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Reduction of Cardiovascular Risk Factors with
Longterm Fish Oil Treatment in Early Rheumatoid
Arthritis
LESLIE G. CLELAND, GILLIAN E. CAUGHEY, MICHAEL J. JAMES, and SUSANNAM. PROUDMAN

ABSTRACT. Objective. Rheumatoid arthritis (RA) is associated with increased risk for cardiovascular (CV) events
through multiple factors. Fish oil has been shown to reduce symptoms in RA and to reduce CV risk. We
assessed the effect of an antiinflammatory dose of fish oil on CV risk factors within a program of com-
bination chemotherapy for patients with early RA.
Methods. Patients who chose not to take fish oil (n = 13) were compared with patients who achieved a
sustained elevation of eicosapentaenoic acid (EPA) in plasma phospholipid fatty acids (> 5% total fatty
acids) while taking fish oil over a 3-year period (n = 18). We examined cellular content of arachidonic
acid (AA), synthesis of thromboxane A2 and prostaglandin E2, use of nonsteroidal antiinflammatory
drugs (NSAID), traditional CV lipid risk factors, and disease activity at 3 years.
Results. At 3 years, AA (as a proportion of AA plus long-chain n-3 fatty acids that can compete with
AA for cyclooxygenase metabolism) was 30% lower in platelets and 40% lower in peripheral blood
mononuclear cells in subjects taking fish oil. Serum thromboxane B2 was 35% lower and lipopolysac-
charide-stimulated whole-blood prostaglandin E2 was 41% lower with fish oil ingestion compared to no
fish oil. NSAID use was reduced by 75% from baseline with fish oil (p < 0.05) and by 37% without fish
oil (NS). Favorable changes in fasting blood lipids were seen with, but not without fish oil. Remission
at 3 years was more frequent with fish oil use (72%) compared to no fish oil (31%).
Conclusion. Fish oil reduces cardiovascular risk in patients with RA through multiple mechanisms. 
(First Release Aug 1 2006; J Rheumatol 2006;33:1973–9)
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The symptomatic benefit of fish oil in rheumatoid arthritis
(RA) is well established1-4. This symptomatic response can be
explained by the inhibitory effect of fish oil upon synthesis by
the cyclooxygenase (COX) pathway of nociceptive eicosan-
oid prostaglandin E2 (PGE2)5,6, which mediates pain experi-
enced when inflamed joints are subjected to stretch and pres-
sure during everyday activities. A similar biochemical and
symptomatic effect is achieved with nonsteroidal antiinflam-
matory drugs (NSAID), which, like the long-chain n-3 fatty
acids (also known as omega-3 fats) eicosapentaenoic acid
(EPA; C20:5n-3), docosapentaenoic acid (DPA; C22:5n-3),
and docosahexaenoic acid (DHA; C22:6n-6) found in fish oil,
inhibit metabolism of arachidonic acid (AA; 20:4n-6) by

COX7,8. NSAID have a clear advantage in short-term efficacy
compared to fish oil, with which symptomatic benefit can be
delayed up to 3 months. However, this delay is acceptable in
longterm therapy, where fish oil may allow NSAID to be
withdrawn or reduced2,9-11.

Unlike NSAID, fish oil has not been associated with seri-
ous upper gastrointestinal complications and has been shown
to reduce cardiovascular (CV) risk through multiple mecha-
nisms12. The CV benefits of fish oil have achieved greater
import following the observations of increased risk for serious
CV events, first seen with COX-1-sparing NSAID but now
considered to be, to some degree, an unwanted effect of
NSAID generally13,14. This propensity to CV risk with
NSAID is especially problematic in patients with RA, where
disease activity appears to increase CV risk15,16. However,
published studies of fish oil in RA have been relatively short-
term, most studies being 3 to 6 months in duration and only 2
studies extending to 12 months17. We examined biochemical
markers relevant to inflammatory symptoms and CV risk in
patients with RA following advice to take an antiinflammato-
ry dose of fish oil over a 3-year observation period. The inves-
tigation took place within the context of a contemporary pro-
gram of early introduction of combination chemotherapy for
recent onset RA.

 www.jrheum.orgDownloaded on April 10, 2024 from 

http://www.jrheum.org/


MATERIALS AND METHODS
Patients attending the Royal Adelaide Hospital Early Arthritis Clinic were
recruited to the study with their written informed consent. All subjects were
over 18 years old, fulfilled the American College of Rheumatology (ACR)
criteria for RA18, and had symptoms for less than 12 months at baseline. The
treatment was open-label and undertaken according to predefined rules that
specified the agents to be used, their order of introduction, and dosage adjust-
ment, withdrawal and substitution according to measures of disease activity
and unwanted effects. Details of this program will be published separately
(Proudman SM, et al unpublished observations). Briefly, patients were treat-
ed at the outset with the combination of methotrexate (MTX), hydroxy-
chloroquine, and sulfasalazine (unless sulfonamide-intolerant) and given
advice to take bottled fish oil daily on juice in order to provide 4 to 4.5 g EPA
plus DHA daily. The fish oil was from Berg LipidTech (Aalesund, Norway)
and was obtained either directly or through Melrose Laboratories (Mitcham,
Victoria, Australia). Patients unwilling or unable to take bottled fish oil were
advised to take the equivalent dose of fish oil as capsules (7 × 1 g capsules
twice daily). When disease suppression criteria were not fulfilled, doses of
sulfasalazine then MTX were increased, followed by sequential addition of
leflunomide and gold sodium thiomalate. Oral glucocorticoids were not used,
but intraarticular or intramuscular steroid injection was allowed if required
for prompt control of symptoms. Paracetamol was recommended for first-line
analgesia. An NSAID was allowed as second-line analgesia for symptomatic
relief if required. All medications used were recorded in questionnaires and
case files. Clinical review was 3 to 6-weekly initially and in the event of a dis-
ease flare. Patients with well controlled disease were assessed 3-monthly.
Analyses are confined to patients who had completed at least 3 years of treat-
ment.

The study was approved by the Royal Adelaide Hospital Research Ethics
Committee.
Plasma and cell separation. NSAID were stopped at least 10 plasma half-
lives before the whole-blood assay for eicosanoid synthesis. Paracetamol was
not taken from the day prior to the assay. Peripheral venous blood samples (up
to 40 ml total) were collected; 9 ml was added to Vacuette tubes (Greiner Bio-
One, Canberra, Australia) containing EDTAand centrifuged at 320 g to obtain
the plasma. The erythrocyte pellet was washed in normal saline. Another 20
ml of blood was added to tubes containing saline 4 ml with EDTA 4.5% (wt
by vol) and 4 ml dextran (6% wt by vol) in saline. Erythrocytes were allowed
to settle at 37°C for 30 min. The red cell-depleted blood was layered onto
Lymphoprep (Nycomed Pharma, Oslo, Norway) and centrifuged at 110 g for
10 min to separate leukocytes from platelets. The platelet-rich supernatant
was removed and treated with hypotonic saline to lyse contaminating ery-
throcytes. Platelets were then washed in normal saline. After further centrifu-
gation at 200 g for 20 min, the peripheral blood mononuclear cell (PBMC)
fraction was removed from the interface of the Lymphoprep gradient and
washed in normal saline. Plasma and washed cell fractions were stored at
–80°C until processing for fatty acid analysis.
Fatty acid analysis. Erythrocyte, platelet, and PBMC fractions were
processed for fatty acid analysis as described6. Briefly, total lipids were
extracted in chloroform-methanol. Phospholipids were isolated by thin-layer
chromatography and transesterified by methanolysis. The fatty acid methyl
esters were separated by gas liquid chromatography (Hewlett-Packard 5890,
Hewlett-Packard, Palo Alto, CA, USA) and quantified using a flame ioniza-
tion detector, with identification based on retention times of authentic stan-
dards. The erythrocyte omega-3 index of CV risk was computed as
described19.
Whole-blood assay for eicosanoid synthesis. A whole-blood assay was used
to measure synthesis of COX-1-derived thromboxane A2 (TXA2) and COX-
2-derived prostaglandin E2 (PGE2) essentially as described6, with minor mod-
ifications. Briefly, 5 ml blood was collected into a plain tube and allowed to
clot at 37°C for 60 min. Serum was separated by centrifugation and stored at
–80°C until assay for TXB2, the stable metabolite of TXA2. Another 5 ml
blood was collected into an Vacuette tube containing EDTA and incubated at
37°C with lipopolysaccharide (LPS) at a final concentration of 200 ng/ml for

24 h. Plasma was then taken and stored at –80°C until assay for PGE2.
Radioimmunoassay was used for TXB2 and PGE2 analyses6.
Clinical assessment. For each visit, patients were required to complete a dis-
ease activity questionnaire developed by Pincus, et al20. Minor modifications
were made to capture additional details of interest, including fish oil intake.
Fields within the form include a modified Health Assessment Questionnaire
(mHAQ), visual analog scores for pain, disease activity and fatigue, and
details of medications and unwanted events. Joints were examined for ten-
derness and swelling using a proforma examination sheet. Choice of 28 joints
for scoring tenderness and swelling and the formula for computing Disease
Activity Score (DAS) were according to European League Against
Rheumatism (EULAR) criteria. Plasma triglycerides and cholesterol fractions
were determined on fasting samples using routine assay procedures at the
Clinical Chemistry Laboratory, Institute of Medical and Veterinary Sciences,
Adelaide.
Statistical analysis. Results are presented as mean ± SD, unless otherwise
stated. Statistical analyses were performed using GraphPad InStat®. Fisher’s
exact test was used to analyze nonparametric data.

RESULTS
Defining groups for non-use and regular use of fish oil.
Questionnaire and plasma fatty acid data were informative
with regard to fish oil use. Of 73 patients fulfilling entry and
duration of followup criteria, 13 patients either declined fish
oil entirely or took a single dose and chose not to continue.
Their plasma phospholipid fatty acids, which were assayed 3-
monthly for 12 months then 6-monthly, did not change from
baseline during the 3-year observation period (EPA as per-
centage total fatty acids: baseline 1.0 ± 0.4; 3-yr 0.9 ± 0.3;
Table 1). Of the remainder, 18 patients were found to have
plasma EPA > 5% of total plasma phospholipid fatty acids
throughout the study period; they had recorded regular fish oil
intake at the recommended dose. The mean EPA in this group
increased from 1.2 ± 0.5% of phospholipid fatty acids at base-
line to 8.2 ± 1.7% at 3 years (Table 1). For the purpose of the
study, the 2 groups were regarded as being nonusers (No fish
oil group) or fully compliant users (Fish oil group), respec-
tively. Although the remaining 42 patients stated they took
fish oil, in some this was intermittent and some chose to take
fish oil capsules, generally at doses less than equivalent to the
recommended dose of bottled fish oil. These patients with
intermediate fish oil ingestion were not included in this inves-
tigation of vascular risk factor. The salient clinical character-
istics, including disease activity and NSAID use, of the No
fish oil group and the Fish oil group were similar at baseline
(Table 2).
Cell membrane AA, competitor n-3 fatty acids, and eicosanoid
synthesis. After 3 years of regular fish oil use, the n-6 fatty
acid, AA, decreased whereas the n-3 fatty acids EPA, DPA,
and DHA increased in platelet and PBMC phospholipids (data
not shown). The three n-3 fatty acids compete with AA for
metabolism to eicosanoids by COX. Thus, the relative avail-
ability of AA substrate for COX can be expressed as a per-
centage of the sum proportions of AA+EPA+DPA+DHA in
the cellular phospholipids. In between-group comparisons at 3
years, this index of AA availability for eicosanoid synthesis
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was 30% lower in platelets and 40% lower in PBMC of the
Fish oil group compared to the No fish oil group (Figure 1).
There was a corresponding difference in serum TXB2, which is
produced through platelet COX-1, with the mean 35% lower in
the Fish oil group (p < 0.01) (Figure 1). Similarly, PGE2 pro-
duced via PBMC COX-2 in LPS-stimulated whole blood was
41% lower in the Fish oil group (p < 0.01; Figure 1).
NSAID use. NSAID use was determined from the question-
naires and patients were classified as NSAID users if they
recorded taking an NSAID at any time during the third year of
the study. NSAID use was lower at 3 years in the Fish oil
group than in the No fish oil group (22% vs 54%; p < 0.05,
between-group comparison). Discontinuation of NSAID in
75% of those taking NSAID at baseline in the Fish oil group
was significant (p < 0.01, within-group comparison), whereas
the discontinuation by 37% of NSAID users in the No fish oil
group was not significant. A significant difference in use of
other agents was not seen.

Lipid CV risk factors. Favorable differences in plasma triglyc-
erides, HDL cholesterol, and total cholesterol/HDL ratio were
seen in the Fish oil group at 3 years compared to baseline and
compared to the No fish oil group (Table 3). LDL cholesterol
did not change. All patients in the Fish oil group had an ery-
throcyte omega-3 index above the threshold for low risk19,
whereas none achieved this level in the No fish oil group
(Table 3).
Effect of fish oil on disease control. Because persisting disease
activity is also a risk factor for CV disease, comparisons were
made between the 2 groups. As expected with a cohort of
patients receiving intensive combination therapy for early RA,
significant improvements were seen in both individual and
composite measures of disease activity in both groups (Table
4). Comparisons between groups at 3 years favored the fish
oil-compliant group for mHAQ score, tender joint count, ery-
throcyte sedimentation rate, and DAS28 (p < 0.05), with the
exceptions being swollen joint score and C-reactive protein,
where substantial reductions from baseline were seen in both
groups (p < 0.01). The proportion in remission at 3 years was
greater in the fish oil-compliant group (72% vs 31%; p <
0.05).

DISCUSSION
Defining groups with regard to nonuse and regular use of
antiinflammatory doses of fish oil. Previous randomized con-
trolled trials established the symptomatic benefit of fish oil in
RA17. Increases in n-3 fatty acids in plasma lipids have been
examined in some studies21,22. Cellular studies have shown
reduced synthesis of leukotriene B4 by neutrophils from
patients randomized to take fish oil1,21,23. Our study differs in
design from the previous in being a cohort study, with groups
defined by compliance with the dietary supplementation
advice. Thus, it has similarities with a per-protocol analysis.
The groups so defined by both questionnaire responses and
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Table 1. Plasma phospholipid fatty acids in the No fish oil and the Fish oil groups. Data represent mean ± SD.

No Fish Oil Fish Oil
Baseline, 3 Years, Baseline, 3 Years,
n = 13 n = 13 n = 15 n = 18

Total saturates 43.7 ± 1.0 43.4 ± 0.7 43.4 ± 1.4 44.2 ± 0.9
Oleic acid, 18:1 n-9 9.9 ± 1.4 10.5 ± 1.9 10.4 ± 1.6 8.2 ± 0.61*#
Total monounsaturates 14.0 ± 1.8 14.1 ± 1.9 14.5 ± 2.0 12.2 ± 0.9*#
Linoleic acid, 18:2 n-6 18.8 ± 2.0 19.1 ± 2.8 18.8 ± 2.8 13.6 ± 2.8*#
Dihomo-γ-linolenic acid, 4.0 ± 0.5 4.3 ± 0.7 3.6 ± 0.5 1.5 ± 0.5*#
20:3 n-6

AA, 20:4 n-6 11.0 ± 1.9 10.6 ± 1.3 10.9 ± 2.2 7.1 ± 1.0*#
Total n-6 35.3 ± 2.1 35.2 ± 2.7 34.2 ± 3.4 22.9 ± 3.38*#

α-Linolenic acid, 18:3 n-3 0.16 ± 0.1 0.19 ± 0.12 0.2 ± 0.09 0.18 ± 0.1
EPA, 20:5 n-3 1.0 ± 0.4 0.9 ± 0.3 1.2 ± 0.5 8.2 ± 1.7*#
DPA, 22:5 n-3 1.1 ± 0.3 1.14 ± 0.2 1.1 ± 0.3 1.8 ± 0.41*#
DHA, 22:6 n-3 3.5 ± 1.0 3.7 ± 0.7 4.3 ± 1.2 8.6 ± 1.4*#
Total n-3 5.8 ± 1.3 6.2 ± 0.9 6.8 ± 1.9 19.0 ± 2.9*#

* Significantly different from baseline (p < 0.001, t test); # significantly different at 3 years by comparison with
the No fish oil group (p < 0.001, t test).

Table 2. Baseline characteristics of patients in the No fish oil and the Fish
oil groups.

No Fish Oil, Fish Oil,
n = 13 n = 18

Female, % 76 67
Age, yrs, mean ± SD 51.1 ± 15.9 61.8 ± 9.9
Weeks of polyarthritis, mean (range) 17.2 (4–34) 12.9 (2–40)
Rheumatoid factor-positive, % 62 50
Anti-CCP antibody-positive, % 39 44
Shared epitope-positive, % 69 61
DAS28, mean ± SD 5.7 ± 0.9 5.0 ± 1.5
Periarticular erosions, % 38.5 38.9
NSAID use, % 86 89

Anti-CCP: anti-cyclic citrullinated peptide; DAS: Disease Activity Score.
No statistically significant differences were found between measures in
either group.
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blood fatty acid analyses provide a sound basis for examining
the biochemical effects of antiinflammatory doses of fish oil
taken within the context of structured chemotherapy. The
group of compliant users constituted the upper quartile for

change in EPA in plasma phospholipids. It is acknowledged
that this measure may be influenced by individual differences
in efficiency of incorporation of ingested n-3 fatty acids into
phospholipids. Notwithstanding, the defining value of EPA >
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Figure 1. A. Arachidonic acid (AA) as a proportion of AA plus competitor n-3 fatty acids (AA+EPA+DPA+DHA)
(mean ± SEM) at 3 years in platelets and peripheral blood mononuclear cells (PBMC). B. Eicosanoid formation in
whole-blood assay at 3 years (mean ± SEM). TXB2 measured in serum (formed through platelet COX-1).  PGE2 meas-
ured in supernatants after 24 h incubation of anticoagulated blood with LPS (formed through COX-2). *p < 0.01,
unpaired t test.

Table 3. Lipid cardiovascular risk factors in plasma and erythrocytes from fasting blood samples. RBC Omega-
3 Index (EPA+DHA) is an independent index that correlates inversely with CV risk19. Data represent mean ±
SD.

No Fish Oil Fish Oil
Baseline, 3 Years, Baseline, 3 Years,
n = 11 n = 13 n = 10 n = 18

Total triglycerides 1.4 ± 0.7 1.4 ± 0.5 1.6 ± 0.5 0.6 ± 0.2*#
Total cholesterol 5.4 ± 0.6 5.3 ± 0.9 5.6 ± 1.5 5.3 ± 0.8
HDL 1.2 ± 0.5 1.4 ± 0.4 1.6 ± 0.5 1.9 ± 0.4*#
LDL 3.6 ± 0.7 3.3 ± 1.0 3.4 ± 1.2 3.1 ± 0.9

Total cholesterol/HDL 4.5 ± 2.4 3.5 ± 1.5 3.6 ± 0.8 3.0 ± 0.8*#
RBC omega-3 index — 5.06 ± 0.8 — 13.8 ± 1.8#
(EPA+DHA)

* Significantly different from baseline (p < 0.01, paired t test); # significantly different at 3 years compared with
the No fish oil group (p < 0.05, t test).
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5% of total fatty acids in plasma phospholipids, which was
more than 4-fold greater than mean levels seen in fish oil
nonusers (including the compliant group at baseline), could
only be achieved and sustained with continuous ingestion of an
antiinflammatory dose of fish oil or, within the Western setting,
a remarkably high daily fish intake on the order of at least 2
large fish meals per day for 3 years. This group of longterm
compliant fish oil takers is thus an appropriate group in which
to assess the effects of prolonged fish oil ingestion on the lab-
oratory measures of interest. Such a compliant group also pro-
vides the sample for a sound measure of the efficacy of opti-
mal fish oil treatment. It is recognized that an intention-to-treat
analysis of a randomized intervention group that is heteroge-
neous with respect to compliance can provide an important
measure of optimum effectiveness of treatments for which effi-
cacy is established, as is the case with fish oil in RA1-3,17.
Cell membrane AA, competitor n-3 fatty acids, and eicosanoid
synthesis. The biochemical changes found in this study are of
particular interest as the duration of fish oil ingestion substan-
tially exceeds that of previous studies in RA, or indeed that of
most therapeutic studies of antiinflammatory doses of fish oil
in any setting. The observed change in AA in relation to poten-
tial competitor n-3 subtrates for COX metabolism, as inferred
from the ratio of AA relative to AA plus EPA, DPA, and DHA,
can be taken as a guide to what is realistically achievable with
longterm fish oil treatment. The results of the whole-blood
assay for eicosanoid synthesis are interesting from several
perspectives. This relatively recently developed assay has not
been reported previously in studies of longterm antiinflamma-
tory treatment with fish oil. As well, it provides evidence for
inhibition of COX-1 (serum TXA2) and COX-2 (PGE2 in
LPS-stimulated blood) activity. The observed reduction in
prothrombotic TXA2 is important in providing a further mech-
anism through which fish oil in antiinflammatory doses may
reduce CV risk. The reduced PGE2 provides a mechanism for
the symptomatic benefit and NSAID-sparing effect of
longterm fish oil treatment, confirmed in this study.

Advantages compared to NSAID. That fish oil achieved only
~30% reduction in eicosanoid synthesis may seem modest
compared to the more complete inhibition seen with NSAID.
However, the extreme stimulus provocation used with in vitro
assays may override the effects of inhibitory agents and may
not reflect the situation in vivo. Also, the effect of regular fish
oil treatment has the advantage of continuous inhibition, in
contrast to the fluctuating levels of inhibition expected with
short-acting COX inhibitors such as ibuprofen and diclofenac.
Further, while fish oil inhibits COX-1 and COX-2, unlike
NSAID, it does not inhibit synthesis of the vascular patency
factor, prostacyclin (PGI2), by endothelial cells. Indeed, anti-
inflammatory doses of fish oil have been associated with
increased PGI2 synthesis by arterial and venous vascular
explants in vitro24. PGI2 and its stable analogs are gastropro-
tective25,26, and increased PGI2 synthesis within the gastric
vascular endothelium could be a desirable effect of fish oil
treatment. Such an effect could explain the lack of serious
upper gastrointestinal events associated with fish oil in spite
of reduced synthesis of putatively gastroprotective PGE2. The
continuous desirable changes in patterns of eicosanoid syn-
thesis seen with fish oil contrast with those of NSAID, among
which agents with half-lives sufficient to maintain continuous
COX inhibition have particularly high toxicity. Examples
include rofecoxib (long half-life, COX-1-sparing, high CV
risk) and piroxicam (long half-life, relatively nonselective,
high gastrotoxicity)27. Another unwanted effect of at least
some NSAID is increased synthesis of tumor necrosis factor-
α (TNF-α) and interleukin 1ß (IL-1ß) synthesis28, probably
mediated by inhibition of synthesis of PGE2, which is an
inhibitor of inflammatory cytokine synthesis29,30. By contrast,
fish oil inhibits synthesis of the inflammatory cytokines TNF-
α and IL-1ß, through mechanisms that appear to include inhi-
bition of translocation of nuclear factor-κB to the nucleus31.
TNF-α and IL-1ß are present in both atheroma and RA syn-
ovium, and their expression thus has relevance to outcomes of
both conditions. The favorable effect of fish oil on synthesis
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Table 4. Clinical indices of disease activity at baseline and 3 years.  Data are mean ± SD unless stated otherwise.

No Fish Oil Fish Oil
Baseline, 3 Years, Baseline, 3 Years,
n = 13 n = 13 n = 18 n = 18

mHAQ 7.1 ± 4.2 3.3 ± 3.2* 6.6 ± 3.2 1.2 ± 1.7*#
Tender joint count 28 8.8 ± 3.6 3.5 ± 3.9* 6.4 ± 6.2 0.7 ± 1.1*#
Swollen joint count 28 6.9 ± 4.7 0.3 ± 0.6* 5.4 ± 5.5 0.9 ± 1.8*
ESR, mm/h, mean (range) 36.5 (4–80) 21.5 (8–46)* 43.1 (1–91) 8.5 (2–34)*#
CRP, mg/l, mean (range) 17.2 (4–34) 6.6 (3–15)* 30.8 (1–140) 4.0 (0.3–19)*
DAS28 5.7 ± 0.9 3.3 ± 1.0* 5.0 ± 1.5 2.1 ± 0.9*#
NSAID Use, %† 86 54 89 22
Remission Rates at 3 years, %†† — 31 — 72

* Significantly different from baseline (p < 0.01, except for ESR in No fish oil group, where p < 0.05). 
# Significantly different at 3 years by comparison with the No fish oil group (p < 0.05). † NSAID use at 3 years
defined as any use of NSAID for rescue analgesia within 3rd year of the study. †† Remission rate at 3 years is
based on DAS28 < 2.6 according to EULAR criteria. DAS: Disease Activity Score; mHAQ: modified Health
Assessment Questionnaire.
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of these cytokines may be partly through direct action and
partly through reduction in NSAID use.
Cardiovascular risk. RA is associated with a 2-fold increase in
CV mortality, including a 2-fold increase in sudden death.
Some of the risk is accounted for by traditional CV risk fac-
tors16,32. The favorable effect of fish oil on plasma triglyc-
erides, HDL cholesterol, and the total cholesterol:HDL cho-
lesterol ratio is therefore helpful. Fish oil has been shown to
have multiple other beneficial CV effects. These include a
reduction in blood pressure of a similar degree but opposite in
direction to the rise in blood pressure associated with
NSAID33. While the basis for these effects on blood pressure
control is not well established, the respective effects of these
treatments on vascular PGI2 synthesis (increased by fish oil,
inhibited by NSAID) may contribute. Reduced arterial stiff-
ness and increased heart rate variability are other benefits of
antiinflammatory doses of fish oil34. Fish oil has an antiar-
rhythmic effect and has been shown to reduce sudden cardiac
death in secondary prevention studies following myocardial
infarction35.
Erythrocyte fatty acid index. Case-control studies have shown
that, compared with the lowest quartiles, erythrocyte or
whole-blood n-3 fatty acids in the highest quartile were asso-
ciated with a 90% reduction in risk of primary cardiac arrest36
or sudden cardiac death37. These observations have been
extended with correlations between risk in cohort and inter-
vention studies and estimates of erythrocyte EPA+DHA cal-
culated from intake values19. The authors concluded that ery-
throcyte EPA+DHA > 8% correlates with low CV risk. In our
study, longterm compliance with fish oil treatment was asso-
ciated with erythrocyte n-3 index values well into the low-risk
range, in contrast to levels seen in patients not taking fish oil.
Effect of fish oil on disease suppression. The effectiveness of
fish oil in reducing symptoms in late RA is well established.
Our study extends observations with fish oil to early RA, but
was not designed primarily to assess efficacy. It was a pilot
study to assess the feasibility of using high-dose fish oil in
early RA as a component of longterm combination therapy,
and is a precursor to a randomized trial to assess the contribu-
tion of fish oil to longterm outcomes with combination thera-
py in early RA. The primary objectives of this analysis were
to examine changes that relate to CV risk. In this context it is
important to consider the issue of disease control because dis-
ease activity correlates with CV risk16. Suppression of disease
activity was more pronounced in the fish oil-compliant group.
On the basis of available evidence, this apparently favorable
effect cannot necessarily be ascribed to the fish oil treatment,
since compliance with fish oil may be a sign of a more gener-
al propensity to comply with the various components of the
combination therapy. However, the findings can be interpret-
ed as showing the potential of optimal compliance with mul-
tifaceted low-cost chemotherapy in early RA. For perspective,
the remission rate of 72% observed in the fish oil-compliant
group is numerically greater than the rates for ACR 20%

improvements seen in early RA with both MTX and etaner-
cept as monotherapy in the ERA study38. As the contribution
of fish oil to the observed outcomes has not been defined, one
cannot assume equivalent success without including fish oil.

In summary, use of fish oil in longterm combination treat-
ment for early RA was associated with reduced synthesis of
platelet TXA2 and reduced synthesis of PGE2 by LPS-stimu-
lated PBMC in whole blood. Favorable changes were seen in
multiple lipid risk factors for CV disease, and recourse to
symptomatic use of NSAID was reduced. Measures of disease
activity were generally lower in the compliant fish oil users.
Antiinflammatory doses of fish oil should be considered in
patients with RA as a means of reducing CV risk.
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