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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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-α), 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-α 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-α 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-κB) 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 

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-α) 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-κB), 
cyclooxygenase-2 (COX-2), and pro-inflammatory cytokines 
such as TNF-α 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]. 



133

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-α, 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
• Primary knee OA diagnosed by American College of 

Rheumatology (ACR) criteria [23].
• Radiographic Kellgren–Lawrence grade II–III [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 

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-α 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] × 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.
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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 η²=0.498). Similarly, the effect of curcumin on TNF-α 
remained significant after adjustment for baseline TNF-α 
levels (F=49.189, p<0.001, partial η²=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-α 
decreased significantly in the curcumin group (−5.29±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-α 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-α 
levels. On the other hand, the reduction in IL-6 was modest, and 
no significant effect was observed on hs-CRP. These findings 

Variables Curcumin (n=43) Placebo (n=37)
Age (years) 57.02±11.13 57.16±9.74
Weight (kg) 84.26±17.15 87.59±14.42

KO stage (n, %) Grade 2 26 (60.5%) 32 (86.5%)
Grade 3 17 (39.5%) 5 (13.5%)

VAS (baseline) 7.44±1.39 6.62±1.62
WOMAC (baseline) 60.47±15.47 45.49±20.24
TNF-α (pg/mL) 39.35±13.18 41.08±20.49
IL-6 (pg/mL) 11.35±4.08 12.58±6.24
hs-CRP (mg/L) 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 1. Baseline demographic characteristics, disease severity, clinical outcomes, and inflammatory biomarkers of participants in the curcumin 
and placebo groups.

Outcome Curcumin Placebo p-value Effect size (d) Effect size (r)
VAS change −2.81±1.76 −0.65±1.34 <0.001 1.39 --
WOMAC change −29.70±15.89 −1.30±6.86 <0.001 2.25 --
TNF-α change −5.29±4.43 +1.02±3.72 <0.001 1.54 --
IL-6 change −1.40±1.58 −1.00±2.76 0.038 -- 0.23
hs-CRP change +0.13±0.28 +0.20±0.22 0.115 -- 0.18

Table 2. Changes in clinical outcomes and inflammatory biomarkers after 3 months of treatment in the curcumin and placebo groups.
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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-κB, the classic transcription 
factor that regulates the expression of pro-inflammatory 
cytokines, especially TNF-α and IL-6 [15,32]. Inhibition of NF-
κB 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-κB 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-α 
functions as an upstream regulator of inflammation and plays a 
central role in activating NF-κB signalling, thereby promoting 
the production of downstream mediators, including IL-6 and 
acute-phase proteins such as CRP [1]. Because curcumin 
directly targets NF-κB signalling, its inhibitory effects are more 
prominently reflected at the level of TNF-α, resulting in a robust 
and consistent reduction. This observation is consistent with 
previous experimental and clinical studies demonstrating strong 
suppression of TNF-α 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-κB 
[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].

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-κB 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 
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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-α 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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