Supplementation of omega-3 fatty acids can reduce tumor necrosis alpha
( TNF-a) levels and pain intensity in osteoarthritis patients
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ABSTRAK (I/Q‘ l/

Latar Belakang : Osteoarthritis (OA) merupakan penyakit sendi yan g umum di
seluruh dunia, dengan dampak yang kuat pada kesehatan indiy an populasi.
Secara global prevalensi OA meningkat sebesar 113,2% dari 24§juta pada tahun
1990 menjadi 527,8 juta pada tahun 2019. Prevalensi OA onesia meningkat
seiring bertambahnya usia yaitu sebesar 5% pada individ usia kurang dari 40
tahun, 30% pada usia 40-60 tahun, dan 65% pada ugja di,atas 60 tahun. Angka
kejadian OA lutut relatif tinggi, yaitu 15,5% pada pria d%%?% pada wanita. Penyakit
ini dapat menyebabkan nyeri kronis, kecacatan,odg menurunkan kualitas hidup
penderita. Tingginya kadar sitokin pro inflamasi rti TNF-a pada penderita OA
dapat berperan sebagai faktor utama yang nginduksi kematian krondosit dan
menghambat diferensiasi serta prolifera QOndrosit. Penelitian sebelumnya
mengatakan bahwa suplementasi om dapat menurunkan kadar sitokin
proinflamasi, memperbaiki nyeri, dan ke an fungsi fisik pada individu dengan OA
lutut, namun belum ada yang men%p;ngaruh suplementasi omega 3 ini dengan
penurunan kadar Tumor Necrosis Racf d (TNF-a).

Tujuan : Menganalisis pengaru lementasi asam lemak omega 3 terhadap kadar
TNF-a dan intensitas nyeri p derita osteoarthritis.

Metode : Studi ini merupakaMd quasi-experimental desain kelompok tunggal dengan
rancangan penelitian o %up pre-post test without control group design pada 31
pasien. Pengumpulan d¥fa’ dilakukan dengan pengukuran antropometri, pengambilan
sampel darah dan ukuran skor nyeri dilakukan sebanyak dua kali, yaitu sebelum
dan sesudah dji¢ annya intervensi. analisa TNF-a menggunakan Enzym Linked
ImmunosorbetN\NASsay (Elisa), intensitas nyeri menggunakan numeric rating scale

dendgnilai P=0,001 yang menunjukkan hasil yang signifikan.

KegMpulan : Suplementasi asam lemak omega 3 pada penderita OA dapat
mengasilkan beberapa mediator anti inflamasi yang mampu menurunkan kadar sitokin
pro inflamasi TNF-a dan intensitas nyeri secara siginifikan.

KATA KUNCI: asam lemak omega 3 ; tumor necrosis alpha (TNF-a); intensitas nyeri;
inflamasi; osteoarthritis



ABSTRACT

Background: Osteoarthritis (OA) is the most common joint disease worldwide,
strongly impacting individual and population health. Globally, the prevalence of OA
increased by 113.2% from 247.5 million in 1990 to 527.8 million in 2019. The
prevalence of OA in Indonesia increases with age, namely by 5% in individuals under
40 years, 30% in those aged 40-60 years, and 65% in those over 60 years. The
incidence of knee OA is relatively high, namely 15.5% in men and 12.7% in women.
This disease can cause chronic pain and disability and reduce the quality of life of
sufferers. High levels of pro-inflammatory cytokines such as TNF-a in OA suffergrs
can act as a major factor in inducing chondrocyte death and inhibiting chondr, k
differentiation and proliferation. Previous studies have shown that o
supplementation can reduce proinflammatory cytokine levels and improve
stiffness of physical function in individuals with knee OA. Still, no one hﬁtu ied the

effect of omega-3 supplementation on reducing TNF-a levels.
n on TNF-a

Objective: To analyze the effect of omega-3 fatty acid supplemg

levels and pain intensity in patients with osteoarthritis.

Method: This study is a quasi-experimental single-group d@ with a one-group
pre-post test without a control group design in 31 patients. Data2ollection was carried
out by anthropometric measurements, blood sampling, anf\paiw score measurements
twice, namely before and after the intervention. TNF- ysis using Enzyme-Linked
Immunosorbent Assay (Elisa), pain intensity usin &numeric rating scale (NRS).
Statistical analysis of the effect of omega 3 fatty \&eid supplementation on TNF-a
levels and pain intensity using the Wilcoxon te

Results: The results obtained on TNF-a w4 value = 0.007 and pain intensity
with a P value = 0.001 showed significant&ei S.

Conclusion: Supplementation of omegga-3“fatty acids in OA patients can produce
several anti-inflammatory mediat%tﬁét significantly reduce the levels of

pro-inflammatory cytokines TNF-@@ ain intensity.

KEYWORDS: omega 3 fattQ&ids; tumor necrosis alpha (TNF-a); pain intensity;
inflammation; osteoarthritiQ~
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INTRODUCTIC,)@
Ostegaythiitis (OA) is a chronic joint disease characterized by degeneration and

destruc& Q:\e joint cartilage (1). OA is the most common joint disease worldwide,
stron@' pacting individual and population health (2). Globally, the prevalence of OA
inc?ased by 113.2% from 247.5 million in 1990 to 527.8 million in 2019. The

prevalence of OA in Indonesia increases with age, with 5% in individuals aged less

than 40 years, 30% in those aged 40-60 years, and 65% in those aged over 60 years.
The incidence of knee OA is relatively high, at 15.5% in men and 12.7% in women (3).
OA is a leading cause of disability in the elderly, affecting more than 50 million
people in the United States. The disease can cause chronic pain and disability and
reduce patients' quality of life (4,5). The pathological process of osteoarthritis involves

complex interactions between immune, metabolic, hormonal, and genetic factors.



These factors damage and destroy articular cartilage, bone, synovium, and other
tissues, causing joint pain and dysfunction. However, the exact mechanism causing
this disease remains unclear (6,7).

Many risk factors influence the pathogenesis of OA, including age, gender,
genetic factors, obesity, and physical factors, including trauma and joint damage. Aging
can be characterized by progressive tissue and organ function loss, which is the
greatest risk factor for OA (8). Hormonal differences between men and women play a
role in the development of osteoarthritis. Most cases of osteoarthritis generally ogcliin
postmenopausal women because the hormones estrogen and progesteror@ ich
were originally balanced, are reduced, resulting in an increased risk qf défeloping
arthritis  (9). Estrogen deficiency causes an unbalanced accel %ﬁ of bone
remodeling where osteoclast activity is much higher than ostt$st activity. This
causes thinning of the bone cortex, which results in thinnin@barabecular bone and
loss of trabecular elements (10).

Patients with OA often experience pain, gliffiyess, swelling, and limited
movement in the affected joint. Articular cartilagev omposed of chondrocytes and
extracellular matrix. Normally, chondrocytes @ an important role in synthesizing
extracellular matrix and degrading it with #t8\help of proteolytic enzymes. In patients
with OA, there is an imbalance of these*two processes. The degradation process
increases, possibly triggered b éﬁma, mechanical stress, and inflammatory
processes that produce cytc&@nterleukin-1 (IL-1), Interleukin-6 (IL-6), and Tumor
7,11).

Omega-3 fatty s (EPA and DHA) produce several anti-inflammatory
mediators, such oIvins, protectins, and maresins, which are released in large

amounts durir&mmation (12, 13). Omega-3 fatty acid supplementation can

Necrosis Factor-alpha (TN

significantl eve arthritis pain and improve joint function in OA patients. EPA reduces
apopto used by oxidative stress and chondrocyte matrix loss by inhibiting
meta@proteina3e13 expression and chondrocyte apoptosis (14).

No studies have assessed the effect of omega-3 supplementation on TNF-a
levels and pain intensity in Indonesia until now. Therefore, this study is proposed to
determine and evaluate the effect of omega-3 supplementation on reducing TNF-a
proinflammatory cytokine levels as a new nutritional perspective on reducing pain in
patients with OA.



MATERIALS AND METHODS

This study is a Pre-experimental single-group design with a research design of one
group pre-post-test without a control group design. It only looks at the treatment results
in one group of objects without any comparison group or control group. The
independent variable in this study is omega-3 fatty acid supplementation, while the
dependent variable is the Tumor Necrosis Alpha (TNF-a) level and pain intensity. This
study was conducted at Diponegoro National Hospital (RSND) in Semarang City ffom
May to July 2024. q/

We evaluated 31 individuals with Osteoarthritis aged 50-70 years ol were
given omega-3 fatty acid supplementation obtained commercially Qn PT. Vita
Shopindo Jakarta. The capsule contains 1000 mg fish oil with EP. mg and DHA
120 mg as a soft gel with BPOM SI164307531. The dose is @n%istered per day 3
times with a total dose of 540 mg EPA and 360 DHA. Treatrf@pt time is 4 weeks. The
exclusion criteria of this study are having a history of tr; b&,xﬁngenital abnormalities,
infections, tumors, and autoimmune diseases in trgk{y € joint, as well as performing
knee joint replacement surgery. Having an allergy t¢ seafood and taking anticoagulant
drugs. This study has received approval fr Ethics Committee of the Faculty of
Medicine, Sebelas Maret um( sity Surakarta, with Number
47/UN27.06.11/KEP/EC/2024. Q//

Data analysis was carried t\véing descriptive analysis and hypothesis testing.
Descriptive analysis of depQ}ent variables will be presented in tabular form by

presenting the mean a anndard deviation. The data normality test was carried out
using the Saphiro-Wj tgt, and then the hypothesis test was used using the Wilcoxon
non-parametric t ta analysis was carried out using SPSS Ver. 23 for windows.

RESULT@ DISCUSSIONS

C) le 1. Characteristics of Research Respondents

?“ Characteristics n(%) meantSD
Gender
Male 6 (19.4%) -
Female 25 (80.6%) -
Age - 61.26+5.86
IMT 27.1014.01
TNF-a
Pre - 62.60+77.22
Post - 52.03+53.71

Pain intensity




Pre - 4.85+2.09
Post - 3.44+2.17

In this study, it can be seen in Table 1 that the majority of subjects were
(80.6%) female and (19.4%) male. Their average age was 61.26+5.86 years, while the
average BMI of the subjects was 61.261+5.86, which is included in the Obesity |
category.

The average TNF-a level before omega 3 fatty acid supplementation was
62.60 + 77.22, and after omega 3 supplementation with a dose of 540 EPA amt/ 0
DHA per day for 4 weeks to 52.03 + 53.71 while the average pain intengiwbefore
omega 3 supplementation was 4.85 + 2.09 to 3.44 + 2.17 after om 3 tatty acid

supplementation. E O

Table 2. Effect of Omega 3 Fatty Acid Supplementation wi(li%lF—a and Pain

/\(bb‘ 4

Variables Median (Min-M@‘ p

Intensity

TNF-a S)
Pre 39.4 (7;3&\% 70) 0.007

Post 36.5 ( 272.70)
Intensity Nyeri % /
Pre \{/ .50-9.25) 0.001
Post \ .0 (0.50-9.25)
N
Table 2 shows th median TNF-a level before supplementation was 39.4

with a range of 7.10 to%}?O, while the median TNF- a level after supplementation
was 36.5 with a@ of 6.00 to 272.70. This significant decrease in TNF-a levels
occurred afte ’&Qi nts were given omega-3 fatty acid supplementation over 28 days.
Furtherm ,Que statistical test results using the Wilcoxon method showed a significant
p-val C(p<0.05), indicating that the observed changes in TNF-a levels were
stagigheally significant. Thus, these results indicate a positive effect of omega-3 fatty
acid supplementation on reducing TNF-a levels in patients suffering from osteoarthritis
(OA).

Table 2 shows that the median pain intensity score before supplementation
was 4.75, with a range of 1.50 to 9.26, while the median pain intensity score after
supplementation was 3.00, with a range of 0.50 to 9.25. A significant decrease in pain
intensity scores occurred after the subjects were given omega-3 fatty acid

supplementation over 28 days. Furthermore, the statistical test results using the



Wilcoxon method showed a significant p-value (p<0.05), indicating that the observed
changes in TNF-a levels were statistically significant. These results indicate a positive
effect of omega-3 fatty acid supplementation on reducing TNF-a levels in patients
suffering from osteoarthritis (OA).

Omega-3 fatty acids (EPA and DHA) produce several anti-inflammatory
mediators, such as resolvins, protectins, and maresins, which are released in large
amounts during inflammation (12). Resolvins, protectins, and maresins are all oxylipin
metabolites classified as lipid modulators with specific abilities to reduce inflam n
(15). Q

Resolvins, which include the E series of EPA (such as RVQR 4, and
18S-RvE1) and the D series of DHA (such as RvD1 to RvD6), functi

that trigger or activate specific biological responses to regulate éontrol the peak

s‘compounds

phase of inflammation (4). Resolvins are metabolically proce y several enzymes,
including lipoxygenase (LOX), cytochrome P450, albd‘ 9clooxygenase (COX).

Resolvins bind to G- protein receptors found % rious cell types, such as
vascular smooth muscle cells,

monocyte-macrophages, lymphocytes, endothelial %H
and neutrophils, each cell- and organ-specifi cellular targets of resolvins depend
on the specific receptors, but several rees ins subtypes may have the same cell
targets but with different effects. Rv[2 mﬂibits the movement of neutrophils, which
helps reduce inflammation. R céfs also affect macrophage responses to
inflammation by converting ophages from pro-inflammatory type (M1) to
anti-inflammatory type (M@:reasing monocyte conversion, modulating macrophage
polarization, and affec macrophage-associated IL-10 and 5- LOX. In addition,
resolvin regulates @(ocytes, which play a major role in tissue damage due to
inflammation, %ducing CD4+ T cell expression, facilitating NK cell migration to
eliminate ¢ Qophilic granulocytes, and reducing TNF-a and IL-6 secretion (16).
opeCtin D is a compound formed through the double lipooxygenation process
of th€9mega-3 fatty acid DHA. This process involves the oxidation of DHA by the
enZme lipoxygenase, which produces various metabolites, including Protectin D. This
compound plays an important role in modulating inflammatory responses and tissue
protection. Protectin DX (PDX) plays an important role in controlling chronic and acute
inflammation by affecting the AMPK signaling pathway, which helps regulate the body's
response to inflammation (17).
Several studies on cell culture and experimental animals prove resolvin is a

good anti-inflammatory and immunomodulator. For example, resolvin D1 can restrain



the expression of TRAP, cathepsin K, TNF-a, IL-1 B, IFN-y, and PGE2 to inhibit
osteoclast differentiation and activation. The mechanism of Resolvin D1 against
Rheumatoid Arthritis (RA) has been further elucidated in a mouse model of
collagen-induced arthritis (CIA); namely, resolvin D1 alleviates the development of RA
by inhibiting CTGF through upregulating miRNA-146a-5p. Furthermore, an arthritic
mouse model was used to explore the action of resolving D5, and the results showed
that resolving D5 attenuates osteoclast differentiation to interfere with osteoclast
genesis involved in RA pathogenesis. Another study showed that GPR101 is_a
receptor candidate for resolvin D5 that exhibits antarthritic actions by r@qahng
neutrophil and macrophage responses. Resolvin E1 inhibits bone r o‘rRQfon and
osteoclastogenesis by suppressing the expression of the transcriptic@%ors nuclear
factor of activated T cells c1 (NFATc1) and c-fos (18). %

Omega 3 fatty acid supplementation has been shown %ve significant effects
in relieving arthritis pain and improving joint function in pa'ggtyvith osteoarthritis (OA).
One of the main modes of action of omega-3 fatty especially EPA, is reducing
the apoptotic process triggered by oxidative stress m joints. Oxidative stress, which
can damage joint cells, often leads to unw cell death, including chondrocytes,
important cells in joint cartilage tissue. works by inhibiting the expression of
metalloproteinase-13, an enzyme in ol\kd in extracellular matrix degradation, and
reducing chondrocyte apoptosis, @Ke ping maintain cartilage health and function
(14).

In vitro research s@hat omega-3 fatty acids lower proinflammatory cytokine
levels. Animal experlm
the transsectlon% Antenor Cruciate Ligament (ACL) in mice, which decreases

bone loss an

show that omega-3 fatty acids can protect cartilage after

genesis so that it can protect against OA pathogenesis. (19)
Omega 3 Qplementatlon in rats with Rheumatoid Arthritis (RA) can lower TNF-a
levels. esearch conducted by Stonehouse et al. on humans evaluated the effect
of kr(gil with a dose of 4 g/day containing (0.6 g/day EPA, 0.28 g/day DHA, and 0.45
g/d§y astaxanthin) which can improve pain, stiffness of physical function in individuals
with mild to moderate knee OA (21).

In addition, EPA plays an important role in reducing structural damage to the
joint by reducing the loss of chondrocyte matrix caused by the inflammatory process.
Suppressing metalloproteinase 13 activity with EPA helps protect joint cartilage from

further degradation and supports tissue repair, which can reduce pain and improve joint



function so that patients can experience improved quality of life. Thus, omega-3 fatty

acid supplementation effectively manages osteoarthritis and improves joint health (14).

CONCLUSIONS AND RECOMMENDATIONS
Omega-3 fatty acid supplementation at 540 mg EPA and 360 mg DHA
significantly decreased TNF-a levels and reduced pain intensity in subjects with

osteoarthritis. These findings suggest that adding omega-3 fatty acids may benefit the

tcb‘a
%
P

management of pain and inflammation in osteoarthritis, contributing

Q

comprehensive therapeutic strategy for the condition.
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