mann—Whitney U test was used to
analyze IL-6 data as they were not normally distributed. Data
are reported as mean+standard deviation. P values < 0.05 were
regarded as statistically significant.

Results.

A total of 125 patients were enrolled in the study. Among
these, 45 subjects discontinued the study; the main cause for
discontinuation was non-compliance (n=41). Only 80 patients
were able to complete the 12-week follow-up period, and they
were assigned to the curcumin group (n=43) and placebo group
(n=37). The demographic and clinical characteristics of both
groups are presented in Table 1. No significant differences were
observed between groups for age, weight, or inflammatory
biomarkers at baseline. However, baseline VAS and WOMAC
scores, as well as the distribution of Kellgren—Lawrence grades,
differed significantly between groups (Table 1).

Because baseline VAS and WOMAC scores differed
significantly between groups, additional analyses of covariance
(ANCOVA) were performed using baseline values as covariates.
After adjustment for baseline differences, the treatment effect

remained highly significant for WOMAC (F=76.404, p<0.001,
partial 1>=0.498). Similarly, the effect of curcumin on TNF-a
remained significant after adjustment for baseline TNF-a
levels (F=49.189, p<0.001, partial 1*=0.390), supporting the
robustness of the observed treatment effects (Table 2).

Curcumin treatment for 12 weeks resulted in marked
improvements in clinical outcomes compared with placebo.
The reduction in VAS score was significantly greater in the
curcumin group (—2.81+1.76) compared with the placebo group
(—0.65+1.34; p<0.001), representing a large effect size (d=1.39).
Similarly, WOMAC scores demonstrated a pronounced decrease
in the curcumin group (—29.70+15.89) compared with placebo
(—1.30+6.86; p<0.001), with a very large effect size (d=2.25)
(Table 2).

Regarding inflammatory markers, the levels of TNF-a
decreased significantly in the curcumin group (—5.294+4.43),
while they increased slightly within the placebo group
(+1.02+3.72; p<0,001). The symptom effect size of curcumin
on TNF-a is large (d=1.54). Curcumin modestly reduced IL-6
levels with —1.40+1.58 versus placebo —1.00£2.76 (p=0.038).
However, it had a small effect size (r=0.23). There was non-
significant difference in hs-CRP change between the curcumin
group (+0.13+0.28) and the placebo group (+0.20+0.22,
p=0.115, r=0.18) (Table 2).

Discussion.

The current study showed that curcumin supplementation
significantly improved the clinical outcomes, along with
selective modulation of inflammatory biomarkers. Curcumin
resulted in a significant reduction in pain intensity and
functional impairment, which led to decreases in VAS and
WOMAC scores, and produced a marked reduction in TNF-a
levels. On the other hand, the reduction in IL-6 was modest, and
no significant effect was observed on hs-CRP. These findings

Table 1. Baseline demographic characteristics, disease severity, clinical outcomes, and inflammatory biomarkers of participants in the curcumin

and placebo groups.

Variables
Age (years)
Weight (kg)
Grade 2
KO stage (n, %) Grade 3
VAS (baseline)
WOMAC (baseline)
TNF-a (pg/mL)
IL-6 (pg/mL)
hs-CRP (mg/L)

Curcumin (n=43)

Placebo (n=37)

57.02+11.13 57.16+9.74
84.26+17.15 87.59+14.42
26 (60.5%) 32 (86.5%)
17 (39.5%) 5(13.5%)
7.44+1.39 6.62+1.62
60.47+15.47 45.49+20.24
39.35+13.18 41.084+20.49
11.35+4.08 12.58+6.24
1.63+0.62 1.87+0.97

Data are presented as mean+standard deviation (SD) unless otherwise indicated.
P-values were calculated using an independent-samples t-test or Mann—Whitney U test for continuous variables and a chi-square test for categorical

variables.

Table 2. Changes in clinical outcomes and inflammatory biomarkers after 3 months of treatment in the curcumin and placebo groups.

Outcome Curcumin Placebo

VAS change -2.81£1.76 —0.65+1.34
WOMAC change —29.70+15.89 —1.30+6.86
TNF-a change —5.29+4.43 +1.02+3.72
IL-6 change —1.40+1.58 —1.00+2.76
hs-CRP change +0.13+0.28 +0.20+0.22
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p-value Effect size (d) Effect size (r)
<0.001 1.39 --

<0.001 2.25 --

<0.001 1.54 -

0.038 -- 0.23

0.115 -- 0.18



showed that curcumin has clinically meaningful benefits while
differentially influencing inflammatory pathways.

The major improvement seen in the VAS and WOMAC scores
is consistent with prior RCTs and meta-analyses demonstrating
data supporting the efficacy of curcumin for pain reduction
and improving physical function in OA [19,29,30]. This effect
supports the magnitude of these improvements, suggesting
that the observed changes are not only significant but also
clinically relevant. These results are consistent with previous
reports finding a similar or greater symptomatic effect of
curcumin compared to NSAIDs, but with an improved safety
profile [12,21]. Also, clinical data suggest that curcumin can
have a positive impact on joint function due to the effects of
its anti-inflammatory properties, but also by modifying cartilage
homeostasis and oxidative stress [31].

Mechanistically, the effects can be explained based on
curcumin's capacity to alter some of the key signalling pathways
involved in inflammation and metabolism. Curcumin is a well-
characterized inhibitor of NF-«xB, the classic transcription
factor that regulates the expression of pro-inflammatory
cytokines, especially TNF-a and IL-6 [15,32]. Inhibition of NF-
kB promotes the inhibition of inflammatory gene expression
and downmodulates synovial inflammation. At the same time,
curcumin stimulates AMPK [11], a critical regulator of cellular
energy homeostasis and metabolic inflammation. AMPK
activation is known to exert anti-inflammatory effects through
the inhibition of NF-«kB signalling and reduction of oxidative
stress, linking metabolic dysfunction with inflammatory
pathways in OA [18,33]. This talk was targeted particularly to
metabolic OA, which is strongly determined by exposure to
obesity-related inflammation that promotes disease progression
[9].

The differential response observed among inflammatory
biomarkers in this study can be understood within the
hierarchical organization of the inflammatory cascade. TNF-a
functions as an upstream regulator of inflammation and plays a
central role in activating NF-«xB signalling, thereby promoting
the production of downstream mediators, including IL-6 and
acute-phase proteins such as CRP [1]. Because curcumin
directly targets NF-kB signalling, its inhibitory effects are more
prominently reflected at the level of TNF-a, resulting in a robust
and consistent reduction. This observation is consistent with
previous experimental and clinical studies demonstrating strong
suppression of TNF-o following curcumin administration
[34,35].

In contrast, IL-6 showed only a small reduction despite
achieving statistical significance. IL-6 is a pleiotropic cytokine
that links pro-inflammatory and anti-inflammatory functions,
regulated by diverse signalling pathways beyond NF-xB
[7]. Moreover, IL-6 production is also regulated by multiple
tissues, including adipose tissue and skeletal muscle, and is
tightly associated with metabolic status and physical activity
[10]. This complicated regulation is likely a reason behind the
heterogeneity in IL-6 response and perhaps explains the small
effect size measured in this study. This interpretation is further
supported by previous clinical and meta-analytic evidence
showing heterogeneous effects of curcumin on the levels of IL-6
[22,36].
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Similarly, hs-CRP represents a downstream systemic marker
of inflammation synthesized in the liver primarily in response
to IL-6 stimulation [8]. As such, it reflects global inflammatory
status rather than localized joint inflammation. In OA, which
is characterized by low-grade, localized inflammation,
systemic markers such as hs-CRP may demonstrate limited
responsiveness, particularly over shorter intervention periods.
The absence of a significant effect on hs-CRP in this study is
therefore consistent with its biological role and with previous
reports showing that curcumin has a more pronounced effect on
cytokines than on acute-phase proteins [36].

Taken together, these findings support the concept that curcumin
exerts selective, pathway-dependent anti-inflammatory effects
rather than uniform suppression of all inflammatory mediators.
The combined modulation of NF-kB and AMPK pathways
provides a mechanistic framework linking inflammatory
signalling with metabolic regulation, which is increasingly
recognized as a key component in OApathophysiology [9,33].

Another relevant point is the dissociation of biomarker changes
from clinical outcomes. Despite minimal or non-existent
alterations of IL-6 and hs-CRP, pain and functional aspects
demonstrated significant improvement. This means that clinical
benefits from curcumin are not entirely dependent on concurrent
reductions in systemic inflammatory markers, but also involve
changes in nociceptive pathways and oxidative stress and in
the joint microenvironment [18,31]. Such multimodal effects
are particularly relevant in OA, where symptom severity
is influenced by both inflammatory and non-inflammatory
mechanisms.

The present study has several strong points, including
the merging of clinical and biochemical outcomes and the
application of appropriate statistical methods. The inclusion
of effect size measures enhances the interpretation of clinical
relevance beyond statistical significance. Some limitations
are worth noting. First, the relatively small sample size may
have resulted in limited statistical power necessary to detect
smaller changes in specific inflammatory biomarkers. The
intervention period may not have been long enough to assess
changes in slower-responding systemic markers, as hs-CRP is
a downstream marker of inflammatory effects and may require
longer follow-up periods before measurable changes can be
observed. The present study measured plasma inflammatory
biomarkers; it did not examine local joint inflammation,
which may better represent disease activity in OA, as OA is
increasingly considered a localized low-grade inflammatory
process. Moreover, the magnitude of results obtained may be
influenced by inter-individual differences in bioavailability
related to limited absorption and rapid metabolism. Fourth, the
study was conducted at a single center and included a modest
number of completers. These factors reduce statistical precision
and limit generalizability to other clinical settings, populations,
geographical regions, and curcumin formulations. The sample
size was particularly limited for interaction analyses and for
estimating treatment effects near the low and high ends of the
WOMAC and IL-6 distributions. The attrition was substantial:
125 randomized participants, 45 withdrew before completing
the twelve-week follow-up, and the final analyses were based
only on the 80 completers. Although dropout proportions did



not differ significantly between treatment groups, the overall
level of missing outcome data remains important. Complete-
case analysis can introduce attrition bias when participants
who complete follow-up differ systematically from those who
withdraw, and the resulting estimates may not represent the full
randomized population.

Conclusion.

In conclusion, the results of this study showed that curcumin
supplementation significantly ameliorates clinical conditions
in individuals with knee OA by marked improvement in pain
intensity and functional impairment as quantified by VAS and
WOMAC scores. These improvements were paralleled by a
selective modulation of inflammatory biomarkers, in which a
significant reduction of TNF-a and a modest decrease in IL-6
occurred, and no significant change in hs-CRP. From a clinical
perspective, curcumin appears to offer a promising and well-
tolerated adjunct or alternative to conventional therapies,
particularly for patients requiring long-term management or
those at risk of adverse effects associated with NSAIDs. Its
ability to improve symptoms while exerting targeted anti-
inflammatory effects enhances its therapeutic potential in OA.
Overall, the present study supports the role of curcumin as a
clinically effective and mechanistically relevant intervention in
OA, with selective anti-inflammatory properties that align with
current understanding of disease pathophysiology.
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