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EFFECTS OF HIGH-DOSE FISH OIL ON RHEUMATOID ARTHRITIS
AFTER STOPPING NONSTEROIDAL ANTIINFLAMMATORY DRUGS
Clinical and Immune Correlates
JOEL M. KREMER, DAVID A. LAWRENCE, GAYLE F. PETRILLO, LAURA L. LITTS,
PATRICK M. MULLALY, RICHARD I. RYNES, RALPH P. STOCKER, NOUROLLAH PARHAMI,
NEAL S. GREENSTEIN, BETSY R. FUCHS, ANUPUM MATHUR, DWIGHT R. ROBINSON,
RICHARD 1. SPERLING, and JEAN BIGAOUETTE
Objective. To determine the following: 1)whether
dietary supplementation with fish oil will allow the
discontinuation of nonsteroidal antiinflammatory drugs
(NSAIDs) in patients with rheumatoid arthritis (RA);
2) the clinical efficacy of high-dose dietary 03 fatty acid
fish oil supplementation in RA patients; and 3) the effect
of fish oil supplements on the production of multiple
cytokines in this population.
Methods. Sixty-six RA patients entered a doubleblind, placebo-controlled, prospective study of fish oil
supplementation while taking diclofenac (75 mg twice a
day). Patients took either 130 mg/kg/day of w3 fatty
acids or 9 capsules/day of corn oil. Placebo diclofenac
was substituted at week 18 or 22, and fish oil supplements were continued for 8 weeks (to week 26 or 30).
Serum levels of interleukin-lp (IL-lp), IL-2,IL-6, and
IL-8 and tumor necrosis factor (Y were measured by
enzyme-linked immunosorbent assay at baseline and
during the study.
Results. In the group taking fish oil, there were
significant decreases from baseline in the mean (2SEM)
number of tender joints (5.3 & 0.835; P < O.OOOl),
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duration of morning stiffness (-67.7

2 23.3 minutes;

P = 0.008), physician’s and patient’s evaluation of
global arthritis activity (-0.33 2 0.13; P = 0.017 and
-0.38 f 0.17; P = 0.036, respectively), and physician’s
evaluation of pain (-0.38 f 0.12; P = 0.004). In
patients taking corn oil, no clinical parameters improved from baseline. The decrease in the number of
tender joints remained significant 8 weeks after discontinuing diclofenac in patients taking fish oil (-7.8 2 2.6;
P = 0.011) and the decrease in the number of tender
joints at this time was significant compared with that in
patients receiving corn oil (P= 0.043). IL-1P decreased
significantly from baseline through weeks 18 and 22 in
patients consuming fish oil (-7.7 rt 3.1; P = 0.026).
Conclusion. Patients taking dietary supplements
of fish oil exhibit improvements in clinical parameters of
disease activity from baseline, including the number of
tender joints, and these improvements are associated
with significant decreases in levels of IL-1P from baseline. Some patients who take fish oil are able to discontinue NSAIDs without experiencing a disease flare.

Omega-3 fatty acids are highly polyunsaturated
long-chain fatty acids derived primarily from marine
sources, including fish and shellfish. Eicosapentaenoic
acid (EPA), which has 20 carbons and 5 double bonds,
may compete with arachidonic acid, which has 20 carbons and 4 double bonds, as a substrate for oxygenation by both the cyclooxygenase and 5-lipoxygenase
pathways. These two pathways lead to the production
of highly metabolically active eicosanoids, including
prostaglandins (PGs) and leukotrienes (LTs), respectively (1). In the absence of fish consumption, the
modem Western diet generally lacks a significant con-
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tent of 03 fatty acids, a reversal of the pattern through
most of human history, when w3 fatty acids were
ingested in the fat of game animals (2).
Dietary supplementation with w3 fatty acids is
associated with significant decreases in neutrophil
production of LTB, (3), a highly potent chemotactic
substance, as well as a decrease in the production of
interleukin-I (IL-1)from monocytes (43). EPA will also
compete with arachidonate for cyclooxygenase, with a
consequent decrease in the production of PGE, (6).
The beneficial effects of dietary supplementation with 03 in inflammatory disease have been demonstrated in some (7,8), but not all (9), animal models
of inflammatory disease. Because of this and the
beneficial changes in eicosanoids, we and others (5,IO19) have studied the effects of dietary fish oil supplements in patients with rheumatoid arthritis (RA).
We describe here the effects of dietary supplementation with doses of w3 fatty acids that are higher
than any previously reported. We also describe the
effects of discontinuing therapy with nonsteroidal antiinflammatory drugs (NSAIDs) on the efficacy of n3
dietary supplements and expand our observations of
potential alterations in immune function by reporting
on the effects of these supplements on the in vivo
production of multipJe cytokines.
PATIENTS AND METHODS
Patients. Sixty-six patients with definite or classic
RA, according to the criteria of the American College of
Rheumatology (formerly, the American Rheumatism Association) (20), were recruited from the outpatient clinic of the
Division of Rheumatology of Albany Medical College, the
Albany Veterans Administration Medical Center, and a
private practice of rheumatology in Albany, NY. Patients
had active disease, as demonstrated by the presence of 3 of
the following 4 criteria: 2 6 tender joints, 2 3 swollen joints,
230 minutes of morning stiffness, and a Westergren erythrocyte sedimentation rate of 228 m d h o u r .
All patients were receiving NSAIDs prior to study
inception, 56 patients were also receiving slow-acting antirheumatic drugs (SAARDs; hydroxychloroquine in 16, intramuscular gold in 11, methotrexate in 15, auranofin in 4,
D-penicillamine in 3, sulfasalazine in 6, and azathioprine in
l), and 18 patients were receiving prednisone at a dosage of
5 5 mg/day, which was held constant through the duration of
the study. The demographic features of the 49 patients
completing evaluations at least through week 18 or 22 are
presented in Table 1.
Between baseline and either week 18 or week 22 (the
maximum duration of diclofenac therapy), there were 10
dropouts from the group receiving fish oil supplements and 7
dropouts from the group receiving corn oil supplements.
Four patients receiving fish oil and 3 receiving corn oil

Table 1. Demographic and clinical features of rheumatoid arthritis
study patients at baseline, by dietary supplement group*

Fish oil
(n = 23)
Age, mean
Disease duration, mean years
Fema1es:males
Medication, no
Prednisone (mean mg/day)
Methotrexate
Hydroxychloroquine
Intramuscular gold
Auranofin
D-penicillamine
Sulfasalazine
Azathioprine
Hemoglobin, g d d l
Westergren ESR, mmihour
Tender joint count
Swollen joint count
A M stiffness, minutes
Physician’s assessment of
pain, 0-4 scale
Physician’s global
assessment of arthritis
activity, 0-4 scale
Patient’s assessment of pain,
0-4 scale
Patient’s global assessment
of arthritis activity,
scale
Time to onset of fatigue,
hours
Grip strength, mm Hg

57

58
11
13:lO

10

14:12

11 (4.9)
9
8
4
2
1
3
0
13.0 2 0.26
31 3.9
15.1 2 8.5
10.2 2 5.6
108.1 +- 121
1.8 5 0.56

*

1.9

2

0.54

1.8 +- 0.70
2.1

2

Corn oil
= 26)

(n

0.74

8.7 2 3.9
105.8 2 49.3

6 (4.5)
3

9
3
1
2
3
1
12.0 -t 0.29
41 +- 8.1
12.1 2 8.2
9.3 +- 6.0
128.1 -t 248
1.6 ? 0.64
1.6 ? O S l t
1.7

* 0.78

1.8 * 0.68
8.3

2

3.0

124.4

?

65.0

* Except where noted otherwise, values are the mean * SZM. ESR
= erythrocyte sedimentation rate.
= 0.049.

tP

dropped out of the study during the 4 weeks after starting the
diclofenac placebo. A total of 6 patients in the fish oil group
and 5 in the corn oil group had dropped out during the
8-week interval between cessation of diclofenac and discontinuation of fish oil (week 26 or 30). In addition, 4 patients
who had received fish oil and 3 who had received corn oil
dropped out of the study during the period between discontinuation of fish oil and termination of the study (week 48).
Study design. This was a double-blind, placebocontrolled, prospective study. Patients were randomized to
receive w3 fatty acid or corn oil supplements according to
age, sex, disease duration, and 3 categories of disease
severity: total joint count 510, 11-20, and 221.
All patients discontinued their previous NSAlD for a
period of at least 5 half-lives of the drug before being
evaluated at a screening visit. Patients who were taking
SAARDs were allowed to continue the medication. Immediately after the screening visit, patients were started on
diclofenac, 75 mg twice a day, and were reevaluated 2 weeks
later (baseline). At the baseline visit, either 130 mg/kg/day of
w3 fatty acid or corn oil was added to the diclofenac and the
background SAARD.
Fish oil capsules were the ethyl ester concentrate
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Figure 1. Study design. Prior to the screening visit (not shown), patients discontinued their nonsteroidal antiinflammatory drug for a duration of at least 5 of the drug’s half-lives. Background
disease-modifying antirheumatic drugs (DMARDs) and prednisone ( 5 5 mg/day) were continued
throughout the study. At the screening visit, patients were given diclofenac, 75 mg twice a day (BID),
and 2 weeks later (baseline visit, or week 0), they returned for reevaluation and for randomization to
receive fish oil or corn oil supplements. At week 18 or week 22, active diclofenac was changed to
diclofenac placebo. The time for this change was staggered, so that at the week-22 or week-26
evaluation, there would be only a 50% chance that the investigators would be able to guess which
patients had been switched from the active diclofenac. Patients who were taking fish oil continued
those supplements through week 26 or week 30 (8 weeks after discontinuing diclofenac), when they
were switched to corn oil supplements. The final study visit was at week 48 or at the time of an arthritis
flare after week 30. Immunologic studies were performed 4 times: baseline (week 0); maximum duration
of diclofenac (week 18 or 22); maximum duration of fish oil, or for those taking corn oil, 8 weeks after
switching to diclofenac placebo (week 26 or 30); and study end (week 48 or at arthritis flare).

supplied by the National Marine Fisheries Association for
the National Institutes of Health. The 0 3 ethyl ester concentrate is prepared from vacuum-deodorized menhaden oil,
using transesterification, urea adduction, and short-path
distillation. The concentrate contains -80% 0 3 fatty acid
ethyl esters (44% EPA, 24% docosahexaenoic acid, 1&12%
other a 3 fatty acid ethyl esters), 3% C18 (other than 0 3 ) , 6%
C16, and the remainder as other esters. It also contains 0.2
mg/gm of TBHQ (tertiary butyl hydroquinone) as antioxidant, 2 mg/gm of tocopherols, and 2.0 mg/gm of cholesterol.
The concentrate is encapsulated in 1-gm soft-gel capsules.
Patients randomized to receive fish oil continued
their supplements through either week 26 or week 30, when
all who remained in the study were switched to corn oil. At
either week 18 or week 22, active diclofenac was replaced
with an identical placebo diclofenac (supplied by CibaGeigy, Summit, NJ). Half of the patients were switched at
week 18 and the other half at week 22 so that the investigators would not be unblinded to NSAID usage at the time of
the first evaluation after week 18, when half of all patients
would still be receiving active diclofenac and half would be
receiving placebo diclofenac. Patients receiving fish oil con-

tinued these supplements for a full 8 weeks after discontinuing active diclofenac at either week 18 or week 22. After
week 30, all subjects were taking both corn oil and placebo
diclofenac, the latter having been taken since week 18 or
week 22.
Clinical evaluations after baseline were done at
weeks 18, 22, 26, and 30 in all patients. After week 30,
evaluations were performed at the time of a disease flare,
which served as a termination visit, or at week 48, which was
the study termination. Individual patients were evaluated by
the same investigator for the duration of the study. A schema
of the study design is shown in Figure 1. The clinical
evaluations performed at each visit have been described
previously (5). Consistency of nutrient intake was analyzed
as previously described (5).
Outcome measures were also calculated using the
criteria of Paulus et a1 (21) and OMERACT (Outcome
Measures in Rheumatoid Arthritis Clinical Trials) (22).
Seven binary ( O h ) improvement scores were constructed: 1
overall Paulus Index, and an OMERACT score for each of
the 6 outcomes. The Paulus Index is scored as 1, if 4 of the
6 following measures show 220% improvement: tender joint
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count, swollen joint count, duration of morning stiffness,
grip strength, and physician and patient’s evaluation of
global arthritis activity. The percentages of improvement
necessary for a score of 1 on the OMERACT measures are
as follows: 27% for tender joint count, 17% for swollen joint
count, 25% for morning stiffness, 25% for grip strength, 39%
for physician’s global evaluation, and 35% for patient’s
global evaluation.
The time intervals examined were baseline to maximum duration of diclofenac, baseline to maximum duration
of fish oil, and maximum duration of diclofenac to maximum
duration of fish oil. The chi-square statistic was computed to
test for a significant association between study group (fish
oiVcorn oil) and the Paulus and OMERACT scores for each
time period.
Laboratory evaluations. Laboratory studies performed at baseline, at the maximum duration of diclofenac
(week 18 or 22), at the maximum duration of fish oil (week 26
or 30), and at disease flare after week 30 or at study
termination (week 48). Evaluations were the same as those
previously described (5).
Immunologic studies. Immunologic studies were performed at the same times as the laboratory evaluations
(baseline, week 18 or 22, week 26 or 30, and between week
30 and week 48 or at week 48). Serum enzyme-linked
immunosorbent assays (ELISAs) were performed to assess
the following levels: IL-lp, IL-2, IL-6, IL-8, and tumor
necrosis factor a (TNFa). All ELISAs were run on sera that
had been stored at -80°C and processed simultaneously.
Statistical analysis. Several types of analysis were
performed on the data for this study, each using SPSS
Version 5.0.1 for Windows on an IBM 80386 computer. To
determine whether changes in clinical and other parameters
over the course of the study were statistically significant
from zero, 2-tailed t-tests were performed with data from the
fish oil and corn oil supplement groups. For these tests, a
dummy variable, equal to zero for all cases, was created to
use in the Paired Comparisons option in the SPSS T-Test
command. A number of changes were examined in the
study: changes from baseline to week 18, from baseline to
week 26, from week 18 to week 26, from week 18 to week 22,
and from the screening visit to week 22.
To compare the fish oil and corn oil supplement
groups, 2-tailed independent-sample t-tests were performed
using the SPSS T-Test command. For these comparisons, a
dummy variable fish oil (-0 for the corn oil group and - 1 for
the fish oil group) was used to define the independent groups.
The following changes were compared: from baseline to
week 18, from baseline to week 26, from week 18 to week 26,
from week 18 to week 22, and from the screening visit to
week 26. Correlation coefficients were calculated using both
Pearson and Spearman computations.

RESULTS

The changes in clinical parameters after discontinuation of active diclofenac are reported in the
following ways: 1) the change 4 weeks after discontinuation; 2) the change 8 weeks after discontinuation;

Table 2. Mean change from maximum duration of diclofenac to
first visit while taking diclofenac placebo*

Fish oil (n = 19)
Mean 2 SEM
change
3.7 2 1.3
Tender joint count
Swollenjoint count
0.11 2 1.1
43.1 2 21.4
A M stiffness, minutes
Patient’s assessment
0.21 2 0.16
of pain, 0-4 scale
Physician’s
0.37 t 0.14
assessment of pain,
04scale
Grip strength, mm Hg -13.1 2 5.3
0.37 2 0.16
Patient’s global
assessment of
arthritis activity,
04scale
Physician’s global
0.15 2 0.12
assessment of
arthritis activity,
0-4 scale
-0.19 t 0.40
Interval to onset of
fatigue, hours
-2.022.1
DiastolicBP,mmHg
-5.1 2 3.2
SystolicBP, m m H g

Corn oil (n = 20)

P

Mean -t SEM
change

P

0.008
0.93
0.06
0.22

3.0 2 3.0
1.1 2 1.0
100.2 2 53.0
0.58 2 0.19

0.34
0.29
0.08
0.007

0.02

0.47 2 0.23 0.06

0.02
0.03

-6.4 -+ 6.1 0.31
0.53 2 0.21 0.02

0.19

0.26

0.64
0.35
0.13

-+

0.10 0.02

-0.76 2 0.56 0.19

0.422.1
1.7 -+ 2.8

0.84
0.56

* Patients received diclofenac through either week 18 or week 22.
The first visit while taking diclofenac placebo occurred at either
week 22 or week 26, respectively. Patients taking fish oil received
these supplements for 8 full weeks after beginning diclofenac
placebo (see Patients and Methods). BP = blood pressure.

3) the change from baseline to maximum duration of
fish oil after stopping active diclofenac; 4) the change
from the screening visit to the first visit after stopping
active diclofenac.
Effect of dietary oil supplements on RA flare
after discontinuation of diclofenac: change from maximum duration of active diclofenac to first visit while
taking diclofenac placebo. The mean changes in clinical
parameters between the time of the evaluation after
the maximum duration of diclofenac to the first visit
while taking the diclofenac placebo are shown in Table
2. In patients consuming fish oil, significant worsening
was observed in patient’s global evaluation, grip
strength, physician’s evaluation of pain, and the tender joint count. Patients consuming corn oil showed
significant worsening in both the physician’s and the
patient’s evaluation of global arthritis activity and in
the patient’s evaluation of pain, but not in the number
of tender joints.
Morning stiffness showed a trend toward significant prolongation in both groups. Patients consuming
fish oil also exhibited a nonsignificant decrease in both
systolic and diastolic blood pressure after discontinu-
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Table 3. Mean change from baseline to maximum duration of fish
oil supplementation while receiving diclofenac placebo for 8 weeks*
Fish oil (n = 15)
Mean t SEM
change
Tenderjoint count
Swollen joint count
AM stiffness, minutes
Patient’s assessment
of pain, W scale
Physician’s
assessment of pain,
0 4 scale
Grip strength, mm Hg
Patient’s global
assessment of
arthritis activity,
0-4 scale
Physician’s global
assessment of
arthritis activity,
0-4 scale
Interval to onset of
fatigue, hours
Diastolic BP, mm Hg
Systolic BP, mm Hg

-7.8 2 2.6
-4.7 ? 2.7
-71.3 f 41.5
0.10 t 0.35

P

Corn oil (n

=

Mean f SEM
change

0.01t -6.4 ? 2.2
0.10
-5.6 5 1.7
0.12
-2.1 f 14.9
0.78 -0.08 t 0.31

-0.40 t 0.22 0.10
17.5 t 13.6 0.23
-0.10 2 0.28 0.73

14)

P
0.78
0.004
0.89
0.80

0.08 2 0.26 0.75

-1.5
-0.17

f

11.5 0.90
0.55

f 0.27

activity from baseline in patients taking fish oil and the
decrease in the swollen joint count in those taking corn
oil were achieved despite their having taken placebo
diclofenac for 8 weeks at the time of this evaluation.
The decrease in the tender joint count at this time in
patients consuming fish oil was significant compared
with the tender joint count in patients consuming corn
oil ( P = 0.043).
Changes induced by dietary oil supplementation:
evaluations from baseline to maximum duration diclofenac (week 18 or week 22). In patients ingesting fish
oil, significant improvements from baseline were observed after the maximum duration of diclofenac at
weeks 18 or 22 in the physician’s and patient’s global
0.13; P = 0.017
evaluation of disease activity (-0.33
and -0.38 2 0.17; P = 0.036, respectively), physician’s evaluation of pain (-0.38 t 0.12; P = 0.004),
duration of morning stiffness (-67.7 ? 23.3 minutes;
P = 0.008), and the number of tender joints (-5.3
0.835; P < 0.0001). The decrease in diastolic blood
pressure in patients taking fish oil showed a trend
toward significance (-5.4 k 2.7 mm Hg; P = 0.06).
None of the changes in the patients receiving
corn oil achieved significance during this time, although there was a trend toward a decrease in the
number of swollen joints (-1.3 f 0.68; P = 0.06).
During this period, none of the changes from baseline
in the fish oil group achieved significance when compared with the corn oil group.
Results by Paulus and OMERACT criteria.
When analyzed by the Paulus criteria (21), there were
no significant changes in disease activity between the
fish oil and corn oil groups for any of the time periods
evaluated ( P > 0.20). By the OMERACT criteria (22)
for the outcome measure, physician’s global assessment, there were significantly more responders from
baseline to the maximum duration of diclofenac in the
fish oil group than in the corn oil group (7 responders
of 20 patients taking fish oil; 1 responder of 21 patients
taking corn oil; P = 0.02). For the same time period,
for the tenderjoint count, there were more responders
in the fish oil group than in the corn oil group, but the
difference did not reach statistical significance (14
responders of 20 patients taking fish oil; 10 responders
of 21 patients taking corn oil; P = 0.146). By OMERACT criteria, there were no significant between-group
differences ( P > 0.20) for any of the variables for
either of the remaining time intervals analyzed.
Change in IL-lP from baseline to maximum
duration of diclofenac. A significant decrease from
baseline was observed in IL-1p levels in patients

*

-0.40 t 0.16 0.04

0.23
-8.6
-2.1

f 0.67
?

f

0.74

8.5 0.04
17.0 0.24

-0.17

5

0.21 0.44

-0.63 t 0.46 0.20
-2.3 t 2.0
-0.28 2 4.7

0.28
0.95

* Patients in the fish oil group took the supplement through week 26
or week 30, which was 8 weeks after beginning diclofenac placebo
(see Patients and Methods). BP = blood pressure.
t P = 0.043 versus corn oil group.

ing diclofenac. None of the clinical changes in the fish
oil group versus the corn oil group during this time
were significant.
Change 8 weeks after discontinuing diclofenac.
After switching to diclofenac placebo at week 18 or 22,
patients consuming fish oil continued these supplements for a full 8 weeks (Figure 1). Nonsignificant
decreases in both systolic and diastolic blood pressure
continued to be seen in those who were taking fish oil,
but not in those who were taking corn oil. None of the
changes during this period achieved significance when
patients receiving fish oil were compared with those
receiving corn oil.
Change from baseline to maximum duration of
fish oil (week 26 or week 30). In patients consuming fish
oil, the week-26 or week-30 change from baseline in
the physician’s global evaluation of disease activity
achieved significance (-0.40 ? 0.16; P = 0.04), as did
the decrease in the tender joint count (-7.8 2 2.6; P =
0.01) (Table 3). The change in the number of swoIlen
joints from the number at baseline achieved significance in patients taking corn oil (-5.6 2 1.7; P =
0.004) (Table 3). The improvements in the tender joint
count and physician’s global evaluation of disease

*
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receiving fish oil at this time (-7.7 k 3.1; P = 0.026).
None of the other within-group changes in cytokine
levels from baseline achieved significance. None of the
changes from baseline were significant when patients taking fish oil were compared with patients
taking corn oil.
Change in cytokine levels from maximum duration of diclofenac to maximum duration of fish oil. We
compared the change in cytokine levels between the
maximum duration of diclofenac and 8 weeks later,
which was the maximum duration of fish oil in patients
in this group. None of the changes were significant
within or among groups.
Change in cytokine levels from baseline to maximum duration of fish oil. From the baseline evaluation
to the maximum duration of fish oil at week 26 or 30,
there was a significant increase in TNFa levels in the
patients taking fish oil (45.1 5 13.6; P = 0.013) and in
those taking corn oil (65.8 + 27.5; P = 0.038). None of
the other within-group changes from baseline to this
time were significant. No significant changes in cytokines were observed when patients taking fish oil were
compared with those taking corn oil at this time.
We also examined the effects of discontinuing
diclofenac on the production of cytokines in all study
patients combined, and found no significant differences between weeks 18 or 22 and weeks 26 or 30.
Analysis of the 3-day food diaries revealed a
consistent pattern of nutrient intake throughout the
study in both study groups (data not shown). Pill
counts showed a 93% overall compliance rate in
patients consuming fish oil and 88% in those taking
corn oil supplements.
DISCUSSION

In the present investigation, we were interested
in expanding the observations of the effects of fish oil
to include an examination of the effects of w3 fatty
acids on the production of other cytokines in patients
with RA. We also used a higher dose of w3 supplements than any previously reported. The high-potency
capsules enabled us to give a person weighing 75 kg a
total daily dose of 9.75 gm of w3 supplements at our
study dosage of 130 mg/kg/day. Since dose-dependent
effects of 03 supplements have previously been reported in hypertension (23) as well as in RA (9,we
were interested in whether the higher dose used here
would result in further clinical benefit. In addition, by
substituting a visually identical placebo diclofenac for
the active drug, both patients and investigators could

remain blinded; this would allow us to assess whether
background dietary manipulation would allow patients
to successfully discontinue this class of medication.
Our results confirm that fish oil dietary supplementation results in significant improvement in tender
joint counts and other clinical parameters of disease
activity from baseline activity. However, none of the
improvements in the patients receiving fish oil
achieved significance at the time of the maximum
duration of diclofenac therapy (at 18 or 22 weeks)
compared with patients receiving corn oil. During this
time interval, patients receiving corn oil also exhibited
many improvements which did not achieve statistical
significance. In addition, the magnitude of the improvement from baseline that we observed in patients
taking high-dose fish oil was indistinguishable from
those previously reported in patients consuming total
doses of w3 fatty acids that ranged from 3 to 6 gm/day
(5,ll). We cannot therefore recommend further investigations with the doses we used, which resulted in the
daily ingestion of 9 gm of w3 supplements in a person
weighing 70 kg.
Improvements from baseline in patients with
RA who take fish oil often do not achieve statistical
significance compared with other dietary fatty acid
interventions. This may be because the biologic effects
are not powerful enough or because of either a placebo
effect or real biologic effects induced by the so-called
“placebo fatty acids.” We have previously wrestled
with the issue of an ideal control fatty acid to compare
with fish oil (5) and in this investigation, chose corn
oil, having used olive oil in 2 previous studies (5,ll). It
is not unlikely that there are some mono- or polyunsaturated fatty acids that have potentially significant
immunologic effects (24-27). We believe that the issue
of the ideal placebo dietary intervention to compare
with fish oil has not yet been settled.
After switching from active diclofenac to diclofenac placebo, it was apparent that patients in both
the fish oil and the corn oil groups exhibited significant
flares when examined 4 weeks after discontinuation of
this NSAID (Table 2). Yet, none of these flares remained significant in either group at the time of the
evaluation 8 weeks after stopping active diclofenac.
This could be because 5 patients in each group
dropped out of the study at the time of their first visit
after discontinuing active diclofenac (4 weeks after
diclofenac was discontinued), leaving in the study only
those patients who were better able to tolerate the
discontinuation of this NSAID.
The patients’ clinical status after discontinuing
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diclofenac and while receiving fish oil and corn oil was
examined in several ways. We examined their clinical
status while off diclofenac after the maximum duration
of fish oil exposure (week 26 or 30) and compared this
with their baseline status while receiving diclofenac.
We believe it is meaningful that the improvement in
the number of tender joints was significant in the
patients remaining on the fish oil supplementation
regimen at this time when compared both with their
baseline status and with the patients receiving corn oil
supplementation during the same period. The patients’
status after stopping diclofenac was also compared
with their status after stopping their previous NSAID
at the time of the screening visit. Most evaluations
showed that the character of the flare was worse at the
screening visit, when patients were not consuming
dietary fatty acid supplements (data not presented).
Other investigators have reported on whether
dietary supplements of fish oil can affect NSAJD
requirements in patients with RA (15,16,18,28). We
believe that our data support the previous observations that selected individuals with RA may discontinue NSAID therapy while consuming 0 3 supplements.
We also observed reductions in blood pressure
that were consistently greater in patients taking fish oil
than in those taking corn oil. The reduction in diastolic
pressure achieved significance 8 weeks after stopping
diclofenac in patients who continued to receive fish oil
supplementation. There are well-described effects of
dietary supplementation with w3 fatty acids on the
vascular system (29), which have been documented in
patients with primary Raynaud’s phenomenon (30) as
well as hypertension (24,31).
We were unable to demonstrate an inhibitory
effect of dietary fish oil supplementation on the serum
concentrations of IL-2, IL-6, IL-8, or TNFa. We
confirmed our previous observation that fish oil supplementation inhibits the production of IL-1p (9,
which others have also reported in patients with RA
(19). Meydani et a1 (32) also reported an inhibitory
effect of fish oil on the production of TNFa and IL-6,
although they used an in vitro system of mitogenstimulated peripheral blood mononuclear cells derived
from normal volunteer donors. We actually observed
an increase in TNFa levels 8 weeks after diclofenac
was discontinued in patients who continued to take
fish oil and corn oil. The significance of this observation is presently unclear.
In summary, we have demonstrated that patients with active rheumatoid arthritis who consume
high-dose fish oil supplements exhibit improvements

over baseline in multiple clinical parameters, improvements that are not seen in patients who consume corn
oil supplements. Only the improvement in the tender
joint count achieved significance ( P = 0.04) compared
with those taking corn oil; however, the magnitude of
the changes did not differ from that found in previous
investigations employing lower doses. Therefore, the
actual mechanism(s) of the improvements observed
remains imperfectly defined. The benefits are associated with a significant decrease in IL-Ip. Although
some patients in either dietary supplement group exhibited significant worsening of clinical parameters
after stopping diclofenac, the flare was not associated
with significant changes in serum cytokine concentrations. Although patients taking high-dose fish oil exhibited significantly fewer tender joints 8 weeks after
stopping diclofenac than they did at baseline while
taking the drug, and this effect was significant compared with the group taking corn oil, we were nevertheless unable to demonstrate a clinically important
NSAID-sparing effect of fish oil immediately after
discontinuation of diclofenac. Our results suggest a
possible modest NSAID-sparing effect of fish oil dietary supplements, which should be further explored
in well-designed clinical trials.
ACKNOWLEDGMENTS
The authors would like to acknowledge the assistance of Drs. Robert A. Lew and Elizabeth Wright with the
statistical analyses.

REFERENCES
1. Weber PC: Membrane phospholipid modification by dietary

2.
3.

4.

5.

omega-3 fatty acids: effects on eicosanoid formation and cell
function. In, Biological Membranes: Aberrations in Membrane
Structure and Function. Edited by ML Karnovsky. New York,
Alan R. Liss, 1988
Eaton SB, Donner M: Paleolithic nutrition: a consideration of
its nature and current implications. N Engl J Med 312:283-289,
1985
Lee TH, Hoover RL, Williams JD, Sperling R1, Ravalese JRM,
Spar BW, Robinson DR, Corey EJ, Lewis RA, Austen KF:
Effect of dietary enrichment with eicosapentaenoic and docosahexaenoic acids on in vitro neutrophil and monocyte leukotriene
generation and neutrophil function. N Engl J Med 312:12171224, 1985
Endres S, Ghorbani R, Kelley VE, Georgilis K, Lonnemann G ,
van der Meer JWM, Cannon JG, Rogers TS, Klampner MS,
Weber PC, Schaefer EJ, Wolff SM, Dinarello CA: The effect of
dietary supplementation with n-3 polyunsaturated fatty acids on
the synthesis of interleukin-I and tumor necrosis factor by
mononuclear cells. N Engl J Med 320:265-271, 1989
Kremer JM, Lawrence DA, Jubiz W, DiGiacomo R, Rynes R,
Bartholomew LE, Sherman M: Dietary fish oil and olive oil

1 1 14

supplementation in patients with rheumatoid arthritis: clinical
and immunologic effects. Arthritis Rheum 33:810-820, 1990
6. Robinson DR, Tateno S, Balkrishna P, Hirai A: Lipid mediators
of inflammatory and immune reactions. J Parenter Enteral Nutr
12:375425, 1988
7. Prickett JD, Robinson DR, Steinberg AD: Dietary enrichment
with the polyunsaturated fatty acid eicosapentaenoic acid prevents proteinuria and prolongs survival in NZBxNZW F1 mice.
J Clin Invest 68556, 1981
8. Robinson DR, F’rickett JD, Makoul GT, Steinberg AD, Colvin
RB: Dietary fish oil reduces progression of established renal
disease in (NZB X NZW)F, mice and delays renal disease in
BXSB and MRLA strains. Arthritis Rheum 29:539-546, 1986
9. Prickett JD, Trentham DE, Robinson DR: Dietary fish oil
augments the induction of arthritis in rats immunized with type
11 collagen. J Immunol 132:725-729, 1984
10. Kremer JM, Bigauoette J, Michalek AU: Effects of manipulating dietary fatty acids on clinical manifestations of rheumatoid
arthritis. Lancet 1:184-187, 1985
11. Kremer JM, Jubiz W, Michalek A, Rynes RI, Bartholomew LE,
Bigaouette J , Timchalk MA, Beeler D, Lininger L: Fish-oil fatty
acid supplementation in active rheumatoid arthritis: a doubleblinded, controlled crossover study. Ann Intern Med 106:498503, 1987
12. Sperling RI, Weinblatt M, Robin J-L, Ravalese J 111, Hoover
RL, House F, Coblyn JS, Fraser PA, Spur BW, Robinson DR,
Lewis RA, Austen KF: Effects of dietary supplementation with
marine fish oil on leukocyte lipid mediator generation and function
in rheumatoid arthritis. Arthritis Rheum 30:98&997, 1987
13, Cleland LG, French JK, Betts WH, Murphy GA, Elliott MJ:
Clinical and biochemical effects of dietary fish oil supplements
in rheumatoid arthritis. J Rheumatol 15:1471-1475, 1988
14. Van der Tempel H, Tulleken JE, Limburg PC, Muskiet FAJ,
van Rijswijk MH: Effects of fish oil supplementation in rheumatoid arthritis. Ann Rheum Dis 49:76-80, 1990
15. Skoldstam L, Bojesson 0, Kjallman A, Seiving B, Akesson B.
Effect of six months of fish oil supplementation in stable
rheumatoid arthritis: a double-blind, controlled study. Scand J
Rheumatol21:178-185, 1992
16. Kjeldsen-Kragh J, Lund JA, Riise T, Finnager B, Haaland K,
Finstad R, Mikkelsen K, Ferre 8:Dietary omega-3 fatty acid
supplementation and naproxen treatment in patients with rheumatoid arthritis. J Rheumatol 19: 1531-1536, 1992
17. Nielsen GL, Faarvang KL, Thomsen BS, Teglbjaerg KL,
Jensen LT, Hansen TM, Lervang HH, Schmidt EB, Dyerberg J,
Ernst E: The effects of dietary supplementation with n-3 polyunsaturated fatty acids in patients with rheumatoid arthritis: a
randomized, double blind trial. Eur J Clin Invest 22:687-691,
1992
18. Belch JJF, Ansell D, Madhok R, Dowd AO, Sturock RD:
Effects of altering dietary essential fatty acids on requirements
for non-steroidal anti-inflammatory drugs in patients with rheumatoid arthritis: a double blind placebo controlled study. Ann
Rheum Dis 47:96-104, 1988

KREMER ET AL

19. Spersen GT, Grunnet N, Lervang HH, Nielsen GL, Thomsen
BS, Faarvang KL, Dyerberg J, Ernst E: Decreased interleukin-1 beta levels in plasma from rheumatoid arthritis patients
after dietary supplementation with n-3 polyunsaturated fatty
acids. Clin Rheumatol 11:393-395, 1992
20. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,
Cooper NS, Healey LA, Kaplan SR, Liang MH, Luthra HS,
Medsger TA Jr, Mitchell DM, Neustadt DH, Pinals RS, Schaller
JG, Sharp JT, Wilder RL, Hunder GG: The American Rheumatism Association 1987 revised criteria for the classification of
rheumatoid arthritis. Arthritis Rheum 31:315-324, 1988
21. Paulus HE, Egger MJ, Ward JR, Williams HJ, and the Cooperative Systematic Studies of Rheumatic Diseases Group: Analysis of improvement in individual rheumatoid arthritis patients
treated with disease-modifying antirheumatic drugs, based on
the findings in patients treated with placebo. Arthritis Rheum
33:477484, 1990
22. Boers M: OMERACT: conclusions of an international conference on Outcome Measures in Rheumatoid Arthritis Clinical
Trials in Maastricht (abstract). Arthritis Rheum 35 (suppl 9):
S202, 1992
23. Knapp HR, FitzGerald GA: The antihypertensive effects of fish
oil: a controlled study of polyunsaturated fatty acid supplements
in essential hypertension. N Engl J Med 320:1037-1043, 1989
24. Trail1 KN, Wick G: Lipids and lymphocyte function. Immunol
Today 5:3:70-75, 1984
25. Erickson KL: Dietary fat modulation of immune response. Int J
Immunopharmacol 8:6:529-543, 1986
26. Johnston PV: Dietary fat, eicosanoids and immunity. Adv Lipid
Res 21:103-141, 1985
27. Payan DG, Wong MY, Chernov-Rogan T, Valone FH, Pickett
WC, Blake VA, Gold WM, Goetzl EJ: Alterations in human
leukocyte function induced by ingestion of eicosapentaenoic
acid. J Clin Immunol 6 5 4 0 2 4 1 0 , 1986
28. Lau CS, Morley KD, Belch JJF: Effects of fish oil supplementation on non-steroidal anti-inflammatory drug requirement in
patients with mild rheumatoid arthritis: a double-blind placebo
controlled study. Br J Rheumatol 32:982-989, 1993
29. Leaf A, Weber PC: Cardiovascular effects of omega-3 fatty
acids. N Engl J Med 318549-557, 1988
30. DiGiacomo R, Kremer JM, Shah D: Fish oil dietary supplementation in patients with Raynaud’s phenomenon. Am J Med
86:151-157, 1989
31. Appel LJ, Miller ER 111, Seidler AJ, Whelton PK: Does
supplementation of diet with fish oil reduce blood pressure? A
meta-analysis of controlled clinical trials. Arch Intern Med
153:1429-1438, 1993
32. Meydani SN, Lichtenstein AH, Cornwall S, Meydani M, Goldin
BR, Rasmussen H , Dinarello CA, Schaefer EJ: Immunologic
effects of National Cholesterol Education Panel step-2 diets
with and without fish-derived N-3 fatty acid enrichment. J Clin
Invest 92:105-113, 1993

