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Abstract:Many clinical trials of omega-3 fatty acids, supplied as fish oil
supplements, have been carried out in rheumatoid arthritis (RA), systemic
lupus erythematosus (SLE), lupus nephritis, and osteoarthritis (OA) over
the past 3 decades. This review attempts to summarize the highlights of
these studies to evaluate the clinical efficacy for omega-3 fatty acids to
be added alongside existing treatment regimens. A total of 20 clinical trials
have been carried out in RA, of which 16 exhibited significant improve-
ments in multiple disease clinical outcomes. Nine clinical trials have been
completed in SLE and lupus nephritis, of which 6 exhibited significant im-
provements in 1 or more clinical outcomes. A total of 4 clinical trials have
been conducted in OA, of which 3 exhibited significant improvements in at
least 1 clinical parameter. Multiple mechanisms for the clinical effects of
omega-3 fatty acids have been implicated, including the modulation of
eicosanoid synthesis toward a more anti-inflammatory profile and sup-
pressed production of proinflammatory cytokines. Overall, fish oil supple-
ments appear to be a safe and effective agent that could be added to the
current treatment regimens in RA. Longer-term trials with larger patient
cohort sizes are warranted to establish any long-term benefits of fish oil
supplements in SLE, lupus nephritis, and OA.
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F ish oil is rich in omega-3 fatty acids, which are part of a key
family of polyunsaturated fatty acids (PUFAs). Both eicosa-

pentaenoic acid (EPA) and docosahexaenoic acid (DHA) are
important omega-3 fatty acids (n-3 PUFAs) that are primarily de-
rived from marine-based sources.1 Both EPA and DHA constitute
an important component of cell membranes, influence membrane
fluidity, and regulate membrane-receptor behavior.2 In addition,
n-3 PUFAs help regulate a large number of bodily functions in-
cluding inflammation, blood pressure, blood clotting, and proper
development and function of the nervous system.3,4

The majority of Western diets (WDs) contain significantly
higher levels of omega-6 than omega-3 fatty acids.5,6 The recom-
mended dietary ratio of (omega-6):(omega-3) fatty acid intake
has been suggested to be approximately 4:15; however, the WD
is typically associated with consumption in excess of a 15:1 ratio.5
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In parallel, increased levels of n-6 PUFAs and decreased levels
of n-3 PUFAs have been associated with elevated levels of proin-
flammatory eicosanoids, which can facilitate inflammatory and
autoimmune diseases.7

The importance of dietary n-3 PUFAs was first brought to
attention in an epidemiological study of Greenland Eskimos
conducted in the 1980s.8 When compared with their age- and
sex-matchedWestern European counterparts, the Eskimos had ex-
ceptionally low incidence rates of autoimmune and inflammatory
diseases such as diabetes mellitus type 1, bronchial asthma, mul-
tiple sclerosis, and psoriasis. Further observational studies done
with Greenland Eskimos9,10 suggested that consuming a diet high
in n-3 PUFAs could lead to lower rates of chronic inflammatory
diseases through alteration of eicosanoid precursors and modula-
tion of other pathways.

Studies done in animals have shown a direct relationship be-
tween increased cellular levels of EPA and DHA and their ability
to modulate proinflammatory mediators.11,12 Experimental stud-
ies in humans have corroborated these animal studies and have
provided evidence that suggests increased dietary intake of n-3
PUFAs EPA and DHA play a role in anti-inflammatory function
via alteration of the production of important proinflammatory ei-
cosanoids prostaglandin E2 (PGE2), thromboxane B2, and leuko-
triene B4 (LTB4) toward a more anti-inflammatory profile.13,14

Clinical trials done in humans have shown that increased n-3
PUFAs have resulted in beneficial outcomes for coronary heart
disease,15 obesity-related diseases,16 and rheumatic diseases.17–19

Previous meta-analyses or systemic reviews of fish oil in rheu-
matic diseases17–19 either concentrated on 1 particular rheumatic
disease or focused on significantly fewer studies than this review.
Examining multiple rheumatic diseases simultaneously offered
the opportunity to better discriminate between possible n-3 PUFA
mechanisms of action and comprehending differences in positive
clinical outcomes. In this article, we review literature on the effi-
cacy of the addition of fish oil supplementation alongside current
treatment regimens on the following rheumatic diseases: rheuma-
toid arthritis (RA), systemic lupus erythematosus (SLE), lupus ne-
phritis, and osteoarthritis (OA).

METHODS
A computerized PubMed database search was conducted to

retrieve articles for consideration utilizing the following search
strategy: the MeSH terms (Fatty acids, Fish oils or Omega-3)
AND (Rheumatoid arthritis or Lupus nephritis or Systemic lupus
erythematosus or Osteoarthritis or Rheumatic diseases). The search
identified 368 articles, of which 249 were on RA, 58 were on lupus
nephritis or SLE, and 61 were on OA.

Criteria for Article Inclusion
The following a priori criteria were required for article inclu-

sion: (1) randomized trial; (2) included control group consisting of
at least a placebo or multiple n-3 PUFA dosage arms; (3) parallel
or crossover design; (4) results for both placebo and treatment
groups reported at baseline and follow-up; (5) quantifiable, daily
f Clinical Rheumatology • Volume 23, Number 6, September 2017

mailto:cmohan@central.uh.edu
http://
http://
http://
www.jclinrheum.com


JCR: Journal of Clinical Rheumatology • Volume 23, Number 6, September 2017 Omega-3 Fatty Acids in Rheumatic Diseases
oral dosage amount of EPA or DHA or both; and (6) published in
full as a research article.

References of all retrieved articles were manually searched to
obtain further relevant articles to ensure completeness. A total of
335 articles were excluded for not meeting all of the aforemen-
tioned criteria. Excluded articles were primarily studies on ani-
mals or nonhuman species, deficient in study design, or lacking
daily oral dosage amounts of n-3 PUFAs. A separate search was
conducted for other rheumatic diseases, such as Sjögren syn-
drome, which yielded 0 articles that met all criteria. From this pro-
cess, a total of 33 articles were included in this review.
RESULTS

Impact of Fish Oil Supplementation on RA
At least 20 studies have been published on the role of fish oil

supplementation in RA.20–39 All studies were double-blind and
placebo controlled. Seventeen of these studies incorporated a par-
allel study design, whereas the remaining 3 studies utilized a
crossover design,26,36,38 as summarized in Table 1. The average
duration of fish oil intake ranged from 12 to 52 weeks. The
amount of n-3 PUFAs, EPA and DHA, ingested ranged from 0.2
to 4.6 g EPA daily and 0.2 to 2.1 g DHA daily. The clinical out-
comes that were measured in most studies included the following:
duration of early morning stiffness (EMS), hand grip strength
(GS), patient’s global assessment (PatGA), physician’s global as-
sessment (PhyGA), Physician’s Pain Index (PPI), Ritchie’s Artic-
ular Index (RAI), swollen joint count (SJC), tender joint count
(TJC), and joint pain intensity. Nonsteroidal anti-inflammatory
drug (NSAID) use was also monitored as a possible outcome in
5 of the studies.21,23,29,30,33

All but 1 of the studies20 measured at least 1 clinical outcome.
One study20 solely measured oxidative stress biomarker levels. In
16 of the studies,21,22,24,26–29,31–39 dietary n-3 PUFA intake re-
sulted in the improvement of at least 2 clinical measures, as listed
in Table 1. Three studies reported no improvements in the clinical
parameters associated with RA23,25,30; however, in 2 of the stud-
ies,23,30 NSAID usage was significantly reduced in some patients.
Furthermore, in 6 studies, at least 4 clinical outcomes improved
(Table 1). The most common improved outcome for the fish oil
group was a decrease in TJC, with 10 studies reporting favorable
results. The second most common improved outcome was a de-
crease in the duration of EMS, with 8 studies reporting favorable
results. Some additional notable improved outcomes included de-
crease in SJC in a total of 7 studies and improvement in PhyGA
in 6. Nonsteroidal anti-inflammatory drug usage was reduced in
all 5 of the studies where it was monitored.21,23,29,30,33

In 3 of the 20 studies, at least 1 measured outcome demon-
strated a favorable response in the control group.32,33,39 In the re-
maining 17 studies, no statistically significant changes were noted
in the baseline outcomes of the control group.

Examination of Individual Studies

NSAID Reduction
Nonsteroidal anti-inflammatory drugs inhibit the cyclooxy-

genase (COX) pathway and act as potent anti-inflammatory agents;
however, because of the possibility of adverse effects, they are of
limited use.40,41 The 2 major COX pathways that have been dis-
covered are the constitutively expressed COX-1 and the cytokine
inducible COX-2. Evidence suggests that NSAID toxicity is
caused by inhibition of the COX-1 pathway at the site of inflam-
mation.42,43 In all 5 of the studies that monitored NSAID usage as
an outcome,21,23,29,30,33 there was a reduction in NSAID intake
© 2017 The Author(s). Published Wolters Kluwer Health, Inc.
among certain patient groups during and after the trial. This sug-
gests that n-3 PUFAs could act as an anti-inflammatory agent and
be of potential use in curtailing inflammation in RA.

Geusens et al.29 in 1994 conducted a study with 90 patients
whowere split in 3 different groups: “low dose,”which consumed
0.8 g EPA, 0.2 g DHA, and 3 g olive oil daily; “high dose,”which
consumed 1.7 g EPA and 0.4 g DHA daily; and a “control,”which
consumed 6 g of olive oil daily. The only group to exhibit statisti-
cally significant changes in outcomes was the high-dose group, in
which clinical improvements in the following areas were ob-
served: PatGA, PPI, and a significant reduction in NSAID usage.
The use of olive oil as placebo in this study could have lessened
the apparent effects of EPA/DHA, as olive oil itself may have
anti-inflammatory properties. Of note, oleic acid, the main compo-
nent of olive oil, may compete with arachidonic acid (AA) for in-
corporation into phospholipids.44 In both Lau and colleagues’30

and Sköldstam and colleagues’33 studies, patients were also able
to significantly lower NSAID use compared with the placebo
group. In addition, Sköldstam et al. reported clinical improve-
ments in 4 different clinical readouts: GS, PhyGA, RAI, and TJC.

In 2013, Park et al.23 reported a study in which NSAID usage
was significantly decreased in patients with a weight greater than
55 kg. The 16-week study incorporated 2 groups (n = 81); the fish
oil group received 2.09 g of EPA and 1.165 g of DHA daily, and
the placebo group received high-oleic-acid sunflower oil. As op-
posed to the other studies, fish oil supplementation did not result
in improvement of clinical indicators of RA. Interpretation of this
study has to factor in the fact that patients from both groups in this
study also consumed an average of 60 g/d of fish as part of their
diet. As n-3 PUFAs are primarily derived from marine-based
sources,1 there is a very high possibility that participants were al-
ready saturated with EPA and DHA, and as a result, no additional
benefits were observed.

Rajaei et al.21 in 2015 conducted a 12-week study with
60 patients with a diagnosis of early-onset RA (<6 months) who
were undergoing similar disease-modifying antirheumatic drug
(DMARD) treatment. Patients were split into 2 groups: the omega-3
capsule group, who consumed 1.8 g EPA and 2.1 g DHA daily,
and the placebo group. At the end of the study, significant clini-
cal improvements in the following 7 areas were observed for the
omega-3 group: morning stiffness, patient’s global assessment,
severity of pain, PhyGA, the number of swollen joints, the number
of tender joints, and physical function. In addition, the omega-3
group was also able to reduce concomitant analgesic drug con-
sumption (72% reduction vs. 8.33% in control). The results of this
trial indicate that use of omega-3 supplements alongside the stan-
dard DMARD treatment can help manage the common symptoms
of RA as defined by DAS28 (Disease Activity Score in 28 joints),
in addition to lowering the need for analgesics.

Overall, these studies lend support to a potential link between
fish oil supplementation and NSAID usage reduction, possibly due
to n-3 PUFAs (EPA and DHA) serving an anti-inflammatory role.

Crossover Studies
Three of the studies reviewed incorporated a crossover study

design.26,36,38 In 1987, Kremer et al.38 reported significant clinical
improvements, such as improved American Rheumatology Asso-
ciation class and PhyGA and decreased SJC and TJC and time
to fatigue. Thirty-three patients with active RA were split into 2
groups; 1 group initially started with 2.7 g EPA and 1.8 g DHA
daily for 14 weeks, whereas the other group simply took placebo.
In addition to the clinical improvements, LTB4 values were dis-
covered to be below baseline values in the group who ingested
fish oil initially, for as long as 18 weeks after fish oil intake
was stopped. This could have resulted in the continued clinical
www.jclinrheum.com 331
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improvements that were observed in both groups after fish oil sup-
plementation was stopped. This serves as a reminder that while
conducting a crossover study, one must be careful to extend the
washout (WO) period to allow the LTB4 levels and subsequent ef-
fects on the immune system to normalize.

Van der Tempel et al.36 conducted a study incorporating a
similar design as Kremer et al.38 Sixteen patients with RA were
split into 2 groups, with the first group receiving 2.04 g EPA
and 1.32 g DHA daily for 12 weeks and the second group receiv-
ing a coconut oil placebo. After 12 weeks, both groups switched
and took the opposite of what they initially received; there was
no WO phase. Statistically significant improvements were ob-
served for EMS and TJC. Leukotriene B4 levels were observed
to decrease below baseline, and LTB5 exhibited a slight increase
(from undetectable to slightly detectable). In addition, 4 to 8weeks
after fish oil discontinuation, LTB5 levels were undetectable
again. In contrast, in the 1987 study by Kremer et al.,38 levels of
LTs were altered for up to 18 weeks.

In the final and most recent crossover study done by Adam
et al.,26 68 patients with definitive RA were split into 2 groups.
One groupwould remain on an anti-inflammatory diet (AID), pro-
viding an AA intake of less than 90 mg/d, and the other group
would remain on a normal WD for the duration of the study.
The placebo was 1 g of corn oil, and the fish oil supplementation
was 30 mg fish oil (3.84 mg EPA and 0.843 mg DHA) per kilo-
gram of body weight. After 12 weeks and an additional 8 weeks’
WO period, both groups would cross over. There was an overall
improvement in SJC and TJC,with the AID fish oil group improv-
ing the most. The greatest improvements were seen duringmonths
6 to 8 for the AID group on fish oil supplementation. This time
delay could be due to the slow accumulation of EPA into the
cell membranes compared with n-6 PUFAs.45 Although there
was an increase in the EPA:AA ratio for the WD fish oil group,
the EPA:AA ratio was significantly higher in the AID fish oil sup-
plementation group. Because the WO phase was 8 weeks, this
allowed biochemical levels to normalize for both groups and most
likely had no effect on clinical outcomes.

Recent Studies
Proudman et al.22 conducted a 52-week study with 182 patients

with early-onset RA (<12 months) whowere also DMARD naive.
The high-dose group received 5.5 g of EPA/DHA daily, while the
control group received 400 mg EPA/DHA daily. The primary out-
come measure was failure of triple DMARD therapy. Both groups
received a “triple” regimen of DMARDs, which was adjustable
based on an algorithm that was responsive to disease activity
and tolerability/toxicity, which allowed for the extent of DMARD
use to be an outcomemeasure. Fish oils were associated with ben-
efits additional to those achieved by combination “treat to target”
DMARDs with similar MTX use. Patients in the high-dose group
had a significantly lower time to ACR remission compared with
the control, in addition to reduced failure of triple DMARD treat-
ment. There were no differences between groups in MTX dose,
DAS28, or modified Health Assessment Questionnaire scores.
The findings of this 52-week trial are significant: it has allowed
long-term evaluation of fish oil usage adjunctive to contemporary
early RA treatment regimens.

In 2016, Vasiljevic et al.20 evaluated the oxidative status in
patients with RAwho used concentrated fish oil alone or concen-
trated fish oil in combination with evening primrose oil for a pe-
riod of 12 weeks. Patients were divided into 3 groups: group 1
was the placebo, group 2 was given 0.2 g EPA and 0.3 g DHA
daily, and group 3 was given 0.4 g EPA, 0.6 g DHA, and evening
primrose oil capsules (1300 mg primrose oil, 0.949 mg linoleic
acid, and 0.117 mg γ-linolenic acid) daily. After 3 months, the
www.jclinrheum.com 333
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results for group 2 revealed a significant increase in plasma levels
of thiobarbituric acid reactive substances (TBARSs), NO2−, and
glutathione (GSH) levels in erythrocytes, as well as a decrease
in plasma hydrogen peroxide (H2O2) levels. For group 3, there
was a significant increase in TBARS and NO2−, as well as in-
creased activity of superoxide dismutase (SOD) and decreased
levels of H2O2. Increased oxidative burden has been well impli-
cated in RA.46 Increased reactive oxygen species have been asso-
ciated with increased oxidative burden in autoimmune diseases,
leading to neutrophil degranulation, which can release a plethora
of harmful enzymes and peptides.46 Several processes, such as
TBARS, H2O2, SOD, and GSH, have shown to protect the body
from reactive oxygen species.47 The results of this study indicate
that intake of fish oil and evening primrose oil may be important
to mitigate inflammation, disease activity, and biomarkers of oxi-
dative stress through increased activities of antioxidant enzymes.

One study48 utilized an alternate route of n-3 PUFA adminis-
tration and was therefore excluded from the final study count. The
20-week study, in which n-3 PUFAs were intravenously infused
into 23 patients, reported improvements in SJC and TJC for the
n-3 PUFA group.

No adverse effects that could be attributable to fish oil sup-
plementation were reported in any of these studies.

Impact of Fish Oil Supplementation on SLE
There have been at least 9 studies49–57 conducted on the ef-

fect of fish oil supplements on either SLE or lupus nephritis. Stud-
ies are placebo controlled and single-49,50 or double-blind,51–53

double-blind and crossover,54–56 or a WO study,57 as summarized
in Table 2. The number of subjects in each trial ranges from 12 to
85 patients, whereas the duration of fish oil supplementation
ranged from 10 to 52 weeks. The amount of n-3 PUFA intake
ranged from 0.54 to 3.60 g EPA and 0.30 to 2.25 g DHA per
day. To quantitatively test outcomes, researchers assessed various
serum and plasma components and used disease activity scales
and scores. Some of the measured outcomes included the follow-
ing: BILAG (British Isles Lupus Activity Group), SLAM-R score
(Systemic Lupus Activity Measure—Revised), and SLEDAI
(Systemic Lupus Erythematosus Disease Activity Index), all 3
of which were used to measure overall disease activity; RAND
SF-36 (Short-Form survey; a measure of overall patient well-
being), flow-mediated dilation (measure of endothelial function),
high-density lipoprotein (HDL), very-low-density lipoprotein (VLDL),
total cholesterol levels, plasma interleukin (IL), erythrocyte sedi-
mentation rate (ESR), and EPA and DHA levels.

Overall, 5 of the 7 SLE studies indicated that fish oil supple-
mentation modified and improved disease activity.49,50,52,53,55

One of the studies51 reported no significant improvements. Another
study56 reported improved clinical parameters at the 3-month as-
sessment time point; however, by trial conclusion at 6 months,
the improvements retreated to baseline. One study,54 focusing
only on lupus nephritis patients, reported no significant improve-
ments in disease activity. There was 1 study57 that studied both
nonnephritic SLE patients and lupus nephritis patients, reporting
significant improvements in a number of measured serum and
plasma markers.

Examination of Individual Studies

Lupus Nephritis Studies
Clark et al.5457 conducted 2 different studies: the 1989

study57 investigated the effect of n-3 PUFAs in patients with
SLE and lupus nephritis, whereas the 1993 study54 was focused
solely on lupus nephritis. The 1989 study57 exhibited a positive
334 www.jclinrheum.com
dose-dependent relationship between dietary fish oil supplemen-
tation and measured clinical outcomes. All 12 patients underwent
2 different dose treatments: 1.08 g EPA and 0.72 g DHA daily for
5 weeks, a 5-week WO, followed by 3.24 g EPA and 2.16 g DHA
daily for 5 weeks. Data show a significant dose-dependent incor-
poration of EPA and DHA in platelet membranes and reduction of
mean blood viscosity. Mean red blood cell flexibility exhibited a
nonsignificant dose-dependent increase. Based on measurements
of neutrophil LTB4 release, blood viscosity, and lipid levels, fish
oil supplementation favored a decrease in inflammatorymicrovas-
cular disease in patients with lupus nephritis. On the other hand,
the 1993 study54 focusing solely on patients with lupus nephritis
reported how fish oil supplementation only altered lipid levels
but did not improve renal function. The treatment period lasted
2 years. Proteinuria, serum creatinine, and glomerular filtration
rate levels, as well as mean SLEDAI scores, were unaffected.
However, fish oil supplements lowered triglyceride levels and
VLDL cholesterol significantly.

Other Fish Oil Studies in SLE
Five of the 7 SLE studies reported significant improvement

in at least 1 measured parameter in those who consumed fish oil
supplements,49,50,52,53,55 whereas 2 of the 7 studies51,56 reported
no clinically significant improvements. Multiple studies used
commonly adopted measures to determine disease activity or fa-
tigue, including BILAG, SLAM-R, SLEDAI, and RAND SF-36.

Arriens et al.49 evaluated treated patients using RAND SF-36,
Fatigue Severity Scale (FSS), SLEDAI, and PhyGA. Fifty patients
were given 2.25 g EPA and 2.25 g DHA per day for 6 months.
SF-36 scores, in which patients self-report quality-of-life measures,
showed an improvement trend, whereas PhyGA significantly im-
proved in the fish oil group. However, FSS and SLEDAI scores in
the fish oil group showed no improvement. For biomarker assess-
ments, ESR was used as an indication of systemic inflammation,
which significantly decreased in the fish oil group. From the cyto-
kines assessed, serum IL-12 levels decreased, whereas serum
IL-13 levels increased in the fish oil group.

On the other hand, another study50 did report improvement in
SLEDAI. Lozovoy and colleagues’50 study tested the effect of fish
oil supplementation on adiponectin and leptin in an attempt to de-
crease the risk of cardiovascular disease (CVD) in SLE patients.
The SLEDAI scores significantly decreased in patients on fish
oil, accompanied by an increase in adiponectin levels and a de-
crease in leptin levels. Reduced levels of adiponectin and elevated
leptin levels may be associated with CVD in SLE patients.58

In 2013, Bello et al.51 conducted a 12-week study to deter-
mine the efficacy of n-3 PUFAs on endothelial function, disease
activity, lipid profile, and inflammatory markers in SLE patients.
At the conclusion of the study, no significant improvements were
reported. However, 1 potential drawback of this study is its short
duration. In contrast, Wright et al.,52 in a similarly designed study,
reported significant improvements in disease activity at 12 weeks.
In Wright and colleagues’52 study, 60 patients with SLE were
given 1.8 g EPA and 1.2 g DHA daily for 24 weeks to assess over-
all SLE disease activity and endothelial function. The fish oil
group reported significant improvement in SLAM-R score,
BILAG scores, and platelet 8-isoprostane levels.

In another 2 studies, fish oil was paired with copper or vita-
min A and vitamin D supplements.53,55 Duffy and colleagues’53

study attempts to determine the effect of fish oil supplements
with or without copper on disease activity in SLE patients. The
SLAM-R scores significantly declined in patients taking fish oil
compared with placebo, but no significant effect was noted in pa-
tients taking copper. Biomarker assessments were unaffected. In a
study byWalton et al.,55 patients on a low-fat, high-marine-oil diet
© 2017 The Author(s). Published Wolters Kluwer Health, Inc.
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were tested. It is important to note that because of the low-fat diet,
patients were directed to consume 1 vitamin supplement every
day, which consisted of 4000 IU vitamin A and 400 IU vitamin D.
To assess disease activity and patient health, researchers analyzed
red blood cell content and established a set of criteria for each pa-
tient based on their individual clinical state. With the exception of
1 patient, all showed an increase in red blood cell EPA concentra-
tion. In addition, patients receiving the maximum fish oil dosage
did significantly better than did those taking control capsules.

One study49 reported occasional gastrointestinal discomfort
and burping, whereas fish oil supplements were well tolerated in
all the other studies.

The trials reviewed consist of several positive-outcome clin-
ical trials that have been conducted on lupus patients that present
some evidence of a short-term beneficial role of n-3 PUFA intake;
however, the studies available for lupus are not yet sufficient to
fully evaluate the efficacy of n-3 PUFA consumption in this cohort
of patients. Lengthier trials, of up to a decade in length, with larger
patient cohorts need to be conducted to establish any long-term
benefits. A limiting aspect of many SLE studies is that multiple
confounding factors such as medications in use, infections, and
disease activity have not been properly controlled for.
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Impact of Fish Oil Supplementation on OA
We reviewed a total of 4 studies in OA,59–62 all of which in-

cluded only patients experiencing active OA, as summarized in
Table 3. With limited amount of trials conducted along with vary-
ing study design and implementation protocols, the effect of fish
oil supplementation in OA is inconclusive. More well-designed
trials need to be conducted to fully evaluate any potential benefits
that fish oils may have in OA patients.

However, the trials presented report noteworthy results.
There was a large range of trial durations, from 12 to 104 weeks,
with the number of patients ranging from 81 to 202. Outcomes
were measured inWestern Ontario andMcMaster Universities Ar-
thritis Index (WOMAC) scores,59–61 visual analog scale scores,60,62

and NSAIDs/analgesics usage.61,62 Three studies60–62 were double-
blind and placebo controlled, and 1 study59 was only double-blind.
Three of the 4 trials resulted in decreased WOMAC scores,59–61

along with partial pain improvement. One study61 reported de-
creased NSAID/analgesic usage. Another study62 reported no
significant improvements.

No adverse effects attributable to fish oil supplementation
were reported in any of these studies.
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Overview of Mechanisms of Action
Omega-3 fatty acids modulate inflammation through a vari-

ety of mechanisms, with most associated through alteration of
the PUFA composition of cell membranes. Changes in the PUFA
composition ofmembranes can influence membrane receptors, in-
hibit the production of proinflammatory cytokines, and modify
the synthesis of lipid mediators. Because both n-6 PUFAs (AA)
and n-3 PUFAs (EPA/DHA) can constitute the cell membrane,
levels of each respective PUFA can be modified through dietary
intake.63–70 Eicosanoids, which include LTs, PGs, and thrombox-
anes, are primarily derived from AA and EPA and are crucial
mediators and regulators of inflammation.66 Arachidonic acid–
derived eicosanoids tend to be proinflammatory, whereas EPA-
derived eicosanoid products have anti-inflammatory roles.64,66–69

Thus, altering the PUFA composition of the cell membrane can
lead to a modified production pattern of eicosanoid derivatives
and inflammatory mediators and can ultimately influence the ex-
tent of the inflammatory response.67
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When diets are supplemented with fish oil, n-3 PUFAs begin
to partially replace n-6 PUFAs as a substrate in the membrane
composition of most cells.63 Competition occurs between n-3
and n-6 PUFAs during PG and LT formation. Under normal cir-
cumstances, most inflammatory cells contain significantly higher
amounts of AA compared with EPA, and AA becomes the pri-
mary substrate for eicosanoid production; however, this changes
with fish oil consumption as EPA levels increase.64 Arachidonic
acid competes with EPA for the synthesis of PGs and LTs via
the lipoxygenase and COX pathway.64,65 A study was done to ex-
amine the inflammatory potentials of LTB4 (produced by AA)
and that of LTB5 (produced by EPA). LTB5 was found to be from
10 to up to 100 times less potent as a neutrophil chemotactic agent
compared with LTB4 and thus a much weaker inflammatory
agent.70 Unfortunately, only a few of the studies in rheumatic
diseases26,34,36–38,57 actually monitored these products, with all
reporting a reduction in LTB4 with fish oil supplementation.

Inhibition of Proinflammatory Cytokines Tumor
Necrosis Factor and IL-1

Tumor necrosis factor (TNF) and IL-1 are key proinflamma-
tory cytokines implicated in several inflammatory diseases.71 In
studies conducted with animals, increasing the dietary intake of
n-3 PUFAs via fish oil supplementation in mice resulted in the
decrease in ex vivo synthesis of TNF and IL-1B by macro-
phages.12,72 Increased n-3 PUFA intake has also been implicated
to suppress the ability of monocytes to synthesize IL-1 and TNF
in healthy individuals via endotoxin-stimulated monocytes.71,73

Although fish oil supplementation has been shown to reduce the
levels of these proinflammatory cytokines in other fields of
study,74 none of the trials described in rheumatic diseases have
monitored these cytokines. Clearly, future studies should also
examine the molecular mechanisms through which fish oil sup-
plementation may be contributing to the modulation of inflamma-
tion in rheumatic diseases.

Additional Benefits of Omega-3 Fatty Acids
The protective effects of n-3 PUFAs extend outside rheu-

matic diseases. Increased consumption of n-3 PUFAs in CVD pa-
tients has been implicated in reduced serum triglyceride levels and
improved HDL and low-density lipoprotein levels.75 This mecha-
nism could be implicated in a meta-analysis study,15 which found
that n-3 PUFA intake can lead to a considerable reduction in
mortality for patients with coronary heart disease. Since a strong
association between the presence of coronary heart disease and in-
creased inflammatory markers was established,76 increasing n-3
PUFA intake could reduce the cardiovascular risk in rheumatic
disease via decrease in serum lipid levels and reduction of shared
inflammatory markers of both diseases.

In addition, n-3 PUFAs influence membrane fluidity and reg-
ulate membrane-receptor behavior.63 Thus, increased n-3 PUFAs
have been associated with maintaining optimal membrane fluidity
and allowing for proper neurotransmitter signaling and binding.77

This suggests a possible mechanism for a study in which n-3
PUFA supplementation resulted in improvements for patients with
bipolar disorder, reducing the risk of relapse.78 A meta-analyses
also found n-3 PUFAs to have a positive effect on patients with
major depressive disorder.79

In general, increased n-3 PUFAs have shown to have a posi-
tive impact outside rheumatic diseases through a wide range of
proposed mechanisms. Further studies need to be conducted
© 2017 The Author(s). Published Wolters Kluwer Health, Inc.
to establish a better understanding of the molecular mechanisms
of action.

CONCLUSIONS
The majority of PUFAs consumed in the modernWD are n-6

PUFAs, drastically outranking n-3 PUFA intake. Ample evidence
indicates that increased EPA/DHA levels can modify the produc-
tion of eicosanoids, toward a more anti-inflammatory profile. This
competition most likely occurs as both AA and EPA compete as
substrates for the COX and lipoxygenase pathways for eicosanoid
production. Given the importance of these pathways in rheumatic
diseases, one would predict that EPA/DHA would be beneficial
in various rheumatic diseases. Several positive-outcome clinical
trials in RA present good evidence for the beneficial role of
omega-3 fatty acid intake. In addition, there are several short-
term positive-outcome clinical trials that have been conducted
on lupus patients; however, lengthier trials, of up to a decade or
more, with greater cohort size and control for multiple confound-
ing factors need to be conducted to establish any long-term bene-
fits. Conversely, the evidence is inconclusive on the role of fish oil
supplementation in OA, with limited data and few published stud-
ies being available. Finally, fewor no trials have been conducted in
other rheumatic diseases. Longer-term trials are warranted to es-
tablish the long-term benefits of fish oil supplements in the differ-
ent rheumatic diseases. Besides establishing the impact of fish oil
supplementation on clinical activity indices, it would also be im-
portant to test the NSAID-sparing and steroid-sparing potential
of fish oil supplements. Another open area for investigation is
whether EPA and DHA may have differential impacts on the car-
diovascular and neurological manifestations associated with rheu-
matic diseases, respectively. Finally, the molecular mechanism of
action through which fish oil supplements may modulate autoim-
mune inflammation warrants further study.
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