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ABSTRACT 

Objectives: The present study evaluated the effects of a combined nutritional supplement, containing omega-3 fatty ac-
ids (ω-3 FA) and different antioxidative micronutrients on nutrient status and disease activity in patients with rheuma-
toid arthritis (RA). Methods: The study was conducted as a double-blind, randomised placebo-controlled trial. A hun-
dred patients with defined RA were allocated to the verum or placebo group. During a period of twelve weeks they were 
given three capsules of their specific study supplementation every day. The daily dosage of ω-3 FA was 1.35 g (thereof 
900 mg eicosapentaenoic acid, EPA), 90 mg vitamin E, 600 μg vitamin A, 3 mg copper, and 75 μg selenium, or soy oil 
(placebo), respectively. Outcome variables were the changes in DAS 28, the number of tender and swollen joints, morn-
ing stiffness, and supply with different nutrients (e.g. serum concentration of EPA, AA and vitamin E), as well as blood 
lipid levels. Results: Sixty-four participants were included in this analysis: 30 receiving verum and 34 placebo. After 
twelve weeks of intervention, little but not significant improvements were observed in the DAS 28 and other clinical 
factors. Subgroup analysis revealed that the effect was much more pronounced in patients who were at least at a mod-
erate activity of illness. Regarding the nutritional status, the serum concentration of EPA (P < 0.001), vitamin E (P < 
0.01), SOD (P < 0.05), and GPx (P < 0.001) increased significantly, while AA (P < 0.001) decreased after supplemen-
tation. The concentration of triglycerides decreased significantly in the verum group (P < 0.05) but not in the placebo 
group. Conclusions: A twelve week add-on supplementation of a combined food supplement (ω-3 FA + antioxidants) 
effected modest but not significant changes in the clinical parameters in RA. Though vitamin E, SOD and GPx im-
proved significantly, equivalent to an increased antioxidant defence. This supplementation was dedicated to enhance 
the nutritional status of critical nutrients in RA, especially with regard to an increased risk of cardiovascular disease in 
these patients. 
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1. Introduction 
Rheumatoid arthritis (RA) is a chronic inflammatory  
disease of unknown aetiology characterized by persistent 

pain, swelling and destruction in multiple joints [1]. In 
clinical nutrition, the disease pattern of RA is highly 
relevant and can be directly influenced by dietary atti-  
tudes [2]. Nutrition predominantly serves the purpose of 
covering dietary demand. Specifics arise from an in-
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creased nutrient requirement due to inflammatory proc-
esses.  

Clinical evidence has exposed that oxidative stress is 
elevated in RA [3,4]. Reactive oxygen species (ROS) 
produced by neutrophil granulocytes, macrophages and 
lymphocytes are thus involved in cartilage damage and 
bone resumption in the inflammatory process [5]. Due to 
the high appearance of ROS, the requirement of anti- 
oxidant potent nutrients is enhanced [6]. Antioxidants 
have a protective role against tissue damage caused by 
ROS. Under physiological conditions, an organism is 
endued with several effective mechanisms of protection, 
such as antioxidant enzymes: superoxide dismutase (SOD), 
glutathione peroxidase (GPx) and katalase, and non-en- 
zymatic antioxidants: ascorbic acid, tocopherol, β-caro- 
tene and glutathione [6,7]. In pathophysiological situa-
tions, such as RA, an increased oxidative stress results 
from an elevated level of ROS, as well as from reduced 
antioxidative mechanisms [4,8]. 

Different case control studies have indicated not only 
decreased levels of micronutrients and antioxidants in 
patients with RA compared with healthy controls, but 
also reduced activity of antioxidant enzymes such as 
SOD or GPx [9-11]. Additionally, dietary intake of some 
micronutrients (e.g. vitamin A, β-carotene, vitamin E, 
calcium, selenium) has been reported as being insuffi-
cient in RA [12,13].  

Moreover, there is extensive evidence for an increased 
incidence of cardiovascular disease (CVD) in patients 
with RA [14,15]. As inflammation and oxidative stress 
play a key role in the pathogenesis of atherosclerosis as 
well, CVD might display a consequence of chronic in-
flammation as has been found in RA [16]. Thus, it has 
been suggested that not only anti-rheumatic treatment but 
also adequate prevention of CVD should be aimed at in 
RA management [17,18].  

One essential point of a nutritional interference of dis-
eases with inflammatory genesis is the intake of anti- 
inflammatory potent ω-3 PUFA, as well as the reduced 
intake of food rich in AA [2]. Investigators have demon-
strated the effects of dietary supplementation with ω-3 
PUFA containing EPA and DHA in patients with RA 
[19-21]. Randomized, placebo-controlled and double- 
blind studies have demonstrated a reduced number of 
tender or swollen joints, and a reduced duration of morn- 
ing stiffness or pain [19].  

As ω-3 PUFA also proved to be effective in CVD [22], 
American guidelines have recommended the intake of 1 
g/day of EPA and DHA for secondary prevention [23].  

A modification of the fatty acid profile in favour of ω- 
3 PUFA and antioxidant intake can be seen as the major 
aspects of dietary regimes in RA and CVD.  

Up to now, there have been only a few and methodi-
cally weak studies which examined the supplementation 
of single or combined micronutrients―especially anti-
oxidant potent substances―on nutritional status and dis-
ease activity in RA [24,25].  

Thus, the purpose of this randomized, controlled trial 
was to investigate the adjuvant effect of a nutrient sup-
plement containing a mixture of ω-3 PUFA and selected 
antioxidant micronutrients on the nutritional supply and 
disease activity in patients with RA. We suggested that 
the combination of these nutrients would probably pro-
duce synergistic effects. Complementing nutrition in RA 
patients was, therefore, tended to prevent deficiencies of 
critical nutrients and possibly to improve the situation of 
secondary diseases such as CVD. 

As high dosages of varied nutrients are predominantly 
offered in a variety of capsules which can be connected 
with problems of absorption and lacking compliance, we 
wanted to show synergistic effects by supplementing 
physiological doses.  

2. Subjects and Methods 

2.1. Subjects 

A hundred subjects with RA, as defined by the American 
College of Rheumatology 1987 (ACR 1987) criteria, 
entered the study between January 2008 and June 2009. 
The study was performed at the Institute of Food Science 
and Human Nutrition at Leibniz University Hannover, 
Germany, and additionally in several medical practices 
specialising in rheumatology in the area of Hannover, 
Hildesheim and Nienburg/Weser, and in the outpatients 
department of the Department of Naturopathy, Berlin.  

Requirements for entry were patients between the ages 
of 20 and 75 years who had been diagnosed with RA for 
more than three months and who were receiving a stable 
medication before and throughout the study. The dosage 
of corticosteroids up to 10 mg prednisolone/d had to have 
been stable for one month before the intervention start. 
Patients receiving NSAID (nonsteroidal anti-inflamma- 
tory drugs) had to have been on a stable dosage for at 
least two weeks. The first intake of DMARDs (disease- 
modifying antirheumatic drugs) had to have been started 
three months before the beginning of the study and had 
to have been at a constant dosage for at least one month 
before the study starts.  

Exclusion criteria were defined as 1) Changes in medi- 
cations with regard to RA, 2) Further corticosteroid-de- 
pendent diseases (including inhalation of corticosteroids), 
3) Parenteral or intraarticular therapy of corticosteroids 
within the last six weeks before the intervention start, 4) 
Type 1 diabetes, renal insufficiency, severe liver disease 
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and other severe diseases (cancer, serious gastrointestinal 
disorder), 5) Known allergy to or intolerance of fish/fish 
oil, 6) Regular intake of laxatives, 7) Regular use of 
other dietary supplements containing fish oil and/or an-
tioxidants, and 8) Missing compliance. Written informed 
consent was obtained from all participants. The trial was 
conducted with respect to GCP Guidelines. The study 
protocol was approved by the Freiburg Ethics Committee 
International (feci), Germany and, due to the study centre 
in Berlin, by the Ethics Committee of Charité—Univer-
sity of Medicine, Berlin, Germany. 

2.2. Study Design 

The study was undertaken as a placebo-controlled, ran-
domized, double-blind and parallel group intervention 
trial for twelve weeks. Patients were randomly assigned 
to take either one verum or placebo capsule three times a 
day. The daily dosage of verum capsules contained 1.35 
g ω-3 PUFA (thereof 900 mg EPA), 90 mg vitamin E, 
600 μg vitamin A, 3 mg copper, and 75 μg selenium. The 
placebo capsules looked identical and were filled with 
soy oil. Both capsules were handed out in neutral pack-
aging.  

Capsules (verum or placebo) were handed out at base-
line (t0) and after six weeks (t6) of the treatment period 
and leftovers were collected. Compliance of subjects was 
evaluated by counting the pills at the end of the interven-
tion.  

At the beginning of the study, all participants received 
written dietary information and recommendations for a 
nutrition low in AA.  

2.3. Sample Size 

The primary outcome variable was the change of DAS 28. 
With alpha 0.05 (two-sided) and beta 0.8, a sample size 
of 45 patients per group was needed to detect a differ-
ence in DAS 28 of 0.4 in the verum group while the pla-
cebo effect reached 0.2.  

2.4. Clinical Evaluation 

Patients were evaluated at baseline (t0), after six (t6) and 
after twelve weeks (t12). The examination included a 
fasting blood sample, a 28-tender joint and swollen joint 
count, as well as anthropometry and blood pressure mea- 
surements. A numerous analogue scale (NRS) was used 
to assess general health by patients and physicians. Addi-
tionally, subjects completed a Health Assessment Ques-
tionnaire (HAQ) and a short questionnaire to obtain in-
formation about the duration of morning stiffness (in 
minutes), general health and concomitant drugs, as well 
as tolerability of the formulations. 

2.5. Laboratory Evaluation 

Venous blood samples were collected using closed blood 
collecting systems S-Monovettes® (Sarstedt, Germany). 
Blood samples were directly centrifuged at 2000 × g for 
10 minutes for plasma preparation. Blood samples for 
serum preparation were stored for blood coagulation (20 
- 30 minutes) and then centrifuged under the same condi-
tions. Concentrations of EPA and AA were assessed by 
gas chromatography-mass spectrometry (GC-MS). Vita-
min E was determined in serum samples with high per-
formance liquid chromatography (HPLC). Further labo-
ratory evaluation was done: erythrocyte sedimentation 
rate (Westergren’s method), C-reactive protein (immu-
noturbidimetry, Olympus Europe), vitamin A (HPLC), 
selenium (electrochemical atomic absorption spectros-
copy), copper (photometric assay, Rolf Greiner Bio-
Chemica, Flacht, Germany), SOD, and GPx (colorimetric 
assay, IBL, Hamburg, Germany). Serum concentrations 
of TG and TC were measured using the GPO-PAP kit 
and the CHOD-PAP kit, respectively (Roche Diagnostics, 
Mannheim, Germany). LDL-C and HDL-C were meas-
ured enzymatically (Wako Chemicals, Neuss, Germany). 

2.6. Statistical Analyses 

Data were analyzed using PASW (formerly SPSS) ver-
sion 18.0 (SPSS Inc., Chicago, Illinois, USA). The re-
sults are presented as mean ± standard deviation (mean ± 
s.d.). Statistical comparisons were based on the per pro-
tocol population, defined as subjects completing all visits 
and complete dataset, being compliant and not revealing 
any exclusion criteria during the intervention period. An 
intention to treat analysis would have included non- com-
pliant as well as unstable subjects from both groups, and 
would have obscured rather than clarified the effects of 
the treatment. 

Inter-individual statistical analysis was undertaken us-
ing Student’s t-test for parametric data and by Wilcoxon 
test for nonparametric data. Changes in comparing the 
groups were calculated by the Student’s t-test for para-
metric data and by Mann-Whitney-U test for nonpara-
metric data. The chi-square test was used to compare 
inter-group differences. Relationship between baseline 
DAS 28 and absolute DAS 28 differences (Δ(t12 – t0)) 
were calculated with Pearson’s correlation. Analysis of 
covariance was additionally used to compare treatment 
groups incorporating the corresponding baseline value as 
covariates. P-values < 0.05 were considered as signifi-
cant. 

3. Results 

Of the 100 eligible subjects who entered the study, 36 
were excluded (Table 1) from subsequent statistical ana- 

Copyright © 2011 SciRes.                                                                                  FNS 



Combined Add-on Supplementation of Omega-3 Fatty Acids, Vitamin E, Vitamin A, Copper, and Selenium in  717
Rheumatoid Arthritis 

lyses for several reasons: non-compliance (n = 3); changes 
in antirheumatic medication (n = 14); corticosteroid in-
jection before and during intervention (n = 6); intoler-
ance (n = 11); and patient’s dropout for other reasons (n 
= 2). In total, 64 participants completed the study ac-
cording to the protocol and were included in the analysis: 
30 receiving verum and 34 placebo.  

3.1. Subject Characteristics  

The baseline characteristics (Table 2) age, gender, body 
weight, body mass index (BMI), disease duration or DAS 
28 did not show any differences between either group. 
There were no significant changes in BMI during the trial 
(data not shown). The frequency of administration of 
glucocorticoids and DMARD was higher in the placebo 
group compared to active treatment. This difference was 
significant for DMARDs (P = 0.028). With respect to 
glucocorticoids, the difference was seen as a trend to 
significance (P = 0.055).  

3.2. Changes in Disease Activity: Clinical  
Parameters 

Changes in DAS 28 are shown in Table 3. DAS 28 re-  

Table 1. Exclusions from subsequent statistical analyses. 

Reasons for exclusions 
from analyses 

Total study 
group [n] 

Verum  
group [n] 

Placebo 
group [n]

Changes in medication 14 7 7 
Corticosteroid injection 6 2 4 

Intolerance  
(aftertaste, bloating) 

11 8 3 

Compliance 3 3 0 
Other reasons 2 0 2 

Table 2. Baseline characteristics of the subjects. 

 
Verum group 

n = 30 
Placebo group 

n = 34 
Gender [m/f] 2/28 5/29 

Age [y]1 55.8  11.5  
(32 - 75) 

56.2  11.8  
(30 - 75) 

Body weight [kg]1 72.1  12.6  
(50.0 - 94.4) 

70.8  14.2  
(51.2 - 106.0) 

BMI [kg/m²]1 25.9  4.2  
(19.5 - 35.5) 

26.2  5.3  
(18.1 - 39.9) 

Disease duration [y]1 
8.4 ± 6.8  

(1.0 - 28.0) 
8.1 ± 7.3  

(1.0 - 30.0) 

DAS 281,2 
3.7 ± 1.1  
(1.7 - 6.4) 

3.2 ± 1.0  
(1.27 - 5.3) 

DAS 28 ≤ 3.2 [%] 40 (n = 12) 50 (n = 17) 
DAS 28 > 3.2 ≤ 5.1 [%] 50 (n = 15) 47 (n = 16) 

DAS 28 > 5.1 [%] 10 (n = 3) 3 (n = 1) 
Glucocorticoids [%] 17 (n = 5) 38 (n = 13) 

DMARD [%] 50 (n = 15) 77 (n = 26)* 
NSAID [%] 47 (n = 14) 47 (n = 16) 

Biologicals [%] 10 (n = 3) 12 (n = 4) 
1Data expressed as mean ± s.d. (range); 2DAS 28: disease activity score, 28- 
joint count; *P < 0.05, chi-square test, different prevalence between verum 
and placebo group. 

Table 3. DAS 28 (absolute values and differences) between 
the times of assessment (Δ(t6 – t0), Δ(t12 – t6) and Δ(t12 – t0)). 

 
Verum group 

n = 29 
Placebo group  

n = 32 
P# P† 

t0 3.71 ± 1.09 3.27 ± 1.00 0.101  
t6 3.72 ± 1.29 3.58 ± 1.42 0.687  
t12 3.66 ± 1.16 3.30 ± 1.20 0.251  

Δ(t6 – t0) 0.009 ± 0.80 0.314 ± 0.87* 0.161 0.157 
Δ(t12 – t6) –0.068 ± 0.95 –0.278 ± 0.94 0.389 0.181‡

Δ(t12 – t0) –0.059 ± 0.97 0.036 ± 0.82 0.680 0.977‡

*P < 0.05 paired t-test, compared to baseline; #Unpaired t-test, difference 
between verum and placebo group; †Analysis of covariance (baseline DAS 
28 as a covariate); ‡Significant influences of baseline values (‡P < 0.05).  

mained almost at the same level and was not significantly 
reduced in the verum group between t6 and t12 (–1.8%) 
and between t0 and t12 (–1.6%). A modest but significant 
increase of DAS 28 was seen in the placebo group after 
six weeks (P < 0.05). In all, DAS 28 rose in the placebo 
group after twelve weeks (+1.1%) but without signifi-
cance. Both groups showed no significant differences in 
DAS 28 at any time of assessment. 

Bivariate Pearson’s correlation between baseline DAS 
28 and absolute DAS 28 differences (t12 – t0) in the 
verum group are shown in Figure 1. The higher the 
baseline DAS 28 was, the stronger DAS 28 decreased 
during intervention. The correlation coefficient was 
–0.386 (P < 0.05). Correlation between baselines DAS 
28 and absolute DAS 28 differences (t12 – t0) in the pla-
cebo group showed no significance.  

A subgroup including patients with baseline values of 
DAS 28 > 3.2 changes during intervention were more 
pronounced compared to baseline or placebo, respect- 
tively (Table 4). Reduction of DAS 28 in the verum  

 

Figure 1. Pearson’s correlation between baseline DAS 28 
and absolute DAS 28 differences (Δ(t12 – t0)) in the verum 
group, r = –0.386 (P < 0.05). 
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Table 4. Subgroup analysis DAS 28 (absolute values and 
differences) between the times of assessment (Δ(t6 – t0), Δ(t12 
– t6) and Δ(t12 – t0)) considering an initial DAS 28 > 3.2. 

 
Verum group 

n = 18 
Placebo group 

n = 17 
P# P† 

t0 4.38 ± 0.77 3.99 ± 0.64 0.120  
t6 4.26 ± 1.21 4.44 ± 0.91 0.623  
t12 3.99 ± 1.21 4.07 ± 0.88 0.816  

Δ(t6 – t0) –0.12 ± 0.77 0.44 ± 0.83* 0.044 0.054 
Δ(t12 – t6) –0.27 ± 0.94 –0.36 ± 0.81 0.748 0.538 
Δ(t12 – t0) –0.39 ± 0.97 0.08 ± 0.88 0.145 0.255 

*P < 0.05 paired t-test, compared to baseline; #Unpaired t-test, difference 
between verum and placebo group; †Analysis of covariance (baseline DAS 
28 as a covariate), significant influences of baseline values (P < 0.05) are in 
bold.  

group was nearly –0.4 but without significance.  
With regard to other clinical variables a continuous but 

not significant improvement was seen in the number of 
tender (–24.2%) and swollen (–11.9%) joints and morn-
ing stiffness (–15.9%) in the verum group. None of the 
changes shown in Table 5 reached significance except 
for an increase in the tender joint count in the placebo 
group after six weeks (P < 0.01).  

3.3. Changes in Serum EPA and AA  
Concentrations 

At baseline, the serum concentrations of AA were higher 
in the verum than in the placebo group. These differences 
between the groups were detected as not significant (P = 
0.079). When compared to baseline, patients consuming 
verum preparation had significant decreases (–23.9%) in 
AA serum concentrations (P < 0.001), as well as signifi-
cant increases (+151.7%) in EPA serum concentrations 
(P < 0.001) (Figure 2). The EPA/AA- quotient also in-  

 

Figure 2. Mean serum concentration of AA and EPA (µmol/l) 
in the verum and placebo group at baseline and after twelve 
weeks of treatment (*P < 0.05, ***P < 0.001, compared to 
baseline).  

Table 5. Changes of clinical parameters between baseline 
(t0), after six (t6) and after twelve weeks (t12) in the verum 
and placebo groups. 

NTJ [n] 
Verum group

n = 29 
Placebo group 

n = 32 
P# P† 

t0 3.3 ± 5.2 2.0 ± 2.6 0.766  
Δ(t6 – t0) 0.1 ± 3.9 1.8 ± 3.3** 0.052 0.131‡‡

Δ(t12 – t0) –0.8 ± 5.2 –1.3 ± 3.7 0.640 0.609‡‡‡

NTJ [n] 
Verum group

n = 29 
Placebo group 

n = 32 
P# P† 

t0 4.2 ± 4.2 2.6 ± 2.7 0.177  
Δ(t6 – t0) –1.0 ± 2.8 0.4 ± 2.9 0.170 0.226‡‡

Δ(t12 – t0) –0.5 ± 3.3 –0.4 ± 3.7 0.646 0.491‡‡

Morning  
stiffness [min]

Verum group
n = 30 

Placebo group 
n = 34 

P# P† 

t0 22.7 ± 29.1 18.3 ± 29.1 0.389  
Δ(t6 – t0) –2.6 ± 10.3 –0.5 ± 19.2 0.569 0.768‡‡‡

Δ(t12 – t0) –3.6 ± 13.5 –3.1 ± 18.3 0.994 0.782‡‡‡

ESR  
[mm/1st hour]

Verum group
n = 29 

Placebo group 
n = 34 

P# P† 

t0 21.3 ± 13.5 17.4 ± 14.2 0.095  
Δ(t6 – t0) 1.7 ± 13.7 –0.2 ± 9.4 0.673 0.432 
Δ(t12 – t0) 5.1 ± 14.4 2.4 ± 11.1 0.983 0.547 

CRP [mg/l] 
Verum group

n = 29 
Placebo group 

n = 34 
P# P† 

t0 6.7 ± 10.6 4.7 ± 6.6 0.076  
Δ(t6 – t0) 0.8 ± 7.2 0.4 ± 6.3 0.553 0.613‡ 
Δ(t12 – t0) 0.8 ± 5.5 0.6 ± 8.5 0.967 0.796 

NRS 
Verum group

n = 29 
Placebo group 

n = 32 
P# P† 

t0 3.7 ± 1.9 3.5 ± 1.7 0.687  
Δ(t6 – t0) 0.2 ± 1.8 0.4 ± 1.55 0.620 0.686‡ 
Δ(t12 – t0) 0.02 ± 2.1 –0.06 ± 1.24 0.917 0.734‡‡

HAQ 
Verum group

n = 30 
Placebo group 

n = 32 
P# P† 

t0 0.61 ± 0.47 0.59 ± 0.58 0.580  
Δ(t6 – t0) –0.03 ± 0.27 –0.03 ± 0.34 0.780 0.957 
Δ(t12 – t0) –0.02 ± 0.22 –0.04 ± 0.32 0.864 0.782 

NTJ: number of tender joints, NSJ: number of swollen joints, ESR: erythro-
cyte sedimentation rate, CRP: Creactive protein, NRS: numerical rating 
scale, HAQ: health assessment questionnaire; **Significantly different com-
pared to baseline (P < 0.01, Wilcoxon test); #Mann-Whitney-U test, differ-
ence between verum and placebo group; †Analysis of covariance (with 
baseline values as a covariate); ‡Significant influences of baseline values (‡P 
< 0.05; ‡‡P < 0.01; ‡‡‡P < 0.001). 

creased significantly in the verum group (P < 0.001). The 
mean concentration of AA in the placebo group de-
creased significantly after twelve weeks (P < 0.05), where- 
as EPA serum concentration remained unchanged. After 
twelve weeks of supplementation, the verum group had 
significantly higher EPA serum concentration (P < 0.001) 
than the placebo group.  

3.4. Changes in Antioxidant Status 

Data are shown in Table 6. Serum vitamin E levels in the 
verum group rose significantly by 22% (P < 0.01) and 
decreased significantly by 6% in the placebo group (P < 
0.05). After twelve weeks, the intergroup difference in 
vitamin E was significant (P < 0.001). Concentrations of 
vitamin A did not show any changes in either group.  
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Table 6. Serum concentrations of vitamin E, selenium, co- 
pper, and activity of GPx and SOD at baseline (t0) and after 
twelve weeks (t12) in the verum and placebo groups. 

Vitamin E 
[µmol/l] 

Verum group  
n = 30 

Placebo group 
n = 34 

P# 

t0 40.79 ± 15.13 37.77 ± 7.43 0.327 
t12 49.84 ± 15.27** 35.54 ± 7.85* <0.001

Selenium 
[µmol/l] 

Verum group  
n = 27 

Placebo group  
n = 32 

P# 

t0 0.85 ± 0.30 0.83 ± 0.34 0.796 
t12 0.92 ± 0.25 0.84 ± 0.28 0.232 

Copper 
[µmol/l] 

Verum group 
n = 29 

Placebo group 
n = 34 

P# 

t0 22.10 ± 4.38 21.32 ± 6.03 0.565 
t12 22.48 ± 4.75 21.91 ± 4.52 0.627 

GPx [U/ml] 
Verum group 

n = 30 
Placebo group 

n = 33 
P# 

t0 42.49 ± 19.12 50.84 ± 25.00 0.248 
t12 69.23 ± 23.54*** 76.72 ± 24.60*** 0.239 

SOD [U/ml] 
Verum group 

n = 30 
Placebo group 

n = 33 
P# 

t0 5.65 ± 1.77 5.96 ± 1.58 0.356 
t12 6.94 ± 2.14* 6.60 ± 1.39 0.788 

GPx: glutathione peroxidase, SOD: superoxide dismutase; *Significantly dif- 
ferent compared to baseline (*P < 0.05, **P < 0.01, ***P < 0.001); #Unpaired 
t-test (GPx, SOD: Mann-Whitney-U test), difference between verum and 
placebo group. 

Although no changes were seen in serum selenium and 
copper concentrations, there was a significant increase in 
SOD and GPx serum activity (P < 0.05 and P < 0.001) in 
the verum group. While patients receiving placebo also 
had a significant increase in GPx activity, SOD did not 
change. Mean increase of GPx in the verum group 
amounted to 63% and in the placebo group 51%. The 
intergroup differences were not significant. 

3.5. Changes in Lipid Profile 

As can be seen from Table 7, moderate changes in lipid 
levels appeared during the study. The verum group had 
significantly higher baseline levels according to LDL-C 
and TG, as well as significantly lower HDL-C levels than 
the placebo group. No significant changes were seen 
between t0 and t12 for TC, HDL-C and LDL-C in either 
group. Only in the active treatment group was there a 
significant reduction in TG levels (P = 0.049) compared 
to a slight but not significant increase in the placebo 
group.  

4. Discussion 

Dietary management of RA aims at a general improve- 
ment of the patient’s situation. Thus, it is not limited ex- 
clusively to clinical parameters indicating the activity of 
RA. There are also disease-related deficiencies or in- 
creased nutrient demands for which to compensate, as 
well as the avoidance of concomitant diseases (e.g. CVD) 
in terms of secondary and tertiary prevention [26]. These  

Table 7. Changes in lipid profile between baseline (t0), after 
six (t6) and after twelve weeks (t12) in the verum and placebo 
groups. 

TC [mmol/l]
Verum group 

n = 29 
Placebo group 

n = 34 
P# P† 

t0 6.58 ± 1.47 6.21 ± 1.24 0.281  
t6 6.21 ± 1.43 5.79 ± 1.33 0.229  
t12 6.73 ± 1.78 5.89 ± 1.31 0.034  

Δ(t6 – t0) –0.37 ± 1.04 –0.42 ± 1.27 0.861 0.507‡‡

Δ(t12 – t0) 0.15 ± 1.05 –0.32 ± 1.07 0.083 0.052 
HDL-C 
[mmol/l]

Verum group
n = 29 

Placebo group 
n = 34 

P# P† 

t0 1.55 ± 0.39 1.76 ± 0.40 0.042  
t6 1.46 ± 0.42 1.61 ± 0.41 0.153  
t12 1.56 ± 0.33 1.76 ± 0.40 0.038  

Δ(t6 – t0) –0.089 ± 0.31 –0.146 ± 0.30** 0.462 0.950‡‡

Δ(t12 – t0) 0.006 ± 0.19 –0.003 ± 0.29 0.885 0.462‡‡

LDL-C 
[mmol/l]

Verum group
n = 29 

Placebo group 
n = 34 

P# P† 

t0 4.31 ± 1.12 3.67 ± 0.89 0.015  
t6 4.09 ± 1.06 3.46 ± 1.01 0.019  
t12 4.31 ± 1.19 3.44 ± 0.92 0.002  

Δ(t6 – t0) –0.22 ± 0.64 –0.21 ± 0.92 0.965 0.382‡‡

Δ(t12 – t0) 0.003 ± 0.79 –0.23 ± 0.70 0.214 0.050 

TG [mmol/l]
Verum group

n = 29 
Placebo group 

n = 34 
P# P† 

t0 1.43 ± 0.63 1.04 ± 0.40 0.004  
t6 1.11 ± 0.56 0.99 ± 0.44 0.288  
t12 1.32 ± 0.57 1.06 ± 0.33 0.086  

Δ(t6 – t0) –0.32 ± 0.47*** –0.05 ± 0.33 0.023 0.162‡‡‡

Δ(t12 – t0) –0.11 ± 0.46* 0.02 ± 0.34 0.032 0.761‡‡‡

TC: Total Cholesterol, HDL-C: HDL-Cholesterol, LDL-C: LDL-Cholesterol, 
TG: Triglyceride; *Significantly different compared to baseline (*P < 0.05, 
**P < 0.01, ***P < 0.001); # Unpaired t-test (TG: Mann-Whitney-U test), 
difference between verum and placebo group; †Analysis of covariance (with 
baseline values as a covariate); ‡Significant influences of baseline values (‡P 
< 0.05; ‡‡P < 0.01; ‡‡‡P < 0.001). 

criteria for the effectiveness of dietary treatment are the 
sources of the present study. The intervention study de- 
scribed in this paper aimed to investigate the effects of a 
combined nutrient food supplement containing a mixture 
of ω-3 FA and selected antioxidative micronutrients in 
patients with RA.  

The outcome of this add-on nutrient supplementation 
compared to a placebo was a significant increase in se-
rum EPA, vitamin E, SOD, and GPx levels and a signifi-
cant decrease in AA. Though, clinical parameters as-
sessing disease activity (e.g. DAS 28) were few and did 
not show statistical significant changes after intervention.  

After twelve weeks of intervention, DAS 28 decreased 
by –0.06 points in the verum group while it increased in 
the placebo group (+0.04). On the other hand, it can be 
seen that in patients with higher initial DAS 28 (>3.2), 
changes of DAS 28 were more pronounced. Reduction of 
DAS 28 in the verum group was –0.4. According to clas-
sical understanding (EULAR response criteria), this re-
duction appears not to be relevant. But it should be con-
sidered that no serious adverse events are expected from 
a nutritional treatment in contrast to conventional anti- 
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rheumatic drugs (including NSAID, glucocorticoids). 
By looking at this collective, it must be said that dis-

ease activity seems to be comparably low. At the begin-
ning of this trial, patients had a mean DAS 28 of 3.43 ± 
1.1. Thereof 29 participants (45.3%) by definition had a 
low DAS 28 < 3.2 and, furthermore, eleven participants 
(17.2%) fulfilled criteria of clinical remission (DAS 28 < 
2.6). The baseline values of DAS 28 seemed to be lower 
than anticipated. The exclusive inclusion of patients with 
a DAS 28 of at least 3.2 would probably have led to a 
more prominent effect. 

However recent development has shown that overall 
disease activity in RA is becoming milder as pharmaceu-
tical therapy starts earlier and has become more aggres-
sive [27]. Dietary therapy should, therefore, only be seen 
as an adjuvant therapy and cannot reach pharmaceutical 
relevance. 

DAS 28 will be applicable as a valid instrument in 
evaluation in response to medical treatment. In this case, 
the add-on treatment by a nutrient supplement cannot be 
compared to effects by medical treatment.  

To our knowledge, there are only a small number of 
clinical trials that have found reduction of the DAS 28 
after ω-3 FA intake. In a study by Leeb et al. [2006], 
application of ω-3 FA (0.1 - 0.2 g fish oil/kg) was intra-
venous and DAS 28 reduction (>0.6) reached statistical 
significance (P < 0.001). Compared to our study however, 
mean initial DAS 28 was considerably higher [28]. A 
previous work by Remans et al. [2004] showed concor-
dantly no changes in DAS 28 [29], although the nutrient 
supplement was related to our study.  

Prior studies examined the effect of ω-3 FA in RA. In 
2007, a meta-analysis released by Goldberg and Katz [19] 
demonstrated that supplementation with dietary fish oil 
for three months significantly reduced the number of 
tender joints (P = 0.001) and morning stiffness (P < 0.01) 
amongst other effects. The improvements in other out-
come variables did not reach statistical significance [19]. 
In the present study, improvements in the tender and 
swollen joint count and morning stiffness were modest 
but not significant.  

In agreement with other studies, at least a twelve-week 
intervention period was required to monitor therapeutic 
effects of ω-3 FA. In contrast, former trials apparently 
demonstrated a dose-dependent anti-inflammatory effect 
of ω-3 FA. The mean absorbed amount was between 1.3 
and 9.1 g/day of ω-3 FA: this equates to ca. 2 - 18 g fish 
oil. The intake of 2.6 g ω-3 FA per day during an inter-
vention period of twelve months showed significantly 
more beneficial effects on complaints and clinical signs 
compared to the intake of 1.3 g/d ω-3 FA with an added 
3 g olive oil or exclusively 6 g olive oil [30]. In a further 

examination, clinical improvements primary appeared in 
the intervention group receiving a higher ω-3 FA dosage 
(ca. 6 g/d) compared to the low dosage group (3 g/d ω-3 
FA) [31]. On the other hand, the enhanced intake of ω-3 
FA up to 130 mg ω-3 PUFA/kg body weight and day 
(accordingly 8 - 9 ω-3 FA g/d) detected no considerable 
advantages [32]. With the help of these data, a daily in-
take of at least 3 g ω-3 FA was considered to be adequate 
for anti-inflammatory effects [21,33]. These somewhat 
exceedingly high dosages of ω-3 FA may cause absorp-
tion and gastrointestinal problems (e.g. gas, bloating, 
belching, and diarrhoea), as well as reduced compliance 
because large amounts of capsules have to be ingested. 
Actually, eleven patients, therefore, cancelled this study. 
In some subjects, a daily dosage of three ω-3 FA cap-
sules can also generate symptoms of gastrointestinal in-
tolerance. However, supplementation of physiological 
dosage of ω-3 FA (1.35 g/d) given suggests that it might 
be insufficient and hence less effective than supplements 
containing higher doses.  

Most of the studies released examined the effects of ω- 
3 FA reclusively but rarely in combination. The com-
bined supplementation in this study has been designed to 
achieve synergistic effects by ω-3 FA and antioxidants in 
RA.  

As RA is characterised by the increase of ROS, anti-
oxidants play a major role in controlling oxidative stress 
and, therefore, decrease disease activity. Simultaneously, 
previous studies described a deficient antioxidant status 
and antioxidant intake in RA patients [10,12,34,35]. The 
number of trials that examine the clinical effects of anti-
oxidants in RA is small and, in addition, the trials are 
unconvincing and partly contradictory [24]. Only one 
clinical trial investigated the therapeutic effects of a 
combined (ω-3 FA + antioxidants) nutrient supplement 
without clinical outcomes [29].  

Although serum copper and selenium did not change 
during intervention, the activity of the antioxidant en-
zymes SOD and GPx increased significantly. While the 
concentration of serum copper and selenium reflects only 
short term status, measurement of enzyme activity (SOD, 
GPx) can be used to assess the effect of supplementation 
[36].  

An increase of GPx was also seen in the placebo group. 
There might be an indication of a possible pharmacol-
ogical manipulation of the enzyme activity, as could be 
seen by Helmy et al. [37]. Patients only treated with 
standard therapy had an increase of GPx activity as well. 
Similar results in terms of increasing the enzyme activity 
after NSAID therapy were demonstrated by Nivsarkar 
[38]. In this connection, it has to be noted that a signifi-
cantly higher percentage received DMARD in the pla-
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cebo group compared to verum. 
To the present day, the cardioprotective effect of ω-3 

FA on serum lipid profile has been considered by several 
authors [39]. Numerous studies have shown that ω-3 FA 
has a beneficial effect on blood lipid parameters [40]. 
Meanwhile, the therapeutic treatment of hypertriglyc-
eridemia has been established with fish oil, in which ef-
fective doses are in the range of 3 - 5 g per day that can 
only be reached through supplementation [39]. In the 
present study, TG levels could also be reduced by a sig-
nificantly lower dosage of ω-3 FA (1.35 g/d). Accord-
ingly, an additional cardioprotective benefit in terms of a 
reduction of TG may be achieved in RA patients by this 
intervention. 

Some factors may have limited the outcome of this 
study. Firstly, the initial disease activity in this trial was 
comparatively low. Secondly, the drop-out rate was, due 
to changes of antirheumatic medication, corticosteroid 
injections and other reasons or exclusion criteria, rela-
tively high and led to a small study group. Thirdly, it has 
to be mentioned that despite randomisation, equal distri-
bution could not be achieved in several parameters (e.g. 
CRP, HDL-C, LDL-C, TG). No multistage stratification 
was realizable because of batch-wise recruitment. Ac-
cording to the analysis of covariance, it can be seen that 
baseline values showed a significant influence on inter-
vention results. Consequently, possible effects could have 
been underestimated.  

Our results show that this add-on supplementation im-
proved the nutrition status of vitamin E, SOD and GPx 
significantly corresponding to an increased antioxidant 
defence. Thus, malnutrition of critical nutrients can be 
prevented. Further examinations pertaining to dose-re- 
sponse relationships and relevance of disease activity on 
outcome variables are required.  
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