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Abstract We investigated the association between dietary in-
take of n-3 and n-6 polyunsaturated fatty acids (PUFAs), serum
profiles, and immune and inflammatory markers in juvenile
idiopathic arthritis (JIA) in relation to onset, activity, and dura-
tion. A total of 66 JIA patients and 42 controls were included.
Serum PUFA levels were assessed by gas-liquid chromatogra-
phy-mass spectrometry, a dietary intake by 7-day dietary record
method, and IL-6, IL-10, and IL-17A levels using ELISA.
Dietary PUFA intake did not differ between the JIA group
and controls. Intakes of n-6 and n-3 PUFA and serum levels
were not associated. Levels of total n-6 PUFA and linoleic acid
(LA) were higher in inactive JIA than in active JIA. Patients
with active and short-lasting disease (less than 3 months from
diagnosis) had significantly lower levels of arachidonic acid
(AA) and docosahexaenoic acid (DHA) than the control.
Serum α-linolenic acid (ALA) levels were significantly higher
in poly-JIA than in oligo-JIA and in controls. We found signif-
icantly higher serum IL-10 levels in JIA than in controls. Serum
n-6 and n-3 levels were significantly negatively correlated with

active joint count, erythrocyte sedimentation rate, and C-
reactive protein and positively with platelet count. Our study
presents the low levels of AA and DHA in the active phase of
short-lasting JIA, particularly poly-JIA, and the relationship
between n-6 and n-3 PUFA and classic markers of inflamma-
tion. PUFAs may contribute to the pathogenesis of JIA and
support a necessity to identify new targets suitable for success-
ful interventional studies in JIA patients.

Keywords Dietary intake . Disease activity . Inflammatory
markers . Juvenile idiopathic arthritis . n-3 PUFA . n-6 PUFA

Introduction

Juvenile idiopathic arthritis (JIA) is the most common chronic
inflammatory articular disease in childhood. Elevation of pro-
inflammatory cytokines has been demonstrated in both serum
and synovial fluid of patients with JIA: tumor necrosis
factor-α (TNF-α), interferon-γ (IFN-γ), interleukin-6 (IL-6),
and interleukin-1β (IL-1β), usually in the active phase of the
disease [1–3]. In remission, the anti-inflammatory interleukin-
10 (IL-10) produced by T-regulatory cells predominates [4].

Fatty acids have numerous functions within the body: they
are structural components of cell membranes, an important
source of energy, and act as signaling molecules. Among them
are long-chain polyunsaturated fatty acids (PUFAs), precur-
sors of endogenous synthesis of pro-inflammatory or anti-
inflammatory lipid mediators. n-6 (omega-6) and n-3
(omega-3) series of PUFA are metabolized by the same set
of enzymes. The membranes of monocytes and macrophages
typically contain large amounts of arachidonic acid (20:4n-6,
AA) compared to a minute load of docosahexaenoic acid
(22:6n-3; DHA) and eicosapentaenoic acid (20:5n-3, EPA).
However, the role of EPA and DHA in inhibition of T cell

* Daiva Gorczyca
daiva.gorczyca@am.wroc.pl

1 Third Department and Clinic of Paediatrics, Immunology and
Rheumatology of Developmental Age, WroclawMedical University,
Wroclaw, Poland

2 First Department of Paediatrics Pulmonology and Rheumatology,
University of Medicine in Lublin, Lublin, Poland

3 Hirszfeld Institute of Immunology and Experimental Therapy, Polish
Academy of Sciences, Wroclaw, Poland

4 Department of Food Science and Dietetics, Wroclaw Medical
University, Wroclaw, Poland

5 Department of Paediatric Rheumatology, John Paul II Paediatric
Centre, Sosnowiec, Poland

Clin Rheumatol (2017) 36:1269–1279
DOI 10.1007/s10067-017-3586-9

http://crossmark.crossref.org/dialog/?doi=10.1007/s10067-017-3586-9&domain=pdf


proliferation, decrease in the chemotactic response of leuko-
cytes, reduction of adhesion molecule expression, and de-
crease in the production of inflammatory cytokines requires
further explanation [5].

The arachidonic acid cascade has become a starting point
for a dietary approach based on n-3 PUFA supplementation
and dietary modification of patients with rheumatoid arthritis
(RA). The concern is based primarily on the contention that a
diet rich in linoleic acid (18:2n-6, LA) would promote tissue
AA accumulation, enhance the production of pro-
inflammatory eicosanoids derived from AA, and/or inhibit
the conversion of α-linolenic acid (18:3n-3, ALA) to EPA
and DHA and their subsequent metabolism to predominantly
anti-inflammatory compounds [6, 7]. Some studies indicated
that manipulation in dietary fatty acids can reduce a number of
swollen and tender joints in patients with RA [8, 9], but others
do not confirm these findings [10].

Few records were published regarding the role of PUFA in
JIA. Gheita et al. [11] demonstrated the effect of n-3 PUFA
supplementation on laboratory and clinical parameters of in-
flammation. Górska et al. [12] determined the levels of PUFAs
in relation to cytokines in the active phase of the JIA.

Several studies on the direct relationship between dietary
intake of PUFA and their level in cell membrane phospho-
lipids, adipose tissue, serum, or plasma in a healthy adult
population were published [13–15], but the findings in the
pediatric population are different [16, 17]. Moreover, there is
a shortage of studies comparing the dietary intake of PUFA
and serum PUFA level in patients suffering from different
chronic inflammatory diseases, with JIA in this number.

We performed this study with the aim of finding the asso-
ciation between dietary intake of n-3 and n-6 PUFA, serum
PUFA profile, and immune and inflammatory markers. We
hypothesized that disturbances of the PUFAmetabolism path-
way are dependent on JIA subtype, disease activity, and dis-
ease duration.

Subjects and methods

A total of 66 children with JIA were enrolled in this study,
from three pediatric rheumatology clinics in three centers in
Poland: (i) the Clinic of Paediatrics Rheumatology in
Wroclaw Medical University, (ii) the Department of
Paediatric Pulmonology and Rheumatology Medical
University of Lublin, and (iii) the Department of Children
Rheumatology in John Paul II Paediatrics Centre in
Sosnowiec, between October 2012 and December 2014. The
diagnosis of JIA was based on International League of
Associations for Rheumatology (ILAR) criteria [18].

The patients underwent clinical examination by a pediatric
rheumatologist. The following data was collected: age at dis-
ease onset, age at consent, duration of disease, number of

active/swollen joints, number of joints with limitation of mo-
tion, presence of uveitis, duration of morning stiffness, the
presence of RF, anti-cyclic citrullinated peptide (anti-CCP)
antibodies, anti-nuclear antibody (ANA) positivity, and treat-
ment (drug and dosage).

The patients with JIAwere categorized into six subgroups
according to disease subtype, disease activity, and disease du-
ration from diagnosis. We used the following criteria to define
these groups. The JIA subgroups were defined upon ILAR
criteria [18]. Clinical active JIA was defined as the presence
of at least one joint swelling or limitation of joint motion in
association with pain, warmth, or tenderness of the joint.
Clinical inactive JIA was defined as no joints with active ar-
thritis, no fever, rash, serositis, splenomegaly, or generalized
lymphadenopathy attributable to JIA, no active uveitis, eryth-
rocyte sedimentation rate (ESR) or/and C-reactive protein
(CRP) level within normal limits, and duration of morning
stiffness ≤15min. Short-lasting disease was defined as disease
duration less than 3 months from diagnosis and long-lasting
disease as more than 3 months from diagnosis.

Healthy children were enrolled in the study as a control
group. They had outpatient follow-up in the hospital for rou-
tine medical check-up.

The exclusion criteria for participants of both groups were
chronic autoimmune diseases other than JIA, gastrointestinal
diseases (inflammatory bowel disease, gastritis, and duodenal
ulcers), acute febrile illness, patients on biological therapy,
taking supplements containing n-6 and/or n-3 PUFAs, and
antioxidants.

The study protocol was approved by the Ethics Committee
of Wroclaw Medical University (No. KB 390/2012).

Children’s parents or legal representatives signed a written
informed consent to participate in the study.

Methods

Anthropometric measurements

The body weight and height of all children were measured and
BMI was calculated. Current recommendations for the evalu-
ation of nutritional status of children in a clinical setting re-
garding body weight, height, and BMI percentiles have been
the most useful approach [19]. Our records of the anthropo-
metric measurements were calculated using current Polish
growth charts, followed by height, weight, and BMI parame-
ters in comparison to the relevant percentile curves [20].

The dietary PUFA intake

The analysis of the dietary intake by each study participant
was carried out using a 7-day dietary recording method. In
order to minimize the influence of season on nutrient intake,
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the number of participants in each studied group was matched
with a season of the year. The children’s guardians participat-
ed in the dietary recording. Data on food and beverages con-
sumed and supplements taken during a 7-day period (a week)
were collected and then verified by trained interviewers. The
BPhoto Album of Products and Meals^ was used to estimate
food portion sizes [21]. Data on physical activity (excluding
children less than 7 years old) and taking dietary supplements
were also collected. The daily energy values and an intake of
food components including fat and fatty acids as well as par-
ticipation of energy supply frommacronutrients in individuals
and studied groups were calculated using Dieta 5.0 software
with Polish database (National Food and Nutrition Institute
2015, Warsaw, Poland).

Blood samples and blood tests

On the day of medical examination, the venous blood samples
were collected once from overnight fasted participants from
the JIA group and the healthy control group. Serum was sep-
arated immediately and stored at −70 °C until the analysis of
PUFAs and cytokines.

Complete blood count (CBC), ESR, and CRP, as inflam-
matory markers, were measured as part of routine clinical
assessment in JIA patients.

Polyunsaturated n-6 and n-3 fatty acid serum profiles

Serum n-6 PUFAs LA and AA and n-3 PUFAs ALA, EPA,
and DHAwere detected. The method for extraction and deri-
vation of fatty acids was adapted fromBöcking et al. [22]. The
fatty acid methyl esters were analyzed using a gas
chromatography-mass spectrometry (GLC-MS) system:
Focus GC apparatus with ion trap ITQ 700 (Thermo) and
Trace GC with TSQ Quantum XLS triple quadrupole
(Thermo). For quantitative analysis, tricosanoic acid methyl
ester (C23:0) was added to the examined samples as internal
standard.

Immune markers

The levels of IL-6 and IL-10 (BD Pharmingen, San Diego,
CA) and IL-17A (eBiosciences, San Diego, CA) were deter-
mined in serum samples with enzyme-linked immunosorbent
assays (ELISAs).

Statistical analysis

Chi-squared tests (Pearson’s χ2 test) were used for the back-
ground analysis to test for differences in qualitative variables
between groups. Descriptive statistics were presented as me-
dian and range, respectively. Statistically significant differ-
ences between groups were analyzed using a Mann-Whitney

test. Correlations between variable were examined using
Spearman’s correlation coefficients. All probability values
are two-tailed, and the level of significance was p < 0.05.
Statistical analysis was performed using SPSS for Windows
statistical software (SPSS Inc., Chicago, IL, USA).

Results

The clinical characteristics of the participants in this study are
summarized in Table 1. Both groups were similar according to
age, sex, body height, weight, and BMI. All participants were
Caucasian.

Among the 66 patients with JIA, 38 had an oligo-articular
JIA (oligo-JIA) and 18 had poly-articular JIA (poly-JIA) (RF-
positive and RF-negative). Ten patients having less common
subtypes (systemic JIA (sJIA), psoriatic arthritis, enthesitis-
related arthritis, and undifferentiated arthritis) were combined
into one group because of small numbers and were excluded
from analysis. Fifty-three children have active disease.
Twenty-two children with JIA had a disease duration of
≤3 months, and 44 had >3 months.

Dietary PUFA intake

We did not find significant differences in energy intake from
dietary fats and polyunsaturated fatty acids between JIA pa-
tients and the healthy control (Table 2). There were no signif-
icant differences also in the PUFA intake measured grams pro
day and grams pro MJ between categorized groups (data not
shown). The diet met the recommended total energy and ALA
intake in both groups. LA provided the close-to-
recommended (for children) 4% energy (according to the
European Food Safety Authority (EFSA) 2010, adopted by
the National Food and Nutrition Institute, Warsaw, Poland)
[23], and the n6/n3 ratio, circa 5.5% in both groups, did not
indicate an excessive n6 PUFA level in the diet. However, the
n3 long-chain PUFA intake was very low in the studied chil-
dren and provided less than 0.03% of energy (when measured
grams pro day: 0.031 and 0.066 in JIA and control groups,
respectively, data not shown in Table 2). The median of EPA +
DHA intake comprised only 12 and 26% of recommendation
for children (0.25 g/day) [23].

Serum PUFA profile

Results of serum PUFA level in children with JIA and in the
control group are summarized in Fig. 1.

Our study showed that levels of total n-6 PUFA and LA
were significantly higher in inactive JIA patients compared to
active JIA patients (p = 0.018, p = 0.024, respectively). JIA
patients, particularly active JIA patients and with short-lasting
disease, had significantly lower levels of AA than the healthy
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Table 1 Characteristics of
participants Parameter JIA group, n = 66 Control group,

n = 42
p value

Gender, n (%) 0.44
Male 16 (24.2) 13 (30.9)

Female 50 (75.8) 29 (69.1)

Age, years, median (range) 8.6 (1.5–18) 8.8 (4–17.8) 0.43

Body weight, kg, median (range) 25.05
(10.10–102.00)

28.95 (13.90–70.00) 0.26

Body weight, percentile, n (%)

Less than 25 28 (42.4) 9 (21.4) 0.06
25–75 27 (40.9) 21 (50.0)

Over 75 11 (16.7) 12 (28.6)

Body height, cm, median (range) 127 (77–175) 128 (100–196) 0.38

Body height, percentile, n (%)

Less than 25 20 (30.3) 5 (11.9) 0.07
25–75 35 (53.0) 30 (71.4)

Over 75 11 (16.7) 7 (16.7)

BMI, kg/m2, median (range) 16.45 (12.01–34.40) 17.05 (13.76–30.00) 0.46

BMI, percentile, n (%)

Less than 25 24 (36.4) 10 (23.8) 0.36
25–75 27 (40.9) 19 (45.2)

Over 75 15 (22.7) 13 (31.0)

Subtype of JIA, n (%)

Systemic arthritis 3 (4.5)

Oligoarthritis 38 (57.8)

Oligoarthritis persistent/excendent (n/n) 30/8

Polyarthritis (RF-negative) 12 (18.2)

Polyarthritis (RF-positive) 6 (9.1)

Psoriatic arthritis 1 (1.5)

Enthesitis-related arthritis 5 (7.6)

Undifferentiated arthritis 1 (1.5)

Age at disease onset, years, median (range) 6 (1.1–16)

Disease duration, years, median (range) 1 (0.2–14)

Active/non-active disease 53/13

Joints with active disease, median (range) 2 (0–27)

Duration ofmorning stiffness, min, median (range) 30 (0–120)

Leucocytes/μL, median (range) 7.32 (2.35–62.60)

Leucocytosis, n (%) 12 (18.2)

Anemia, n (%) 5.00 (7.6)

CRP level, mg/L, median (range) 0.88 (0.01–56.31)

Elevated CRP level (>5 mg/L), n (%) 16 (24.2)

ESR, mm/h, median (range) 15 (2–65)

Elevated ESR (>20 mm/h), n (%) 27 (40.9)

RF-positive, n (%) 12 (18.2)

ANA-positive, n (%) 28 (42.4)

Elevated anti-CCP level (>17 U/ml), n (%) 7 (10.6)

Iridocyclitis, n (%) 5 (7.6)

Treatment, n (%)

Non-steroidal anti-inflammatory drugs 36 (54.5)

Methotrexate 48 (72.7)

Chloroquine or hydroxychloroquine 16 (24.2)

Sulfasalazine 9 (13.6)
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control (p = 0.003, p = 0.012, p = 0.002, respectively).
Furthermore, AA levels and total n-3 PUFAwere significantly
lower in JIA patients with short-lasting than with long-lasting
disease (p = 0.009, p = 0.040, respectively). We also found
that ALA level in serum of patients with poly-JIAwas signif-
icantly higher than in the oligo-JIA group and in healthy con-
trols (p = 0.042, p = 0.022, respectively). Levels of DHAwere
significantly lower in active and with short-lasting disease JIA
patients in comparison to the healthy control group (p = 0.015,
p = 0.024, respectively). DHA levels were also lower in active
patients than in inactive patients (p = 0.028).

Cytokines

Table 3 summarizes the serum concentration of IL-6, IL-17,
and IL-10 in children with JIA and the control group. No sig-
nificant differences were found in IL-6 concentration in patients
with JIA compared to the control group, irrespective of the
disease subtype, activity, or duration. We found significantly
higher serum IL-10 levels in JIA patients, especially with active
disease, in oligo- and poly-JIA, as well as in groups of patients
with short-lasting and long-lasting disease in comparison to the
healthy control group (p = 0.008, p = 0.008, p = 0.047,
p = 0.018, p = 0.036, p = 0.020, respectively).

Correlation between dietary intake of PUFAs and serum
PUFA level

We did not find a significant correlation between dietary in-
take and serum level of PUFA between JIA patients and the
healthy control (data not shown).

Association analysis of serum PUFAs and clinical
and laboratory JIA activity markers

We found that the n-3 and n-6 PUFAs negatively correlated
with classical markers of inflammation CRP and ESR
(p < 0.05) and positively correlated with platelet count
(p < 0.05) (Table 4).

Our study revealed that in JIA patients, the total n-6 PUFA,
LA, AA, and DHA levels negatively correlated with the num-
ber of active joints, and the AA, total n-3 PUFA, and EPA
levels positively correlated with duration of the disease
(Table 4). No correlations of PUFA and cytokines were found
(data not shown).

Discussion

To our knowledge, this is the first study that explores the
serum profile of PUFAs in JIA patients without omega-3 fatty
acid supplementation. We aimed to investigate whether the
PUFA metabolic pathway is affected and to what extent in
patients with JIA.

PUFA dietary intake

In our study, dietary intake of PUFA by the JIA patients was
similar to that of the control group. Our findings are consistent
with previous reports which showed no differences in nutrient
intake between sero-negative poly-JIA and oligo-JIA sub-
types, or between the children with active and inactive disease
[24]; no association between fat intake and disease activity
was found either [25]. Such results are not surprising as no
intervention in diet nor n-3/n-6 PUFA supplementation was
designed in this study, and both JIA and healthy children
continued their regular daily diet.

Table 1 (continued)
Parameter JIA group, n = 66 Control group,

n = 42
p value

Prednisolone 34 (51.5)

No treatment 2 (3.0)

ANA anti-nuclear antibodies, anti-CCP anti-citrullinated protein, BMI body mass index, CRP C-reactive protein,
ESR erythrocyte sedimentation rate, NSAID non-steroidal anti-inflammatory drugs, MTX methotrexate, PRE
prednisone, RF rheumatoid factor

Table 2 Dietary fat intake in children with JIA and control group

Nutritional intake JIA group, n = 66 Control group, n = 42 p value

Dietary fat (E%) 26.85 (16.56–47.9) 29.95 (18.4–43.77) 0.88

n-6 PUFA (E%) 3.04 (1.30–4.88) 3.05 (1.30–9.95) 0.25

LA (E%) 2.97 (1.27–4.82) 3.44 (1.77–9.94) 0.60

AA (E%) 0.007 (0.001–0.03) 0.007 (0.001–0.03) 0.09

n-3 PUFA (E%) 0.56 (0.32–1.38) 0.54 (0.27–2.67) 0.50

ALA (%E) 0.48 (0.29–1.13) 0.46 (0.24–1.96) 0.32

EPA (%E) 0.006 (0.00–0.19) 0.007 (0.00–0.60) 0.31

DHA (%E) 0.02 (0.004–0.56) 0.02 (0.002–0.79) 0.69

Values given as median (range)

AA arachidonic acid, ALA α-linolenic acid, DHA docosahexaenoic acid,
EPA eicosapentaenoic acid, FA fatty acids, JIA juvenile idiopathic arthri-
tis, LA linoleic acid, PUFA polyunsaturated fatty acids,%E proportion of
total energy intake
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Fig. 1 Serum PUFA level in children with JIA and in the control group,
in milligrams per liter. a C18:3n3 (ALA). b C20:5n3 (EPA). c C22:6n3
(DHA). d C18:2n6 (LA). eC20:4n6 (AA). f n-3 PUFA. g n-6 PUFA. h n-
3 PUFA/n-6 PUFA. Abbreviations: AA arachidonic acid; ALA α-linolenic

acid, DHA docosahexaenoic acid, EPA eicosapentaenoic acid, FA fatty
acids, JIA juvenile idiopathic arthritis, LA linoleic acid, PUFA
polyunsaturated fatty acids, n3 LA + AA, n6 ALA + EPA + DHA.
*p < 0.05, **p < 0.005

Table 3 Interleukin level in children with JIA and in the control group

Interleukin Control
group,
n = 42

Total JIA,
n = 66

Oligo-JIA,
n = 38

Poly-JIA,
n = 18

Active JIA,
n = 53

Inactive JIA,
n = 13

JIA duration
≤3 months, n = 22

JIA duration
>3 months,
n = 44

IL-6 10.62
(0.16–74.20)

10.61
(0.16–62.78)

22.88
(0.16–62.78)

15.00
(11.52–60.51)

16.86
(0.16–62.78)

5.38
(1.40–8.33)

12.88
(1.82–62.78)

5.38
(016–60.51)

IL-17 11.85
(0.20–32.79)

12.19
(1.24–62.90)

11.22
(1.24–54.91)

16.57
(1.71–62.90)

13.62
(1.57–62.90)

10.57
(1.24–50.29)

21.84
(1.57–62.90)

11.22
(1.24 54.91)

IL-10 5.06
(0.06–25.47)

10.26
(1.91–99.96)*

17.38
(1.91–99.96)**

32.58
(12.28–98.88)**

19.36
(1.91–99.96)*

10.26
(3.42–27.57)

12.19
(1.91–99.96)**

27.57
(2.28–98.88)**

All values median (range) are expressed in pg/mL

IL-6 interleukin 6, IL-17 interleukin 17, IL-10 interleukin 10, JIA juvenile idiopathic arthritis

*p < 0.01 vs. BControl group^; p < 0.05 vs. control group
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We found no correlations between dietary and serum
PUFA. A lack of association between dietary intake and blood
fatty acid concentration in children and adults had been re-
ported earlier [16, 26]; to date, other authors found inconsis-
tent correlations in diet supply and serum levels, in n-3 PUFA
(but not n-6) [27, 28], or the opposite [17]. Interestingly, a
recent systematic review demonstrated that LA and AA intake
is reflected by plasma fatty acids, but LA intake had not con-
sistently been shown to increase the conversion of this fatty
acid to AA, nor had AA consistently been shown to affect
EPA or DHA concentration [29].

Among serum PUFA levels, especially DHA seems to be
most sensitive to dietary intake and supplementation [30].
However, it has been shown that adequate dietary ALA intake
may ensure ample DHA level in blood by effective conversion
of ALA in liver [31].We have found significantly lower serum
DHA level in patients with early-stage and active JIA when
compared to the control group despite a lack of differences in
PUFA intake between studied groups of children, as well as
intake of nutrients (dietary fiber, sugars, data not shown)
which have been proven to affect plasma DHA levels in chil-
dren [32]. This may suggest the impeded endogenic synthesis
of DHA in active and short-lasting disease [30, 32]. This result
implies a need for more information from larger, dose-
response studies with meticulous dietary control, especially
in young patients.

Serum PUFA level

The theoretical background of the Blinoleic acid pro-
inflammatory paradigm^ is based on an enhanced synthesis
of pro-inflammatory eicosanoids derived fromAA and dimin-
ished synthesis of anti-inflammatory eicosanoids from EPA
and DHA, observed mostly in in vitro and in multiple animal
experiments [7]. On the other hand, the increasing number of
evidences from human studies suggests that n-6 PUFAs also
provide some anti-inflammatory activity, similarly to n-3
PUFA [29, 33]. We found lower serum levels of AA and
DHA in JIA patients, particularly in active patients and with
short-lasting disease, than in the healthy control group, and
higher n-6 LA level when comparing an inactive vs active
disease period. A decreased concentration of AA and in-
creased concentration of LA in phosphatidylcholine of the
erythrocyte membranes in children with JIA, and during the
active period of JIA, was also reported in another study [12].
Significantly reduced n-3 and n-6 PUFA serum levels were
noted in adult SLE patients [34]. Keeping in mind the results
of our study, we assume that during an active period in the
beginning of a disease the metabolic disturbances occur. They
could be related to desaturation and elongation defects or in-
creased beta-oxidation of lipids [34]. The outcome is an insuf-
ficient concentration of n-3 and n-6 metabolites and predom-
ination of a pro-inflammatory response. Another explanationT
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might be the recent data of a crucial role of Bfatty acid
metabolism-immunity nexus^ (FAMIN) protein as the central
regulator of endogenous fatty acid synthesis and their mito-
chondrial oxidation in macrophages. A mutation within the
FAMIN gene was found in children with JIA [35, 36]. A lack
of significant differences in the concentration of LA and ALA
between the JIA group and healthy children (except of higher
ALA level in poly-JIA) may additionally suggest a role of
their metabolites in the mechanism of JIA.

Our observation of the altered blood composition of n-6
and n-3 PUFA is not, as we believe, associated with an inad-
equate provision in the diet: first, in our study, the nutritional
status of children of both groups did not differ on a statistically
significant level; second, our study revealed that dietary PUFA
intake is not associated with serum PUFA. Noteworthily,
Cleary et al. [37] reported that nutritional impairment in JIA
is not an effect from an inadequate food intake, but is associ-
ated with the disease subtype.

Nonetheless, there are too few evidences to define whether
an altered serum PUFA profile could be modified and how
dietary fats may affect disease activity in JIA patients.

Cytokines

We found an increased IL-10 serum level in patients with
active oligo- and poly-JIA, regardless of the disease time span,
in comparison to the healthy control group. Other authors had
published that IL-10 was significantly elevated in specific
subtypes of JIA, e.g., poly-JIA and in sJIA [38, 39]. An in-
crease of IL-10 in the active stage of the disease suggests that
the anti-inflammatory effects may be reduced during systemic
flares [38, 40], or alternatively, that remarkable upregulation
of genes associatedwith IL-10 signaling in recent onset occurs
in untreated JIA patients [41].

No significant differences in the concentration of IL-6 in
patients with JIA compared to the control group, irrespective
of the disease subtype, activity, or duration time, were re-
vealed in our study, which is in agreement with previous data
[2, 24]. To date, IL-6 is mostly attributed to the pathogenesis
of sJIA and elevated serum level is observed in the active
disease period [3, 38]. In our study, however, patients with
sJIA accounted only for 4.5%, as the majority represented
oligo- and poly-JIA types of the disease. van den Ham et al.
[42] showed that oligo- and poly-JIA have similar biomarker
profiles, both in plasma and synovial fluid.

In this study, the serum PUFA level did not correlate with
any of the examined cytokines. Experimental studies revealed
that dietary n-3 PUFA and n-3 PUFA added to cells in vitro did
not affect IL-10 nor IL-6 secretion [43, 44], and interventional
studies in a group of healthy adults stated that habitual intake of
LA and ALA is not related to plasma IL-6 levels [45]. Ferrucci
et al. [46] in a comprehensive study had examined the relation-
ship between PUFA concentration in plasma and inflammatory

marker levels in healthy adults and found that total n-3 fatty
acids were independently associated with decreased level of
pro-inflammatory markers (IL-6, IL-1ra, TNF-α, C-reactive
protein), as well as increased level of anti-inflammatory
markers (soluble IL-6r, IL-10, TGF-β). Altogether, the relation-
ship between PUFA and cytokine production is inconclusive.

Disease activity

The most interesting findings in our study concerned correla-
tions between n-6 and n-3 PUFA levels and clinical activity of
disease as well as registered laboratory parameters.

In the present study, serum n-6, LA, AA, and DHA levels
were inversely associated with number of active joints.
Górska et al. [12] had observed a decreased concentration of
AA in phosphatidylcholine in the erythrocyte membranes dur-
ing the active period of JIA. To our knowledge, the only study
describing an impact of n-3 PUFA supplementation for dis-
ease activity in patients with JIA was published by Gheita
et al. [11] who demonstrated that supplementation of n-3
PUFA (2 g per day over 12 weeks) improved clinical outcome
(by decreasing the amount of active joints, number of swollen
joints, JADAS-27, CHAQ) [11]. Obviously, these findings
need a critical discussion, as the study covered a relatively
small group of patients, and, above all, during the intervention
all the patients were treated with DMARDs: methotrexate,
hydroxychloroquine, leflunomide, sulfasalazine, or steroids,
and there was also no control group or placebo. Thus, it is
unsolved whether the therapeutic effect was in fact a result
of supplementation or traditional medication.

The relationship of PUFAs with the duration of rheumatoid
arthritis was recently shown by Proudman et al. [47], who in
patients with recent RA onset (<12 months) found that a rate
of first remission was significantly higher in the group con-
suming fish oil (providing 5.5 g/day EPA + DHA.). The pos-
itive relationship between serum AA, n-3, EPA level, and
disease duration in our study remains consistent with these
observations and supports the suggestion that the dietary in-
terventions would be justified in the early stages of disease.

We found a strong negative correlation between serum n-6
and n-3 PUFA and the markers of inflammation (ESR, CRP).
The negative relationship between serum n-3 PUFA composi-
tions and correlating CRP level in adults has been reported by
other authors [48, 49]. Pirschon et al. [45] in a large population
found an inverse relationship between an intake of n-3 PUFA
and CRP levels, as well as a strong inverse association between
high n-6 intake and soluble tumor necrosis factor receptors 1
and 2. The authors concluded that the n-3 fatty acids in com-
bination with n-6 fatty acids cause minute decrease of pro-
inflammatory cytokine concentration [45]. Additionally, in
our study we observed that elevated serum total n-6, LA, AA,
total n-3, ALA, and EPA levels were associated with an in-
creased platelet count. Interestingly, platelets activated by pro-
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inflammatory cytokines (e.g., TNF-α, IL-6) play an important
role in the pathogenesis of joint inflammation [50, 51].
Summing up, our data shows that both n-6 and n-3 PUFA
may be engaged in decreasing inflammation during JIA.

Limitations

Although our multicenter study involved altogether a large
group of children with JIA (n = 66), the individual subgroups
are not numerous. The study was designed as a single sight on
assessment; there was no dietary intervention either.
Nevertheless, dividing patients into subgroups allowed us to
present a complete picture of interactions. Using these results,
patients for whom an intervention study could be warranted
have been identified.

Conclusion

To our knowledge, this is the first study that simultaneously
investigated an association between dietary intake of n-3 and n-
6 PUFA, serum PUFA profile, and inflammatory markers
among children with JIA. The combination of reduced levels
of AA and DHA in the active phase of poly-JIA with the in-
creased concentration of IL-10, the inverse relationship of the
two trails (n-6 and n-3), PUFAwith classic markers of inflam-
mation (CRP, ESR), and positive correlation with platelet count
had indicated participation of PUFAs in the early stages of
poly-JIA pathogenesis. Our results may support an identifica-
tion of the target group of patients with JIA to whom PUFA
supplementation in addition to regular daily diet might be rec-
ommended in order to achieve a positive immunomodulating
effect. Further studies and evidences are required, and strongly
advised, prior to incorporation of such therapy in JIA patients.

Acknowledgements We gratefully acknowledge all participating chil-
dren and their parents for their collaboration. This work was supported by
Wroclaw Medical University grant No. ST-653.

Compliance with ethical standards

Disclosures None.

Ethics statement The study protocol was approved by the Ethics
Committee of Wroclaw Medical University (No. KB 390/2012).

Informed consent Children’s parents or legal representatives signed a
written informed consent to participate in the study.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Woo P (2002) Cytokines and juvenile idiopathic arthritis. Curr
Rheumatol Rep 4:452–457

2. de Jager W, Hoppenreijs EP, Wulffraat NM, Wedderburn LR, Kuis
W, Prakken BJ (2007) Blood and synovial fluid cytokine signatures
in patients with juvenile idiopathic arthritis: a cross-sectional study.
Ann Rheum Dis 66:589–598

3. Spîrchez M, Samaşca G, IancuM, Bolba C, Miu N (2012) Relation
of interleukin-6, TNF-alpha and interleukin-1alpha with disease
activity and severity in juvenile idiopathic arthritis patients. Clin
Lab 58:253–260

4. Walters HM, Pan N, Lehman TJ, Adams A, Kalliolias GD, Zhu YS,
Santiago F, Nguyen J, Sitaras L, Cunningham-Rundles S,Walsh TJ,
Toussi SS (2016) The impact of disease activity and tumour necro-
sis factor-α inhibitor therapy on cytokine levels in juvenile idio-
pathic arthritis. Clin Exp Immunol 184:308–317

5. Miles EA, Calder PC (2012) Influence of marine n-3 polyunsatu-
rated fatty acids on immune function and a systematic review of
their effects on clinical outcomes in rheumatoid arthritis. Br J Nutr
107(Suppl 2):S171–S184

6. Calder PC (2013) Omega-3 polyunsaturated fatty acids and inflam-
matory processes: nutrition or pharmacology? Br J Clin Pharmacol
75:645–662

7. Fritsche KL (2015) The science of fatty acids and inflammation.
Adv Nutr 6:293S–301S

8. Adam O, Beringer C, Kless T, Lemmen C, Adam A, Wiseman M,
Adam P, Klimmek R, Forth W (2003) Anti-inflammatory effects of
a low arachidonic acid diet and fish oil in patients with rheumatoid
arthritis. Rheumatol Int 23:27–36

9. Cleland LG, JamesMJ, Proudman SM (2003) The role of fish oil in
the treatment of rheumatoid arthritis. Drugs 63:845–853

10. Smedslund G, Byfuglien MG, Olsen SU, Hagen KB (2010)
Effectiveness and safety of dietary interventions for rheumatoid
arthritis: a systematic review of randomized controlled trials. J
Am Diet Assoc 110:727–735

11. Gheita T, Kamel S, HelmyN, El-Laithy N,Monir A (2012) Omega-
3 fatty acids in juvenile idiopathic arthritis: effect on cytokines (IL-1
and TNF-α), disease activity and response criteria. Clin Rheumatol
31:363–366

12. Górska A, UrbanM, Pietrewicz E, Górski S (2006) Composition of
linoleic and arachidonic acids in phosphatidylcholine of erythro-
cytes membrane and IL-6 and TNF-alpha in serum and C-reactive
protein concentration in children with juvenile idiopathic arthritis.
Pol Merk Lek 21:551–553

13. Parra MS, Schnaas L, Meydani M, Perroni E, Martínez S, Romieu I
(2002) Erythrocyte cell membrane phospholipid levels compared
against reported dietary intakes of polyunsaturated fatty acids in
pregnant Mexican women. Public Health Nutr 5:931–937

14. Zatońska K, Campos H, Ilow R, Janik-Koncewicz K, Różańska D,
Regulska-IlowB, Połtyn-ZaradnaK, Szuba A, ZatońskiWA (2012)
Dietary intake and adipose tissue level of specific fatty acids in a
selected group from the Lower Silesia population. Ann Agric
Environ Med 19:389–394

15. Laguzzi F, Alsharari Z, Risérus U, VikströmM, Sjögren P, Gigante
B, Hellénius ML, Cederholm T, Bottai M, de Faire U, Leander K
(2016) Cross-sectional relationships between dietary fat intake and
serum cholesterol fatty acids in a Swedish cohort of 60-year-old
men and women. J Hum Nutr Diet 29:325–337

16. Guerra A, Demmelmair H, Toschke AM, Koletzko B (2007) Three-
year tracking of fatty acid composition of plasma phospholipids in
healthy children. Ann Nutr Metab 51:433–438

17. Hoyos C, Almqvist C, Garden F, Xuan W, Oddy WH, Marks GB,
Webb KL (2008) Effect of omega 3 and omega 6 fatty acid intakes

Clin Rheumatol (2017) 36:1269–1279 1277



from diet and supplements on plasma fatty acid levels in the first 3
years of life. Asia Pac J Clin Nutr 17:552–557

18. Petty R, Southwood T, Manners P et al (2004) International League
of Associations for Rheumatology classification of juvenile idio-
pathic arthritis. 2nd revision. J Rheumatol 31:390–392

19. Barlow SE (2007) Expert Committee. Expert Committee recom-
mendations regarding the prevention, assessment, and treatment
of child and adolescent overweight and obesity: summary report.
Pediatrics 120(Suppl 4):S164–S192

20. Palczewska I, Niedzwiedzka Z (2001) Somatic development indi-
ces in children and youth of Warsaw (in Polish). Med Wieku
Rozwoj 5:18–118

21. Szponar L,Wolnicka K, Rychlik E (2000) Album of photographs of
food products and dishes. National Food and Nutrition Institute,
Warsaw

22. Böcking C, NockherWA, Schreiner M, Renz H, Pfefferle PI (2010)
Development and validation of a combined method for the biomon-
itoring of omega-3/-6 fatty acids and conjugated linoleic acids in
different matrices from human and nutritional sources. Clin Chem
Lab Med 48:1757–1763

23. EFSA Panel on Dietetic Products, Nutrition, and Allergies (NDA)
(2010) Scientific Opinion on Dietary Reference Values for fats,
including saturated fatty acids, polyunsaturated fatty acids, mono-
unsaturated fatty acids, trans fatty acids, and cholesterol. EFSA J 8:
1461. doi:10.2903/j.efsa.2010.1461 [107 pp.] Available online:
www.efsa.europa.eu

24. Grönlund MM, Kaartoaho M, Putto-Laurila A, Laitinen K (2014)
Juvenile idiopathic arthritis patients with low inflammatory activity
have increased adiposity. Scand J Rheumatol 43:488–492

25. Caetano MC, Ortiz TT, Terreri MT, Sarni RO, Silva SG, Souza FI,
Hilário MO (2009) Inadequate dietary intake of children and ado-
lescents with juvenile idiopathic arthritis and systemic lupus erythe-
matosus. J Pediatr 85:509–515

26. Li K, Brennan L,McNulty BA, Bloomfield JF, Duff DJ, Devlin NF,
GibneyMJ, Flynn A,Walton J, Nugent AP (2016) Plasma fatty acid
patterns reflect dietary habits andmetabolic health: a cross-sectional
study. Mol Nutr Food Res doi. doi:10.1002/mnfr.201500711

27. Orton HD, Szabo NJ, Clare-Salzler M, Norris JM (2008)
Comparison between omega-3 and omega-6 polyunsaturated fatty
acid intakes as assessed by a food frequency questionnaire and
erythrocyte membrane fatty acid composition in young children.
Eur J Clin Nutr 62:733–738

28. Diep CS, Lemaitre RN, Chen TA, Baranowski T, Lutsey PL,
Manichaikul AW, Rich SS, St-Jules DE, Steffen BT, Tsai MY,
Siscovick DS, Frazier-Wood AC (2016) Acculturation and plasma
fatty acid concentrations in Hispanic and Chinese-American adults:
the Multi-Ethnic Study of Atherosclerosis. PLoS One 11:e0149267

29. Johnson GH, Fritsche K (2012) Effect of dietary linoleic acid on
markers of inflammation in healthy persons: a systematic review of
randomized controlled trials. J Acad Nutr Diet 112:1029–4128

30. Brenna JT, Salem N Jr, Sinclair AJ, Cunnane SC, International
Society for the Study of Fatty Acids and Lipids, ISSFAL (2009)
Alpha-linolenic acid supplementation and conversion to n-3 long-
chain polyunsaturated fatty acids in humans. Prostaglandins Leukot
Essent Fatty Acids 80:85–91

31. Gao F, Kiesewetter D, Chang L, Ma K, Bell JM, Rapoport SI,
Igarashi M (2009) Whole-body synthesis-secretion rates of long-
chain n-3 PUFAs from circulating unesterified alpha-linolenic acid
in unanesthetized rats. J Lipid Res 50:749–758

32. Venäläinen T, Schwab U, Ågren J, de Mello V, Lindi V, Eloranta
AM, Kiiskinen S, Laaksonen D, Lakka TA (2014) Cross-sectional
associations of food consumption with plasma fatty acid composi-
tion and estimated desaturase activities in Finnish children. Lipids
49:467–479

33. Cunnane SC (2003) Problems with essential fatty acids: time for a
new paradigm? Prog Lipid Res 42:544–568

34. Wu T, Xie C, Han J, Ye Y,Weiel J, Li Q, Blanco I, Ahn C, Olsen N,
Putterman C, Saxena R, Mohan C (2012) Metabolic disturbances
associated with systemic lupus erythematosus. PLoS One 7:e37210

35. Cader MZ, Boroviak K, Zhang Q, Assadi G, Kempster SL, Sewell
GW, Saveljeva S, Ashcroft JW, Clare S, Mukhopadhyay S, Brown
KP, Tschurtschenthaler M, Raine T, Doe B, Chilvers ER, Griffin JL,
Kaneider NC, Floto RA, D’Amato M, Bradley A, Wakelam MJ,
Dougan G, Kaser A (2016) C13orf31 (FAMIN) is a central regula-
tor of immunometabolic function. Nat Immunol 17:1046–1056

36. Kallinich T, Thorwarth A, von Stuckrad SL, Rösen-Wolff A,
Luksch H, Hundsdoerfer P, Minden K, Krawitz P (2016) Juvenile
arthritis caused by a novel FAMIN (LACC1) mutation in two chil-
dren with systemic and extended oligoarticular course. Pediatr
Rheumatol Online J 14:63

37. Cleary AG, Lancaster GA, Annan F, Sills JA, Davidson JE (2004)
Nutritional impairment in juvenile idiopathic arthritis.
Rheumatology (Oxford) 43:1569–1573

38. Prahalad S, Martins TB, Tebo AE, Whiting A, Clifford B, Zeft AS,
McNally B, Bohnsack JF, Hill HR (2008) Elevated serum levels of
soluble CD154 in children with juvenile idiopathic arthritis. Pediatr
Rheumatol Online J doi. doi:10.1186/1546-0096-6-8

39. Shahin AA, Shaker OG, Kamal N, Hafez HA, GaberW, Shahin HA
(2002) Circulating interleukin-6, soluble interleukin-2 receptors,
tumor necrosis factor alpha, and interleukin-10 levels in juvenile
chronic arthritis: correlations with soft tissue vascularity assessed
by power Doppler sonography. Rheumatol Int 22:84–88

40. Cimaz R, Moretti D, Pagnini I, Marino A, Cantarini L, Simonini G
(2012) What do cytokine profiles tell us about subsets of juvenile
idiopathic arthritis? Curr Rheumatol Rep 14:150–154

41. Barnes MG, Grom AA, Thompson SD, Griffin TA, Pavlidis P, Itert
L, Fall N, Sowders DP, Hinze CH, Aronow BJ, Luyrink LK,
Srivastava S, Ilowite NT, Gottlieb BS, Olson JC, Sherry DD,
Glass DN, Colbert RA (2009) Subtype-specific peripheral blood
gene expression profiles in recent-onset juvenile idiopathic arthritis.
Arthritis Rheum 60:2102–2112

42. van den Ham HJ, de Jager W, Bijlsma JW, Prakken BJ, de Boer RJ
(2009) Differential cytokine profiles in juvenile idiopathic arthritis
subtypes revealed by cluster analysis. Rheumatology 48:899–905

43. Skuladottir IH, Petursdottir DH, Hardardottir I (2007) The effects of
omega-3 polyunsaturated fatty acids on TNF-alpha and IL-10 se-
cretion by murine peritoneal cells in vitro. Lipids 42:699–706

44. Frommer KW, Schäffler A, Rehart S, Lehr A, Müller-Ladner U,
Neumann E (2015) Free fatty acids: potential proinflammatory me-
diators in rheumatic diseases. Ann Rheum Dis 74:303–310

45. Pischon T, Hankinson SE, Hotamisligil GS, Rifai N, Willett WC,
Rimm EB (2003) Habitual dietary intake of n-3 and n-6 fatty acids
in relation to inflammatory markers among US men and women.
Circulation 108:155–160

46. Ferrucci L, Cherubini A, Bandinelli S, Bartali B, Corsi A, Lauretani
F, Martin A, Andres-Lacueva C, Senin U, Guralnik JM (2006)
Relationship of plasma polyunsaturated fatty acids to circulating
inflammatory markers. J Clin Endocrinol Metab 91:439–446

47. Proudman SM, James MJ, Spargo LD, Metcalf RG, Sullivan TR,
Rischmueller M, Flabouris K, Wechalekar MD, Lee AT, Cleland
LG (2015) Fish oil in recent onset rheumatoid arthritis: a
randomised, double-blind controlled trial within algorithm-based
drug use. Ann Rheum Dis 74:89–95

48. Ohsawa M, Itai K, Onoda T, Tanno K, Sasaki S, Nakamura M,
Ogawa A, Sakata K, Kawamura K, Kuribayashi T, Yoshida Y,
Okayama A (2008) Dietary intake of n-3 polyunsaturated fatty
acids is inversely associated with CRP levels, especially among
male smokers. Atherosclerosis 201:184–191

49. Kubota Y, Higashiyama A, Imano H, Sugiyama D, Kawamura K,
Kadota A, Nishimura K, Miyamatsu N, Miyamoto Y, Okamura T
(2015) Serum polyunsaturated fatty acid composition and serum

1278 Clin Rheumatol (2017) 36:1269–1279

http://dx.doi.org/10.2903/j.efsa.2010.1461
http://dx.doi.org/10.2903/j.efsa.2010.1461
http://dx.doi.org/10.1002/mnfr.201500711
http://dx.doi.org/10.1186/1546-0096-6-8


high-sensitivity C-reactive protein levels in healthy Japanese resi-
dents: the KOBE study. J Nutr Health 19:719–728

50. Gasparyan AY, Kitas GD (2016) Platelets in rheumatoid arthritis:
exploring the anti-inflammatory and antithrombotic potential of
TNF inhibitors. Ann Rheum Dis 75:1426–1427

51. Manfredi AA, Baldini M, Camera M, Baldissera E, Brambilla
M, Peretti G, Maseri A, Rovere-Querini P, Tremoli E, Sabbadini
MG, Maugeri N (2016) Anti-TNFα agents curb platelet activa-
tion in patients with rheumatoid arthritis. Ann Rheum Dis 75:
1511–1520

Clin Rheumatol (2017) 36:1269–1279 1279


	The profile of polyunsaturated fatty acids in juvenile idiopathic arthritis and association with disease activity
	Abstract
	Introduction
	Subjects and methods
	Methods
	Anthropometric measurements
	The dietary PUFA intake
	Blood samples and blood tests
	Polyunsaturated n-6 and n-3 fatty acid serum profiles
	Immune markers
	Statistical analysis

	Results
	Dietary PUFA intake
	Serum PUFA profile
	Cytokines
	Correlation between dietary intake of PUFAs and serum PUFA level
	Association analysis of serum PUFAs and clinical and laboratory JIA activity markers

	Discussion
	PUFA dietary intake
	Serum PUFA level
	Cytokines
	Disease activity
	Limitations

	Conclusion
	References


