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Abstract: Background: Long-chain omega-3 and omega-6 fatty acids (n-3, n-6 FAs) may modulate
inflammation and affect the risk of developing rheumatoid arthritis (RA). However, whether n-3/n-6
FA status affects RA after disease onset is unknown. This study aimed to assess whether FA profiles
are independently associated with disease activity in a large prospective cohort of patients with early
RA. Methods: Baseline serum FAs were quantified in 669 patients in the ESPOIR cohort. Principal
component analysis identified three serum FA patterns that were rich in n-7–9, n-3 and n-6 FAs
(patternsω7–9,ω3 andω6), respectively. The association of pattern tertiles with baseline variables
and 6-month disease activity was tested using multivariable logistic regression. Results: Patternω3
was associated with low baseline and pattern ω6 with high baseline C-reactive protein level and
disease activity. Both patternsω3 andω6 were associated with reduced odds of active disease after
6 months of follow-up (pattern ω3: odds ratio, tertile three vs. one, 0.49 [95% CI 0.25 to 0.97] and
patternω6: 0.51 [0.28 to 0.95]; p = 0.04 and 0.03, respectively). Conclusions: In a cohort of early RA
patients, a serum lipid profile rich in n-3 FAs was independently associated with persistently reduced
disease activity between baseline and 6-month follow-up. An n-6 FA profile was also associated with
lower 6-month disease activity.

Keywords: omega 3 fatty acids; n-3 fatty acids; omega 6 fatty acids; n-6 fatty acids rheumatoid
arthritis; cohort study

1. Introduction

Rheumatoid arthritis (RA) is a multifactorial chronic inflammatory disease character-
ized by joint inflammation and the production of autoantibodies like rheumatoid factor
(RF) and anti-citrullinated peptide antibodies (ACPAs) [1]. Genetic susceptibility is esti-
mated to account for 40% to 50% of the risk of developing RA [2]. The residual risk is
generally attributed to environmental factors that may act on predisposed individuals
before disease onset. This hypothesis supposes the existence of a preclinical phase of RA [3]
characterized by the presence of disease-specific autoantibodies, with no evidence of joint
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inflammation [4]. Thus, susceptible individuals may or may not progress to RA depending
on exposure to environmental factors not clearly identified yet, apart from smoking and
silica exposure [5]. After disease onset, these factors may concur to determine the disease
phenotype and prognosis. Thus, the identification of additional environmental factors
involved in the pathogenesis of RA may help prevent RA and reduce its severity.

Long-chain n-3 and n-6 polyunsaturated fatty acids (PUFAs; n-3, n-6 FAs) are involved
in immune homeostasis and can alter inflammatory processes [6]. Long-chain PUFAs cannot
be efficiently synthesized by humans and need to be introduced with diet [7]. Fatty fish is
the main dietary source of long-chain n-3 PUFAs, eicosapentaenoic acid (EPA) (20:5n-3) and
docosahexaenoic acid (DHA). EPA and DHA may also be produced by elongation of the
plant-derived alpha linolenic acid (ALA) (18:3n-3). However, the conversion to EPA, and
even more to DHA, is inefficient, especially in humans, and is antagonized in the presence
of the more abundant n-6 FAs in the diet that compete for the involved enzymes delta-5
and -6 desaturases [8,9]. Seeds and vegetable oils (e.g., sunflower or corn) are widespread
sources of the n-6 PUFA linoleic acid (LA) (18:2n-6). Unlike the n-3 homologous ALA, LA
is efficiently converted to arachidonic acid (20:4n-6) and gamma-LA (GLA) (18:4n-6).

Although n-6 FAs are considered mainly proinflammatory, some, like GLA, may be
endowed with anti-inflammatory activity [10], and in a nested case–control study, the
erythrocyte content in LA was found inversely associated with risk of RA [11].

Numerous mechanistic studies support that n-3 FAs, particularly EPA and DHA, may
reduce inflammation and the immune response via different potential mechanisms, such
as the production of anti-inflammatory lipid mediators [12,13], reduced production of
pro-inflammatory cytokines [14,15] or induction of a regulatory phenotype in immune
cells [16]. A modest, but quite consistent, clinical effect of fish oil/n-3 FAs supplementation
has been described in RA [17,18].

Dietary intake of n-3 FAs (by supplementation or fish consumption) has been found
inversely associated with the incidence of RA in different populations [19–21]. However,
that association has not been consistently found [22,23], likely because fish consumption is
correlated only partially with in vivo levels of n-3 FAs. The latter levels are also influenced
by interindividual heterogeneity in the absorption and metabolism of FAs [24]. Thus, in a
recent nationwide randomized controlled trial, 1 g per day of n-3 FA supplementation for a
mean of 5.3 years resulted in a 15% non-statistically significant reduction in incidence of
autoimmune diseases versus placebo [25].

Directly measuring PUFA levels (in plasma, serum or red blood cell (RBC) membrane)
may provide a more valid biomarker of PUFA status for use in epidemiological studies.
Accordingly, three nested case–control studies in the same cohort found that in individuals
genetically at risk of RA, high RBC membrane levels of n-3 FAs were inversely associated
with ACPA positivity [26], with a stronger association in shared-epitope carriers [27], and
that high levels of docosapentaenoic acid and DHA were associated with lower transition
from asymptomatic autoimmunity to undifferentiated arthritis [28]. In a case–control study
of women with early RA, levels of RBC, EPA and DHA were associated with reduced odds
of RA [29].

Conversely, it is still unclear, particularly in the early phases of RA, whether FA status
may affect patient features and disease evolution. Moreover, few studies [29], and none
with a longitudinal design, have analyzed a wide panel of FAs, which may better reflect
the interplay between FAs with different biological activity.

In this study, we hypothesized that patients with RA may have different disease
features and prognosis depending on their FA status. Thus, we characterized serum
patterns of FAs in a large cohort of patients with early RA and estimated the association of
those patterns with patient features and with baseline and 6-month disease activity.
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2. Materials and Methods
2.1. Study Population

The characteristics and criteria of enrollment of patients in the ESPOIR cohort (Etude
et Suivi des POlyarthrites Indifférenciées Récentes) are detailed elsewhere [30]. Briefly,
ESPOIR is a national French, multicentric (14 rheumatology centers), longitudinal cohort of
patients 18 to 70 years old with suspected or confirmed diagnosis of RA. Patients who had
two or more swollen joints for 6 weeks or 6 months were included in the cohort between
2002 and 2005, with a planned follow-up of 15 years. The follow-up visits with collection
of clinical biological and radiological data were scheduled every 6 months during the
first year and yearly thereafter. All 813 patients included in the cohort provided informed
consent, and the study was approved by the Montpellier Ethics Committee in July 2002
(no. 020307). For this study, we analyzed data for 669 patients with early arthritis included
in the ESPOIR cohort who fulfilled the 2010 ACR/EULAR criteria at enrollment in the
cohort or during the first 2 years of follow-up.

2.2. FA Analysis

At enrollment in the cohort (from December 2002 to March 2005), all participants
underwent fasting blood draw. Serum samples were stored at −80 ◦C in a single center
facility (Biological Resources Center at Bichat Hospital, Paris). Methyl esters of different
FAs were quantitatively analyzed to measure serum FA composition among serum lipids,
as described elsewhere [31]. Lipids were extracted from 100-µL aliquots of serum with
8 µL hexane:isopropanol (3:2, vol:vol) in the presence of heptadecanoic acid as an internal
standard. The protocol reports that methylated FAs, obtained by standard saponification
of triglycerides and cholesterol esters followed by methylation with boron trifluoride 14%
in methanol and extraction with n-heptane, are dosed by gas chromatography with a
flame ionization detector (6850 Agilent) by using a capillary column (Quadrex 30 m length,
0.25 mm id, film thickness 0.25 mm, Alltech), with H2 as a carrier gas. A typical run uses
a temperature gradient of 50 uC/min from 50 uC to 140 uC, 1.4 uC/min from 140 uC to
165 uC and 10 uC/min from 165 uC to 245 uC. Individual methyl esters were identified by
comparison with a mixture of commercial standards, with quantification expressed both as
serum concentration (µmol/L) and as percentage total area of all FA peaks.

2.3. Statistical Analyses

We extracted FA patterns from 19 serum FAs by using principal component analysis
(PCA) [32]. PCA allowed for generating FA patterns (principal components or factors) as
independent linear combinations of the original 19 serum FAs, using orthogonal transfor-
mation (Varimax option) to obtain independent patterns. We determined the number of
patterns to retain for the analysis on the basis of each factor’s eigenvalue and according to
Cattel’s scree test (a plot of the total variance explained by each pattern) [33]. We named
each pattern according to the FA content correlation with each pattern by using Pearson
correlation coefficients. Patients were classified by tertiles of each FA pattern score.

Univariate associations between tertiles of FA patterns and categorical patient variables
were tested with chi-squared test or trend tests depending on the type of variable. The
association with continuous variables was tested with ANOVA or Kruskal–Wallis test
according to the data distribution.

For multivariable analysis, a logistic regression model was used to estimate odds
ratios (ORs) with p for trend calculation across tertiles of FA patterns (as ordinal expli-
catory variables) and Disease Activity Score in 28 joints (DAS28) based on erythrocyte
sedimentation rate (ESR) by using the 5.1 threshold for high disease activity as the cate-
gorical dependent variable. Additional analyses were performed with lower thresholds
of the DAS28 (3.2 and 2.6, lower values indicating low disease activity and remission, re-
spectively). Hence, the final models included age, sex, body mass index, smoking status,
education level, profession, baseline ACPA and RF status, baseline treatments (nonsteroidal
anti-inflammatory drugs, corticosteroids, statins, hormone replacement therapy or oral
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contraception, and beta blockers), and baseline C-reactive protein (CRP) level. Baseline
DAS28 and conventional or biologic disease-modifying anti-rheumatic drug (c or bDMARD)
treatment between baseline and 6 months were also included in the models to study the as-
sociation between tertiles of FA patterns and 6-month disease activity. Sensitivity analyses
involved excluding baseline CRP level from the main models. All statistical analyses were
performed with SAS® software version 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Study Population

The main characteristics of the study population are in Table 1. The patients were
mostly females (77.3%) and of Caucasian origin; about half were never smokers. At the
time of inclusion in the cohort, 47.1% of patients were ACPA-positive and 57.6% were
RF-positive. The mean (SD) DAS28 at inclusion was 5.2 (1.3), thus indicating overall
high disease activity, and 15.0% of patients already had erosive disease. Only 18.1% had
received oral corticosteroids; most had not received cDMARDs (92.2%) and none had
received bDMARDs. At 6-month follow-up, 75% of patients had received cDMARDs and
3% bDMARDs. The mean DAS28 at 6 months was 3.3 (1.4).

Table 1. Demographic and disease characteristics of patients with early rheumatoid arthritis (RA)
from the ESPOIR cohort (n = 669).

n (%) Mean (SD) or Median
(Range)

Anthropometrics
Age (years) - 48.6 (12.3)
Sex

Male 152 (22.7) -
Female 517 (77.3) -

Ethnicity
Caucasian 615 (91.9) -
Other 54 (8.1) -

BMI (kg/m2)
<25.0 391 (58.6) -
25.0–30.0 180 (27.0) -
>30.0 96 (14.4) -

Sociodemodemographic Variables
Marital status

Married * 486 (72.8) -
Single † 182 (27.3) -

Education level
None to primary school 306 (45.7) -
Secondary school 152 (22.7) -
Tertiary education or higher 211 (31.5) -

Professional status
Active or student 442 (66.1) -
Unable to work 10 (1.5) -
Housewife/husband 48 (7.1) -
Unemployed 32 (4.8) -
Retired 136 (20.4) -

Smoking status
Never smoker 355 (53.1) -
Former smoker 172 (25.7) -
Current smoker 142 (21.2) -
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Table 1. Cont.

n (%) Mean (SD) or Median
(Range)

Laboratory Features
CRP - 9.0 (0–384)
ESR 29.9 (25.0)
ACPA- and RF-positive 281 (47.3) -
ACPA-positive/RF-negative 30 (5.1) -
ACPA-negative/RF-positive 30 (5.1)
ACPA-negative/RF-negative 253 (42.6)

Treatment For Ra
DMARDs at baseline

None 617 (92.2) -
cDMARDs 52 (7.8) -

DMARDs at 6 months
None 139 (22.0) -
cDMARDs 475 (75.0) -
bDMARDs 19 (3.0) -

Oral corticosteroids at baseline
None 548 (81.9) -
Yes 121 (18.1) -

Ra Activity and Severity
DAS28 at baseline - 5.2 (1.3)
DAS28 at 6 months - 3.3 (1.4)
DAS28 > 5.1

At baseline - 340 (50.8)
At 6 months - 84 (12.6)

Typical erosions at baseline
Yes - 100 (15.0)
No - 568 (85.0)

* Married or in couple relationship. † Single, divorced or widowed. Data are mean ± SD or number (%). BMI: body
mass index; CRP: C-reactive protein; DAS28: Disease Activity Score in 28 joints; ACPA: anti-citrullinated
peptide antibodies; RF: rheumatoid factor (IgM); c/bDMARD: conventional/biological disease-modifying
anti-rheumatic drugs.

3.2. Serum FA Quantification and Pattern Definition

Serum FA analysis for the 669 patients allowed for quantifying a total of 19 FAs with
chain length from 14 to 22 carbon atoms (Table 2). Six were n-6 PUFAs, five were n-3 PUFAs,
two were n-7 PUFAs, two were n-9 PUFAs and four were saturated FAs. We used PCA to
extract patterns of FAs that could capture the maximum variance in FA content between
patients. The first pattern was called pattern ω7–9 because it featured higher positive
correlations with n-7 (palmitoleic and vaccenic) and n-9 (oleic) PUFAs, together with
saturated FAs (myristic and palmitic). The second pattern was called pattern ω3 because it
featured high positive correlations with n-3 long-chain PUFAs (EPA, docosapentaenoic acid
and DHA) and negative correlations with n-6 PUFAs (C20_2n6 and C20_3n6). The third
pattern was called patternω6 and was rich in n-6 long-chain FAs (GLA, di-homo-gamma-
LA, eicosatrienoic acid). The pattern correlations with individual FAs are in Table 2.

3.3. Associations between FA Patterns and Patient Features at Baseline

At baseline, high pattern ω3 scores were associated with low CRP level, less corticos-
teroid treatment and less high disease activity (DAS28 > 5.1) (Table 3). High pattern ω6
scores were associated with smoking, increased BMI, low educational level, ACPA positiv-
ity, erosive disease and high CRP level and disease activity (Supplementary Table S1). High
patternω7–9 scores were associated with smoking, high BMI and Caucasian ethnicity. Both
patterns ω7–9 and ω6 were associated with increased concomitant use of statins and beta-
blockers (Supplementary Tables S1 and S2). Patternω7–9 was associated with increased
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use of hormone replacement therapy or oral contraception (Supplementary Table S2) and
both patternsω3 andω6 were associated with reduced use (Tables 3 and S1).

Table 2. Patterns of fatty acids (FAs) and contribution of each FA to the pattern (correlation coeffi-
cients) (n = 669).

FA Omega Name FA Common Name Pattern ω7-9 Pattern ω3 Pattern ω6

Pearson’s correlation coefficients

C14_0 Myristic acid 0.52641
C16_0 Palmitic acid 0.81581 −0.21467

C16_1n7 Palmitoleic acid 0.79217 0.22254
C18_0 Stearic acid 0.36009

C18_1n7 Vaccenic acid 0.59262
C18_1n9 Oleic acid 0.76549
C18_2n6 Linoleic acid −0.88203 −0.25486 −0.24690
C18_3n3 Alpha-linolenic acid 0.20374 −0.28524
C18_3n6 Gamma-linolenic acid 0.80262
C18_4n3 Stearidonic acid 0.38059 0.31487

C20_0 Arachidic acid
C20_2n6 Eicosadienoic acid −0.56736
C20_3n6 DGLA −0.28721 0.60980

C20_3n9 Mead’s acid
(eicosatrienoic) 0.40752 0.68549

C20_4n6 Arachidonic acid −0.35614 0.30190 0.48385
C20_5n3 EPA 0.86464
C22_4n6 Docosatetraenoic acid 0.71141
C22_5n3 DPA 0.78835
C22_6n3 DHA 0.77720 −0.22137

Pearson correlation method. DGLA: dihomo-gamma-linolenic acid; EPA: eicosapentaenoic acid; DPA: docosapen-
taenoic acid; DHA: docosahexaenoic acid.

Table 3. Univariate analysis of the association between pattern ω3 and patient characteristics at
inclusion in the cohort.

Pattern ω3 T1 T2 T3 p

Age, mean (SD) - 43.6 (12.8) 50.0 (11.8) 52.2 (10.5) <0.001

Smoking Never smoker 112 (50.2) 124 (55.6) 119 (53.4) 0.09
Former smoker 52 (23.3) 64 (28.7) 56 (25.1)
Current smoker 59 (26.5) 35 (15.7) 48 (21.5)

BMI Underweight or normal 136 (61.0) 113 (51.1) 142 (63.7) 0.08
Overweight 55 (24.7) 70 (31.7) 55 (24.7)

Obesity 32 (14.4) 38 (17.2) 26 (11.7)

Ethnicity Other 19 (8.5) 18 (8.1) 17 (7.6) 0.94
Caucasian 204 (91.5) 205 (91.9) 206 (92.4)

Sex Men 50 (22.4) 56 (25.1) 46 (20.6) 0.52
Women 173 (77.6) 167 (74.9) 177 (79.4)

Professional status Working or student 148 (66.4) 131 (59.0) 128 (57.4) 0.04
Unemployed (whatever the cause) 45 (20.2) 40 (18.0) 40 (17.9)

Retired 30 (13.5) 51 (23.0) 55 (24.7)

Education level Primary school 96 (43.1) 116 (52.0) 94 (42.2) 0.05
High school 62 (27.8) 41 (18.4) 49 (22.0)

Graduate education 65 (29.2) 66 (29.6) 80 (36.9)

Marital status Single 64 (28.7) 51 (23.0) 67 (30.0) 0.21
Married 159 (71.3) 171 (77.0) 156 (70.0)
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Table 3. Cont.

Pattern ω3 T1 T2 T3 p

ACPA Positive 103 (46.8) 110 (50.2) 98 (44.1) 0.44
IgM-RF Positive 120 (53.8) 130 (58.3) 135 (60.5) 0.34

Typical RA erosions Yes 26 (11.7) 41 (18.5) 33 (14.8) 0.13
Corticosteroids Yes 46 (20.6) 52 (23.3) 23 (10.3) <0.001

NSAIDs Yes 207 (92.8) 197 (88.3) 201 (90.1) 0.27
Beta-blockers Yes 13 (5.9) 19 (8.5) 19 (8.5) 0.47

Statins Yes 8 (3.6) 16 (7.2) 20 (9.0) 0.07
HRT or OC Yes 57 (25.7) 32 (14.4) 23 (10.3) <0.001

Baseline use of DMARDs Yes 16 (7.2) 22 (9.9) 14 (6.3) 0.34

Baseline DAS28 >5.1 (high) 130 (59.1) 101 (46.5) 109 (49.8) 0.02

CRP, mean (SD) - 25.5 (40.8) 19.2 (30.9) 17.6 (28.1) 0.03

Data are n (%) unless otherwise indicated. Bold p values are significant (p < 0.05). T1, T2, T3: tertile one, two and
three of pattern score, respectively; BMI: body mass index; CRP: C-reactive protein; DAS28: Disease Activity Score
in 28 joints based on ESR; HRT: hormone replacement therapy; OC: oral contraception; RA: rheumatoid arthritis;
ACPA: anti-citrullinated peptide antibodies; RF: rheumatoid factor (IgM); c/bDMARD: conventional/biological
disease-modifying anti-rheumatic drugs; NSAIDs: non-steroidal anti-inflammatory drugs.

We then tested the associations between FA patterns and baseline disease activity on
multivariable analysis. In the model not adjusted on CRP level, high pattern ω3 scores
were associated with reduced odds of high baseline disease activity (DAS28 ≥ 5.1) (Table 4).
The association did not remain when CRP level was included (Table 4), which suggests
that CRP may be a path variable in the association between FAs and concomitant disease
activity. We found no significant associations between ω7–9 and ω6 patterns and high
disease activity on multivariable analysis.

Table 4. Multivariate analysis of the association between FA patterns and baseline high disease
activity (DAS28 ≥ 5.1) (n = 669).

T1 T2 T3 p Trend

Pattern ω7–9

OR (95% CI)
Model 1 Ref 1.12 (0.74–1.72) 1.31 (0.85–2.03) 0.2
Model 2 Ref 1.16 (0.78–1.72) 1.16 (0.78–1.72) 0.06

Pattern ω3

OR (95% CI)
Model 1 Ref 0.56 (0.36–0.86) 0.69 (0.44–1.09) 0.1
Model 2 Ref 0.49 (0.32–0.74) 0.61 (0.40–0.93) 0.02

Pattern ω6

OR (95% CI)
Model 1 Ref 0.57 (0.37–0.88) 0.95 (0.61–1.47) 0.8
Model 2 Ref 0.60 (0.40–0.90) 1.13 (0.74–1.68) 0.63

Model 1: adjusted for age, sex, BMI, smoking status, education level, work, baseline ACPA status, baseline RF, base-
line treatments (NSAIDs, corticosteroids, statins, HRT or OC, beta blockers), baseline CRP level. Model 2: model 1
not adjusted for baseline CRP level. BMI: body mass index; CRP: C-reactive protein; HRT: hormone replace-
ment therapy; OC: oral contraception; ACPA: anti-citrullinated peptide antibodies; RF: rheumatoid factor (IgM);
NSAIDs: nonsteroidal anti-inflammatory drugs; OR: odds ratio; 95% CI: 95% confidence interval. T1, T2, T3: tertile
one, two and three of pattern score, respectively.

3.4. Associations between FA Patterns and Patient Features at 6-Month Follow-Up

On univariate analysis, high pattern ω3 scores at baseline were associated with re-
duced odds of high 6-month disease activity (Supplementary Table S3). A similar associa-
tion was found for patternω6 although not significant (Supplementary Table S3).

On multivariate analysis, higher tertiles of patternsω3 andω6 were associated with
reduced odds of high 6-month disease activity (DAS28 ≥ 5.1) (Table 5). Those associations
were unchanged when excluding CRP level from the model (Table 5). FA patterns were not
associated with moderate to high disease activity (DAS28 ≥ 3.2) (Supplementary Table S4).
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However, we found a trend for higher odds of remission for high pattern ω3 scores
(Supplementary Table S5).

Table 5. Multivariate analysis of the association between FA patterns and 6-month high disease
activity (DAS28 ≥5.1) (n = 669).

T1 T2 T3 p Trend

Pattern ω7-9

OR (95% CI)
Model 1 Ref 0.99 (0.54–1.82) 0.80 (0.42–1.52) 0.5
Model 2 Ref 0.99 (0.54–1.82) 0.79 (0.42–1.49) 0.5

Pattern ω3

OR (95% CI)
Model 1 Ref 0.73 (0.40–1.34) 0.49 (0.25–0.97) 0.04
Model 2 Ref 0.75 (0.41–1.38) 0.51 (0.26–1.00) 0.05

Pattern ω6

OR (95% CI)
Model 1 Ref 0.43 (0.23–0.81) 0.51 (0.28–0.95) 0.03
Model 2 Ref 0.43 (0.23–0.81) 0.51 (0.27–0.93) 0.02

Model 1: adjusted for age, sex, BMI, smoking status, education level, work, baseline ACPA status, baseline
RF, baseline DAS28, baseline CRP level, baseline treatments (NSAIDs, corticosteroids, statins, HRT or OC, beta
blockers, DMARDs treatment between 0 and 6 months. Model 2: model 1 not adjusted for baseline CRP level.
BMI: body mass index; CRP: C-reactive protein; HRT: hormone replacement therapy; OC: oral contraception;
ACPA: anti-citrullinated peptide antibodies; RF: rheumatoid factor (IgM); NSAIDs: nonsteroidal anti-inflammatory
drugs; OR: odds ratio; 95% CI: 95% confidence interval.

4. Discussion

In a large cohort of patients with early RA, FA patterns, obtained from baseline
serum samples, were associated with concomitant disease activity and severity and with
further disease activity at 6-month follow-up, with differing directions depending on the
FA pattern.

To the best of our knowledge, this is the largest study that measured FAs in patients
with early RA in relation to disease features and the first to measure those associations
prospectively. Moreover, this is the first cohort study to measure all FAs in serum (saturated
and unsaturated, n-3, n-6, n-7 and n-9), providing, for a large number of patients, a thorough
panel of FAs that might be involved in the inflammatory process in RA.

To capture and summarize the complexity of potential interplay between different FAs,
we extracted patterns of FAs. We adopted a data-driven approach, with no prior hypothesis,
which led to identifying three independent patterns correlated more specifically with n-3
(patternω3), n-6 (patternω6), n-7–9 and saturated (patternω7–9) FAs, respectively.

Pattern ω3 was associated with reduced inflammation and disease activity both at
baseline and at 6-month follow-up, whereas pattern ω6 was associated with increased
inflammation and disease activity at baseline but also with reduced odds of high disease
activity at 6 months. Pattern ω7–9 did not show any association with disease activity at
those times.

In deeper detail, at baseline, patternω3 was associated with reduced CRP level and
low to moderate disease activity. With the baseline inverse association between pattern
ω3 and CRP level, we wondered whether CRP level might be an intermediate variable
in the causal process by which PUFAs affect disease activity. Reverse causality (i.e., the
inflammatory state affects the FA pattern and not the reverse) in these cross-sectional
analyses, may be an alternative explanation. However, high patternω3 scores were also
associated with low to moderate disease activity at 6-month follow-up in models including
and excluding baseline CRP level.

Evidence from the literature suggests a potential role for n-3 FAs in reducing the risk
of developing RA by interacting with the genetic background [26–28]. Case–control studies
support that patients with RA may have lower content of long-chain n-3 FAs as compared
with controls [29,34]. However, no longitudinal cohort study has evaluated the association
between measured n-3 FA content and disease features and evolution in patients in the
early phases of RA.
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This study suggests that a profile high in n-3 FAs may characterize patients who are
less likely to have high levels of disease activity over time.

In this cohort, a pattern high in n-6 FAs was associated with highly active disease and
poor prognostic factors at baseline but also, interestingly, with low to moderate 6-month
disease activity. This apparently discordant result needs to be further examined.

The models we used were adjusted on treatments, so more intensive treatment for
patients with high pattern ω6 scores is not the most likely explanation. Index event
bias [35,36] may potentially explain this result, however the association was independent of
CRP level and baseline disease activity and therefore not restricted to patients who already
exhibited high disease activity at inclusion in the cohort.

A biological explanation for our findings may rely on the potential anti-inflammatory
effects of some n-6 FAs. Increased content of the n-6 PUFA LA in the RBC membrane
was found associated with reduced risk of developing RA in the EPIC cohort [11]. In a
cross-sectional study of patients with confirmed RA, a dietary pattern characterized by
high consumption of vegetable-derived FA (ALA and LA) was associated with reduced
risk of active disease [37]. However, LA was not a main contributor to patternω6 in this
study. Conversely, both GLA and dihomo-GLA (DGLA) had high factor loadings for the
pattern in our patients. In vitro studies showed that DGLA can inhibit human synovial
cell proliferation [38] and T-cell early-activation gene expression [39]. Both GLA [40]
and DGLA [41] can reduce tumor necrosis factor-alpha production in peripheral blood
mononuclear cells, and GLA also showed some clinical efficacy in RA [42,43]. Recently, a
panel of peripheral-blood specialized pro-resolving mediators derived from n-3, but also
n-6 FAs was found associated with response to methotrexate in a cohort of early RA [44].

Alternatively, baseline FA profile may have limited predictivity in the long term. FAs
were quantified only at baseline, and we do not know whether those patterns were stable
over time. An additional issue concerning the stability of the patterns is that serum may not
be the most appropriate source for analysis of FAs. The FA content of the RBC membrane
is considered the gold standard for FA analysis. Although RBC and plasma (or serum)
FA concentrations are highly correlated, serum FA content seems better correlated with
(and therefore influenced by) recent dietary intake than RBC FA content [45]. The lifespan
of RBCs is longer than that of lipoproteins, so RBC FAs may reflect a more stable steady
state, acquired over months, whereas plasma FAs may reflect the dietary intake over weeks.
For example, n-3 FA EPA content reaches the steady state in 4 to 8 weeks in plasma and
180 days in RBCs [46]. Hence, in this study, FA patterns may better reflect the state of
the patient at the time of the measurement. Moreover, it has been reported that people
diagnosed with RA and other chronic inflammatory diseases often change their dietary
habits after the diagnosis [47], which may have modified the FA profiles during the first
months of follow-up in the cohort. Algorithms of conversion of FA percentages from
plasma to RBCs have been published [48] and may be used to compare results of studies
with different FA quantification methods.

The abovementioned issues are the main limitations of this study. The strengths are
the longitudinal design, the size of the cohort, and the completeness of data that allowed
for adjusting the statistical models on a number of potential confounders (although residual
undetected confounding cannot be ruled out). An additional strength is measurement of
the panel of all FAs in the largest number of RA patients in the literature. Nevertheless,
although the patterns allowed for capturing the overall FA composition better than the
analysis of single FAs, this study evaluated the potential influence on RA of each pattern
separately. Hence, we cannot exclude that an “ideal” FA profile in RA patients may exist,
which might result from a combination of FAs from the three patterns at different levels.

5. Conclusions

A thorough analysis of baseline serum contents of FAs in a large cohort of patients
with early RA identified a lipid signature enriched in n-3 FAs that was independently
associated with persistently low to moderate disease activity between inclusion in the
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cohort and 6-month follow-up. A pattern characterized by n-6 FAs was also associated
with low to moderate 6-month disease activity.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu14142947/s1: Table S1. Univariate analysis of the association between patternω6 and patient
characteristics at inclusion in the cohort; Table S2. Univariate analysis of the association between
patternω7–9 and patient characteristics at inclusion in the cohort; Table S3. Univariate analysis of the
association between baseline FA patterns and 6-month high disease activity (DAS28 >5.1) (n = 594);
Table S4. Multivariate analysis of the association between FA patterns and 6-month moderate to high
disease activity (DAS28 ≥ 3.2) (n = 594); Table S5. Multivariate analysis of the association between FA
patterns and 6-month non-remission (DAS28 ≥ 2.6) (n = 594).
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