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DIETARY FISH OIL AND OLIVE OIL
SUPPLEMENTATION IN PATIENTS WITH
RHEUMATOID ARTHRITIS
Clinical and Immunologic Effects
JOEL M. KREMER, DAVID A. LAWRENCE, WILLIAM JUBIZ. RALPH DIGIACOMO.
RICHARD RYNES. LEE E. BARTHOLOMEW, and MALCOLM SHERMAN
Forty-nine patients with active rheumatoid arthritis completed a 24-week, prospective, double-blind,
randomized study of dietary supplementation with 2
dflerent dosages of fish oil and 1 dosage of olive oil.
Clinical evaluations were performed at baseline and
every 6 weeks thereafter, and ipmunologk variables
were measured at baseline and after 24 weeks of study.
The 3 groups of patients were matched for age, sex,
disease Severity, and use of disease-modifying antirheumatic drugs (DMARDs). Subjects continued receiving
DMARDs and other background medications without
change during the study. Twenty patients consumed
daily dietary supplements of n3 fatty acids containing 27
m&g eicosapentaenoic acid (EPA) and 18 mgkg docosahexaenoic acid (DHA) (low dose), 17 patients ingested 54 mg/kg EPA and 36 mgkg DHA (high dose),
and 12 patients ingested olive oil capsules containing 6.8
gm of oleic acid. Significant improvements from baseline
in the number of tender joints were noted in the
low-dose group at week 24 (P = 0.05) and in the
high-dose group at weeks 18 (P = 0.04) and 24 (P =
0.02). Significant decreases from baseline in the number
of swollen joints were noted in the low-dose group at
weeks 12 (P = 0.003), 18 (P = 0.002), and 24 (P =
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0.001) and in the high-dose group at weeks 12 (P =
O.OOOl), 18 (P = 0.008), and 24 (P = 0.02). A total of

5 of 45 clinical measures were significantly changed
from baseline in the olive oil group, 8 of 45 in the
low-dose fish oil group, and 21 of 45 in the high-dose
fish oil group during the study (P = 0.0002). Neutrophil
leukotriene B, production decreased by 19% from baseline in the low-dose fish oil group (P = 0.0003) and 20%
in the high-dose group (P = 0.03), while macrophage
interleukin-1 production decreased by 38.5% in the
olive oil group (P not significant), 40.6% in the low-dose
group (P = 0.06), and 54.7% in the high-dose group (P
= 0.0005). Tritiated thymidine incorporation in peripheral blood mononuclear cells after stimulation with
concanavalin A increased significantly in all 3 groups
after 24 weeks, compared with baseline values. We
conclude that the clinical benefits of dietary supplementation with omega3 fatty acids are more commonly
observed in patients consuming higher dosages of fish oil
for time intervals that are longer than those previously
studied. Dietary supplementation with olive oil is also
associated with certain changes in immune function,
which require further investigation.

Fish oil contains the omega-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) (1). EPA (205 n3) competitively inhibits the
utilization of arachidonic acid (20:4 n6) and becomes a
substrate for the production of alternative biologically
active products through the cyclooxygenase and 5lipoxygenase cellular metabolic pathways (2,3). Omega3 fatty acid ingestion results in the production of
thromboxane A, and prostacyclin I, (4) and a net
physiologic shift that favors decreased platelet aggregation (since prostacyclin I, retains its vasodilatory
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and antiaggregatory properties, whereas thromboxane
A3 does not retain its proaggregatory activity). Fish oil
ingestion results in the decreased production of leukotriene B4 (LTB,), derived from ardchidonate through
the 5-lipoxygenase pathway, with the new production
of leukotriene B, from EPA ( 5 ) . Since LTB, is a potent
inflammatory and chemotactic compound, a decrease
in its production could favorably affect the clinical
manifestations of an inflammatory disease like rheumatoid arthritis (RA). We have reported that certain
clinical manifestations of RA improved in patients
receiving fish oil, and that this improvement was
significantly correlated with decreased production of
neutrophil LTB, (6).
Leukotrienes are also potent modulators of
immune reactivity (7-lo), which can significantly affect T cell and B cell activity through modulation of
the production of certain cytokines, including interleukin-I (IL-I) ( I 1). IL-I could potentially influence the
course of an autoimmune inflammatory disease such
as RA through several different mechanisms, including
its effects on synovial tissue and cartilage metabolism
(12) as well as immunomodulation (13).
Previous studies of fish oil fatty acid ingestion
in patients with RA have used fixed daily doses of
dietary supplements without regard to the patient’s
individual body weight (6.14. IS). The possibility that
there could be dose-dependent clinical and laboratory
effects of fish oil supplementation in these subjects
was not examined. It was not certain whether the
observed benefits would be sustained, since 0 3 fatty
acid dietary supplements were not administered for
periods longer than 14 weeks. Salutary effects have
also been ascribed to oleic acid, a monounsaturated
fatty acid found in olive oil, in an epidemiologic study
of death rates from coronary heart disease (16). Immune effects of oleic acid ingestion have also bccn
demonstrated (17).
We report here that different doses of w3 fatty
acid dietary supplements (fish oil) ingested over a
period of 24 weeks results in some dose-related clinical
benefits, which are maximal after 18 and 24 weeks of
daily ingestion. These changes are accompanied by
significant decreases in the production of both neutrophi1 LTB, and macrophage IL- 1, with associated statistically significant ex vivo alterations in T and B cell
reactivity .

PATIENTS AND METHODS
Study deslgn. This was a prospective, randomized.
double-blind, parallel study. Three groups were studied: 2
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groups received different doses of fish oil dietary supplements, and 1 group received olive oil supplements. We chose
to compare fish oil with olive oil because of the previously
reported salutary effects of the oleic acid component of olive
oil. Patients were randomized for age, sex, treatment with
slow-acting antirheumatic drugs (SAARDs). and disease
severity. For the purposes of randomization, the following
system of rating disease activity was used: category 1 = total
joint count 6-10 (total of the number of tender and swollen
joints), category 2 = total joint count 11-20, and category 3
= total joint count 2 2 I .
The 3 study groups consisted of I group of RA
patients who ingested 9 olive oil capsules/day containing a
total of 6.84 gm of oleic acid (18:l n9). 0.93 gm of palmitic
acid (16:O). 0.53 gm of linoleic acid (18:2 n6). and 0.13 gm of
stearic acid (18:O); 1 group of RA patients who took a “low
dose” of fish oil, which consisted of 27 mglkglday EPA and
18 mg/kg/day DHA: and 1 group of RA patients who took a
“high dose” of fish oil, 54 mglkglday EPA and 36 mglkglday
DHA. All patients on the fish oil regimen ingested capsules
containing 330 mg EPA and 240 mg DHA per capsule, in an
ethyl ester form, provided by Pharmacaps. Inc. (Elizabeth,
NJ). Each fish oil capsule also contained 40 mg of docosapentaenoic acid (22:s n3). 110 mg of oleic acid, 100 mg of
palmitoleic acid, 30 mg of palmitic acid, 30 mg of linoleic
acid. and 20 mg or less of stearic acid, linolenic acid.
eicosenic acid, tetracosaenoic acid, and arachidonic acid.
Patients’ weights often required that they receive a fraction
of a fish oil capsule (i.e., 7%. 8Y4, etc.). When this occurred,
the number of capsules dispensed was rounded to the next
whole number if the fraction was 20.50 (calculated on the
basis of body weight) and to the previous whole number if
the fraction was 10.49.
The total daily caloric supplement provided by the
capsules was 81 kcal (9 capsules) in all patients in the olive
oil group. The mean ? SD daily caloric supplement was 52 2
9.7 kcal (range 36-72) in the low-dose fish oil group and 103
20.5 kcal (range 81-153) in the high-dose fish oil group.
Patient population. Patients were recruited from the
outpatient clinic population of the Division of Rheumatology
at Albany Medical College. Sixty-four patients with definite
or classic RA, according to the American Rheumatism
Association criteria (18), were enrolled in the study. All
patients had active disease, based upon the presence of 3 of
the following 4 criteria: 1 ) 2 6 tender joints on palpation. 2)
2 6 swollen joints, 3) morning stiffness 230 minutes, and 4)
Westergren erythrocyte sedimentation rate (ESR) 228 mml
hour.
Patients had been receiving a stable dosage of a
SAARD for at least 6 months prior to study entry, as well as
a stable dosage of corticosteroids and/or nonsteroidal antiinflammatory drugs (NSAIDs) for at least 1 month prior to
study entry. Any change in medications for RA, including
NSAIDs. SAARDs, oral corticosteroids, or intraarticular
steroid injections, during the entire duration of the study was
considered a reason to withdraw a patient from the study and
data analysis. The study was approved by the Institutional
Review Board of the Albany Medical College.
Clinical assessment. Clinical evaluations were performed by the same rheumatologist at baseline and every 6
weeks thereafter, through 30 weeks (6 visits). Patients re-
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ceiving fish oil ingested these supplements for 24 weeks. All
3 groups ingested olive oil supplements during weeks 24-30.
Patients were not aware of the change in dietary supplement
during this period. Physicians were aware of the change, but
remained blinded to the original dietary supplement group
assignments through the 30 weeks of study. Patients received no dietary instructions. A 3-day, detailed, dietary
history was obtained from all patients at baseline and at the
30-week visit, and the information was analyzed for consistency of nutrient intake with an IBM AT computer using a
Short Report software package (Health Development, Columbus, OH).
The clinical evaluations consisted of the following:
blood pressure, weight, duration of morning stiffness (in
minutes), time interval to the onset of fatigue (in minutes; the
interval from first awakening to the first experience of
noticeable fatigue), grip strength (using a sphygmomanometer c d rolled in a standard sleeve and inflated to 20 mm Hg:
average of 3 determinations for each hand). patient and
physician evaluation of both pain and global arthritis activity
(5-point scale, where 0 = absent, 1 = mild, 2 = moderate, 3
= severe, and 4 = very severe), and the number of tender
and swollen joints (among 66 diarthrodial joints on physical
examination).
Compliance. Compliance was monitored by pill
counts and gas chromatographic analysis of plasma fatty
acids at each visit. Any patient in either fish oil group who
failed to demonstrate an increase in plasma EPA levels was
not included in the data analysis.
Laboratory and immunologic evaluations. Laboratory
determinations included a complete blood cell count, platelet
count, and Westergren ESR at each visit. In addition, the
following laboratory determinations were made at baseline
and at 24 weeks (maximum duration of fish oil ingestion):
ionophore-stimulated neutrophil production of LTB, and
LTB,, IL-I and 1L-2 production, T cell proliferation after
stimulation with concanavalin A (ConA) and phytohemagglutinin (PHA), T cell-dependent B cell proliferation
after stimulation with pokeweed mitogen (PWM). B cell
proliferation after stimulation with formdin-fixed Sruphylococcus aureus, immunoglobulin production (IgG, IgM, and
IgA) after PWM stimulation, and rheumatoid factor titer
(latex fixation test).
Measurement of leukotrienes. Leukotrienes B, and B,
were measured in stimulated neutrophils from peripheral
blood at baseline and at 24 weeks. Neutrophils were isolated
from 30 ml of peripheral blood by dextran sedimentation,
hypotonic hemolysis of erythrocytes, and Ficoll-Hypaque
centrifugation (Winthrop Laboratories, New York, NY) as
previously described (19). After preincubation of the neutrophils (10’ cells in 1 ml of Hanks’ balanced salt solution
containing 0.6% HEPES) at 37°C for 5 minutes, the cells
were stimulated with 5 pU ionophore A23187 (CalbiochemBehring, San Diego, CA) and incubated for an additional 5
minutes. The reaction was stopped by the addition of 0.5 ml
of methanol.
Cells were centrifuged at 600s for 2 minutes, and the
supernatant containing the leukotrienes was treated with 5 pl
of glacial acetic acid and injected into a reverse-phase, high
performance liquid chromatograph (Waters, Milford. MA).
The instrument was equipped with a Z-module and a 5-pm
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radial-PAK C,, cartridge ( I k m long and 0.8-cm wide). The
Z-module and the radial-PAK are used to expedite the
processing of the samples and to improve separation of the
leukotrienes. Leukotrienes were eluted with methanol, water, and acetic acid (75:25:0.01 volume/volume) at a pump
rate of 2 ml/minute, and they were detected by ultraviolet
spectroscopy at 270 nm. The leukotriene concentrations
were calculated by comparing the area under the peak of a
known amount of LTB, or LTB, standard with that of the
patient’s sample. Values are expressed as nanograms of
leukotriene B, or B, produced by lo6 neutrophils in 5
minutes.
Lymphoproliferation assay. Peripheral blood mononuclear cells (PBMC) were isolated from EDTA-treated
blood by Ficoll-Hypaque fractionation (20). The PBMC were
washed twice with Tris-saline (pH 7.4) and resuspended in
RPMI 1640 containing 10% fetal bovine serum. The mitogens
included Con A (5 crglml: Sigma, St. Louis, MO). PHA
(1:200; Burroughs Wellcome, Research Triangle Park, NC),
PWM (1:200; Gibco, Grand Island. NY). and formalin-fixed
S aureus (1: 10,OOO; Bethesda Research, Gaithersburg, MD).
Cells (1 x l@/l00 pl) were cultured in %-well plates at 37°C
in an atmosphere of 5% C 0 2 for 3 days (T cell mitogens) or
for 5 days (B cell mitogens), and then assessed for DNA
synthesis by addition of 0.5 pCi ’H-thyrnidine (6.7 Ci/
mmole) for a &hour pulse. Cells were harvested and analyzed for ’H-thymidine incorporation as previously described (21).
1L-1 production. PBMC ( I x 106/ml) were cultured
for 24 hours in the presence or absence of I crglml of
Epopolysaccharide ([LPS] Escherichia coli O55:BS; Calbiochern, La Jolla, CA). The levels of IL-1 were below the
limits of quantitation in the absence of LPS. By 24 hours, the
monocytes have the characteristics of macrophages. Cellfree supernatants were stored at -70°C prior to quantitation
of IL-1 in the C3HmeJ thyrnocyte costimulation assay (22).
IL-2 production. PBMC ( I x I06/ml) were cultured
for 24 hours in the presence or absence of PHA (1:200).
Cell-free supernatants were stored at -70°C prior to quantitation of IL-2 in the HT-2 bioassay (23).
Ig production. PBMC were cultured for 7 days in the
presence or absence of PWM ( I :200). Cell-free supernatants
were stored at -70°C prior to quantitation of IgG, IgA, or
IgM in an enzyme-linked irnmunosorbent assay (24).
Statistical analysis. Clinical data were analyzed by
multivariate (repeated measures) analysis of variance. The
SAS general linear models procedure was used to test for the
multivariate hypothesis of no treatment effects, and tests
were also run for time-treatment interactions within subjects. Univariate analyses of variance were also performed
to test all clinical variables for treatment effects at each visit.
In addition, we performed univariate analyses of the changes
from baseline values for each of visits 2-6 (weeks 6-30) and
for visit 6 less visit 5 (week 30 less week 24) values.
Laboratory variables were measured at baseline and at 24
weeks, and both the actual values and the changes from
baseline were analyzed by treatment group, using univariate
error of the mean tests. All data are presented as mean
values, with 95% confidence intervals (CI) and P values.
Significance values were calculated using Student’s r-test
and Wilcoxon signed rank test where appropriate.
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Table 2. Demographic characteristics of the 49 rheumatoid arthritis Datients who successfully completed the study

RESULTS
Six patients withdrew from the study prior to its
completion. Reasons for withdrawing included inconvenience of making study appointments (3 patients in
the olive oil group) and gastrointestinal side effects (3
patients, I in each of the 3 study groups). Nine other
patients were administratively withdrawn, leaving 49
patients who successfully completed the study with
documented compliance and without medication
change. The reasons for the 9 administrative withdrawals included a new diagnosis of lung cancer ( I in
the olive oil group), change of SAARD because of
increased clinical manifestations of disease (3 in the
olive oil group), increase in oral corticosteroid dose (2
in the olive oil group), intraarticular steroid injection ( 1
in the olive oil group and 1 in the low-dose fish oil
group), and lack of evidence of compliance based on
gas chromatographic analysis of plasma ( I in the
high-dose fish oil group). All other patients were
compliant, based upon the results of pill counts and
gas chromatographic analysis of plasma fatty acids.
The mean percentage of EPA in plasma over
the entire study was 0.78% in the olive oil group,
4.48% in the low-dose fish oil group, and 6.29% in the
high-dose fish oil group. The mean compliance demonstrated by pill counts for all patients successfully
completing the study was 89.6%. A summary of patients withdrawn from the study is shown in Table l .
Demographic characteristics of patients successfully
completing the study are shown in Table 2. Twentyone patients (43%) were receiving prednisone at a
mean ? SD dosage of 4.4 ? 3.1 mg/day, which was
maintained throughout the study.

TaMe 1.

Reasons for patient withdrawal from the study
Group
Olive oil
(n = I I )

Gastrointestinal intolerance
Changes in medication
lntraarticular steroid injection
Prednisone
Slow-acting antirheumatic drug
Inconvenience
Poor compliance
Other

*P

=

0.00sversus fish oil groups.

1
6*
1
2
3
3
0
1

Low-dose High-dose
fish oil
fish oil
(n = 2)
(n = 2)

I
I
1

0
0
0
0
0

Group

Age. mean (range)
Disease duration, mean
(range)
Femaleslmales
Medications"
NSAlD or aspirin
Hydroxychloroquine
Sodium
aurothioglucose
Auranofin
D-penicillamine
Methotrexate
Sulfasalazine
Prednisonet

Olive oil
(n = 12)

Low-dose
fish oil
(n = 20)

High-dose
fish oil
(n = 17)

58 (22-81)
13.5 (2-28)

59 (32-81)
12.8 (1-30)

58 (30-80)
IS (3-36)
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1119

1413

1 1 (91)
6 (50)
2 (17)

19 (95)

2 (17)
3 (25)
2 (17)

6 (30)
4 (20)
2 (10)
0 (0)
9 (45)

0 (0)
4 (33)

8 (40)
I (5)

17 (100)
4 (23)
2 (12)

I (6)
1 (6)

6 (35)
1 (6)
8 (47)

* Values are the number (%) of patients. NSAlD

= nonsteroidal
antiinflammatory drug.
t The mean ? SD prednisone dosages were 3.25 C 3.09 mg/day for
the olive oil group, 4.12 ? 1.31 mglday for the low-dose fish oil
group. and 4.64 2 2.93 mglday for the high-dose fish oil group.

Changes in clinical parameters from baseline.
Changes in clinical parameters with time are shown in
Table 3. Significant decreases from baseline values in
the mean number of tender joints in the group ingesting low-dose fish oil were observed at the 24-week
visit, when the number of tender joints was found to
have decreased by 1.9 ( P = 0.05), and in the high-dose
fish oil group at the 18-week visit. when tender joint
counts decreased by 2.6 ( P = 0.04) and at the 24-week
visit, when the tender joint count had decreased by I .7
( P = 0.02). A trend toward significant improvement
was observed in the high-dose fish oil group after 12
weeks, when tender joint counts had decreased by 2.4
( P = 0.06).
As seen in Table 3. significant decreases from
baseline in the mean number of swollen joints were
observed in the group ingesting low-dose fish oil at 12
weeks, when joint counts had decreased by 2.7 ( P =
0.003). at 18 weeks ( P = 0.002), and at 24 weeks ( P =
0.001). The significant decrease in swollen joints was
also noted at the time of the week-30 "washout" visit,
when joint counts had decreased by 3.6 ( P = 0.007) in
this group of patients.
We also observed significant decreases from
baseline in the mean number of swollen joints in the
high-dose fish oil group at 12 weeks (P = O.OOOl), 18
weeks ( P = 0.008). and 24 weeks (P = 0.02). No
significant decreases from baseline in the number of

Table 3. Mean intragroup change from baseline in the clinical parameters assessed.

Mean change (95% confidence interval)
Baseline

6 weeks

5.8
(2.0. 9.0)
6.0
(3.3. 8.7)
5.4
(1.8. 8.9)

-0.7
(--2.6. 1.3)
0.1
(--2.l,2.2)
-1.1
(-3.3. 1.2)

16.3
(10.6. 22.2)
14.4
(11.3. 17.5)
13.0
(10.7, 15.3)

-0.8
(-3.5. 1.9)
-0.8
(--2.5, 0.8)
-0.4
(--3.4. 1.7)

-2.8
(-6.3. 0.6)
-2.n
(-4.4, -1.0)
-2.9t
(-4.0, -1.8)

Morning stiffness (minutes)
Olive oil

41.3

Low-dose fish oil

( I 1.6. 70.8)
44.0
(17.1 70.9)
69.4
(34.6, 104.2)

-7.9
25.5. 9.7)
- 15.3
(-43.3. 12.8)
- 14.4
( - 35.4, 6.6)

8.4
(6. I , 10.6)
8.4
(7.0, 9.8)
8.4
(6.7. 10.0)

0.8
(--0.7,2.4)
-0.1
(-0.9. 1.1)
0.4
(-0.8, 1.7)

126. I
(92.0. 160.3)
122.8
(95.5, 150.1)
92.5
(75.0. 110.0)

5.9
(-2.7, 14.6)
0.2
(--8.0. 8.4)
11.7
(-5.8. 29.3)

I .6
(1.2. 2.0)
1.8
(1.4. 2.1)
I .6
(1.3. 1.9)
1.9
(1.5. 2.4)
1.7
(1.4. 2.0)
1.7
(1.4. 2.0)

Tender joint count
Olive oil
Low-dose fish oil
High-dose fish oil
Joint swelling count
Olive oil
Low-dose fish oil
High-dose fish oil

High-dose fish oil
Interval to onset of fatigue (hours)
Olive oil
Low-dose fish oil
High-dose fish oil

Grip strength (mrn Hg)
Olive oil
Low-dose fish oil
High-dose fish oil
Patient evaluation of pain
Olive oil
Low-dose fish oil
High-dose fish oil
Patient evaluation of global disease
Olive oil
Low-dose fish oil
High-dose fish oil
Physician evaluation of pain
Olive oil
Low-dose fish oil
High-dose fish oil
Physician evaluation of global disease
Olive oil
Low-dose fish oil
Highdose fish oil

12 weeks

18 weeks

24 weeks

36 weeks

0.4
( - 1.9, 2.8)

-0.8
(-2.4. 0.8)

-1.7
(-3.9, 0.5)
-2.4
(-4.8. 0.1)

(-2.8. 0.7)
-2.6t
(-5.1, 0.0)

0.4
(--2.3. 3.2)
- I .9t
(-3.7. 0.0)
- 1.7t
(-3.1. -0.2)

-0.3
(-2.8, 2.2)
-1.0
(-3.2, 1.2)
- 1.8
(-4.0. 0.3)

(-3.9. -0.7)

-2.4
(-5.8. 0.9)
-4.lt
(-6.9, -1.8)
-2.8t
(-5.0. -0.7)

-2.4
(-6.3, 1.6)
-3.6t
(-6.1, - 1 . 1 )
- 1.4
(-3.5. 0.8)

- I5
(-33.5, 3.5)
-8.5
(-36.8. 19.8)
-30.3
(-66.1, 5 . 5 )

- 13.3
(-34.7. 8.1)
- 17.8
(-46.4, 10.7)
-41.7t
(-73.9. -9.6)

-1.2
(-43.0, 40.5)
-4.8
( - 39.6, 30. I )
-46.St
(-76.3, - 16.6)

- 17.9
(-44.2. 8.4)
-1.3
(-45.1, 92.6)
-30.0t
(-63.7, 3.7)

-0.4
(-1.5. 0.6)
-1.0
(-2.5, 0.5)
0.2
( - I .7, 2.2)

-0.9
(-3.8. 1.0)

(-0.3, 2.6)

-0.5
(-2.5, 1.6)
0.4
(.-0.8. 1.5)
0.6
(-0.6, 1.8)

-0.3
(-2.5, 1.9)
- 0.2
(-1.7. 1.3)
1 .o
(-0.1.2.1)

8.0
(-3.6, 19.7)
12.2t
(0.4. 24. I )

6.9
(-2.4. 16.4)
12.2t
(2.7. 21.8)
17.8t
(2.0. 33.6)

2.9
(--8.6. 14.4)
12.0t
(0.9. 23.2)
21.lt
(6.2. 35.9)

2.8
(-15.1. 9.5)
8.5
(-1.1, 18.1)
19.6t
(2.5, 36.7)

-0.1
-0.5. 0.3)
-0.1
(-0.5, 0.3)
-0.2
(-0.5, 0.2)

0.0
(-0.4. 0.4)
-0.2
(-0.4, 0.1)
-0.2
(-0.6, 0.2)

0.0
(-0.3, 0.3)
0.0
(-0.4, 0.4)
-0.3t
(-0.5, 0.1)

-0.3
(-0.7, 0.2)
-0.2
( -0.6. 0.3)
-0.2
(-0.6. 0.2)

-0.4t
(-0.7, -0.1)
-0.1
(-0.4. 0.3)
-0.2
( -0.4, 0.1)

-0. I
(-0.4. 0.2)
-0. I
(-0.5, 0.3)
0.1
(-0.4, 0.3)

-0.4t
(-0.8, 0.0)
-0. I
(-0.4, 0.2)
-0.1
(-0.4. 0.2)

-0.4t
(-0.7, -0.1)
-0.4
(-0.7. 0.0)
-0.1
(-0.5. 0.3)

-0.4t
(-0.7, -0.1)
-0.2
(-0.6. 0.3)
0.0
(-0.3, 0.3)

0.1

0.1
(-0.3, 0.5)
-0.2
(-0.5. 0.2)
-0.4t
(-0.7. 0. I )

0.0
(-0.3. 0.3)
-0. I
(-0.3, 0.4)
-0.4t
(-0.7. 0.2)

0.1
(-0.3, 0.5)
-0.3
(-0.6. 0. I )
-0.4t
(-0.7, 0.2)

0.0
(-0.3, 0.3)
-0. I
(-0.3. 0.2)
-0. I
(-0.4. 0.3)

-0.2
(-0.6. 0.2)
-0.3
(-0.6. 0.1)
-0.4t
(-0.7, 0.0)

-0.2
(-0.5, 0.2)
-0.3
(-0.6, 0.1)
-0.4t
(-0.7, 0.0)

-0.4t
(-0.7, -0.1)
-0.4t
(--0.8, -0.1)
-0.5t
(-0.9, 0.2)

-0.2
(-0.5. 0.1)
--0.3
(-0.6. 0.0)
-0.3t
(-0.6. -0.1)

(-

(

I .4
( 1 . 1 , 1.7)

( -0.2.

1.5
( 1 . 1 . 1.8)
1 .5
(1.1. 1.9)

0.0
(-0.3. 0.3)
-0.3
(-0.6, 0.1)

2.0
( I .5. 2.5)
1.9
(1.5. 2.2)
I .9
(1.5, 2.2)

0.4)

-0.2
(-0.5. 0.0)

-0.1
(-0.4, 0.2)
-0.4t
(-0.7. -0.1)

-1.1

-2.6
(-6.5. 1.3)
-3.6t
(-5.6, 1.5)

-2.3t

- 1.8

(-1.9. 1.6)
1.1

11.8
(1.5, 22.2)

-

-0.2
(-0.5, 0.2)

0.0
(-0.5, 0.5)
--0.1

(-0.4. 0.2)

* Positive values for interval to onset of fatigue indicate improvement over baseline. Patient and physician evaluation of pain and global disease
were graded .on a scale of 0-4 (see Patients and Methods).
t P 5 0.05 versus baseline.
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tender or swollen joints were noted at any time in the
patients ingesting the olive oil supplement.
Significant decreases in the mean rating of
morning stiffness from baseline were noted only in the
high-dose fish oil group. They occurred at 18 weeks ( P
= 0.01) and 24 weeks (P = 0.004). with a tendency
toward a carryover benefit noted at the 30-week visit
( P = 0.07). Significant improvements in morning stiffness did not occur in the group ingesting low-dose fish
oil or olive oil.
Mean grip strength increased in the low-dose
fish oil group at 18 weeks ( P = 0.01) and 24 weeks ( P
= 0.01). In the high-dose fish oil group, mean grip
strength improved at 12 weeks ( P = 0.041, 18 weeks ( P
= 0.02), and 24 weeks (P = 0.008). and a carryover
benefit was seen at the 30-week visit (P = 0.02).
Significant improvements in grip strength were not
observed in the group ingesting olive oil. Grip strength
was the only clinical parameter that showed significant
improvement in all patients ingesting fish oil, compared with those ingesting olive oil ( P = 0.04).
Improvement in patient evaluation of pain was
seen only at week 18 in the high-dose fish oil group ( P
= 0.02). Patient evaluation of global arthritis activity
significantly improved only in the olive oil-supplemented group at week 6 (P = 0.02). week 18 ( P =
O . O S ) , week 24 ( P = 0.02), and week 30 ( P = 0.02). The
physician evaluation of pain experienced by patients in
the high-dose fish oil group improved after 12 weeks ( P
= 0.01), 18 weeks ( P = 0.004), and 24 weeks ( P =
0.004). No significant improvements in the interval to
the onset of fatigue were noted at any time in any
group. We also observed decreases from baseline in
the physician evaluation of global arthritis activity at
the time of the 24-week visit in the group ingesting
olive oil ( P = 0.02) and in the low-dose fish oil group ( P
= 0.03). Significant improvements in physician evaluation of global arthritis activity were seen in the
high-dose fish oil group after week 6 ( P = 0.03). week
12 (P = 0.051, week 18 (P = O . O S ) , and week 24 ( P =
0.008). with a carryover improvement noted at 30
weeks ( P = 0.02).
A reduction in mean systolic blood pressure
was noted in the low-dose fish oil group aftcr 12 weeks
(-8.1 mm Hg; 95% CI - 16.4.0.3, P = 0.05). 24 weeks
(-10.5mmHg;9S%Cl -20.3. -0.6.P=O.O3).and30
weeks (-9.9 mm Hg; 95% CI -18.7, -1.0, P = 0.03).
No other significant changes in systolic or diastolic
blood pressure were observed.
Laboratory evaluations. N o significant changes
in hemoglobin levels. Westergren ESR, or rheumatoid
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lonophore-stimulated neutrophil leukotriene B, production bv DeriDheral blood mononuclear cells from the 3 study groups*

Table 4.

Group

n

Change from baseline
at week 24. ng/IO6
cells/S minutes

Olive oil
Low-dose fish oil
High-dose fish oil

I2
20
17

-1.81 (-4.43, -0.81)
-3.88 (-5.73. -2.03!t
-4.13 (-7.73. -0.53)$

* Values are the mean (95% confidence interval).
t P = 0.0003 versus baseline.
$ P = 0.03 versus baseline.

factor titer were observed in any group. Ionophorestimulated neutrophil LTB, levels decreased by 19%
in the low-dose fish oil group (P = 0.0003) and 20% in
the high-dose fish oil group (P = 0.03) (Table 4).
Changes in IL-1 and IL-2 levels from baseline
measurements. 1L-1 production and release decreased
by 40.6% from baseline measurements ( P = O.OS9) in
the low-dose fish oil group after 24 weeks and decreased by 54.7% from baseline ( P = 0.0oOS)in the
high-dose fish oil group (Table 5). Although IL-1
decreased by 38.5% in the olive oil group, the change
was not statistically significant. IL-2 increased by
32.8% from baseline after 24 weeks of fish oil consumption in the low-dose group, and increased by 16%
from baseline in the high-dose group (Table 6). Neither
of these changes from baseline measurements were
statistically significant.
3H-thymidine incorporation in mitogen-stimulated PBMC. Tritiated thymidine incorporation in
PBMC after stimulation with Con A increased in all 3
groups after 24 weeks compared with baseline measurements (Table 7). Incorporation in the olive oil
group increased by 70.9% (P = 0.004) compared with
an increase of 82% ( P = 0.001) in the low-dose fish oil
group and an increase of 51.6% (P = 0.002) in the
high-dose fish oil group. lncreased thymidine incorpoLipopolysaccharide-induced interleukin-l production by
peripheral blood mononuclear cells from the 3 study groups'

Table 5.

Group

n

Olive oil
Low-dose fish oil
High-dose fish oil

18
17

II

Change from baseline at
week 24, units/ml
-243.1 (-540.4. 54.2)
-239.9 (-490.4. 10.6)t
-416.2 (-623.0. 209.4)$

* Values are the mean (95% confidence interval). One unit represents 50% maximal proliferation in the C3HIHeJ costimulation assay
(see Patients and Methods).
t P 0.059 versus baseline.
$ P = 0.0005 versus baseline.

KREMER ET AL

816

Tabk 6. Concanavalin A-induced interleukin-2 production by pe-

DISCUSSION

ripheral blood mononuclear cells from the 3 study groups*
~

Group

n

Olive oil
Lowdose fish oil
Highdose fish oil

9
I5

~

~

Change from
baseline at week
24. unitslml
34 (-7.6. 92.9)
25 (-18.7. 68.7)
1.5 (-21.3. 24.2)

11

* Values are the mean (95% confidence interval). One unit represents 50% maximal proliferation in the HT-2 cell bioassay.

ration was also noted after PHA stimulation, but was
significant only in the high-dose fish oil group, which
showed an increase of 9.8% from baseline ( P = 0.04).
An increase from baseline levels of thymidine incorporation after PWM stimulation was observed in all
groups: 33.2% (P = 0.0007) in the olive oil group,
38.9% ( P = 0.02) in the low-dose fish oil group, and
19.9% (P = 0.06) in the high-dose fish oil group.
Ig production. Production of IgG in vitro in the
absence of mitogen stimulation decreased by 28.1% (P
= 0.02) in the low-dose group and by 17.6% ( P = 0.05)
in the high-dose group at 24 weeks (Table 8). IgG
production after mitogen stimulation was not statistically significantly changed. Production of IgA in nonmitogen-stimulated cultures decreased by 36.1% (P =
0.02) (results not shown). N o other significant changes
in IgA, lgG, or IgM production were observed.

Tabk 7.

We have previously demonstrated significant
improvements in selected clinical variables in RA
patients who ingested omega-3 fatty acids for 12-14
weeks (6,14). We report here that the beneficial effects
of omega-3 fatty acids on the clinical manifestations of
RA, including fewer tender and swollen joints, decreased duration of morning stiffness, improvements
in grip strength, and physician assessments of pain and
disease activity, are sustained and more commonly
observed after 18-24 weeks of treatment.
The improvement from baseline in the patients
ingesting fish oil were usually not statistically significant compared with the patients taking olive oil supplements. It should be noted, however, that the clinical outcomes in the olive oil group may have been
biased toward more favorable results because of the
withdrawal of 11 of the original 23 patients in this
study group. Six of these 1 1 patients were withdrawn
for reasons relating to increased disease activity and
the concomitant need for an increased oral steroid
dose, change in DMARD, or intraarticular steroid
injection. The distribution of withdrawals because of
increased disease activity in the olive oil group compared with both fish oil groups was significant (P =
0.008) (Table 1).
Conversely, olive oil itself could have beneficial
effects in RA patients due to cell membrane (lipid)
changes in lymphocytes resulting in altered immune

Mitogen-induced proliferation of lymphocytes from the 3 study groups, as determined by 'H-thymidine incorporation.
'H-thymidine incorporation. x lo' cpm/culture

Culture condition.
duration

High-dose fish oil
(n = 17)

Low-dose fish oil
( n = 20)

Olive oil
(n = 12)
Baseline

24 weeks

Baseline

24 weeks

Baseline

24 weeks

1.9
(0.3. 3.5)

2.2
(0.3. 4.0)

2.0
(0.9, 3.0)

1.6
(0.7. 2.4)

1.1

(0.7, 1.5)

I .8
(0.3. 3.2)

24.8
(19.2, 30.5)
71.5
(58.2. 84.9)
32.3
(25.0. 39.6)
6.6
( 5 . 5 . 7.8)

42.4t
(22.4. 63.7)
83.6
(63.3. 10.4)
43. It
(34.7. 50.2)
6.9
(2.3, 10.8)

25. I
(20.0. 30. I )
66.8
(55.4. 78.3)
35.2
(28.6. 41.8)
7.8
(6. I . 9.3)

45.7t
(37.9, 53.4)
74.3
(62.4. 86.2)
48.9t
(36.3, 61.4)
9.8
(6.9. 12.5)

28.4
(22. I , 34.7)
69.7
(56.6. 82.7)
38.3
(30.4. 46.2)
8.5
(5.9. 10.9)

~

Medium, 5 days
Mitogen
Con A, 3 days
PHA, 3 days
PWM, 5 days
SA. 5 days

4 3 . lt
(36.2. 50.0)
76.5t
(64.2. 88.8)
45.9
(35.9, 55.9)
Y.1

(6.9. 11.3)

Values are the mean (95% confidence interval) of triplicate cultures (< 15% variance) for each patient. Peripheral blood mononuclear cells ( I
x 10') were cultured for 3 or 5 days with or without mitogen and pulsed with 'H-thymidine. Con A = concanavalin A; PHA =
phytohemagglutinin: P W M = pokeweed mitogen; SA = Staphylococcus aweus (formalin-fixed).
t P I0.04 versus baseline.
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Table 8. Spontaneous and pokeweed mitogerrinduced in vitro IgG production by peripheral blood
mononuclear cells from the 3 study groups*

IgG production. ng/ml
Baseline

24 weeks

PWMGroup
Olive oil
Low-dose fish oil
High-dose fish oil

n

Spontaneous

induced

12

185

19

(129, 290)
191

744
(234. 1,252)
764
(426. 1.103)
903
(461, 1.344)

17

(147.234)
185
(139.232)

PWMSpontaneous

induced

168

653
(189.1,117)
a49
(520. 1.179)
813
(338,1.288)

(I IS. 222)
136t
(118,156)
lS2t
(119.186)

* Values are the mean (95%confidence interval). Cells were cultured for 7 days in the presence and
absence of pokeweed mitogen (PWM;1:200).
t P < 0.05 versus baseline.

function through a variety of mechanisms (25-28).
Dietary lipid modulation of immune responses has
been recently reviewed (28). Olive oil has been demonstrated to induce immune changes in the MLWlpr
mouse model of autoimmune disease (17) and to result
in significant clinical improvements when ingested by
RA patients over a period of several weeks (29). In the
present investigation, significantly increased reactivity
was observed in lymphocytes from patients ingesting
olive oil after Con A stimulation and after PWM
stimulation. IL-I also decreased by 38% from baseline
in these patients, but did not achieve statistical significance. Whether these effects have clinical significance
is unclear. Further studies of the effects of monounsaturated fatty acids on clinical and immune variables
in patients with RA are warranted.
We have previously noted a correlation between the magnitude of the decrease in LTB, and the
reduction in the number of tender joints on physical
examination in patients ingesting fish oil (6). and it
would be tempting to link the decrease in this potent
inflammatory substance to clinical improvements. In
the current investigation, there was a highly significant
decrease in the production of IL-1 after fish oil ingestion. LTB, augments IL-I production by human
monocytes (30). Thus, diminished production of 1L-1
might occur in association with an omega-3 fatty
acid-induced decrease in LTB,. In vitro studies have
shown that lipoxygenase inhibitors also decrease the
production of IL-I (30), suggesting that modulation of
LTB, influences 1L-I production.
Decreased IL-I production has recently been
observed in normal subjects ingesting dietary supplements of omega-3 fatty acids (31). Interestingly, those
authors reported that the decrease in IL-1 was greatest

10 weeks after discontinuing the supplements. We
have noted sustained clinical benefits after discontinuing fish oil supplements in a previous crossover investigation (6). In the current study, we observed that
significant benefits continued in several clinical parameters 6 weeks after discontinuing fish oil supplements,
and it is possible that the previously reported prolonged decrease in IL-1 contributes to these effects
after discontinuing the supplements.
IL-I exerts many effects that could result in
increased disease activity in patients with RA (3241).
Suppression of these varied biologic activities through
decreased production of IL-I after fish oil ingestion
would be expected to result in improvement in the
disease manifestations of RA. It should be emphasized, however, that although both neutrophil LTB,
and macrophage 1L-1 production significantly decreased after fish oil ingestion, specific correlations
between these changes and improvement in individual
clinical parameters were not observed.
The significant increases in T cell and B cell
reactivity to mitogenic stimulation after fish oil ingestion, observed ex vivo. confirm previous observations
in asthmatic patients ingesting 4.0 gm of EPA for 8
weeks (42). The investigators observed a substantial
increase in PHA-induced T cell proliferation, with a
concomitant decrease in the T he1per:suppressor cell
ratio. Although enhanced proliferation was observed
after the olive oil as well as the fish oil supplements,
the other immune-related assays were not significantly
altered by olive oil ingestion. Since clinically significant improvements with olive oil supplements were
less common than with fish oil, the lymphoproliferation assay does not appear to be a good correlate for
efficacy determinations.
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Lipids have been shown to have numerous
immunomodulatory effects (43). It is possible that the
monounsaturated fatty acid (oleic acid) found in olive
oil may have an enhancing effect on lymphocyte
proliferation through a variety of mechanisms, but
may have less significant inhibitory effects on LTB,,
IL-I, or IgG production, which are more significantly
inhibited by high-dose fish oil. Omega-3 fatty acids
may preferentially reduce T helper cell function (41).
or alternatively, several lines of in vitro evidence
indicate that enhanced T suppressor cell activity could
occur (43-45). Either of these effects would decrease
activation both of macrophages. which are major
producers of LTB, and IL-I, and of B cells, which
produce autoantibodies in patients with RA. Downregulation of LTB,, IL-I, and spontaneous IgG production should result in significant beneficial effects in
these patients. Since we observed that IL-2 production
is not inhibited by fish oil ingestion, its major effect
may be enhancement of T suppressor cell or T suppressorhnducer cell activity. Differential effects of fish
oil on the functional reactivities of the T cell subsets
will need to be assessed.
Statistically significant changes in clinical parameters were more commonly observed in the highdose fish oil group (Table 3). It should also be noted
that IL-I levels decreased by 54.7% from baseline in
the patients ingesting high-dose fish oil, compared with
a 40.6% decrease in the low-dose group and a 38.5%
decrease in the olive oil group. Of interest in this
context is the recent observation that the antihypertensive effects of fish oil in patients with essential
hypertension are dose-dependent (46).
With the demonstration of sustained clinical
improvements and favorable alterations in neutrophil
LTB, and macrophage IL-I production, it is appropriate to examine the side effects of fish oil. The potential
for toxicity should be judged in the context of the
medications used for the treatment of RA. Minor
gastrointestinal intolerance or eructation (6,14) is not
clinically significant when measured against the potential significant toxicities of the other agents. We have
previously observed that patients with RA who take
aspirin or an NSAID and fish oil supplements have a
statistically significant increase in bleeding time (Ivy
method) (14). However, the bleeding time remained
within the normal range and the increase was not
considered to be clinically significant.
A reduction in the level of several mediators of
inflammation ( 15) and an improvement in clinical disease activity after fish oil ingestion in patients with RA

KREMER ET AL
have been observed by other investigators (47). Significant decreases in IL-I after fish oil consumption in
normal volunteers have recently been reported (31).
Based upon the frequency with which significant clinical improvements were noted in the high-dose fish oil
group compared with patients in the low-dose group, it
appears that an individual would be more likely to
benefit from ingestion of higher doses of 03 fatty acids
for sustained periods. We therefore believe that further studies,to elucidate the effects of dietary manipulations of 03 and monounsaturated fatty acids over
extended periods are both necessary and appropriate
in patients with RA.
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