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Abstract
Aims/hypothesis Oxylipins are lipid mediators derived from polyunsaturated fatty acids. Some oxylipins are proin-
flammatory (e.g. those derived from arachidonic acid [ARA]), others are pro-resolving of inflammation (e.g. those
derived from α-linolenic acid [ALA], docosahexaenoic acid [DHA] and eicosapentaenoic acid [EPA]) and others
may be both (e.g. those derived from linoleic acid [LA]). The goal of this study was to examine whether oxylipins
are associated with incident type 1 diabetes.
Methods We conducted a nested case–control analysis in the Diabetes Autoimmunity Study in the Young (DAISY), a prospec-
tive cohort study of children at risk of type 1 diabetes. Plasma levels of 14 ARA-derived oxylipins, ten LA-derived oxylipins, six
ALA-derived oxylipins, four DHA-derived oxylipins and two EPA-related oxylipins were measured by ultra-HPLC–MS/MS at
multiple timepoints related to autoantibody seroconversion in 72 type 1 diabetes cases and 71 control participants, which were
frequency matched on age at autoantibody seroconversion (of the case), ethnicity and sample availability. Linear mixed models
were used to obtain an age-adjusted mean of each oxylipin prior to type 1 diabetes. Age-adjusted mean oxylipins were tested for
association with type 1 diabetes using logistic regression, adjusting for the high risk HLA genotype HLA-DR3/4,DQB1*0302.
We also performed principal component analysis of the oxylipins and tested principal components (PCs) for association with type
1 diabetes. Finally, to investigate potential critical timepoints, we examined the association of oxylipins measured before and
after autoantibody seroconversion (of the cases) using PCs of the oxylipins at those visits.
Results The ARA-related oxylipin 5-HETE was associated with increased type 1 diabetes risk. Five LA-related oxylipins, two
ALA-related oxylipins and one DHA-related oxylipin were associated with decreased type 1 diabetes risk. A profile of elevated
LA- and ALA-related oxylipins (PC1) was associatedwith decreased type 1 diabetes risk (OR 0.61; 95%CI 0.40, 0.94). A profile
of elevated ARA-related oxylipins (PC2) was associated with increased diabetes risk (OR 1.53; 95% CI 1.03, 2.29). A critical
timepoint analysis showed type 1 diabetes was associated with a high ARA-related oxylipin profile at post-autoantibody-
seroconversion but not pre-seroconversion.
Conclusions/interpretation The protective association of higher LA- and ALA-related oxylipins demonstrates the importance of
both inflammation promotion and resolution in type 1 diabetes. Proinflammatory ARA-related oxylipins may play an important
role once the autoimmune process has begun.
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FA Fatty acid
FDR False discovery rate
GADA GAD autoantibodies
IA Islet autoimmunity
IA-2 Insulinoma-associated-2 autoantibodies
IAA Insulin autoantibodies
LA Linoleic acid
LOQ Limit of quantification
PC Principal component
PCA Principal component analysis
Post-SV Post-seroconversion
PPARγ Peroxisome proliferator-activated receptor gamma
Pre-SV Pre-seroconversion
sEH Soluble epoxide hydrolase
STZ Streptozotocin

Introduction

Type 1 diabetes is an autoimmune disease characterised by
development of islet autoimmunity (IA) and associated
pancreatic islet cell inflammation [1]. In addition to genetic
susceptibility for type 1 diabetes, most strongly represented by
the HLA region [2], environmental factors have been
hypothesised to play a role in the development of type 1
diabetes [3]. Polyunsaturated fatty acids (FAs), specifically
n-3 and n-6 FAs, may play a role in the development of type
1 diabetes, potentially related to their integral role in

inflammation. While n-3 FAs are generally considered anti-
inflammatory [4], n-6 FAs are generally pro-inflammatory [5].
In the Diabetes Autoimmunity Study in the Young (DAISY),
we previously found that higher n-3 levels in erythrocyte
membrane were associated with a decreased risk of IA [6,
7]. Because of their opposing actions, an imbalance in the n-
6:n-3 intake may lead to increased inflammation [8]. Indeed,
the Finnish Type 1 Diabetes Prediction and Prevention Study
(DIPP) birth cohort showed that elevated plasma arachidonic
acid (ARA, an n-6 FA) to docosahexaenoic acid (DHA, an n-3
FA) ratios were associated with increased risk of IA [9].

The role of n-6 and n-3 FAs in inflammation is related to
the production of oxylipins, which are oxygenated lipid
mediators that promote or resolve inflammation. The n-6-
related oxylipins are generally considered to be more
inflammatory, proliferative and vasoconstrictive,
compared with n-3 oxylipins, although oxylipins derived
from the n-6 FA linoleic acid (LA) demonstrate some anti-
inflammatory effects [10]. The n-3-related oxylipins gener-
ally are anti-inflammatory, anti-proliferative and pro-
resolving [10]. Imbalances in n-6 and n-3 oxylipins have
been found in patients with the autoimmune conditions
ulcerative colitis [11] and arthritis [8, 12, 13]. In healthy
DAISY participants without type 1 diabetes, we found that
most oxylipins were significantly associated with their
precursor FA (e.g. LA, ARA, DHA) measured in plasma
[14]. Proportionally more n-3- compared with n-6-related
oxylipins were associated with their precursor FA
measured in erythrocytes [14]. We also found that most
oxylipins have a linear relationship with age.
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No studies have examined oxylipins in relation to risk of
type 1 diabetes. However, multiple studies have demonstrated
the relationship between inflammatory markers and type 1
diabetes. For example, the inflammatory cytokine C-X-C
motif chemokine ligand 10 may participate in insulitis and
the destruction of islet cells [15]. IL-1β is another inflamma-
tory cytokine that plays a role in damage to pancreatic islet
cells [16]. The cytokine profile is different between those
recently diagnosed with type 1 diabetes and healthy control
participants [17]. Most studies focus on proinflammatory
markers such as IFN-γ, TNF-α and IL-1β [18]. However,
pro-resolving inflammatory markers may also be involved in
the reduction in risk of type 1 diabetes. Oxylipins are unique
biomarkers that represent both pro-inflammatory and pro-
resolving pathways. The goal of this study was to test the
association between plasma oxylipin levels and development
of type 1 diabetes in high-risk children.

Methods

Study participants

DAISY is a longitudinal cohort study in Denver, CO, USA
following 2547 children at risk of type 1 diabetes (Fig. 1).

DAISY participants were recruited from the following two
populations:

1. Children from the general population born in 1993–2006 at
the St Joseph’s Hospital inDenver, CO,USAwithoutmajor
neonatal morbidities who, through screening by umbilical
cord blood for diabetes susceptibility alleles in the HLA
region, were identified to have an increased risk for the
disease. Of 31,766 screened newborns (87% of eligible
children), 1424 were enrolled in the cohort.

2. Children with a first-degree relative with type 1 diabetes
in the Denver metropolitan area. A total of 1123 children
were recruited irrespective of their HLA genotype.

Participants’ study visits occurred at 9, 15 and 24 months,
and then annually. Radio-immunoassays were used to
measure serum autoantibodies to insulin, GAD autoantibodies
(GADA), insulin autoantibodies (IAA) and insulinoma-
associated-2 autoantibodies (IA-2), as described previously
[19]. Any participants that tested positive for GADA, IAA
or IA-2 were later tested for zinc transporter 8 autoantibodies
(ZnT8A) as described previously [20]. IA was defined as test-
ing positive for one or more islet autoantibodies on two or
more consecutive visits or testing positive for islet autoanti-
bodies once and being diagnosed with type 1 diabetes within a
year using ADA criteria [21]. Parental consent was obtained
for all participants, and assent was obtained from children
≥7 years of age. This study has been approved by the
Colorado Multiple Institutional Review Board.

We used a nested case–control study of 343 children (171
IA-positive and 172 IA-negative children) within the DAISY
cohort to first characterise oxylipin levels and profiles
throughout childhood. The availability of this IA case–
control population afforded us a larger group of at-risk indi-
viduals with which we could characterise and summarise the
longitudinal oxylipin levels with more precision for each
participant. Once these values were obtained, we selected 72
type 1 diabetes cases and 71 control participants from within
this larger IA case–control population in order to test our
hypothesis that oxylipins and their profiles are associated with
the development of type 1 diabetes (Fig. 1). Control partici-
pants were frequency matched to the type 1 diabetes cases on
age at autoantibody seroconversion (of the case) ±2 years,
ethnicity and sample availability.

Measurement of oxylipins

Blood was drawn at study visits, and plasma was immediately
separated then snap-frozen in liquid nitrogen and stored at
−70°C. Blood draws were non-fasting. Oxylipin quantifica-
tion has been described in detail by Pedersen and Newman
[22]. Extracted oxylipins were quantified using a Waters i-

DAISY cohort N=2547 

IA nested case–control

n=171 IA cases, 

172 IA controls

T1D case–control

n=72 T1D cases, 

72 T1D controls

n=26 T1D cases, 

31 T1D controls 

with pre-SV 

timepoint

n=64 T1D cases, 

70 T1D controls 

with post-SV

timepoint

Fig. 1 DAISY study design. A nested case–control study was selected
from the DAISY cohort of IA cases and IA control participants that were
frequency matched to the case on age at autoantibody seroconversion (of
the case), ethnicity and sample availability. A nested case–control study
for the outcome of type 1 diabetes (T1D) was selected from the IA cases
and control participants with available oxylipin measures. In the nested
type 1 diabetes case–control study, we selected the visit prior to IA sero-
conversion as the pre-SV critical timepoint and the visit most immediately
after seroconversion as the post-SV critical timepoint. Circles are not to
scale
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Class Acquity ultra-HPLC system (Waters; Milford, MA,
USA) coupled to a Sciex 6500+ QTRAP mass spectrometer
(Sciex; Redwood City, CA, USA) operated in negative
ionisation mode. Quantification of oxylipins was done by
targeted, retention time-specific, multiple reaction monitoring
(MRM) ion transitions.

As described previously, we measured n-6-related oxylipins,
includingARA-related and LA-related oxylipins, and n-3-related
oxylipins, which includedα-linolenic acid (ALA)-related, DHA-
related and eicosapentaenoic acid (EPA)-related oxylipins [14].
Oxylipins measured in a sample below the limit of quantification
(LOQ), defined as signal-to-noise ratio below 3:1, were convert-
ed to 10% of the LOQ. Full names of the measured oxylipins are
listed in electronic supplementary material (ESM) Table 1.

Oxylipins were measured in plasma samples from a maxi-
mum of four study visits in 343 children based around IA sero-
conversion: (1) The earliest sample available, which was
between 9 and 15 months of age. (2) The sample collected just

before IA seroconversion (pre-seroconversion [pre-SV]). (3) The
sample collected just after IA seroconversion (post-seroconver-
sion [post-SV]) (i.e. the first sample positive for autoantibodies).
(4) The last sample available prior to type 1 diabetes diagnosis (in
those IA-positive children that went on to develop type 1 diabe-
tes) or a sample in an IA-negative child of a similar age. All
oxylipin variables were Box–Cox transformed for normality.
After Box–Cox transformation of 15-HEPE and lipoxin A4,
the distribution of these variables was bimodal; therefore, we
dichotomised these variables as present (levels above the LOQ)
or absent (levels below the LOQ).

Mean oxylipin measure In order to create a single variable that
reflected the mean level of each oxylipin over these multiple
timepoints, we used a linear mixed model with a random
intercept and fixed slope using an unstructured covariance
structure, with the Box–Cox-transformed oxylipins as the
outcome and age as the predictor in the 343 children with
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Fig. 2 Relationships between
oxylipins and their precursor FAs.
Boxes represent oxylipins and
ovals represent precursor FAs.
Biosynthetic enzymes for the
formation of oxylipins (CYP450
sEH, 12/15-LOX, 5-LOX, 15-
LOX, COX) are indicated above
the oxylipin formed by the
enzyme. Full names of oxylipins
are presented in ESM Table 1.
COX, cyclooxygenase; DGLA,
dihomo-γ-linolenic acid; GLA,
γ-linolenic acid; 5-LOX, 5-
lipoxygenase; 12/15-LOX, 12/15-
lipoxygenase; 15-LOX, 15-
lipoxygenase
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oxylipin measurements. We used all individuals in whom
oxylipins were measured for this analysis in order to improve
the precision of the estimates for age-adjusted mean oxylipin
levels. The participant-specific intercept of each oxylipin was
used as an age-adjusted mean measure of the oxylipin. The
model did not converge for three ARA-related oxylipins
(PGE2, 6-trans-LTB4 and PGD2), so these were not included
in subsequent analyses.

Principal component analysis of themean oxylipinsOxylipins
share FA precursors and enzymes (see Fig. 2); therefore, they
are unlikely to be independent of one another, i.e. a change in
one is likely to be accompanied by a change in another.
Because single oxylipin–outcome analytic approaches do
not capture these interconnected networks of multiple
oxylipins that may indicate shared and distinct inflammation
resolution pathways, we conducted a principal component
analysis (PCA) of the oxylipins in the 343 children with
oxylipin measurements to find correlations between multiple
oxylipins and group them into uncorrelated principal compo-
nents (PCs) for analysis. Similarly, for the mean oxylipin
measures, we used all children in whom oxylipins were
measured in order to improve the precision of the measure-
ment of the oxylipin profile. Based on the scree plot (ESM
Fig. 1) of the oxylipins that loaded onto the PCs, we selected
PC1 and PC2 to reflect distinct oxylipin profiles in DAISY
children. In order to ensure that association testing of these
PCs with outcomes would be comparable across critical
timepoints (described in the Methods/Statistical analysis
section), we applied the loadings from these two PCs to the
oxylipin levels at the critical timepoints to create comparable
PCs for each analysis, as described previously [23].

Statistical analysis

We investigated the association between the 36 oxylipins (Fig.
2) and development of type 1 diabetes in 72 type 1 diabetes cases
and 71 control participants. The intercepts, representing the age-
adjusted mean measure of the oxylipin prior to diagnosis, were
tested individually in a logistic regression model with case status
as the outcome, adjusting for the high-risk genotype HLA-DR3/
4,DQB1*0302. The intercepts were standardised to a mean of 0
and standard deviation of 1 so that effect sizes could be
compared across the oxylipins. We used a Benjamini–
Hochberg-corrected [24] p value of 0.1 to account for multiple
comparisons. In addition, we tested PC1 and PC2 of the
oxylipins in a logistic regression model, adjusting for HLA-
DR3/4 genotype, to examine whether an oxylipin profile prior
to diagnosis was associated with type 1 diabetes.

In order to investigate whether the oxylipin profile at certain
points in disease progression was more indicative of risk of type
1 diabetes than the profile of mean oxylipin levels prior to diag-
nosis, we conducted analyses at two critical timepoints. In the
nested type 1 diabetes case–control study, we selected the visit
prior to IA seroconversion as the pre-SV critical timepoint.
Among the 72 type 1 diabetes cases and 71 control participants,
26 type 1 diabetes cases and 31 control participants had oxylipins
measured at this timepoint. We selected the visit most immedi-
ately after seroconversion as the post-SV critical timepoint, and
64 type 1 diabetes cases and 70 control participants had oxylipins
measured at this timepoint. We projected the loadings of PC1
and PC2 from the above-described PCA of the 343 DAISY
children onto the oxylipin levels at each critical timepoint and
tested the resulting PC1 and PC2 in a logistic regression with
type 1 diabetes as the outcome, adjusting for HLA-DR3/4

Table 1 Participant characteris-
tics by type 1 diabetes status Variable Type 1 diabetes case

(n=72)

Type 1 diabetes control

(n=71)

p value

HLA-DR3/4 genotype: yes* 36 (50.0) 15 (21.3) <0.001

First-degree relative with type 1 diabetes: yes 47 (65.3) 39 (54.9) 0.206

Female sex: yes 36 (50.0) 30 (42.3) 0.353

Non-Hispanic white: yes 64 (88.9) 64 (90.1) 0.807

Age at type 1 diabetes diagnosis 9.7±4.2 n.a. n.a.

Number of visits 0.343

1 30 (42.7) 23 (32.39)

2 21 (29.2) 23 (32.4)

3 15 (20.8) 22 (30.9)

4 6 (8.3) 3 (3.2)

Data are shown as n (%) or mean±SD

n.a., not applicable

*p<0.05
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genotype and age at visit. SAS version 9.4 (SAS Institute, Cary,
NC, USA) was used for all statistical analyses.

Results

Study population

Type 1 diabetes cases were more likely to have a high-risk
HLA-DR3/4 genotype than control participants (p value
<0.001, Table 1). First-degree relative status, sex and ethnicity
were not significantly different between type 1 diabetes cases
and control participants. The mean age at type 1 diabetes
diagnosis among cases was 9.7 years.

Individual mean oxylipins

Of the 36 age-adjusted mean oxylipin levels examined prior to
type 1 diabetes, nine were found to be significantly associated
with type 1 diabetes using a Benjamini–Hochberg false
discovery rate (FDR) significance level of α = 0.1 (Fig. 3).
For 1 standard deviation increase in mean ARA-related 5-
HETE levels, odds of type 1 diabetes increased by 53%. The
LA-related oxylipins 13S-HODE, 9-HODE, 9-HOTE,
12(13)-EpOME and 9(10)-EpOME were inversely associated
with type 1 diabetes (Fig. 3). The ALA-related oxylipins 9,19-
DiHODE and α-12(13)-EpODE were inversely associated
with type 1 diabetes. The DHA-related oxylipin 17-HDoHE
was also inversely associated with type 1 diabetes; for every 1
standard deviation increase of mean 17-HDoHE levels, odds
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Fig. 3 The age-adjusted means of 36 oxylipins were tested in a logistic
regression model for odds of type 1 diabetes, adjusted for HLA-DR3/4
genotype. OR and 95% upper CI and lower CI for a standard deviation of
1 in mean oxylipin levels are presented. Oxylipins marked by † meet
Benjamini–Hochberg FDR significance level of α=0.1. Oxylipin

intercepts (age-adjusted mean) were analysed through PCA, and the first
two PCs were selected. PC1 represents all LA- and ALA-related
oxylipins; PC2 represents ARA-related oxylipins. PCs marked by * meet
nominal significance at p value <0.05. Full names of oxylipins are
presented in ESM Table 1
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of type 1 diabetes decreased by 40%. No EPA-related
oxylipins were associated with change in type 1 diabetes risk.

Profiles of mean oxylipins

Because oxylipins share precursor FAs and enzymes, and
because the results from the mean oxylipin model appeared
to be grouped by precursor FAs, we tested the PC1 and PC2 of
the oxylipins for association with type 1 diabetes. PC1 had all
LA-related and ALA-related oxylipins strongly and positively
loaded and was strongly representative of higher-than-average
LA- and ALA-related oxylipins (ESM Table 2). PC1 was
significantly associated with a reduced risk of type 1 diabetes
(OR 0.61; p value 0.02; 95%CI 0.40, 0.94). PC2 had ten of 14
ARA-related oxylipins positively loaded, as well as two
DHA-related oxylipins and one EPA-related oxylipin posi-
tively loaded. PC2 was associated with an increased risk of
type 1 diabetes (OR 1.53; p value 0.04; 95% CI 1.03, 2.29).

Profiles of oxylipins at critical timepoints

To investigate whether oxylipin profiles at specific points in
disease progression were more indicative of odds of type 1
diabetes than a profile of mean oxylipin levels over all measured
visits prior to type 1 diabetes, we examined two critical
timepoints: the visit just before the case seroconverted (pre-
SV) and the visit just after the case seroconverted (post-SV).
Descriptions of the participants in each critical timepoint analy-
sis are provided in ESM Table 3. We projected PCA loadings
from the two PCs from the mean oxylipin PCA to the oxylipin

levels at pre-SV and post-SV, so that PCs were directly compa-
rable between the critical timepoints and the mean oxylipin
analysis. Adjusting for HLA-DR3/4 genotype and age at visit,
PC1 and PC2 at the pre-SV critical timepoint were not signifi-
cantly associated with type 1 diabetes (Table 2). At the post-SV
critical timepoint, PC2 was significantly associated with
increased odds of type 1 diabetes (OR 1.79; 95%CI 1.15, 2.77).

Discussion

In children at risk for type 1 diabetes, we found that a profile
of higher mean levels of LA- and ALA-related oxylipins was
associated with a decreased risk of type 1 diabetes. A profile
higher in ARA-related oxylipins was associated with an
increased risk of type 1 diabetes. This association was
observed after IA seroconversion but not before seroconver-
sion of the type 1 diabetes cases, which may indicate the
inflammation and damage in islet cells occurring during the
autoimmune process.

Bone et al found that inhibiting ARA-related eicosanoids
reduced islet cell damage in NOD mice through reducing
TNF-α, leading to reduced T cell and B cell activity [25].
We found that the proinflammatory [26] ARA-related
oxylipin 5-HETE was significantly associated with an
increased risk of type 1 diabetes. 5-HETE is stimulated by
oxidative stress, and promotes an inflammatory signal through
G-protein-coupled receptors [26]. High levels of proinflam-
matory oxylipins may be indicative of uncontrolled and
sustained inflammation in and damage to pancreatic islet cells.

LA-related oxylipins had a protective associationwith type 1
diabetes, when testing individual oxylipins and the PCs. Five of
the ten measured LA-related oxylipins were significantly asso-
ciated with a decreased risk of type 1 diabetes. Although LA is
one of the n-6 FAs, which are generally associatedwith promot-
ing inflammation, LA also plays a role in resolving inflamma-
tion [27]. LA reduces mitochondrial damage inflicted through
streptozotocin (STZ) [28]. The protective effect of LA was also
found by Suresh and Das: LA reduced severity of alloxan-
induced diabetes, potentially through activation of peroxisome
proliferator-activated receptor γ (PPARγ), which is signalled
through lipid mediators [29]. Therefore, LA-related oxylipins
may reduce risk of type 1 diabetes through attenuating mito-
chondrial damage and activating PPARγ.

The protective effects of LA in autoimmune and inflamma-
tory conditions have been observed in population studies. The
DIPP cohort demonstrated that serum LA was marginally
associated with a decreased risk of IA in children at risk of
type 1 diabetes [30]. AMendelian randomisation study testing
SNPs strongly associated with LA demonstrated that LA
levels were protective against the autoimmune disorders rheu-
matoid arthritis and systemic lupus erythematosus [31].
Mendelian randomisation has also demonstrated that LA has

Table 2 Risk of the oxylipin profile on type 1 diabetes pre- and post-SV
to IA

Variable OR 95% CI p value

Pre-SV critical timepoint (n=26 type 1 diabetes cases, 31 control
participants)

PC1 0.60 0.34, 1.07 0.085

PC2 1.06 0.60, 1.90 0.834

Post-SV critical timepoint (n=64 type 1 diabetes cases, 70 control
participants)

PC1 0.87 0.57, 1.33 0.531

PC2* 1.79 1.15, 2.77 0.0093

Two critical timepoints (pre- and post-SV) were selected. The pre-SV
critical timepoint was the visit just prior to detection of islet autoanti-
bodies, and the post-SV critical timepoint was the visit at which islet
autoantibodies were first detected. PCA was completed using mean
oxylipins from all DAISY participants and loadings were projected onto
standardised oxylipin levels at each cross-section. The top two PCs were
tested in a logistic regression with type 1 diabetes, adjusted for HLA-
DR3/4 genotype and age at visit. PC1 represents ALA- and LA-related
oxylipins; PC2 represents ARA-related oxylipins. OR reflects the
increase in risk for a 1 SD increase in PC score

*p<0.05
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protective effects for asthma, which is immune-mediated [32].
These studies support the protective role we found with LA-
related oxylipins and type 1 diabetes.

PC1 also represented oxylipins related to ALA, another 18-
carbon FA. The ALA-related oxylipins 9,10-DiHODE and α-
12(13)-EpODEwere significantly associated with a decreased
risk of type 1 diabetes. The anti-inflammatory nature of ALA
is often attributed to its conversion to EPA and DHA.
However, ALA-related oxylipins have been found to have
distinct pro-resolving properties through suppression of M1
macrophages [33]. These ALA-related oxylipins, as with LA-
related oxylipins, may reduce the risk of type 1 diabetes
through resolution of inflammation.

PC1 represented an oxylipin profile high in LA- and ALA-
related oxylipins. Increased LA-related oxylipins in this study
may reflect higher levels of n-3 FAs, as suggested by a study
in which dietary n-3 FAs increased levels of LA-related
oxylipins in the kidney in rats [34]. Similarly, ALA treatment
inmacrophages not only increased ALA-related oxylipins, but
also increased LA-related oxylipins [33]. The close relation-
ship between ALA- and LA-related oxylipins could explain
the strong pattern found in PC1. In mice, dietary intake of LA
and ALA attenuated STZ-induced diabetes, demonstrating
that LA and ALA may work in tandem to reduce risk of islet
injury and thereby type 1 diabetes [35]. The inverse associa-
tion between this oxylipin profile and type 1 diabetes at the
pre-SV critical timepoint was suggestive but not statistically
significant, likely due to the small sample size in this analysis.

Although LA and ARA are both n-6 FAs, ARA-related
oxylipins were associated with an increased risk of type 1
diabetes, while LA-related oxylipins were associated with a
decreased risk of type 1 diabetes. The difference between LA-
and ARA-related oxylipins may be related to resiliency to
stressors through promotion and resolution of inflammation,
which has been proposed as a model for health. Oxylipins
have been used as markers of this resiliency to stress [36].
LA-related oxylipins exhibit both proinflammatory and pro-
resolving effects [27]. The protective effect of LA-related
oxylipins may represent a child’s ability to respond to a stress-
or through promotion and subsequent resolution of inflamma-
tion. ARA-related oxylipins, in contrast, do not demonstrate
the same pro-resolution properties as LA-related oxylipins
[10], which may explain our findings.

An increased mean level of the DHA-related oxylipin 17-
HDoHE was associated with a decreased risk of type 1 diabe-
tes. 17-HDoHE is an anti-inflammatory oxylipin that is elevat-
ed with consumption of fish oil [37], which may partially
explain the beneficial effect of fish oil in type 1 diabetes.
When testing oxylipins individually through the mean
oxylipin approach, DHA-related oxylipins demonstrate a
decreased risk of type 1 diabetes. Interestingly, the DHA-
related oxylipins 19,20-DiHDPE and 14-HDoHE (which
were not significant using the mean approach) also loaded

positively on to PC2 in the mean oxylipin PCA, which was
associated with an increased risk of type 1 diabetes. 19,20-
DiHDPE is synthesised from the enzyme cytochrome P450
(CYP450) soluble epoxide hydrolase (sEH). Oxylipins
derived from sEH are less active and potentially inactive
[38]. The combination of n-3 FAs and an sEH inhibitor may
be an effective treatment for inflammatory conditions [39].
Further, inhibition of sEH decreases lipoxin levels in severe
asthma [40] and shifts macrophages to the anti-inflammatory
M2 phenotype [41]. These studies demonstrate that n-3 FA
oxylipins synthesised by CYP450 sEH may not share the
beneficial effects of other n-3 FA oxylipins and may explain
the detrimental association seen with 19,20-DiHDPE and type
1 diabetes. The association of these DHA-related oxylipins
with increased risk of type 1 diabetes may also be an artefact
of these oxylipins being synthesised alongside ARA-related
oxylipins that increase risk of type 1 diabetes.

Strengths of this study include the longitudinal study design
and information on the timing of IA seroconversion. A limita-
tion of the study is that we did not have information on levels of
biosynthetic enzymes for the oxylipins measured, which may
give more information on inflammatory signals. This study was
conducted in participants at increased risk of type 1 diabetes, so
generalisability to other populations may be limited. Sample
size at the pre-SV critical timepoint was reduced compared with
the post-SV and mean oxylipin analysis, limiting the power to
detect an association at the pre-SV visit. Samples were non-
fasting, so recent dietary intake of FAs may have affected
oxylipin levels [42] and thus added noise to the measurements.

Conclusions

This study examined longitudinal plasma oxylipin levels and
risk of type 1 diabetes in children at risk of type 1 diabetes.
We found that an oxylipin profile with higher levels of LA-
and ALA-related oxylipins was associated with a decreased risk
of type 1 diabetes. These oxylipins represent both pro-resolving
and proinflammatory mediators and may be reflective of resil-
iency to environmental triggers. The DHA-related oxylipin 17-
HDoHE was strongly protective against type 1 diabetes and
provides further evidence that n-3 FAs reduce risk of type 1
diabetes. ARA-related oxylipins associated with an increased
risk of type 1 diabetes may indicate inflammation following
development of IA.
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